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Nox. overflow, Seattle, Wash. 
BOXES, gate valve, e.-I., Valley Stream, 
N. Y 


oe wn „„ „) „% „„ „ „4 46 
2 22 „„ 


CEE EE E EE E E E 


elean-out, Salt Lake City, j Utah. Jy 
valve, brick, Salt Lake City, Utah... 
Bracing, timber, round, Albany. 1185 og, 


Brackets, cast steel. Pittsburg, Pa. 
Branches, steel, Valley Stream, N. Y. 
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machined, Albany, N. Y. ....71, 128, 191 Cincinnati Ohio ...< H 
plain, Albany, N 71. 128, 191 Galion “Ohio Sika E ᷑ r. 
machinery, Chicago, III E weet 113 Hartwell Ohio A AE N dee j 
pipe, special, New Yo:k, N. Y. 219 Hope, Arz... V 
steel, Albany. N. k ewes 128 Mobile Ala n ee ae en 52. 
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frames, covers, Pittsburg, Pa. ..... 35, 88 in floors, Pittsburg, Pp.... ͥ 

18 . . a essere eee e 25 in gore walls. Salt Lake City, Utah.. 

repaired, Auburn, N. y.... 0.) eee Bi Ne 

CEMENT, Chapman, Ky........2-ceec. 8 Syracuse, mm ĩ⅛ͤ ee cana ake : 
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Channeling, Albany, N. WW /... ꝑ Conduit. Reading. Pa. — —— es 
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masonry, Albany. N. Y. . 53, 71, 137, 191 
stone, Albany, N. .. 146 
Counterweight, concrete, Chicago, III. 113 
iron, Chicago, III 113 
COVERS, inspection, Galion, Wiss 163 

manhole, resetting, Salt Lake City, 
Ula wre tivcaesduweto > wie 8 128 

spring, concrete incl. connections, Mont 
Altos PAS pack vive x . 17 
Crusher run, Springfield, Mass. ....... 8 
Crossings, concrete, Seattle. Wash. . 25, 26 
Culvert, concrete, Mobile, Ala. ...... 3 52 
vitrifled pipe, Stamford, Conn 121 
*Curbing, ete.. Salt Lake City. Utah. 128 
Curb. Port Chester, NCC aes bs reece ees 97 
Rochester. N. Y. „%% rare 220 
CURBS and gutters, Seattle, Wash. . 20 
and gutters, concrete, Auburn, N. Y.. 26 

Pittsburg., F n... ʒ bes 35, 88 

cement, Mobile, Ala Sakieu ADA 

Valley Stream, N. Y. ........... 61 

plain, Salt Lake City, Utag 128 

steel, reinforced, Salt Lake City, 

Utah bade ccaniwiusscans „ 1283 
concrete, Seattle, Wag. . 25: 

Waterford, N. Y. ........ 5 ere 88 

armored, Seattle, Wash. .......... 25 

plain, and gutters, Salt . City, 

Utah - Grae Sa ware. my ek Mae Ani oe 128 
curved, steel reinforcement, Salt i 
Lake City, Utah ............. . q 128] 
curved, Salt Lake City, Uta g 128 
false, and gutter, Salt Lake City, N 
Nik ĩðͤ K aeres s E ase etetese Lucan 128 
granite, Mobile, Ala... 52 
curved, Seattle, Wash. ............. 25 
limestone, Auburn, N. . e 
reset. Port Chester, N. .. 97 
Rochester 45sec ng bw ea Scns 220 
sandstone, Auburn, N. Y. .......... .. 26 

Monongahela, Pa. a . é 129 

curved, Auburn, N. R.. 26 
Cylinders, concrete, Chicago, Ill. ..... 200 
„Dam,. Springfield, Mass. ....... wade ate 2 MMe 
*Dam, bridge work, Chicago, III. 200. 
*Dam, gates, Wheeling, W. Va. ...... ‘ 35 
Dams. guidewalls, etc. Chapman, Ky.. 8 
*Dam, spillway, Orland, Cale sled kassa 90 
DOORS and frame, access, bronze, New 

York, Neb ees Se aaa. een 219) 
filter entrance, Pittsburg, fra. 35, 88 
DRAINS, Chapman, Ky. yu)... . 8 
tlle, Seattle, Wash. ................. 25 
tunnel, New Tork, N. 7. 52 
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cite Ada, N. Y. a...se. keina 222 Flush tanks (continued). Manholes (Continued). Pipe (Continued). 
Wiweunet.. Wiss \socetaviwsaeseene as 97 Portsmouth, Vas: ... we xe ka ase os oS 62 single, r 8 26 cement-lined, inc. specials, Mont Alto, 
[rssing, surface, earth. New York. 219 Seattle, . 8 25 special, Elizabeth, N. J. ........ .... 182 Pas shoei scicusna ( Gai weak 
race. gtassing, New York, N. Y.52, 96 c, ðĩ nants 17 to adjust, Seattle, Wash. ........... 25 culvert and specials, c.-i., Albany, 
. LL NG. bult holes in masonry, Al- Wyoming, Oö bes tee eo ae es 182 tops, tight, Galion, Ohio ............ 163 IN Vs ee dei ata. tee ee ye 53 
V!!! itera he 104, 137, 219 Forgings, Wheeling, W. va. 35 standard, Galion, Ohio ........... 163 galvanized iron, Oxford, Ohio ....... 145 
wre \ew York. VCC 201 FORMS, for lining water way shaft, New with flushing gate, Point Pleasant, N. Seattle, Wash: isa. ccens we iaanc.. 25 
1 holes in rock, any. N. .. VVV 219 //; setae wad aie’ tal ne e 113 hub and spigot, Pittsburg, Pa. ..... SS 
71, 128, 190, 191, 219 shaft for lining waterway shafts.... 219 MASONRY, Albany, N. 9. 53 hydrant conuections, SERIE; Wash. 25 
ız rock or masonry, New York, N. Y. 52 for draining haltet 219 and paving dry rubble, New York.... 96 iron, Auburn, N. Y. osc nse nwa adseas 26 
masonry r heey on ane a4 219 brick, Concord, Mass 43 laying, Concord, Mass. 43 
E. -h in dikes, Oakland, Call 98 Foundation, concrete, Memphis, Tenn. 97 in place, Elizabeth, N. 22JJ. 182 Manchester, NSS an .. OL 
work, Seattle, Wash 26 Mobile, Ala sueltas aee kika Ta Ei a 52 Galon. Gi meie de 163 Valley Stream, % ĩ˙ aaee A 61 
Fr ANKNENT, Albany. N. Y., in shafts and tunnel, New York... 219 and boxing, Concord, Mass ........ 43 
53, 71, 104, 227 GATES, Albany, N. KKKc̃d ... 190 in tunnel, New York, N. ....... 22 kor blow-offs, Manchester, Mass.. 61 
e WMG. 2 va db wei dice eee 8 Galion, , 163 Pittsburg; Pä diene 8 35, 8S, 129 lock-bar steel, Pittsburg, Pa. ....... 35 
Ff! A EO 35, 88 emergency outlet, Seattle, Wash...... 200 Riis ⁵ð ⁵ðĩ2 8 43 relaying, Albany, ING: Mea a bee erage 190 
1 VVV 220 handling. Orland, Cal. ............... 96 Syracuse; Ä 61 riveted steel, 1 S 35 
1 Dye. od a! eco aes s cots oe ees 88 standards, and operating machinery, Valley Stream, Cy! here Grae 61 sewer, Elizabeth, IN oe abo ˙ mA Hee ed ends 182 
Albany, Ne vasdk gue dave toda ace 191 Albany Ne 5 137 Waterford. No Yo 4s ]ĩðĩ?ty“n dos 88 Galion, Ohio ............. wie are Sats 16 
a 0 rolled, Stamford, Conn. ..... 121 Sluice, Hartwell, Gos ected sigs 200 concrete, Boston, Mass. 96 Seattle, Rn knew 0% 25, 26. 88 
bun. Albany, N. Y. . . 128. 137, 190, 200 FCC 219 Concord- . 5 saben eee 43 in place, Baltimore, Md. ......... 
5 Sorineticld, Mass 8, 211 Wyoming, ,. 182 Manchester... as 61 laid, Oxford, Ohio 145 
wet, Albaux, JJ A vee goead 191 Gradiug, Memphis, Ten nnn 97 in abutments, Monongahela, Pa. .... 129 vitrified, Baltimore, o ee 8 
EXCAVATION and backfill, earth, Wyo- Monongahela, a... oc decaieen 129 New York. No Yo dpeeasneedeas eer 52 vitrified, laid, Hartwell, Ohio...... 200 
misg, OMO ff!!! has ie ot thee 182 GRAVEL, New York, N. K. 96 in open cut, New York, N. Y. . . 96, 219 vitrifled sewer, Wyoming, Ohio 182 
VVVTTTTTTCTCCCCCCCC cus 4 201 Reading, Pa. K Ä 43 in tunnel and drainage drift, New Stave, Seattle, Wass) SS 
crusted stone, Port Chester, N. Y..... 07 for underdrains, Pittsburg, Pa. ..... 129 lo / / a eA n dds 219 Steel, Seattle, Wash SS 
po Orlagd, Cal. 4 ca overs sau A eaaeee ocd 96 screened, Concord. Mass 43 in tunnel, New York, N. Y. ......... 52 Valley Stream, N. Y. — 61 
HHVHUHUHIHIHIHUHUUVCUCUÄoXrn on eaccnd Grout, cement, Baltimore, Md. ....... 8 excess, in tunnel, New York, N. Y.. 52 for grouting, New York, N. Y....02, 219 
53. 104. 128, 137, 190, 191, 22 mixing and placing, New York, N. Y.. 219 in shafts, New York, N. ). 219 riveted, Pittsburg, F..... 88 
Palmore, Ie... 8 Grouting machines, tank. New York... 219 Reading: “Pas io decadoosee ks weauweee 43 submerged, in place, Seattle, Wash.. SS 
/ ued ale aeons 8 Grouting pads. New York, N. . 219 Springfield, Mass. 8, 211 terra-cotta, Pittsburg, Pa. ....... 35, SS 
fr A 200 GRUBBIX G, Albany, VVV for filling, Springfield, Mass. ..... 8 Portsmouth, Vas eee Os acne eaten 62 
n . y eo sean 43 58, 128, 137, 1 190, 191, 200, 227 retain-walls. New Tork. N. . 9 vit., Mobile, Bia oes eee eee: 52 
e charkincaeredow Godce ate ai 163 Waterford: ggg 8 88 Cyclopean, Albany, N. KK 128 New Vork, CCTV 2, 96, 219 
Hartwell, Ohᷣii nk 200 and clearing. Mobile, Ala. .......... 201 dam, removal of, Albany, N. Y. ..... 71 Pittsburg: ... assar 129 
Hepe T wie hee win eye 181 brush, Salt Lake City. Eta 146 dry rubble, paving, New York, N. Y. Port Chester, . ð 8 97 
FVV Cale: Satcats fetes cece 211 GUTTER, Salt Lake City, Utah........ 128 52, 219 Reading, , st nes ese hee 43 
Nt. ALAS. E due ce eden 145 brick, Seattle, Wass 25 old, painting, Syracuse, N. xx. 61 Syracuse, N. ? ewaeaeeen ee Qos GI 
Prishurg, Pa. an.. 35, 88, 129 cement, Salt Lake City, Utah ..... 128 repainting, Albany, N. .. 71 Waterford, N. Y. 25635443 b54Ge ees SS 
Port Chester, N. Kw. 97 paved, Pittsburg. Pa. ............ 35, SS relaying, Albany, N. Y. ........00.. 53 Waterloo, , 17 
j ͤ eee odes We. bes 43 vitrified brick, Pittsburg, Pa. ....... 129 repainting, Albany. N. KK k 53 vit., furnishing and laying, Salt Lake 
3t Lake City, nn .. 128 % Pa curios ss ci ww erodes 43 rubble. uneoursed, Pittsburg, Pa. ..... 129 City, Utah sires eene esi eae 125, 146 
shawnee, n 4 vo tre dee ec 201 in mortar, New York, N. Y. 20495 219 vit., ee and laying, Waterloo, 
Sorinel Mass Sassou. 8, 211 Hauling, Seattle, Wash. ............... 8S stone, Monongahela, Pa. aaa js) cn No yy y e ae ees 17 
Samford. nnn bc ae heen 121 HEADERS, Auburn, N. Y.............. 26 METAL, expanded, Albany, N. . 200 vit., laid, Albany. Neos Skea 53, 137, 191 
Senmvslde, rr we 62 Port Chester, N. sh 0eewad seas 9T Waterford: Ne Ye 26 202 22 cence ne 88 waste, Seattle, WS n 8 88 
eam, we esac ene 61 limestone, Auburn, N. ........... 26 in buffer beams, Albany, N. Y.171, 190, 191 water, Point Pleasant, N. J. ....... 113 
CCC 88 HOLES, anchor bolt, Cincinnati, Ohio.. 113 in guard gates, Albany, N. xx. 71. 19 W. -I. and castings, Syracuse. N. Y. 61 
We . ͤ haa nad 17 inspection, Point Pleasant, N. J. 113 in lock gate, Albany, N. V. . 71. 190, 191 w.-i., including specials, Mont Alto, 
Wromizg, hoh ease 182 pumping, New York, N. . 201 in lock valves, Albany, N. Y. EPEE Pa a aA, Gute tote ; 17 
cart, below grave. 9% HYDRANTS, Seattle, Wash ........... 25 71. 128, 190, 191 Pipe-standard, galv. iron, Seattle, Wash. &S 
eset MASS ie tek 96 Shawnee, Ohio 201 Metal work, in bridge superstructure, Pitching, Orland, CalUuu 9965 
FF oS. A 61 flre and gate connections. Mont Alto, Chicago, III.. 200 Planking, Seattle, Wash. .............. 25 
dep trench, Baltimore, Md. ....... 8 Pits pon coia te attains, TT 17 Meter, Ventura, Pittsburg, Pa. ....... 88 old, relaid, Seattle, Wash. .......... 25 
ir open cut. New York, N. Y. ...... 219 setting, Concord, Mass 43 Seattle. K 8 88 Poles, Y, Galion, Ohio ................ 163 
ien cut. New York, N. N 52 Mortar, Portland cement, Chicago, IN.. 113 *Pressure tunnel, New York, N. Y. 219 
thullew trench, Baltimore, Md. ..... 8 INLETS, Mobile, Ala..........-0.. 02 cee o2 Nails, wire, Michigan City, Ind. ..... . 227 Puddle, Albany, N. Y. . 33, 71, 104, 128. 13 
tech. Pittsburg, PD... 35, 88 Seattle, Wasb. ³ é a cia ees 25, 26 OUTLET. emergency, Seattle, Wash... 200 Pumps, single- acting triplex, Mont Alto, 
rung tunnel, Los Angeles, Cal. 211 and conduit, Salt Lake City, Utah. 128 storm water, Salt Lake City, Utah.... 128 CC ĩͤ VJ eee E EN 17 
lw material, Cincinnati. Ohio 113 and connections, Baltimore, Md. .... 8 Overhaul, Baltimore, Md. ............. 8 Pumping, from shafts and tunnel during 
viv tock. Baltimore, Me.. 8 to move, Seattle, Wass 25 construction, New York, N. Y. .... 219 
hh trench. Baltimore. Md. ..... 8 storm water, Baltimore, Md. ......... 8 Packing, dry, New York, N. Y. ..... 2, 219 RAILING, grooved girder, 5 Pa. 35 
eb trench. Baltimore, Md 8 *Intercepting sewer, Elizabeth, N. J.. q 182 Pails, drip, Elizabeth, N. j 182 guard, New YORK, N. Ye wade s ¢o Ges 13 
„ ut. New York, N. xꝑy... 96 Galion; h oe doe Oda 163 Paper, tarred, Elizabeth, N. J. ....... 182 Waterford, N. „„ Caer ae SS 
mee. Altay. Now My gc a eh we ool avengerare 71 Syracuse, w ³ y ĩ 61 Parapet, concrete, Seattle, Wash. ..... 25 hand, galvanized, Seattle, Wash. .... 25 
Aburo, N. Ye bag ne ew bce characte eS aad 26 Interlining, drainage, in shaft, New Paths, macadam, Pittsburg. Pa. ....... 88 iron, Stamford, Con 121 
Mai , Taa eea a a areas 8 YORK: IN. Voge th cee eb Seer es 219 *PAVING, Port Chester, N. Kk 97 lattice, Albany, N. x. 53. 71, 104, 37 
// aun tyke eg ee ede 2 113 structural steel, in drainage drift and Rochester Ne Ye 8 220 Rochester, N. Y. eed sao eho 220 
ra r el ts oe am aie oma ake 43 tunnel “a Sua dla ĩðÄ 8 219 Valley Stream, N. Y. HW... 31 Waterford, N- ðͤ iani 88 
VVV ... 182 IRON. Chapman, K 8 asphalt, Auburn, N. Ae et 26 pipe, Albany, N. ... 104, 191 
1 r ²ĩ˙ S asic ot 200 in place. Mobile, Alaiianm 145 Seattle. !! dead wees 25 Pittsbúrg, ⁵ðö u oenar ances 30, SS 
IJ ͤ%ͤ dS chet de ees 201 wrought, Pittsburg, Pa 35 taken up and replaced, Seattle, Wash. 88 Waterford, NW. .. 88 
MoM Ato, // // we ube be 17 bitulithie, Port Chester, N. KKR. 97 W. -I., Albany. N. .. 33, 71. 128. 137 
t te teach eee econ ae 97 Joints, Pozite, Elizabeth, N. J. ....... 182 brick, Auburn, „„ ˙ A 26 T. tshirt vad. cae s aS, SS 
VVV 211 Port Chester: IN. Ye 97 timber, Stamford, Conn. ............. 121 
))) ⅛¹ eas hs 220 Ladders, reinforced concrete, New York. 219 Valley Stream, Ni . 61 
aa Lake City, Utah ......ceeccace 146 Lampholes. Waterloo, N. c 17 in place, Waterford, N. Y. ......... SS REFILLING, Syracuse, N. Y. .......... 61 
Spring Id. Mas... 8, 211 Oxford, OMI | eset at te are hd oot ere ale cece as 145 cement. Salt Lake City, Uta g 146 and embanking, New York, N. . 
= swta „ E dca cae tek cee 121 *Laying water pipe, Boston, Mass. 96 cobblestone, Albany, N. Y. ....71, 128, 137 52, 96, 219 
/// eel uk eee 62 Manchester. e 61 Syracuse, N. Y. cedeatcsducaocuns 61 Regrading street, Seattle, Wash. ...... 26 
SENSE, UNO a  ce 61 “Lift bridge, Rochester, N. .. 220 Valley Stream, N. ............. 61 REINFORCEMENT, Rochester, N. Y... 220 
Vibes Stream. N. V... 61 Light, vault, Rochester, N. Y. ....... 220 macadam, taken up and replaced, Se- metal, Albany, N. FJC ae ee 
Weeminge, hoo e 182 Lime. hydrated, Stamford, Conn 121 Attlee Wash: secese ( tars a o/s 88 53, 933 104, 128, 137, 190. 191 
ave grade, Boston, Mass. ......... 96 Limestone, broken, Monongahela, Pa... 120 rubble, dry, New York, N. .. 219 Rochester, r cce beeen eaeres 220 
„ne grade, Manchester, Mass. .... 61 LINING, Roc hester, 7 ea ae oleate 220 in mortar, New York, N. Y. ....... 219 Syracuse, N. v. SSS iecate aim ate ae a G1 
wilow grade, Boston, Mass 96 Syracuse: Ns “Vi. y enaa on 61 sandstone, Seattle, Wash. .......... 25 Waterford, 7 2 Saws Sea en SS 
teow grade, Manchester, Mass 61 Albany, 11 F ͤòᷣP Reeds, ate Sank se Shuman, Chicago, II!!! 8 200 steel, Elizabeth, N. J. ............ 182 
in ‘reneh, Port Chester. N. . 97 53, 104, 128, 137. 146. 190, 191, 227 slope, Baltimore, Md. ............-. 8 Pittsbùrg. “Pas. oescdoesin 8 35, 88 
iu tupnrel. New York, N. .. 52 canal, 9 05 cover and back fill, Los Concord. . 8 43 Springfleld, Mas 8 
z3 Weterway and drainage shafts, Angeles, Cal. cerere Gaus 8 211 Springfield, Mass.... Ä 211 Valley Stream, J Ku 61 
New York. N. , 219 metal, water-tight. Chicago, III. 200 stone, Albany, N. ——888 Repaving, brick and asphalt, Syracuse, 
tten cut, New York, N. Y. E 2 *Lock and dam, Mobile. Ala. .......... 201 53. 71. 104, 128, 137, 190, 191, 227 IN Nis, rote Disa ³ 61 
Ares tunnel and drainage drifts, LUMBER, Chapman, Ky...........0.8- 8 Waterford, N. VF 88 Reservoir, Springfield, Mass. ......... 8 
%% TAZ 8 219 Mr èð A a es 52 surfaced concrete, Seattle, Wash. .... 25 Stamford, ! ³˙·ꝛꝛʃ0˙˙¹³ Gin ee 121 
“id rack, Baltimore, Md. 0d. 8 Seattle “Wash. cetacean ceb ia aun iae 88 vitrified brick. Mobile. Ala. ......... 52 *Reservoir, etc., Concord, Mass. ...... 43 
Berle, Wash seer Cesur a arra 88 Valley Stream, N. Kc c 61 wood- block. Mobile, Ala. ............ 52 *Reservoir and sewer, Baltimore, Md.. S 
ye trench, Baltimore, Md. ..... 8 in place, Peoria, Ill. ............... 121 wooden, Albany, N. F TEE *Revetment, etc., Milwaukee, Wis. .... OF 
-way and dikes, Orland, Cal. 96 Odi. Chicago, f eden eee aes 200 53, 104, 137, 146, 190, 191 RIPRAP, Albany, Nis Xe. 405 Su eenaa 
T e New York, Ne. E man hice 219 old, relaying, Seattle, Wash. ......... 25 Port Chester, N. ! ew eee ws 97 53, 71, 104, 128, 137, 190, 191, 200, 227 
%%% ĩðBͤ ³ð K 35, 88 pine, Chicago, III.; 200 Rochester. No P 220 Stamford, Conn „„ 12 
2 sawed, Albany, N. .. 104 Waterford, N. Y. ceccceceeceecenes SS Sunnyside, r.. wes Gude een ws Ge 
4 eee, Waterloo, N. Y. aaa 17 Rochester; Ne Vu ⅛ĩ¾ ] Y 0 220 *Piers, Baltimore, Md. di 97 hand placed, Mobile, Ala. ........ 145, 201 
, f/ ese ee 88 hemlock, Albany, N. Y. .......... 191 cylinder, Chicago,’ IY. 2... .cccesvenene 113 removed and relayed, Mobile, Ala. .... 145 
PORTA, MED, E ENE E arpa age 35 in needles, Albany, N. .. 191 *Pile pier, Michigan City, Ind.......... 227 ROADWAY, Manchester, N. Y. ....... 61 
New York, N. Y. os eae cee act 96 pine, flr. Albany, F 190, 191 PILES, Cincinnati, Ohio cae 113 CCC 129 
mard rails. New York, N. . 52 Syracuse; N: . 8 61 driven. Pittsburg, . es wena des 35 Reading, Pa. .........- aah ETO 43 
„. Albany, N. ccccccecccecce 190 Albany, N. Y. wena dances 71, 128, 137, 146 driven on batter, Pittsburg, Pa. ..... 35 Springfleld, Mass 8. 211 
ee e e N. Y. ease acs devote des 121 Dine OF l 8 53 foundation, Albany, N. x... macadam, Springfield, Mass. ......... 211 
/ aerians 2) white oak, in place, Albany, N. Y. ... 71 53. 104, 128, 137, 190, 191 telford-macadam, Pittsburg, Pa....35, 88 
4. Hy. „ E T 37 ICC ((( 190, 191 mooring. Albany. N. KK 190, 191 Rock, Waterloo, N. ccc 17 
/ ôůʃl.; ioe 71 yellow pine, Waterford, N. ........ 88 oak, Michigan City. InGodd- 227 Rock and earth, random, in dam, Bal- 
o e T EE 53 round, Chapman, Ky. yy 8 timore, MMM a.cckvees 8 
1 CCC 104 Macadam, Pittsburg, Pa. .............. 35 creosoted, in place, Mobile, Ala.. 145 RODS, anchor steel, Michigan City, Ind. 227 
3 ü A esd aS aa Cote 191 Rochester, N. Y. ss0 ede Geese ad hea 220 spur, Baltimore, Mx!ddeee e 97 reinforcing, steel, Monongahela, Pa.. 129 
ANG. Pit "burg, Pi.... 88 Valley Stream. N. ̃c̃—œrl . 61 sheet, Chicago, Ill. ............ e... 200 steel, Waterloo, N. wsseseesceeeeee 17 
3 Saniee, NN ³o AAA 8 97 Machinery, Albany, N. ............ 190 in place, Sunnyside, Ore. .......... 62 Rolling, Pittsburg, Pa................. 35 
% ⁵⁵⁵⁰0d 8 . 35 Main. force, Waterloo, N. Y. ......... 17 wooden sheet, Albany, N. Y......... *Rolling lift bridge, Chicago, II. 113 
1 F ³˙Üö t ate wee whee 88 MANHOLES, Elizabeth, N. J............ 182 53, 137, 190, 191 RUBBLE, cement, Stamford, Conn. .... 121 
1.4. Be TC ĩ she eh el 88 Hartwell, Ohio ohare tis 200. PIPE, Hope: AFK. 4 5459 sys c 65s Boma 181 concrete, Los Angeles, Cal. ......... 211 
. Baltimore. Md. .. cee 8 Hope, ATR | Gece ta ou cee ale eae Be 181 Reading, Pg... 060% bie are eS aces 211 dry, Stamford, Conn. ............... 121 
cer stone or gravel, Pittsburg, Pa. 88 Mobile, Alas r 8 52 Shawnee, h. 8 201 SAND, for grout, New York, N. ..... 219 
oe Pes tate kth ici: ote eh . 35 Oxford, n wane nea eaaa 145 and fittings, brass, Pittsburg, Pa..35, 88 filter, placing, Pittsburg, Pa. ..... 43, 129 
-*% Reading, PP.... cw ewes 43 Peoria, Eile ß oyin eias 121 and specials, c.-i., Albany, N. Y. 128 Sand catcher, Seattle, Wash. .......... 200 
ff! y EE 129 Point Pleasant, N. I.. wees Se os 113 and special, c.-i., head lined, New *Sanitary sewer, Hope, Ark. ......... 181 
Tu Springfleld, Mass E 8 Port Chester, N. kk ves 97 York. f! w eee es 219 Oxford: , he eb eae baked ox 145 
g GTA, Oo 3 113 Portsmouth, Vas... Sess esses ieee eens 62 and specials, culvert, Albany, N. Y.. 104 *Sanitary sewer system, Portsmouth, Va. 62 
er Stream, N. y.... ... 61 Reading, , fare be cay oe e 211 bronze, New York, N. Y. ...ceeeeee 219 SEEDING, Concord, Mass. ............ 42 
. urin g field. Mass. 211 Seattle, Wah 25, 26, 88, 200 C. I., Galion, Ohio EERE EERE EELEE 163 Pittsburg, Pas suesue En T 88, 129 
™ 4 Soringfleld. Mass 8 Waterloo; IN. Y: avg AA etene dene are ag 17 Hope: cA. 22663 ⅛ ĩðâ cae ĩð a 181 Valley Stream, NM. H w ewe. 61 
ee, e ens eae es .. T1 Wyoming, OhiO oſo0o‚0o‚ſ‚0‚‚‚o I[ New York; N. TÜ 219 *Sewage disposal system, Wyoming, O.. 182 
CFC 61 concrete, includ. valves, etc., Mont Port Chester, N. ... .. OT Sewer system, Point Pleasant, N. J. ... 113 
rr Gach bas aed $ 201 Alto; Pa: ice ðx. ĩð ß e Enep 17 Portsmouth, Va. aaa. 62 Waterloo, Ne OY 2 mt 8 17 
7:7. N. Yo Gees ea sess 191 double, Auburn, N. KKK 26 Seattle, Wash. -W . 209 *SSEWERS, Hartwell, One. i . 200 
T rm Beading, Pa. dweciiacetas 43, 211 drop, Wyoming, Ohio Creer re 182 Valley Stream, N. Y. Fk¶¶ . 61 Peoria, Ill. ..2....... e 1 
5 mie rere ere near ea ee .. 129 Hartwell, nia vues 200 Waterloo; N. “““ ð winnie cs 17 Seattle, Wash. berrek eta pee eek cee a) 
5 Aes materials, Hope, Ark 181 Oxford, Ob ceeyc ecw aneies 145 Wannsee cons 182 brick, Peoria, Il. 3 121 
ian extension, Pittsburg, rere 35 Mush; Peoria, I! 121 air, Portmouth, V a. ͥ 2 Seattle, Was. 200 
. b. i., Seattle, Wash. ........ 8S frames, covers, Pittsburg, Pa. ..... 88 and castings, Syracuse, N. .. 61 c.-i., including Y’s, Point, caine: 
TORCE, relaid, Port Chester, N. Y.. 97 Baltimore, MBdwdwv . 8 and specials, Albany. N. Y. 137 IN on hl eee et a ae ... 113 
T, / / / es cee oe xs 61 intercepting, Wyoming, Ohio ....... 182 end special castings, New York, N. Y. concrete steel, Elizabeth, N. J. 182 
ae et- bridge. Rochester, N. Y. .... 220 Hartwell. Oh iłrrob0br̃b ceeee 200 52, 96 laying, Galion, Gl.. 88 163 
. Salt Lake City, Utah ........ 146 junction, Seattle, Wash. ............. 200 hub and spigot, Pittsburg, Pa....... 35 pipe, Peoria, TIl. 3 . 121 
„ ‘alka, Hartwell, Ohio 200 pans, Galion, Ohilio 163 including specials, Mont Alto, Pa... 17 Seattle, Wa se 4 ewe eee ad 200 
at Roe eee e ꝗ ꝗ . 181 reconstructed, Seattle, Wash. ....... 200 laying, Boston, Mass 96 terra cotta, including Y’s, Point Pleas- 
r y a aA 145 sewer, Baltimore, Md. 00e... R Hartwell, ni 200 ant; Ne 8 e 113 
„ Pleasant, N. J. -iwiweuw cab ... 113 steps, Galion, Ohio ...........20000. 163 , laying, for blow-offs, Boston, Mass.. 96 trunk, Elizabeth, N. 7777770. 182 


refers to title of work. 
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SHAFT, drainage, waterway, in earth, 

New York, ; 

construction, refilling, New York, N. Y. 
construction of, in earth, New York. 


construction of. in rock, New York.... 215 


Shapes, structural steel, Valley Stream, 
Ib A ara ake ce EEE 
Sheathing, timber, spruce, Elizabeth, 
A E E E a OTE E E 
SHEETING and bracing, Albany, N. Y. 
53, n: 104, 128, 137. 100, 191. 
Syracuse, N. 
double lap. ar or pine, Michigan City, 


FIIIlILlll * 


left iu trench, Baltimore, Md. ....... 
plain. in trench, Baltimore, Md. ..... 
T. & G.. left in trench, Baltimore, Md. 
triple lap, fir or pine, Michigan City, 
FEI. AANE thes 3 
Shoes. bearing, Albany, N. Kc 
*SLDE WALKS, Salt Luke City, Utah.... 
Valiey Stream, N. Y. wi eyes weudias . 
concrete, Rochester, N. NUM 
repaving. concrete, Syracuse, N. V.. 
Portland cement, Waterford, N. Y... 
Sills, miter, Mobile, Al 
Siphon. c.-i., double, Waterloo, N. Y.... 
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THE NEW ORLEANS COURT HOUSE: A REINFORCED- 
CONCRETE PUBLIC BUILDING. 


The court house at New Orleans, La., the 
cornerstone of which was laid the first of the 
present year, and which is expected to be finished 
about May, 1909, is a four-story and basement 
building, about 250 x 275 ft. in outside dimen- 
sions, occupying the larger part of a city square, 
with approaches on all four sides. As is cus- 
tomary and becoming in public buildings, more 


design, some features of this reinforced-concrete 
work are decidedly novel. 

The general layout is as nearly rectangular as 
the plan of the building, which includes two 
semi-circular wings, will allow. The main frame- 
work is, as has been noted, of reinforced con- 
crete, the columns being spaced in bays gen- 
erally about 17 ft. square, although in some 
points the girders have spans as low as 15 ft. 
and as high as 42 ft. Each column rests on a 
reinforced-concrete capped group of wooden piles, 


twisted lug bars wired together by light hoops 
about every vertical foot. 

In the design of the floor system the greatest 
deviation from ordinary practice was made. In 
a public building where many large rooms are 
necessary it is desirable that girders should not 
be so prominent in the finished ceilings as they 
must be in the ordinary type of reinforced-con- 
crete construction. To avoid these protruding 
beams and also to dispose of the plumbing and 
electrical conduits between floors with the great- 
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THE NEW ORLEANS COURT HOUSE IN PROCESS OF CONSTRUCTION. 
(Showing Reinforced-Concrete Framework and Marble Facing.) 


attention was paid to the artistic expression of 
the exterior and to dignified arrangement of the 
‘nterior than in a building which is built for com- 
mercial purposes with the idea of bringing a good 
‘nlerest on the capital invested. The first two 
storles are faced with white marble from 
the quarries near Tate, Ga., and the upper 
‘wo with white glazed terra cotta, a common 
“ough finish for such buildings, but the struc- 
‘ural portion is of reinforced-concrete, which is 
father an innovation. Owing to the peculiarities 
f the layout and the character of the general 


which are driven 60 ft. into the soft substratum 
upon which the city of New Orleans is founded. 
Between the wall footings, a heavy reinforced- 
concrete beam carries the superimposed granite 
sill course and two stories of marble facing, at 
the same time acting as retaining wall to hold 
the outside earth. This beam is reinforced with 
the special type of unit frame afterwards de- 
scribed, which is continuous all around the build- 
ing. The columns vary in size and shape with 
the requirements of strengta and appearance, but 
are reinforced throughout with straight cold 


est economy of space, the slab and beam design 
in the New Orleans Court House was reversed. 
The slab is placed level with the bottom of the 
beams forming with them an inverted T-section; 
the space thus formed between beams is filled 
with dry cinders and a 2-in. layer of cinder con- 
crete with embedded nailing strips for a floor. 
This construction is shown in the cut in Fig. 1 
and in process of erection at New Orleans in the 
half-tone in Fig. 2. 

The slab is 3 ins. thick and reinforced with 
-in. cold twisted lug bars spaced 9 ins, on 
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Cinder Filling--. N 


Connection at Column. 


FIG. 1. 


centers, with an expansion rod in each panel. 
The beams are at intervals of 5 ft. and have a 
depth of 11 ins., except in the corridors and lob- 
bies, where they are increased to 16 ins. to pro- 
vide for tile floors. They are reinforced with 
pin-connected “Girder Frames,” a patented type 
of frame, the salient features of which are rigidly 
connected diagonals spaced with regard to the 
shearing stresses, the carrying of one of the main 
members to the top at the supports and returning 
it to provide for negative moments and an effi- 
cient link and bolt connection over supports to 
assure absolute continuity of action. Each frame 
{s especially designed for its place and so num- 
bered that the assembly is rapid and economical. 
Every piece has a definite connection to its ad- 
joining pieces throughout the building and the 
bonding action of the concrete is not depended 
vyon to transmit stresses from beam to beam. 

Owing to the absence of the usual T-section 
and on account of the small depth of the beams 
in proportion to their span it was necessary in 
many cases to assist the compressive action of 
the concrete with steel placed near the top of 
the beam. This compressive steel is always an 
integral part of the frame and Is firmly connected 
to the main tension members by the shear straps. 

The girders are of various spans ranging from 
15 to 42 ft., and are of necessity carried below 
the slab. They are generally situated along cor- 
ridors and at other places where partitions 
occur in the floor below, and they do not break 
the flat ceiling of the main rooms and offices. 
In some cases extra compression area is obtained 
by widening the part of the girder which pro- 
jects above the slab to form a T-section of 20 to 
30 ins. in width and 11 to 16 ins. in thickness. 
The longest span contains five frames of 114-in. 
steel, each frame weighing 800 lbs. 

At the front entrance there is a lobby with a 
curved balcony cantilevered out from the second 
floor. The design of the cantilevered portion is 
exceedingly simple, the frames in the adjacent 
floor being extended to pass through the columns 
- and out to the edge of the balcony. Shallow 
brackets from the columns give additional 
strength to the design and form a base for orna- 
mental plaster work. Above the fourth story 
there is a concrete ceiling forming an attic space 
between the floor and the roof. The design is 
similar to that of the floors. The roof is of the 
regular type of concrete construction with slab 
on top of the beams and girders. 

In New Orleans it has always been practically 
impossible to build or maintain a cellar on ac- 
count of the difficulty of waterproofing against 
the extremely moist sub-soil, but in the court 
house a cellar has been built with the reinforced- 
concrete walls and floor, of layers of cinders and 
cinder concrete, covered with three coats of tar, 
carried in a continuous sheet from the floor up 
over the ground level of the retaining wall. 

The formwork for the concrete is radically 
different from that used on the ordinary type of 
reinforced-concrete work. The girder forms and 
slab paneling are placed first. Then the steel for 
the beams is put into position and bolted togetner 
end to end. The slab rods are carried over the 
bottom chord of the frames. Finally the beams 
are formed by placing open boxes between 
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FLOOR CONSTRUCTION AT THE NEW ORLEANS COURT HOUSE. 


frames. Three-inch concrete blocks support the 
boxes at the proper distance from the paneling 
and enable the beam and slab to be concreted 
together. The blocks are incorporated into the 
slab when the concrete is poured, and the boxes 
are easily removed after the beam has stiffened 
enough to hold its shape. (Fig. 3.) In this way 
boxes are used several times on each floor. The 
column forms are of 2-in. material held together 
with iron clamps. 

The concrete is a 1:2:4 mix, crushed stone 
being specified in preference to gravel, which is 
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FIG. 2. VIEW SHOWING 
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most commonly used in this vicinity.. The stone 
is of uniform size not over %-in. and carefully 
selected. An excellent quality of sharp, clean 
sand is obtained from Lake Boryne, a short dis- 
tance from the city, 

The architects are Messrs. Brown, Brown & 
Marye, of Atlanta, Ga. The contractor is Mr. 
Ambrose B. Stannard, of New York, and Mr. W. 
J. Dalzell is superintendent. The General Fire- 
proofing Company of Youngstown, Ohio, designed 
the reinforced-concrete portion of the structure 
and nave the contract for furnishing. and placing 
all of the steel reinforcement in the building, the 
installation of the reinforcement being under the 
direction of Mr. R. L. Libby. The General Fire- 
proofing Co. kindly furnished us with the infor- 
mation from which this article was prepared. 
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ANNUAL CONVENTION OF THE AMERICAN RAILWAY 
MASTER MECHANICS’ ASSOCIATION. 


Following the convention of the- Master Car 
Builders’ Association, which was reported in our 
last week’s issue, the 4lst annual convention of 
toe American Railway Master Mechanics’ Asso- 
ciation was held at Atlantic City, N. J., June 
22-24, 1908. As has been the custom for many 
years past these two conventions were very 
closely allied, many men being in ‘attendance on 
both and the same supply exhibition serving to 
bring before members of both societies the latest 
improvements in the mechanical developments in 
rolling stock and equipment. The attendance on 
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FIG. 3. METHOD OF REINFORCING FLOOR SYSTEM AT THE NEW ORLEANS COURT HOUSE. 
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the master mechanics’ meetings was equally as 
good as during tae convention of the previous 
week, and the continued pleasant weather added 
the necessary enjoyment to the labor of the 
meetings. 

Even more than in the Master Car Builders’ 
meetings was attention called to the anticipated 
consolidation of all railway societies under the 
general direction of the American Railway Asso- 
ciation. No official advance notice was given as 
to just how this consolidation is to be arranged 
or as to what part the respective societies would 
take in it, but toe general opinion favored a 
more centralized and organized system of rail- 
way associations so that the present constant 
overlapping of subjects might be avoided and 
the many joint committees be dispensed with. 
Mixed with this general desire for centralization, 
there was evident a profound regret that the 
organizations which have flourished tnrouzh 40 
years of active service should now have to give 
up their existence as distinct bodies to becom: 
merely parts of the greater whole. 

PRESIDENT’S ADDRESS.—In his annual ad- 
dress, the president, Mr. William McIntosh (Su- 
perintendent of Motive Power, Central R. R. of 
New Jersey) departed somewhat from the u ual 
tecanical discussion of past work and future 
prospects to discuss what is of equal importance 
to the railway manager, the relations between 
railways and their employes. In common with 
most railway officials Mr. McIntosh deplored the 
recent agitation against the railroads as law 
breakers, particularly those activities which en- 
deavor 


tn their rampant enthusiasm to destroy the whole busi- 
den structure and invite railway employes to participate 
in the movement under the vague proposition that in 
seme mysterious way they would be benefited by the 
catastrophe, 


He warned the railway employes against partici- 
pating in such movements, on the rather subtle 
ground that any reduction in the income of the 
company must mean a reduction in the income 
of the employe, which argument, while being 
most convincing to the pocketbook and stomachs 
of the workman's family can hardly be called 
a justification of a pro-railroad public policy. 

In nis other arguments Mr. McIntosh was less 
evasive. He maintained that the piece-work sys- 
tern was the best method of wage paying, be- 
cause while it guaranteed good work to the 
company it offered the largest opportunities to 
the industrious workman and discouraged the 
lazy one wno fell back on the standard of 
amount of work to be done set by his labor 
union. He advocated good labor unions, but op- 
Fosed the ordinary variety controlled by agita- 
tors whose only source of income is dependent 
upon tneir success in stirring up trouble be- 
tween labor and capital. Lastly, he pleaded 
for a more efficient system of education of the 
young men in the railroad business, for a greater 
development of the apprentice schools. Upon 
these young men the future of the railways de- 
pends and it behooves the roads to give them 
more than the ordinary mechanical training that 
they would ordinarily get in the regular dis- 
charge of the manual duties of the lower class of 
employes. 

In accordance with the recommendations of the 
retiring president of the Master Car Builders’ 
Association, Mr. McIntosh suggested to the Ex- 
ecutive Committee that great attention be paid 
to the proposed consolidation of railway society 
Interests and that they go into conference with 
the other railway societies to consider the ways 
and means of such an organization. 

COMMITTEE REPORTS AND PAPERS. 

MECHANICAL STOKERS.—This committee, 
in continuation from last year, presented descrip- 
tions of four stokers for the mechanical firing 
of locomotives, but contented themselyes with 
these descriptions for the present year. They re- 
ported that the data so far available would not 
permit of any conclusive recommendation or 
final report. In the discussion which followed 


there was much contradictory opinion regarding 


the necessity for or the possibility of an efficient 
mechanical stoker. One side maintained that in 
the largest locomotives today the limit of endur- 
ance of the fireman has been reached and that if 


proportionate increased efficiency is to be ex- 
pected from the increased size of engine some 
other means of firing must be devised. The other 
side held that the powers of the fireman de- 
pended on the design of the firebox and that 
with the firebox properly built tne intelligent 
fireman could get more work out of the locomo- 
tive than could a stoker. Prof. Goss (University 
of Illinois) said that the ideal device would 
seem to be one that took care of the harder 
part of firing, but needed a fireman to supple- 
ment it in the high-duty fuels. Prof. Hibbard 
(Cornell University) thought tnat the most de- 
sirable result to be derived from mechanical 
stokers was the reduction of the extreme labor 
now necessary for a fireman, thus leaving him 
more able to study the finer points of the duties 
of the engine-driver and his superiors, to which 
position the fireman should aspire. The Erie 
R. R. reported that they are testing now a cer- 
tain kind of mechanical stoker, with very satis- 
factory results, except that there is an increased 
consumption of coal. This, it was thought, was 
due to the inexperience of the operators. 

The committee was continued and made a 
standing committee. 


FUEL ECONOMY AND THE SMOKE NUI- 
SANCE.—The first paper on tnis subject by Mr. 
W. C. Squire treated historically and descrip- 
tively the various efforts made in the past to 
economize in the fuel consumption on locomo- 
tives. While prefacing the article with the state- 
ment that careful firing and engine running are 
the main factors in fuel economy, he said that a 
number of devices, diagrammatically illustrated 
in the paper, were of great value in further re- 
ducing the coal consumption. Principal among 
these is some form of multiple brick arches in 
the firebox. Concerning these Mr. Squire said: 

With arches from 10% to 20% economy is possible, and 
where the cinders are also returned to the firebox, there 
is an opportunity for still further savings in fuel, and 
not the least of the benefits derived from any and all of 
these devices is that of the elimination of smoke. Those 
that can and do eliminate both the cinders and smoke are 
worthy of our careful study and consideration. 

In continuation of the smoke prevention side 
of the question, it was soon developed that the 
engineers in charge of terminals in large cities 
are making every effort to operate an effective 
smoke consumer, in order to obey the laws now 
so prevalent, which penalize neavily all railways 
pouring forth smoke from their locomotives. 
Some railways reported effective devices, but the 
general opinion was that good firing was 90% of 
the problem and that the other 10% had not yet 
been solved. 


WASHING OUT LOCOMOTIVE BOILERS.— 
The report strongly recommends that all boilers 
be wasned out and filled with hot water, thus 
obviating the loss in heat brought about by cool- 
ing the boiler with cold water, filling with cold 
water, which has again to be brought up to 


steam before the locomotive can again be used. 


In addition to the loss of heat, it is certain that 
many of the cracks in side sheets can be laid to 
this practice. In an investigation of various hot 
water cleaning plants now in use the committee 
found that their cost varied from $5,000 to 
$20,000, that they can wash out and get ready 
for service 20 to 26 engines per 24 hours, that 
the average time to wash out an engine varied 
from 55 mins. to 4 hrs. 15 mins., whereas cold 
water treatment took from 3 to 6 ors. per engine, 
and finally that there was a pronounced reduc- 
tion reported in flue leakages and broken stay- 
bolts under the hot water cleaning. 

One road reported the following saving per en- 
gine from using hot-water cleaning: 
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The committee further stated: 


The saving of time at the roundhouse is probably, in 
busy seasons, more of an object than anything else we 
have mentioned, and as this amounts to cutting the time 
in half for washing out, it means, assuming that engine 
is not held for any other work, that with 1,000 engines, 
each turned two hours quicker than was possible with 
the cold-water system, you have 8 saving of 2,000 engine 


hours, and as engines generally have to be washed out 
once a week, or four times a month, in bad-water terri- 
tory, it amounts to 8,000 engine hours a month, or 96,000 
engine hours a year; this, if the engines have to be 
rented at $10 a day, which is a low figure for a large 
engine, in busy seasons, would cost $40,000; or, putting 
it another way, working 365 days of 12 hours each, it 
would require practically 22 additional engines to equal 
the 96,000 engine hours a year, which at $15,000 per 
engine, would mean an expenditure of $330,000. 


A committee reported a supplement to last 
year’s report on “blanks for reporting work on 
engines undergoing repairs,” which included a 
blank showing the condition of locomotives in 
service in addition to those undergoing repairs. 
In spite of several objections it was decided that 
wnile daily reports on locomotive condition would 
be of service to division officials, the so-frequent 
reports could not be successfully handled and 
that monthly reports would be best. 


ALLOY STEEL.—Mr. J. A. Carney opened the 
discussion on this subject with a short paper 
noting the immense improvement in machine- 
shop output since the introduction, within the 
last five years, of tne high-speed alloy-steel tool. 
In conclusion he Said: 

It would be almost impossible to tabulate the !mprove- 
ments made and the costs reduced by alloy steel, but it 
can be summed up as follows: First, heavier cuts at 
faster speed; second, heavier and more powerful machine 
tools; third, improved methods of fastening work: fourth, 
use of inserted tooth cutters in place of single tools: 
fifth, it is difficult to say how much a reduction in cost 
of machine work can be attributed to alloy steel, but this 
fact is apparent: an increase in machinists’ wages of 
about 35% in the past six or seven years has not in- 
creased the labor cost of machine work, and in many 
cases the cost has been lessened by the use of alloy steel 
and machines designed for its use. 

CASTLE NUTS.—This committee was ap- 
pointed to consider the use of castle nuts on 
locomotive machinery with a view to having 
some standard dimension in place of the va- 
rious sizes made by the few manufacturers who 
put out such nuts at present. 

The report was emphatic in its endorsement 
of the castellated nut on every important bolt. 
It was stated that reports from various railroads 
showed a very appreciable reduction in the num- 
ber of machinery failures as the result of the 
use of this type of lock nut. 

In deciding on proper dimensions it was de- 
cided to use two types of castellated nuts. One 
would be for general use and could be used on 
present bolts having cotter pins to hold the U. 
S. standard nuts; these were called “castle nuts.” 
Another type would be for service where a full 
thickness would be undesirable or where the bolt 
would be in shearing stress and there would be 
no tension in the nut; these were called “thin 
castle nuts.” A tab'e of dimensions was pre- 
sented with the report and the principal idea in 
arranging these sizes seemed to be to start with 
the U. S. standard nuts and make such additions 
or deductions as the castellating or the cotter 
pin made advisable. 

The recommendations of this committee were 
not adopted as fixed standards. The designs of 
castle nuts shown were recommended for one 
year’s trial and the committee was continued to 
watch developments. 


' APPRENTICESHIP SYSTEM.—This commit- 
tee decided that there was such a wide difference 
in local conditions that the fixed apprenticeship 
code of 1898 was impractical and recommended 
the substitution of a statement of basic princi- 
ples. Among the statements occur the following: 


A competent person must be given the responsibility 
of the apprenticeship scheme. He must be given ade- 
quate authority, and he must have sufficient attention 
from the head of the department. He should conduct 
thorough shop training of the apprentices, and, in close 
connection therewith, should develop a scheme of mental 
training, having necessary assistance in both. The 
mental training should be compulsory and conducted dur- 
ing working hours, at the expense of the company. 

It is of the greatest importance that those in charge 
of apprentices should be most carefully selected. They 
have the responsibility of preparing the men on whom 
the roads are to rely in the future. They must be men 
possessing the necessary ability, coupled with apprecia- 
tion of their responsibilities. 

Interest in the scheme must begin at the top, and it 
must be enthusiastically supported by the management. 
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Apprentices should be accepted after careful examina- 
tion by the apprentice instructor. 

There should be a probationary period before appren- 
tices are finally accepted; this period to apply to the 
apprentice term if the candidate is accepted. The scheme 
should provide for those candidates for apprenticeship 
who may be better prepared as to education and experi- 
ence than is expected of the usual candidate. 

Suitable records should be kept of the work and 
standing of apprentices. 

Certificates or diplomas should be awarded to those 
successfully completing the apprentice course. The en- 
tire scheme should be planned and administered to give 
these diplomas the highest possible value. 

Rewards in the form of additional education, both 
Manual and mental, should be given apprentices of the 
highest standing. : 


The committee presented a study of the rail- 
road apprentice schools in the country which 
showed that the new system of combining trade 
instruction with mental training was making 
great gains. There was much discussion on this 
paper, and a few loud protests on some features 
of tne new apprenticeship were made from a 
minority group who maintained that progress 
should not be made too easy and certain for all 
the accepted apprentices, that they should be 
made to seek the opportunities for mental im- 
provement themselves. An immediate beneficial 
result was claimed for the new system by a great 
majority, and it was stated that in the case of 
one of the Santa Fe shops tnat, with a cost of 
23 cts. per apprentice per day for an instructor, 
80% the work of a journeyman machinist could 
be obtained from the apprentice who was receiv- 
ing $1.60 against the journeyman’s $3.60. It was 
stated that, with the assistance of the instructor, 
the highest class of work could be intrusted to 
tne apprentice. By some of the majority who 
approved this new apprenticeship it was claimed 
that the relations with the graduated men were 
far more harmonious than with the old. The need 
of instructors with adequate authority was also 
described by some who had found tnat without 
such men, the apprentices were sidetracked by 
superintendents and foremen anxious to increase 
production and decrease cost. 

The notable and successful system of the Bald- 
win Locomotive works was touched upon by Mr. 
S. M. Vauclain. The system appears of especial 
interest, as it includes the young man from the 
technical school and the one who for any reason 
nas not been able to complete his course. In 
this scheme there appear three classes of appren- 
tices. One class requires a four-year service and 
the boys here have possibly been through the 
grammar schools, but no further. A second class 
comprises boys from high and preparatory 
scnools who have not the means to go to col- 
lege. The third group comprises the technical 
graduate or the man who has only partially com- 
pleted the course. Their attainments are such 
that they are quickly advanced to places higher 
tnan that of the ordinary good mechanic. Those 
men who have proved to be inferior students 
usually develop a better and greater capacity 
for handling workmen. It has been found essen- 
tial that the apprentices should be in charge of 
a special superintendent and removed from the 
supervision of foremen. 

The recommended principles of the committee 
were adopted and substituted for the 1898 code. 


MALLET ARTICULATED COMPOUND LO- 
COMOTIVES.—The committee appointed to re- 
port on this subject submitted several very fav- 
orable conclusions based on comparisons of this 
design of locomotive with steam and electric 
types under comparable fuel, water and climatic 
conditions. It was concluded that for greatest 
train tonnage and speed on lines of considerable 
gradient and curvature these locomotives were, 
relatively to otner types, cheaper and more eco- 
nomical; that their design made possible im- 
provement in boiler and engine efficiency; that 
their smaller non-adhesive weight per driving 
wheel and more uniform turning moment re- 
sulted in maximum adhesion, minimum slippage 
and their weignt distribution over a short rigid 
and a long flexible wheel base would reduce 
bridge, tie and rail strains; that their use would 
increase the capacity of a given piece of track 
through fewer train movements and less terminal 


congestion and by placing traffic control in the 
hands of fewer operators. 

The remainder of a very voluminous report 
contained pictures, drawings and tabulated data 
secured from the various railroads which are 
using the Mallet type. Tnere was a little ad- 
verse criticism to the committee’s very optimistic 
interpretation of some of these data, and the 
report was accepted merely as a record of prog- 
ress made. 


SUPERHEATING.—While this report as 
printed did not present any conclusions or recom- 
mendations, but only a collection of statements 
from officials of various roads who have locomo- 
tives equipped for superheated steam, yet the 
manner of presentation by the chairman of the 
committee, Mr. H. H. Vaughan, Assistant to 
Vice-President, Canadian Pacific Ry., snowed a 
decided personal favoring of a high degree of 
superheat by “live” gases with the necessarily 
Increased maintenance, etc. 

The advocates of the ‘‘Vauclain” type seized 
the opportunity to argue that a moderate degree 
of superheat, sufficient to overcome cylinder con- 
densation losses, such as might be obtained by a 
heater in the smoke-box of tne locomotive, was 
of greater advantage than the high superheat. 
It was claimed that with the Vauclain type 
boiler pressures could be reduced to 125 to 160 
lbs., that there would then be no need of com- 
pounding; that tne maintenance would be cut to 
a low figure and there would be no need for spe- 
cial metal parts to withstand the excessive wear 
under high heat. The committee was continued 
for another year to give the association the re- 
sults of a further study of developments. 


BRIQUETTED COAL.— An abstract of a 
lengthy and complete report by Mr. A. W. Gibbs, 
General Superintendent of Motive Power, Penn- 
sylvania R. R.. of a series of tests on raw and 
briquetted coal, made at the locomotive testing 
plant of the Pennsylvania R. R., was presented. 
The full report will appear in the association’s 
transactions and a few of the statements of the 
abstract are given below: 


The series with the raw coal were run in such a way 
as to show the full performance of the boiler from low 
rates of evaporation to the highest possible rate of 
evaporation. The lowest rate of evaporation was about 
18,000 Ibs. of water per hr., equal to 8 lbs. per sq. ft. 
of heating surface; this being equal to 8 lbs. per sq. ft. 
test until, with the briquetted fuel, an evaporation of 
44,500 lbs. of water from and at 212° F. was obtained. 
This is equivalent to 19 Ibs. of water per hr. per sq. 
ft. of heating surface. 

The briquets were fired with ordinary shovel and han- 
dled in the manner usually employed for coal, no neces- 
sity being found for breaking the briquets. 

The accompanying table taken from a plot of actual 
results shows comparatively the evaporation of the nat- 
ural and briquetted coal. 

BOILER EVAPORATION WITH RAW AND BRIQUET- 
TED FUEL. 


Rate of evap- 
oration per 


sq. ft. Equivalent evaporation per Ib. of fuel. 
heating surface. Natural Lloydell coal. Briquetted coal. 
8 Ibs. 9.5 lbs. 10.7 lbs. 
10 8.8 10.2 
12 8.0 9.7 
14 7.3 9.2 
16 6.6 8.7 


The quantity of cinders collected in the smoke-box 
showed no material difference as between the raw coal 
and the briquetted coal. The quantity collected per hour 
when burning 100 lbs. of fuel per sq. ft. of grate was 
about 400 lbs., reaching a maximum of about 750 Ibs. per 
hr. with the coal being burned at the rate of 120 lbs. per 
sq. ft. of grate. 

Fire-box and smoke-box temperatures were practically 
the same at the same rates of evaporation, whether the 
coal was used in its raw state or briquetted. 

The apparent reason for the increased evaporation per 


Locomotive Number 


Total weight in working order, 1D8...........cccceeceee 
Weight on drivers, working order, ID8..............eeceees 
Cylinders, diameter and stroke, ine ee eee 
Firebox heating surface, sq. f UU eee eee eee 
Total heating surface (water side of tubes)................ 
Grate area; BQ; n w tiie E E 
Boller pressure, lbs. per sq. inn 


Valves, type 


Valve gears; eee Gewese owe 
Number of tubes Canons 6G ee eae 


Outside diameter of tubes, ins. 
Length of tubes, ins..... 


eee „„ „„ „„ „„ „%%% „„ ee ee eeet tose scene eeseeeenesneon se 


„ „% reer eeeceaseeoereeenueae eens eeoensnevea 
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pound of fuel with the briquetted coal is that, although, 
as already stated, the loss due to cinders in the smoke- 
box is not different as judged by the quantity collected, 
the calorific value of the cinders from the briquetted 
coal was lower than with raw coal, and, further, on ac- 
count of the uniform size of the briquetted fuel the dis- 
tribution of air through the fire permitted more com- 
plete combustion and liberation of heat than with the 
raw coal, 

The fuel consumed per draw-bar horsepower with the 
locomotive running at a speed of 37.78 mi. per hr. and a 
cut of 25% was as follows: 


r EAE AE 4.48 lbs. 
3.65 “ 


22 %%% „%%4fſ“E „ „„ 


Raw coal 


Smoke observations were made by Ringelmann's method 
and by photographs. By this former method no smoke is 
indicated by 0 and very black smoke by 5. There being 
a total of six gradations from O to 5 inclusive. 

The accompanying table indicates for a portion of the 
speeds and cut-offs the comparative smoke readings, 
these being an average of a large number of observa- 
tions made at regular intervals. 


LOCOMOTIVE SMOKE FOR VARIOUS SPEEDS AND 


CUT-OFFS. 
Speed, Average 
mi. per hr. Cut-off. smoke. Kind of fuel. 
28.34 20% 1.2 Raw coal. 
28.34 20 0.8 Round briquets, 
37.78 25 1.8 Raw coal. 
37.78 25 0.7 Round briquets. 
37.78 30 2.1 Raw coal. 
37.78 30 1.8 Round briquets. 


There was no difficulty in starting the fire with 
briquets, the same method being used as with the raw 
coal. 


To determine the effect of weathering, a number of 
round and square briquets were placed on the roof in 
January and February and examined in May or about 
four months after, and these showed no change whatever 
in their condition. 

RESULTS FROM USE OF FOUR-CYLINDER 
COMPOUND LOCOMOTIVES.—tThe investigation 
of the committee on this subject was confined to 
a comparison between balanced-compound and 
single-cylinder locomotives. The two natural di- 
visions of such a comparison were: (1) compara- 
tive fuel and steam economy and (2) maintenance 
cost. The first of these comparisons was made by 
tests on four engines; an Atchison, Topeka and 
Santa Fe compound, a New York Central com- 
pound and two Pennsylvania simples. That these 
locomotives are near enough alike for a good 
comparison is seen from the table below. 
which gives a few principal dimensions. Their 
boilers gave very similar efficiencies, and it was 
stated that there was no inconsistency in com- 
paring the locomotives directly by cylinder per- 
formance. 

The tests, made in the Pennsylvania R. R. test- 
ing plant at St. Louis, Mo., and Altoona, Pa., 
showed a considerable gain of fuel and water with 
tne use of the balanced compound under general 
running conditions. Thus at 800 B. HP. dynamo- 
meter the fuel consumptions were 2.7 and 4.85 lbs. 
for the two types, a saving with the compound 
of about 44% When the simple type was using 
about 32.5 lbs. of water per B. HP. for 975 HP., 
the compound was taking about 26.6 lbs. per B. 
HP. for 1,188 HP. 

This committee attempted to get data from the 
railroads of the country as to service operation 
and maintenance, but was unable to secure 
enough to warrant any conclusions. 

The discussion was brisk and almost oratorical. 
Mr. J. F. Devoy, Mechanical Engineer, Chicago, 
Milwaukee & St. Paul Ry., declared that not- 
withstanding the highest authorities in the coun- 
try he would not believe that any compound 
would make 40% saving over a simple locomotive 
or that one would ever reach a water rate as 
low as 20 lbs. per B. HP. Others said that tne 
report justified the claims made during the past 
15 years by the advocates of the compound type 


GENERAL DIMENSIONS OF COMPOUND AND SIMPLE LOCOMOTIVES. TESTED FOR AMERICAN RAIL- 
WAY MASTER MECHANICS' 


ASSOCIATION. 
A., T. & S. F. N. F. C. & H.R. P.R.R. P. R. R. 
3000 5266 3162 
Compound. Com pound. Simple Simple. 
; , 184,167 184,933 
,200 110,000 110,001 121,867 
15 x 25 x 26 15% x 26 x 26 20% x 26 5 x 26 
220.3 202.83 . 156.86 162.61 
3237.01 3458.1 2627.90 2646.52 
48.36 49.90 55.5 55.0 
220 220 205 205 
Piston. — Piston Slide. Piston. 
Stephenson, Stephenson. Stephenson. Walschaerts. 
273 390 315 315 
2% 2 2 2 
225.14 191.29 180 180 
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and that the compound gave its advantages at 
relatively small loads. The belief was generally 
expressed that because the superlative types of 
simple locomotives (low degree of super heat) 
gave their greatest economies at hign loadings, 
because of their simplicity and because of their 
considerable increase of capacity over ordinary 
simple locomotives, that the fleld of the com- 
pound was being much restricted. 

SIZE AND CAPACITY OF SAFETY VALVES. 
It was stated in this report that 


no uniform practice seems to have prevailed in the past 
in proportioning safety valves to the work they are to 
perform. The locomotive bullders follow specifications 
of the railroad companies, and it seems to have been 
the practice of the railroad companies to base their 
specifications on what has been done before on similar 
locomotives. The various railroad companies have fallen 
into the practice of specifying so many 2%-inch, 3-inch, 
Zug- mch or 4-inch valves, which, when reduced to exact 
language, does not mean anything definite. 

The committee regrets very much that during the past 
year it was not able to conduct tests and obtain experi- 
mental data, which would no doubt prove of value in 
the solution of this problem. However, we deem it 
within our province to outline briefly along what lines 
any future investigations should be conducted. The com- 
mittee feels that the safety valves would never be called 
upon to relieve this amount from the fact that the 
combustion in the firebox is stimulated by the exhaust, 
and that this exhaust is caused from the use of the steam 
in the cylinders. So that, at a time of greatest evapora- 
tion, the steam is being used approxifnately as fast as 
it is generated. Hence, it remains for the investigators 
to determine what shall be deemed the proper amount 
of relief in safety valves. Then, too, the lift of valves 
of various sizes at the different pressures must neces- 
sarily be determined, as also the effect of this lift on 
the life of the valve seats and the tendency the lift of 
the valves may have to raise the water in the boiler. 
It is no less important that some data be collected on 
open and muffled valves, and in this connection, con- 
sidering the tendency of the muffler to retard the flow 
of steam. 


An empirical formula was developed, based 
upon the average practice of 12 railroads. 
Effective Area Opening = 


0.10266 Heating Surface 


Gage Pressure + 14.7 


The actual lift in valves used by these railroads 
was from 1-32 to 1-10-in. The foregoing was 
recommended by the majority of the committee 
on the assumption that most railroads are ex- 
periencing no trouble with safety valves. 

A minority report, however, was made by Mr. 
James Milliken, Superintendent of Motive Power, 
Philadelphia, Baltimore & Washington Ry. The 
main reasons for refusing to sign the majority 
report were: 

(1) Because there is given a definite recommendation 
founded on an empirical formula that appeals to us as 
not having been proved as dependable. 

(2) Because a definite size of safety valves is recom- 
mended for given capacity bollers without regard to 
location, when the location of safety valves, to give 
desired results, is just as important as the size of the 
valves themselves. 

(3) Because of the further recommendation to use but 
one size of valves regardless of the number that may 
be required on very large boilers. 

(4) Because, while a valve of a given diameter is 
suggested, no maximum lift, or free discharge, is rec- 
ommended. 

In view of the importance of this subject and the small 
amount of absolutely accurate information that the com- 
mittee has been able to gather this year, the committee 
should be continued; its scope should be increased to 
cover the subject of safety valves generally, and to 
make recommendations, in addition, for their location; 
they should be authorised to conduct tests to determine 
ff any of the rules that are now in force are correct and 
it not to formulate such rules as will provide us all 
with a good working basis. l 

The minority recommendations were approved 
by the convention. 

REVISION OF STANDARDS.—The committee 
for tne revision of standards as provided for in 
1907 recommended that present standards be 
maintained for the most part. In several in- 
stances, for bolts, nuts, screw threads, limit 
gages, etc., the present standards were extended 
to Include larger pieces. : 

SUBJECTS FOR NEXT CONVENTION.—The 
folowing committee reports were announced for 
the 1908 convention: 


(1) The organization best suited to obtain 
economical results in maintenance of locomo- 
tives. (2) Driving pressure for firebox rivets 
and the advantage of avoiding seams in loco- 
motive crown sheets. (3) Use of plug and ring 
gages for all important fits. (4) Ash pits and 
ash handling plants; the best and most efficient 
arrangement. (5) Rolled steel wheels. (6) 
Standard rules for testing boilers and stay 
bolts. (7) Standard limits governing the water 
of locomotive tires, as concerns height and 
thickness of flange and depth of channeling. (8) 
Advantages of water purification as a means of 
decreasing cost of locomotive repairs and reduc- 
ing failures on the road. (9) Investigation as 
to the most desirable composition of material for 
locomotive driving wheel tires, and adoption of 
standard grades for various classes of service. 
Two individual papers were also announced: (1) 
Heat Transference of Tubes and Plates, by Prof. 
C. E. Lucke, Columbia University, New York 
City, and (2) Crane Hooks; Results of Exhaust- 
ive Experiments; Recommendations for Design, 
by Prof. Walter Rautenstrauth, Columbia Uni- 
versity. 
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REINFORCED WALL FOUNDATIONS ON YIELDING 
SUBSOIL. 
By GUNVALD AUS,* M. Am. Soe. C. E. 


While all subsoil is yielding, except hard rock, 
special difficulties are only encountered in buiid- 
ing foundations on such substrata as blue clay, 
soft yellow clay, loam or artificial fills of miscel- 
laneous material, that is, such foundations as 
must be proportioned for pressures as low as 
from 1 to at the most 3 tons per sq. ft. On such 
material some settlement is almost sure to take 
place, and, except in the case of a very uniform 
clay and a fairly constant level of the ground- 
water, the settlement is not tne same under dif- 
ferent parts of the building. 

Where a hard stratum can readily be reached 
by piling, the problem is, of course, solved. But 
where, as for instance in Cleveland, the clay ex- 
tends down to a very great depth, or in the deep 
alluvial deposits at New Orleans, or where the 
lack of a permanent groundwater prohibits the 
use of wooden piles and where concrete piles are 
too expensive, such otner provisions must be 
made as will neutralize the unequal settlement 
so far as possible. 

The writer has had the good or bad fortune, as 
one sees it, to be called upon to design founda- 
tions for massive monumental buildings on such 
subsoil in many parts of the country, in fact 
from San Francisco to New York and from Chi- 
cago to New Orleans, and has always had ex- 
cellent results from the. use of a continuous 
foundation under the walls, heavily reinforced 
with longitudinal and transverse steel beams or 
steel reinforcing rods in concrete. 

The interior columns may be placed on separate 
foundations, as a small unequal settlement here 
is of no consequence. In fact, the settlement 
generally takes place before the building is fin- 
ished, so that the cinder filling on top of the 
floor-arches can be made to cover up the defects. 


‘However, in the outside walls (which generally 


in such buildings are of granite, marble or lime- 
stone, or at least have trimmings of such stone) 


even a small unequal settlement means the 


cracking of a lintel or sill, or possibly a crack in 
the asnilar extending through many courses. 
Any one who is a close observer will many times 
have seen such cracks where the settlement was 


*Consulting Engineer, 11 East 24th St., New York 
City. 


So small as to be evident only by the damage 
done to lintel or sill. 

The longitudinal steel beams cannot prevent 
all settlement, but by bridging over a weak spot 
and by preventing an abrupt break in the con- 
crete footing they make the slope from the high- 
est to the lowest point (that is to say, from 
minimum to maximum settlement) so gradual 
as not to cause any break in tne stone work. 
Even in the case of piles, when these are driven 
into a soft soil, as for Instance at New Orleans, 
I advise the use of such longitudinal distributing 
beams under the walls, as small inequalities in 
settlement are bound to occur, and these are 
made almost harmless by the beams. 

In general one cannot be too careful in the de- 
sign of the foundation for a monumental build- 
ing, as one or two small cracks due to settle- 
ment may seriously mar the beauty of the build- 
ing and cause fear for its safety, and in many 
cases lead to costly investigations and litigation, 
where a few thousand dollars in steel beams 
would have prevented all damage. 

For suca foundation work the writer very much 
prefers rolled steel beams to reinforced concrete. 
The steel beam is equally strong in both di- 


Steel Beam Reinforcement for a Wall Resting on 
Soft Soil, St. Louis, Mo. 


rections, which here is an essential requirement, 
so that to act equally well the reinforced concrete 
base forming the distributing girder would have 
to be reinforced in both chords, which would 
very much increase the amount of steel required. 
And the reinforcement is called upon often to 
resist more by shear than in bending, and here 
the rolled beams have a very decided advan- 
tage over the rod reinforcement, even if stirrups 
are used. The rod reinforcement may work out 
a little cheaper than the steel beams, but in the 
writer's opinion it is not nearly as safe against 
corrosion as are the steel beams; and if this be 
true then the slight extra cost of the rolled 
beams is well justified. It must be remembered 
that a severe strain on the concrete may cause 
shear cracks or tension cracks that will expose 
the rods to the action of water and sewage gen- 
erally existing in the ground, in which case a 
few years would be sufficient to destroy the foun- 
dation and possibly the buillding. 

The accompanying drawing is part plan and 
section of the continuous foundation designed for 
a heavy building in St. Louis, Mo. Similar de- 
signs have probably been made by others, but if 
so the writer has not happened to see any men- 
tion of them in the tecnnical papers. 
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ANNUAL CONVENTION OF THE AMERICAN SOCIETY 
OF CIVIL ENGINEERS. 


The fortieth annual convention of the American 
Society of Civil Engineers was neld at Denver, 
Colo., last week. Formally, the convention ex- 
tended from June 23 to June 26, but to all in- 
tents and purposes it began on Sunday, June 21, 
when the special train of ten cars left Chicago 
over the Burlington route. From the same 
viewpoint, the convention did not close until 
Tuesday, June 30, for there were four days of 
post-convention, with headquarters at Colorado 
Springs and excursions from there to various 
points of interest. 

The special train from Chicago carried about 
100 members and guests. A total registration 
of some 425 had been reacned before the con- 
vention adjourned. A fourth of these were from 
Colorado, an eighth from New York State and 
another eighth from Illinois. 

The most notable features of the convention 
were the excursions and the social intercourse en- 
joyed. Of business, in a strict sense, little was 
done save to forward certain proposed amend- 
ments to portions of the constitution of the So- 
ciety relating to the election of members. Tne 
papers and discussions related solely to road 
construction and maintenance and to irrigation, 
save one paper on mining, designed ‘to give 
those in attendance an idea of mining processes 
and interests in Colorado and to prepare them 
for an excursion to Cripple Creek. In the same 
way, a paper on irrigation in Colorado served 
as a preparation for an excursion to Fort Col- 
lins and Greeley. 


ADDRESSES, PAPERS AND OTHER 
BUSINESS. 


The convention opened on June 23 with a 
felicitous address of welcome by Hon. H. A. 
Buchtel, Governor of Colorado. After other re- 
marks of welcome, President Charles Mac- 
donald delivered the annual address, printed in 
our issue of June 25. 


PROPOSED CONSTITUTIONAL AMEND- 
MENTS.—The evening of Tuesday was devoted 
to this subject. The net result of a lengthy dis- 
cussion and many motions and counter motions 
on metnods of electing members was: (1) The 
Harrod amendment, providing for the election 
of new members by vote of the Board of Di- 
rection, was amended so that three directors can 
defeat a candidate; (2) the Herschel amendment 
was referred to a committee, but not till it had 
been itself amended so that instead of a can- 
didate being rejected by negative votes num- 
bering one-fifth of all the votes cast, defeat 
would be caused by 1% negative of all the bal- 
lots. It was also voted that the letter ballot 
on the Harrod amendment snould be accom- 
panied by a printed copy of the report of the 
committee on that subject, and that the two 
members of the committee who did not sign 
that report be asked to submit their reasons, 
which would also be sent out with the letter 
ballot. 


A number of members submitted a proposed 
amendment designed to facilitate the appoint- 
ment of special committees to report on engi- 
neering subjects. Such committees cannot be 
appointed at present without numerous delays, 
references and reports, and an affirmative vote 
of one-third of the members. Under the sug- 
gested amendment the Board of Direction may 
itself appoint an investigating committee when, 
in its opinion the delays incident to present mode 
of procedure would defeat the object of the pro- 
posed committee. 


COMMITTEE ON STEEL COLUMNS AND 
STRUTS.—In accordance with the present 
routine practice, the Board of Direction sub- 
mitted a report on a motion made some time ago 
to appoint a special committee to report on Steel 
Columns and Struts. The board advised tnat 
such a committee be appointed, but that its work 
be limited to outlining the proper scope for an 
investigation, rather than carrying on tests. 
Such tests, the board believed, were beyond the 
proper sphere of the Society, as well as beyond 
its available funds. The members present ap- 


proved the recommendation, whica will accord- 
ingly go to letter ballot. 

IRRIGATION.—The single session on Tues- 
day was in the morning and the like session on 
Wednesday was in the evening. At the latter, 
Mr. F. H. Newell, Director of the U. S. Reclama- 
tion Service, delivered an address on the work 
of the service, illustrated by many handsome 
lantern slides. Some of the elementary prin- 
ciples of irrigation were explained and both the 
general and tne detailed work of the service 
were outlined. 

Mr. W. W. Follett, of El Paso, Tex., followed 
Mr. Newell, with a vivacious account of irriga- 
tion in the Imperial Valley, Southern Cali- 
fornia, and the closing of the crevasse in the 
Colorado River. He also dealt with irrigation 
along the Rio Grande, and the proposed dam 
across that stream near BÐngle, N. M. 

Conditions in the Imperial Valley were de- 
scribed as very promising. The two great chan- 
nels cut or deepened by the floods tnat poured 
through the break in the Colorado will afford 
an outlet for needed drainage, and the falls at 
their lower end make possible water power for 
electrical development. The entire cost of irri- 
gation im the valley, including closing the cre- 
vasse and building permanent headworks on the 
Colorado, will not be over $5,000,000, or some $10 
an acre of land that it is expected will soon 
be irrigated. Sugar cane and rice promise to 
thrive in tae valley. 

The proposed Rio Grande Dam project, esti- 
mated to cost $8,000,000, has advanced to the 
extent tnat water user’s associations in New 
Mexico and Texas have been formed and have 
signed for their lands. The works will be car- 
ried out by the Reclamation Service. The dam 
will form the largest artificial reservoir in the 
world. A large quantity of water will be sup- 
plied to the Republic of Mexico, in recognition 
of its rignts in an international stream. 

Two sessions for the presentation of papers 
were held on Thursday. As the afternoon ses- 
sion was also devoted to irrigation, its proceed- 
ings will be noted at this point. 

Mr. Geo. G. Anderson, of Colorado, described 
irrigation conditions in the Cache la Poudre 
Valley as typical of Colorado and to a large ex- 
tent of the United States. Water storage has 
been carried out to a large extent. 

Under legislation passed in 1901 and 1905 seven 
irrigation districts have been formed in Colo- 
rado, with a combined area of 230,000 acres and 
at a cost of $3,000,000. 

Mr. F. H. Newell, in continuing the discussion 
on irrigation, emphasized the importance of tne 
engineer, particularly where water is to be 
Stored. Hereafter, the engineer and not the 
promoter must dictate. 

Mr. Fallows, of Colorado, advocated beginning 
the use of water high in the mountains for the 
development of electric power and continuing 
the use with irrigation below. Mr. W. W. Fol- 
lett thought tnat the use of the same water for 
power and for irrigation incompatible, since 
for power the demand is constant while for irri- 
gation it is irregular. To this Mr. Fields re- 
plied that re-storage, after use for power, met 
the difficulty. Mr. F. C. Finkle endorsed the 
latter statement, and said that the secondary 
storage need be no more than one-half to one- 
third the primary storage. It is necessary to 
fill tne secondary reservoir before starting the 
double system (power and irrigation), but this 
may be done with flood water during construc- 
tion. 

ROAD MAINTENANCE.—Prof. Arthur M. 
Blanchard, of Brown University and the Rhode 
Island Highway Department, opened a discus- 
sion on “The Maintenance of Macadam and 
Other Roads.” He dealt chiefly with experi- 
ments conducted in behalf of the State of Rhode 
Island, on roads witn heavy motor traffic. These 
experiments were begun in 1906, when a few 
hundred feet of tar macadam were built. A 
number of miles of main highway have since 
been improved with various kinds of bituminous 
macadam. Detailed records of materials and 
costs have been kept. Tar from the Providence 
gas works has cost $3.70 per bbl., on the road to 


be improved. Pitch has cost $3.70 per bbl.; 
Tarvia, $5.02 per bbl. 

The total cost of tar macadam, in excess of 
ordinary macadam, has been 12 to 14 cts. per sq. 
yd. Tne cost of macadam with 1 part pitch and 
3 parts tar and of macadam was 14 cts., and 
with 1 part tar and 1 part pitch was 133 cts. 
per sq. yd. The latter made an ideal road. 
Asphalt macadam was satisfactory in quality, 
but cost 40 cts. per sq. yd.; improved methods 
of mixing might reduce this figure. Tarvia 
macadam cost 15 cts. per sq. yd. 

For improving old macadamized roads, having 
heavy traffic, painting with tar had not proved 
satisfactory in France and England. The best 
method for such roads would probably be to 
scarify the roads to a depth of 3 to 4 ins., then 
apply tar by the penetration method. The cost 
would probably be 10 cts. per sq. yd., or less if 
a machine were used to spread the tar. 

In a communication from Massachusetts, the 
treatment of existing macadam parkways was 
described. After some ten years of use the ad- 
vent of motor traffic made repairs necessary. 
In the fall of 1906, some 3% miles of roads were 
cleaned, and then covered with tar and finally 
with screenings. The cost was 6% cts. per sq. 
yd. The results were satisfactory. In July and 
August of tne next year it was necessary to re- 
treat about half of this road and to patch the 
other half. The re-treatment cost 3% cts. per 
sq. yd. In 1907 about 12 miles of gravel road 
were treated with oil and gas tar, mixed, at a 
cost of 3 to 3% cts. per sq. yd. This, also, lasted 
about one season. 

Mr. James Owen, of Newark, N. J., thought 
that under present conditions resilience is of 
more consequence than the texture of a road or 
Street surface. 

Prof. Ira O. Baker, of tne University of 
Illinois, spoke of the road problem in the stone- 
less sections of the country, and of the harm 
that has been done in those sections by the ad- 
vocacy, on the part of outsiders, of expensive 
roads that could not be built of local materials. 
In Illinois and Iowa the roads are used chiefly 
for agricultural purposes. The traffic is not con- 
centrated. Roads there must be built and main- 
tained at low cost. The road drag is used ad- 
vantageously for keeping the roads rounded up 
and well drained at the surfaces. 

Mr. Nelson P. Lewis, of New York, expressed 
himself as not being very sanguine about meet- 
ing the high-speed traffic of neavy automobiles 
with any kind of road surface available. 


ENTERTAINMENTS AND EXCURSIONS. 


Besides various receptions and the use of a 
portion of the Capitol Building for meetings, the 
street railways of Denver were put at the dis- 
posal of the members and guests of tne associa- 
tion and free transportation was furnished for 
four railway excursions, each occupying a whole 
day: two during the week of the convention and 
two following it. On Wednesday there was an 
all-day excursion over the Moffatt roads (Denver, 
Northwestern & Pacific) tendered by Mr. H. A. 
Summer, M. Am. Soc. C. E., Chief Engineer, and 
Mr. W. A Deuel, General Manager of that road. 
The special train conveyed the party over the 
Continental Divide to Arrow, crossing the Divide 
at Corona, 11,660 ft. above the sea, where a stop 
was made at a station located in a snow shed. 
On this trip some thirty tunnels were passed 
through and many miles of 4% grade and ladder- 
loops passed over. The proposed six-mile tunnel 
will be available as a substitute for the short 
tunnels and high grade, leaving the latter for 
use as one of the most remarkable “scenic” 
routes in tne world. 


On Friday of convention week a trip was made 
to Boulder, Ft. Collins and Greeley, by invita- 
tion of the Colorado & Southern Railway, Mr. 
A. D. Parker, Vice-President, and Mr. H. 
W. Cowan, Chief Engineer, and also by 
the courtesy of Mr. R. I. Huntley, Chief 
Engineer of the Union Pacific Railway. A visit 
was made to the University of Colorado at 
Boulder, by invitation of Prof. M. S. Ketchum, 
M. Am. Soc. C. E., Dean of the Department of 
Engineering; also to the State Agricultural Col- 
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lege at Fort Collins, where a lunch was served 
by the college and the citizens. 

Post-convention excursions proposed at the 
time this report of the convention was written 
included a trip to Colorado Springs, which was 
to serve thenceforth as headquarters; a sunrise 
trip to Pike’s Peak on Sunday morning; carriage 
drives at Colorado Springs given by the Colorado 
Polytechnic Society and the Colorado Springs 
Chamber of Commerce; an all-day excursion, 
Monday, to Cripple Creek and Victor, tendered 
by the Colorado Midland and the Colorado 
Springs & Cripple Creek District Railway; and 
finally an all-day excursion, Tuesday, to the 
Royal Gorge,. tendered by tne Denver & Rio 
Grande Railway. 

ae — Laꝛ—‚ 


A REVERSIBLE HOIST FOR ELEVATORS AND DERRICKS 
“ON CONSTRUCTION WORK. 


In building and other construction work ex- 
tensive use is made of derricks and material 
elevators operated by power hoists. The ac- 
companying cut represents a hoist waich is 
adapted especially for work of this kind, as well 
as for pile “driving. It is a reversible machine, 
and is intended to be driven by a belt from an 
electric motor or gasoline engine. The belt 
wheel is outside of the frame on the right hand 
side and is not seen in the view. This machine 
is built by the Parker Hoist & Machine Works, 
of Chicago. 

The reversing mechanism consists of two sets 
of friction cones on two shafts which run con- 
tinually in opposite directions. The upper shaft is 
shown in the cut; the lower shaft, with its clutch 
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the outside of the large gear wheel, between this 
and the right hand frame. It is driven from the 
drum shaft by a clutch, the operating lever of 
which is locked in one or the otner position by 
pins in the top of the frame. 

The drum is 6 x 19 ins., with 6-in. flanges, and 
will carry about 200 ft. of manila rope or 400 ft. 
of wire rope. It can pull 2,000 lbs. on a single 
line. The elevator sheave has a grooved sur- 
face for two or three turns of a cable, the fric- 
tion due to this being sufficient for a load of 800 
lbs. An extension of the drum shaft carries a 
winch-nead, which has its own independent 
clutch. The drum and sheave are controlled by 
a band-brake operated by a foot lever. The 
drum has also a safety ratchet and pawl. The 
machine occupies a floor space 44 x 32 ins. It 
weighs only 1,200 lbs. and is fitted with wheels. 
It can therefore be easily hoisted from floor to 
floor or moved from place to place. 

—— ice — 


THE DETROIT CONVENTION OF THE AMERICAN 
SOCIETY OF MECHANICAL ENGINEERS. 


A record breaking attendance attracted by an 
interesting program of papers and social pleas- 
ures made the summer convention of the Ameri- 
can Society of Mechanical Engineers, held at 
Detroit last week, a notable success. The num- 
ber of members and guests registered in attend- 
ance was just under tne 700 mark, the last num- 
ber given out being 696. This far surpasses any 
record of attendance at any previous summer 
convention of the society. 

At the headquarters in the Hotel Cadillac the 
convention opened with an informal reception on 
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and gear, is hidden by the drum. When the 
upper cone is thrown into action, the machine 
revolves in one direction; the lower cone drives 
it In the opposite direction. When both cones 
are pulled out the drum shaft stops. There are 
two spur gears on the rear shafts, driving these 
shafts in opposite directions. The drum shaft 
carries the main drum and its gear and a 24-in. 
sheave for an elevator cable. The latter is on 


Tuesday evening at which the Mayor of De- 
troit bid the visitors welcome. On Wednesday 
morning at a brief business meeting the appoint- 
ment of a nominating committee to present 
names of officers for the ensuing year was an- 
nounced as follows: Chairman, Past-President 
Jas. M. Dodge of Philadelphia and Messrs. Geo. 
H. Barrus of Boston, Fred. H. Prescott of Mil- 
waukee, Frank E. Shepard of Denver and Newell 


Sanders of Chattanooga. On motion of Past- 
President Hutton, the council was asked to re- 
quest the Gas Power Section of the Society to 
take up revision of the standard code for testing 
internal combustion engines. 

It has become customary in this Society to 
take up at each semi-annual convention some 
special subject, and devote one entire session to 
it, securing a variety of papers and wide dis- 
cussion. At the Detroit meeting it was decided 
to take up the hoisting and conveying of ma- 
terials because of the wonderful development of 
apparatus of this class in connection with ore 
and coal transportation on the Great Lakes. 

Five papers in all were presented on this topic. 
The first, by Mr. George E. Titcomb of the Link- 
Belt Engineering Co., Philadelphia, dea't chiefly 
with the heavy machinery used in the Lake ports 
for unloading vessels and stocking and reclaim- 
ing ore and coal. The principal discussion on 
this paper was by Mr. Pattison of the Brown 
Hoisting & Conveying Machine Co. of Cleveland, 
who showed the remarkable increase in capacity 
and speed of working of ore handling plants that 
has taken place in the past few years. One of 
the latest plants installed is capable of handling 
ore at the rate of a carload every 7 seconds. 

Mr. Staunton B. Peck of Chicago, Vice-Presi- 
dent of the Link-Belt Engineering Co., described 
present day practice in the conveying of ma- 
terials by endless chains and belts and screw 
conveyors. Two papers devoted especially to 
belt conveyors, and taking up the detail prob- 
lems of design more fully than either of the two 
preceding papers, were presented by Mr. C. 
Kemble Baldwin, Chief Engineer of the Robin's 
New Conveyor Co. of Chicago, and Mr. Edwin J. 
Haddock of Columbus, O., engineer of the Jef- 
fery Mfg. Co. In addition, Mr. C. J. Tomlinson 
of Neponsett, Ill., had a paper on the conveying 
machinery used in Portland cement plants. 

Among those taking part in the discussion 
whicn followed these five papers were Messrs. 
Chas. Piez, T. A. Bennett, Edward G. Thomas, 
Jas. M. Dodge, Prof. R. C. Carpenter, E. S. 
Fickes, Prof. H. Wade Hibbard, E. M. Messiter 
and H. S. Riddle. In a later issue we shall 
print the most important parts of this sym- 
posium. 

The afternoon session opened with a paper by 
Prof. R. C. H. Heck of Lehigh University on the 
specific heat of superheated steam. The paper 
was presented, in tne author’s absence, by Prof. 
Breckenridge of the University of Illinois. Prof. 
Heck’s paper was a comparison of two recent 
researches in this field, one made by German 
experimenters, Knoblauch and Jakob, and the 
other by Prof. Thomas of Cornell University. 
Both these researches had been fully presented 
to the Society, the first at the Indianapolis 
meeting a year ago and the second at the New 
York meeting last December. 

The subject of the paper is rather over the 
heads of most of the Society members; but the 
concluding sentence of the paper in which Prof. 
Heck said “he believed the question of the 
specific heat of superneated steam is about set- 
tlead” was understandable by all, and this at 
least received general approval. Discussions on 
the paper were contributed, however, by Prof. 
W. D. Ennis, Dr. Davis and Prof. Eddy. 

The second paper of the afternoon session was 
by Prof. Geo. H. Shepard of Syracuse Univer- 
sity and described a method of computing the 
stresses and proportioning the parts of a conical 
piston, such as is commonly used for large 
marine engines. 

The concluding paper was by Mr. Henry Hess 
of Philadelphia, the inventor of a well-known 
ball bearing, and described a new machine 
which -Mr. Hess has designed in conjunction 
with Riehle Bros., for measuring the friction 
of ball and roller bearings. The machine is 
far more sensitive than an ordinary journal fric- 
tion testing machine and has to be, in fact, in 
order to measure the very small frictional re- 
sistance of bearings of tne ball or roller type. 
The paper was presented by Prof. Chas. H. Ben- 
jamin, Dean of the engineering school of Purdue 
University, in the absence of the author, and 
Prof. Benjamin remarked that the journal fric- 
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tion testing machines for testing the friction of 
ordinary journals were in many respects un- 
satisfactory. 

A very enjoyable feature of the convention 
was a lecture on Wednesday evening by Prof. 
John A. Brashear of Allegheny, Pa., on recent 
astronomical discoveries. The lecture was illus- 
trated with stercopticon views of some of the 
world-famous telescopes and reproductions of 
photographs of the nebulae and other heavenly 
bodies. Prof. Brashear’s work as a mechanician, 
physicist and astronomer has placed aim in the 
foremost rank of American scientists, and the 
Society is fortunate to number such a man 
among its members. 

Thursday morning was devoted to an excur- 
sion on the Detroit River to witness a steam- 
boat launching. The Great Lakes Engineering 
Works took the Society on the steamer Britan- 
nia” up the Detroit River to its ship yards, where 
the 12,500-ton steamer Daniel B. Meacnam" 
lay on the ways ready for.launching. There 
the “Britannia” took position close to the end 
of the slip into which the hull of the new vessel 
was to slide, and the visitors had tne most favor- 
able position from which to watch the work of 
wedging up the hull and its final slide sidewise 
into the water. 

The session on Thursday afternoon opened 
with a paper by Mr. Raymond D. Johnson of 
Albany, N. Y., on the “surge tank” for water- 
power plants. Tne paper dealt with the varil- 
ations in pressure and consequent variations in 
speed which are set up in water-power plants 
taking water through long penstocks. The 
author showed how these pulsations if un- 
checked sometimes give rise to unlooked for and 
serious results. He gave a set of formulas for 
computing surge.“ and finally proposed a dif- 
ferential regulator designed to reduce these 
pressure variations to such limits that they can 
be taken care of by ordinary speed governors.” 
Tne author claimed that with a plant thus de- 
signed, even when working under very high 
heads, the common practice of wasting water 
through relief valves could be entirely avoided. 

Mr. L. F. Harza in discussion stated that he 
had worked out similar equations while assisting 
Prof. D. W. Mead in the preparation of a new 
book on the design of water-power plants and he 
believed that Mr. Johnson's results were in the 
main correct. Prof. I. P. Church of Cornell 
University, ‘nowever, contributed a written dis- 
cussion which cast much doubt on the reliability 
of Mr. Johnson’s mathematics. Mr. Morris 
Knowles of Pittsburg described the pulsations 
in pressure in the standpipe attached to a long 
suction main in a pumping station of the Pitts- 
burg water-works. 

Next came a paper on pitot tube measurements 
made in the course of researches at the Cornell 
hydraulic laboratory by Prof. W. B. Gregory and 
Prof. E. W. Schoder. Discussions were con- 
tributed by Prof. Sanford A. Moss, Mr. Geo. A. 
Orrok, and Prof. Eddy 

A brief note on screw thread standards by 
Amasa Trowbridge of the Veeder Mfg. Co. of 
Hartford was followed by the final paper of the 
session: “Identification of Power House Piping 
by Colors,” by Mr. Wm. H. Bryan of St. Louis. 
The labyrinth of piping in a modern power plant 
leads to the suggestion that the different pipes 
should be identified by different colors. In a 
few power-houses and ocean steamships this has 
actually been done. Mr. Bryan presented data 
of a number of these systems and proposed that 
steps be taken to adopt an official standard sys- 
tem of colorings, so that the same color would 
always mean the same thing and the workmen 
in one station going to another would not have 
to unlearn all their habits and possibly .in so 
doing become confused, make blunders and cause 
disasters. 

In the evening a reception was held by the 
President and Council members in the ball room 
of the Cadillac, and dancing continued to a late 
nour. 

The final session on Friday morning was 
chiefly devoted to steam engineering. A paper 
by F. W. Dean and A. C. Wood of Boston de- 
scribed tests on eight different steam engines 


which had been in service four or five years, 80 
that the tests represented fairly the full effi- 
ciency or steam consumption of the engine in 
daily service. Nearly all published tests of steam 
engines are made on new engines or else on 
engines which are prior to the test overnauled 
and put in good condition. 

It is, however, more important to the user to 
know what an engine actually does under ordi- 
nary conditions of care and maintenance than 
what it is capable of doing under ideal condi- 
tions. 

The tests revealed that practically all the en- 
gines tested were being actually run as “steam 
eaters.” The steam consumption per hour was 
from 30 to 50 lbs., and even higner, in some 
cases, though 38 Ibs. might be a fair average. 
The cause of the wastefulness was ascribed by 
the authors to valve leakage, although it was 
suggested in the discussion that piston leakage 
might be something of a factor. 

The authors’ conclusions were that for ordi- 
nary high speed engines, refinements in design, 
such as short ports and small clearance spaces, 
are useless and attention should be concentrated 
on making and keeping valves tight. The 4 
valve engine, particularly, showed worse results 
than the single valve engine. Piston valves and 
balanced valves both showed bad results, and the 
authors advised tnat these valves should be so 
designed as to wear tight to their seats. The 
authors’ final statements were: 


From the results we are justified in thinking that most 
high-speed engines rapidly deteriorate in economy. On 
the contrary, slower- running Corliss or gridiron valve 
engines improve in economy for some time and then 
maintain the economy for many years. It is difficult 
to see that the speed is the cause of this, and it must 
depend on the nature of the valve. 


In the discussion which followed, Mr. C. A. 
Dawley objected that a type of engine should 
not be condemned on the basis of so few tests. 
He thought piston leakage might ‘nave con- 
tributed much to the poor results and described 
tests on air compressors in which from 4% to 
15% loss occurred through leakage past the 
piston. ö 

Mr. Richard H. Rice approved the tests and 
thought tney went far to explain the advantages 
of the compound over the simple engine. The 
steam which was lost by leakage through the 
high-pressure end still had to do work in the 
low-pressure end. He tnought the double-poppet 
valve might be the solution of the difficulty, 
since with no rubbing surfaces, wear is very 
small. The seat must be free to expand, how- 
ever, at the same rate as the valve itself. 

The tests also point to the advantage of steam 
turbines. Although the smaller turbines have 
not yet displaced steam engines to any sucn ex- 
tent as they have in the large sizes, the results 
of tests like these and the fact that the turbine 
does not fall off in efficiency to any such extent 
as the steam engine under variable loads, will 
tend to bring it into favor. 


Mr. R. C. Stevens referred to a type of steam 
valve which follows up its wear and remains 
tight and which is now in use on some 8,000 en- 
gines. One of these of 360 HP. had recently 
shown under test an economy of 21.1 lbs. of 
steam per I. HP.-hour. 


Mr. John C. Barker pointed out that the very 
poor load factor of office building plants made 
investment in high class power equipment and 
expensive attendants a doubtful economy. He 
thought the real lesson was reliance on a central 
power plant, provided current and steam could 
be secured at figures representing only a reason- 
able profit. 

Otaers taking part in the discussion were 
Messrs. Rice, Halsey, Gray, Young and Chase, 
and Prof. W. F. M. Goss. President Holman, at 
the close of the discussion, referred to the diffi- 
culties with engine wear in St. Louis and the 
Southwest generally, where boiler feed water 
carries much mud and sand. He thought the 
double-poppet valve on an engine that you can’t 
attach a monkey wrench to would be the ideal 
engine for such a location. 

“Air Leakage in Steam Condensers” was the 
subject of an important paper by Thos. C. Mc- 
Bride of Philadelphia. He showed that the size 


of air pumps required for a given steam power 
plant is governed much more by the workman- 
ship as regards air-tightness on the engine and 
tne exhaust piping than by the size of the en- 
gine. The condenser manufacturer, however, 
has no control over the work of the engine con- 
tractor, and works in the dark when he guar- 
antees that condenser and air pump will pro- 
duce a certain vacuum. He urged that the pur- 
chasers of condenser and air pump equipments 
Should specify at least the limit of amount of 
air which the pump should be required to 
handle. 

In the discussion, however, Mr. Chas. A. How- 
ard objected that the purchaser has no means 
of determining in advance what the leakage of 
air tnrough engine and exhaust piping will be, 
and if he were to specify a certain leakage, the 
difficulty of determining whether an extra load 
on the air pump was due to leakage or to other 
causes, would practically relieve the condenser 
manufacturer of all responsibility. 

Mr. C. L. Heisler thought it wrong to hold the 
condenser contractor responsible for failures due 
to defects in other contractor’s work and sug- 
gested that the air pump specification require 
it to produce a certain vacuum wnen attached 
to a closed air-tight chamber of given size. It 
was also suggested that the condenser contrac- 
tor should also supply and erect the exhaust 
piping, so that he would be interested to prevent 
leakage through it. 

The morning session concluded with an ex- 
tended discussion of the paper on the design of 
clutches, especially friction clutches used in 
automobiles, which was presented by Henry 
Souther of Hartford, Conn., at the last monthly 
meeting in New York on May 12. 

After appropriate resolutions of thanks had 
been adopted to those who had contributed so 
much to the pleasure of the Detroit meeting in 
the way of excursions and entertainment, final 
adjournment was taken. 

The afternoon and evening were devoted to a 
steamboat excursion down the Detroit River to 
Amherstburg, with supper at Bois Blanc Island. 

GAS POWER SECTION. 

The recently organized Gas Power section of 
the Society, presided over by Dr. Chas. E. 
Lucke of Columbia University, neld a very suc- 
cessful and well attended session on Thursday 
afternoon simultaneous with the session of the 
main Society. Papers were presented on “The 
“By-Product Coke Oven,” by W. H. Blauvelt of 
Syracuse; “Power Plant Operation on Producer 
Gas,” by Godfrey M. S. Tait of New York; 
‘‘Horse-Power, Friction Losses and Efficiencies 
of Gas and Oil Engines,“ by Prof. L. S. Marks 
of Harvard University, and “A Simple Method 
of Cleaning Gas Conduits,’ by W. D. Mount of 
Saltville, Va. 

This new section of the Society can be joined 
by those interested in its work, whether they are 
members of the A. S. M. E. or not. Informa- 
tion regarding tne section and requirements for 
admission (which include nothing in the way of 
professional experience or qualifications) can b> 
obtained from the Secretary, Mr. H. H. Suplee, 
29 West 39th St., New York City. 


—ꝛä—— —— 


ANNUAL MEETING OF THE SOCIETY FOR THE PRO- 
MOTION OF ENGINEERING EDUCATION. 

The sixteenth annual convention of this Society 
was held at Detroit, Mich., last week, simul- 
taneously witn the convention of the American 
Society of Mechanical Engineers. The attend- 
ance was very good, particularly among the 
members engaged in teaching mechanical engi- 
neering branches. A number of the professors 
in the civil engineering schools who usually take 
@ prominent part, however, were at Denver at- 
tending tne convention of the American Society 
of Civil Engineers. The Society participated in 
the excursions and other entertainments ar- 
ranged for tne American Society of Mechanical 
Engineers, which made the convention par- 
ticularly enjoyable. 

The reports of the Secretary, Prof. A. L. 
Williston, and the Treasurer, Mr. Wm. O. Wiley, 
showed the Society to be in a flourishing con- 
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dition as regards membership, although at pres- 
ent funds in the treasury are low, due to the 
issue of two volumes during the fiscal year just 
closed. Since July 1, 1907, there have been 165 
applications for membersaip. 

Sessions for the reading and discussion of 
papers were held on Thursday, Friday and 
Saturday, were uniformly well attended and the 
discussion was active. However, the regular 
program was so filled with papers and with re- 
ports of various committees that there was scant 
time for discussion upon the various topics. 

The earlier sessions of the convention were 
presided over by the Vice-President, Wm. G. 
Raymond, of the niversity of Iowa, and tne 
later sessions by Dr. Chas. S. Howe, President 
of the Case School of Applied Science, and 
President of the Association. 

The annual presidential address was delivered 
on Thursday afternoon, and Dr. Howe chose for 
his subject: “The Function of the Engineer in 
the Conservation of Natural Resources.” Dr. 
Howe represented the Society at the Conference 
of Governors wita President Roosevelt in May, 
and he gave an inspiring report of that meeting 
and an interesting review of the situation as 
respects the rapid exhaustion of Nature’s gifts 
and the duty of the engineer in the premises. 
We quote as follows: 


In the future, waste of raw material should be ab- 
dorrent to the engineer and his aim should be to con- 
serve the materials which nature has provided for his 
use. The engineering colleges of the country are train- 
ing the engineers of the future and from now on they 
must train them with this problem in view. The con- 
servation of some of our natural resources must be ac- 
complished through new inventions. The engineer of 
the future must be able to discover new processes and 
accomplish old results in new and more economical 
ways. 
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Of the papers presented at the meeting, a very 
large proportion re'ated to changes in the courses 
of instruction, newly undertaken or proposed. 
One of the papers of greatest interest described 
experience with tne new cooperative engineer- 
ing courses at the University of Cincinnati. The 
many questions which followed the reading of this 
paper indicated that the radical departure at 
Cincinnati is of greatest interest to instructors 
in other institutions. The establishment of five— 
year courses and the granting of second degrees 
for work done after completion of the regular 
course also received long and serious’ discus- 
sion. Mr. Harwood Frost, of New York City, 
read a paper proposing a general course in en- 
gineering, in which the student would receive 
instruction in the foundation essentials of civil, 
mechanical, mining and electrical engineering, 
finding time for the work by omitting some of 
the specialized instruction. Prof. John P. 
Jackson, Dean of Pennsylvania State College, 
had a paper on Scholasticism in Engineering 
Education, in which he handled without gloves 
some hoary traditions of the past. 

Two papers on instruction in English in the 
engineering schools attracted general attention, 
and the discussion revealed unanimity of 
opinion as to the importance of practical train- 
ing in both written and spoken English to the 
engineering student. In the modern languages, 
on the other hand, evidence was offered that 
they are being crowded out of the engineering 


TIMBERING OF ROOF ARCH, AND HIGH-LINE TRACK. 


courses. Their right to a place there was ably 
defended, but the fact appears to be that with 
the crowded curriculum, relief must be found 
somewhere and modern languages can be elimi- 
nated from the course with less injury to the 
student’s professional ability tnan almost any 
subject. 

A progress report was offered by Prof. 
Dugald C. Jackson, Secretary of the Joint Com- 
mittee of Engineering Societies on Engineering 
Education. The committee has been fully or- 
ganized, with Mr. Desmond Fitzgerald as Chair- 
man, and it is expected to proceed with active 
work and present a final report by July, 1910. 

The election of officers at the closing session 
resulted as follows: 

President, Dean H. E. Turneaure, University 
of Wisconsin; Vice-Presidents, Dean M. E. 
Cooley, University of Michigan, and Prof. O. 
H. Landredth, Union University, Schenectady. 
Members of Council to serve three years: Thos. 
Gray, Rose Polytechnic Institute; L. J. Johnson, 
Harvard University; W. G. Raymond, Iowa 
State University; Herman Scnoneider, University 
of Cincinnati; C. A. Waldo, Purdue University; 
W. T. Magruder, Ohio State University. 


RATES OF PROGRESS ON C., M. & ST. P. RY. TUNNEL 
THROUGH BITTER ROOT MOUNTAINS, MONTANA. 
In connection with tne records of rock tunnel 

progress given in our issue of April 2, 1908, p. 

377, the figures of advance made in the St. Paul 

Pass tunnel through the Bitter Root Mountains, 

Montana, will interest engineers concerned in 

railway or rock-excavation work. The tunnel is 

driven by the regular top-heading system. The 


contractors, Winston Brothers Co., of Minneap- 
olis, Minn., give the following record of recent 
advance: 


Av. tunnel 
= 7 (Hdg. + 
Heading, Bench, Bench) 
lin. ft. lin. ft. lin. ft. 
MARCH, 1908 
East end ................218 205 211.5 
West end ............... 286 218 252 
Dll!!! ĩð2j 504 423 463.5 
APRIL, 1908 
East enlldlſdſdſdſd 259 217 238 
West end 275 193 234 
Tol! 534 410 472 
MAT, 1908. 
East end .. 242 268 
West end ........... 330 261 295.5 
Nl!!! cee eeeeed 572 555 563.5 
Total for three months. 1,610 1,388 1,490 
Monthly average ....... 536.7 462.7 499.7 


The steady increase of the monthly figures 
shown by the above would have been more 
marked but for the fact that in May the East 
heading encountered bad rock, in which the prog- 
ress during 10 days was only 32 ft. 


The section of the tunnel is rectangular wita a 
semicircular roof arch, whose dimensions are: 
Width, 21.33 ft.; height to springing, 15.25 ft.; 
height to crown, 25.92 ft. Most of the tunnel so 
far driven has been lined with a timber block 
lining, as may be seen in tae two photographs 
herewith; it comprises a five-segment arch, wall 
plates, posts and sills. Recently the rock has 


become self-supporting in the west end, and 
lining has been omitted. The rock is a quartzite, 
somewhat laminated. 

The contractors claim as new records for Amer- 
ican work the following figures from the above 
tabulation: l 


Month’s progress of one full-arch heading.... 380 ft. 


Month’s progress of two full-arch headings... 572 ft. 
Month’s progress of bench, two faces............ 555 ft. 
Month’s progress of tunnel 4% (Hdg. + Bench). 563.6 ft. 


Three consecutive months’ progress of tunnel, 
% (Hdg. + Bench) ......ccccccccccccccccccs 1,499 ft. 


As will be seen from toe figures given in our 
article, “Records in Rock Tunneling,” already 
referred to, the figure of 330 ft. is by no means 
the record for.one month’s advance of heading in 
American tunnel work, and the Gunnison Tunnel 
figure of 449 ft. exceeds it by more than a third. 
The St. Paul Pass heading is much larger, how- 
ever, being the full roof-arca section, and the 
present claim, we take it, is restricted to similar 
cases—which, by the way, are rare. 

Mr. K. C. Weedin, Assistant Engineer, is in 
charge of the tunnel for the Chicago, Milwaukee 
& St. Paul Ry. Mr. F. J. MacIsaac is Superin- 
tendent for Winston Brothers Co., the contrac- 
tors, with headquarters at Missoula, Mont. 

———— —— —— 


SOME FEATURES OF THE PRESENT STEEL-RAIL 
SITUATION.* 
By CHARLES B. DUDLEY.t 


The Bessemer steel rail has a marvellous history. 
The outgrowth of an attempt to make wrought-iron 
cheaply, it came in just at the time when the wrought- 
iron rall was beginning to demonstrate its unfitness to 
stand the pounding of the larger locomotives of the 
day. It perhaps is not too much to say that the 
Bessemer steel rail has made the modern railroad pos- 


FIG. 2. FULL SECTION TIMBERING ; LOADING HEADING MUCK FROM 
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sible, and that without it, or its equivalent, the world's 
development would be half a century behind its present 
advanced position. And yet, notwithstanding all its 
merits, and its wonderful record in the past, no candid 
mind can view the present steel-rail situation and not be 
impressed with the thought that the steel railroad rail, 
or perhaps more comprehensively the railroad track of 
to-day, is called upon to justify itself in the eyes of the 
public. 

No record of past success, however wonderful it may 
have been, will suffice to meet the present conditions. 
The changes in methods of transportation during the 
last quarter century, the increases in sizes of cars 
and locomotives, with the consequent increases in wheel- 
loads and in the strains produced, have made new 
demands upon railroad track, and especially upon the 
rail as the most important element in the track. It 
is plain, we think, that modifications at some point, 
and possibly at many points, are essential in order 
that the new conditions may be successfully met. 
The startling record of rail breakages which has char- 
acterized the past two or three years, the rapid wear, 


and the almost appalling deterioration due to crush- 


ing and flattening of ralls in track have produced an 
outcry against the steel rail, which, seconded by the 
technical press, has culminated during the past two 
years in a charge of criminal negligence on the part 
of those engaged in the manufacture of this great es- 
sential of railroad operation. No one at all conversant 
with the situation can successfully maintain that the 
subject is not a pressing one, and I am sure that all 
will agree that there is necessity for calm, cool, dis- 
passionate consideration of the various elements in- 


*Presidential address before the American Society for 
Testing Materials, June 25, 1908. 
tChemist, Pennsylvania R. R., Altoona, Pa. 
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volved in the problem. Perhaps you will bear with 
me while I attempt to discuss some features of this 
most important and most interesting situation. 


THE CHANGE IN RAIL DUTY. 

And first let us briefly consider the changed condi- 
tions. It is surely not too much .to say that in the 
past twenty-five years the changes in the conditions 
in which the rail is involved have in three respects 
been most noteworthy. First, the average speed of 
trains has been largely increased; second; the average 
wheel-loads of cars have been increased 75% and of 
locomotives over 100%; and, third, on some of the 
larger and more important railroads the volume of 
traffic has Increased at least 300% and perhaps more. 

THE HIGHER SPEED.—The influence of increased 
speed on the life of the rail is not easy to esti- 
mate, nor, indeed, can much that is positive be 
said on this head. Undoubtedly some of the shocks 
which the rail must sustain are increased in severity 
by higher speed. This, we think, is clearly 
the case when a higher-speed train passes over a loose 
joint. The end of the rail to which the wheel is ap- 
proaching must have a more severe blow with a fast 
train than is given by a slower-moving one. On the 
other hand, there seems to be some evidence that for 
those strains whose severity is affected by the length 
of time the load is applied the increase in speed may 
not be so injurious an element. We are all familiar 
with the fact that on thin ice the boy who goes rapidly 
is less liable to break through and get a ducking than 
one who moves more slowly, and in exactly the same 
manner the quick stepper sinks less deeply into semi- 
plastic mud than the one who goes with slower, meas- 
ured tread. 

THE HIGHER LOAD.—The increase in wheel-loads is 
a more important matter. Without going into the 
mathematics involved, and ignoring the apparently un- 
solved problem as to whether the rail under a moving 
load acts exactly like a beam supported at both ends 
and loaded in the middle, there is seemingly fairly good 
evidence that, all things else remaining the same, 
doubling the wheel-load approximately doubies the strain 
in the metal. It follows, therefore, when wheel-loads 
are doubled, either that the rail section and supports in 
use at the time must have sufficient margin in them 
to safely endure these doubled strains, or that some 
changes are essential. 

THE INCREASED TRAFFIC.—The increase in traf- 
fic is also a very important matter. No point in the 
science of strength of materials, if we may use the 
expression, is apparently better established than that 
repetition of stress has a direct bearing on the 
life of the part strained. There is much in- 
- dication, and the evidence is rapidly increasing, that 
the life of a rail, not only as regards wear, but 
also as regards its freedom from disintegration and 
breakage, is a function of the number of wheel-loads 
that pass over it. We are strongly inclined to the 
view, therefore, that we are on firm ground when 
we say that even though we grant that the rails made 
twenty to twenty-five years ago were good and gave 
satisfactory service, it is as clear as noonday that 
the changed conditions of the present day, especially 
the heavier wheel-loads and the increase in traffic, 
demand changes in the practices that were prevalent 
at that time. No one, we are confident, will dispute 
this position, and I doubt not every railroad engineer 
within the sound of my voice will say to himself, We 
do not expect the old rail to be satisfactory under the 
new conditions; many changes have been made, and 
yet the rails are unsatisfactory.’ 


THE CHANGE IN THE RAIL. 

Let us examine this mattera little, and ask ourselves 
the question plainly: What have the railroads done to 
meet the changed conditions? First and foremost, the 
weight of the rail per yard has been increased. As a 
matter of record it may not be amiss to mention the 
successive steps of this increase on one large railroad. 
Within my own memory and study of this subject, the 
following weights of rail have been employed: 50 lbs. 
per yd., 60, 67, 70, 75, 85 and 100. The increase is 
quite noticeable, the latest form being nearly double 
the weight of that first used. The battle of the sec- 
tions, or the form in which the increase of weight has 
been disposed, will be referred to later on. 

But it may be said: “It is granted that the weight 
of rail has been increased, but what evidence is there 
that the increase has been sufficient? Is not a rail 
weighing 110, 120 or even 130 lbs. per yd. essential 
to meet the strains produced by the changed conditions 
above referred to?” Upon this point it is possible to 
say that most careful studies have been made, using 
the best obtainable data, and making allowances for 
what is more or less unknown and uncertain, and that 
the studies indicate that the weight of rail to carry 
the increased wheel-loads has been increased more 
rapidly than the wheel-loads, and that the actual strain 
in the rail is no greater than was the case in the 
lighter rails under the lighter wheel-loads formerly 
employed. It may be added that if 12,500 Ibs. per 
sq. in. is assumed as a safe working stress for such 
steel as rails are made of, the present 90 and 100- 


Ib. rails show stresses well within this limit, even 
under a static wheel-load of 30,000 pounds with a 
dynamic augment of 60% of the static load. If these 
studies can be trusted, therefore, it would seem that 
so far as weight of rail is concerned the railroads have 
done all that could reasonably be required to meet 
the changed conditions with which we are dealing. 


THE INFLUENCD OF TRACK CONSTRUCTION. 


But again it may fairly be asked, we think, whether 
increase in weight of rail is all that is required. No 
principle of structural construction is better established, 
apparently, than that the support which material under 
Strain receives is an essential element in its successful 
behavior. The rail alone cannot carry the load. It 
must be properly supported and perhaps—mind you, I 
say perhaps—fallure to properly support the rail may 
account for some of the rail failures of which we have 
heard so much during the past few years. Good rail- 
road track involves a properly drained sub-grade, bal- 
last, ties and rail fastenings, splice bars and other 
joint material, and the proper maintenance of these, as 
well as rails. In other words, the rails are only one 
of the elements in the problem; I grant you, the most 
important one, but still not the only one. It would 
be manifestly unfair to blame the rail for failures which 
may be clearly due to defective support or fastenings. 

What, then, have the railroads done during the past 
fifteen to twenty years In the way of supporting the 
rail to enable it to successfully meet the changed con- 
ditions we are discussing? First, as to ties. 

THE TIE.—It is well known that with the advent of 
the heavier rail some railroads actually diminished the 
number of ties per rail, This may have been all right 
during the transition period, but it is manifest that 
the strain in the rail is increased by such practice. 
More recently, as the number of heavier cars and loco- 
motives has increased, we believe the number of ties 
has been increased again, until now in the best tracks 
as many ties are used as can successfully be employed 
and yet leave room for tamping. It may not be amiss 
here to call attention to a characteristic of ties that 
bids fair to be of increased importance as time pro- 
gresses. Owing to the continually diminishing sup- 
ply of forest products, it seems fair to expect that 
the supporting face of the tie under the rail will 
gradually get less, as the necessity for using smaller 
ties increases. This will clearly lead to an increase in 
strain in the rail, and may even now be an element in 
the problem. Perhaps the general use of a tie plate 
on wooden ties, or of the development of an entirely 
successful steel tie, may obviate this difficulty before 
it becomes too serious. 

JOINTS AND FASTENINGS.—The joint and the 
splice bar and fastening have received an immense 
amount of study during the past twenty years, and 
while it would probably be too much to claim that 
the problem has been completely solved, no accusation 
that the railroads have been idle in this respect can 
be successfully maintained. 

THE BALLAST.—The ballast holds the ties in place, 
distributes the strain produced by the load to the sub- 
grade beneath, and undoubtedly performs some func- 
tion in drainage. Taken in general, it is undoubted 
that there has been gradual increase in ballast as the 
wheel-loads and traffic have increased. That it has 
reached the proper thickness yet, even on those tracks 
which are best maintained, we fancy no one would be 
willing to affirm. We believe there are engineers who 
think that twice or even three times the present stan- 
dard thickness of ballast is requisite in order that the 
foad may be properly distributed over the supporting 
surface beneath. 

THE SUBGRADE.-—The subgrade is the foundation, 
and as such is unquestionably one of tbe most important 
elements in the problem. No amount of money spent 
on Tails, ties, splices and ballast will give successful 
results on an Inferior subgrade. Our belief is that the 
Importance of the subgrade has not been sufficiently 
appreciated by engineers in the past. Indeed, there 
are indications that rail failures are a question of 
geography. The same rail, with the same locomotives 
and cars, and the same density of traffic, will have 
far less failures if the subgrade is sandy, porous and 
well drained than if the subgrade is dense, heavy clay, 
which tenaciously holds water and for quite a portion 
of the year may be called a more or less modified mud- 
hole. The great enemy of the trackman is water, and 
our firm belief is that if more study had been put on 
the problem of keeping water out of the subgrade 
fewer rail failures would have characterized the past. 

The maintenance of track, that is, the amount of 
money and labor put upon the track to keep it up to 
its work, tamping ties, screwing up track bolts, keeping 
up renewals, giving heed to drainage, etc., has nec- 
essarily increased as the wheel-loads have become 
heavier and the density of traffic has increased. I 
know of no evidence that indicates that there has 
been a blameworthy falling off in any of these re- 
spects with the advent of the heavier rail. It is un- 
doubtedly true that track expenses, even with the 
same maintenance of line and surface, show a ten- 
dency to diminish the heavier the rail. It is easy to 


See why this should be so, since the heavier and 
stiffer the beam the more the strains produced by the 
moving load are distributed, and consequently the less 
need that money should be spent to cause each minute 
part of the support to do its maximum duty. 


THD RAIL VS. TRACK MAINTENANCE. 

And this brings us to an exceedingly interesting 
phase of the rail problem. During the past year or 
two, in discussions and committee meetings over rail 
specifications, the desire on the part of some railroad 
engineers has occasionally cropped out to have a rail 
of minimum weight per yard, and yet so good that 
even though the track might not always in every de- 
tail be kept up to standard there would still be no 
failures. According to their view, if the rails were what 
they should be, inferior track maintenance would be 
a very small matter. And singularly enough, it seemed 
to be a little difficult for these engineers to see that 
this unloading of the whole problem upon the steel-rail 
manufacturers was not entirely legitimate and praise- 
worthy. We hope to pay our respects to the steel-rail 
manufacturers a little later, but we are compelled to 
say that this view of the case does not commend itself 
to us, and we do not think responsibility can be 80 
easily shifted to other shoulders. No one can be more 
desirous of good rails than we are, but failures in 
track maintenance cannot, we think, fairly be put upon 
the rail. On the other hand, we do think there is a 
legitimate question connected with this phase of our 
subject. This is, the requisite safety being always main- 
tained, where does true economy lie in this contest 
between the rail and the track maintenanoe? There 
are three possibilities. 

(1) Would better rails with the same weights per yard 
as are now in use, even though obtained at increased 
cost, result in such diminution of track expenses that 
economy would result? 

(2) Would the same so-called inferior grades of steel 
now being furnished, with increased weights per yard 
(it being conceded that increased weights per yard are 
not essential from the standpoint of strains), result in 
such diminution of track expenses that economy would 
follow after paying for the increased weights? 

(3) Would better steel and increased weights per 
yard, at even still greater cost, be followed by such 
saving to other track expenses, that it would be true 
economy to obtain such ralls? 

We do not believe the data exists at the present time 
that would enable a satisfactory answer to be given to 
any one of these three questions. And yet they seem 
to us to open up an extremely important field. It 
costs a certain amount each year to maintain a mile 
of track, including rail renewals, and we have never 
seen any figures that show that the distribution of the 
expense to each item is such that the sum total is a 
minimum. Perhaps better rails, perhaps heavier rails, 
perhaps the two combined, even at greater cost for 
rails, would bring about this desired result. 

Returning now to our query as to what the railroads 
have done to meet the changed conditions produced 
during the last twenty years or more by heavier wheel 
loads and increase of traffic. It is difficult to see how 
any fairminded person can think that the railroads, 
taken generally and as a whole, have not made a sin- 
cere effort to meet these changed conditions. It is 
granted that the action taken may not always have 
been the wisest action, that failures and mistakes have 
been made; and indeed, it is undoubted that at times 
and places more vigorous action should have been 
taken, and that too frequently there has been a dis- 
position to lay the whole burden upon the steel maker. 
And yet, notwithstanding all this, it would, we think, 
be hard to maintain that there has not been much 
Sincere, conscicntious and faithful effort on the part 
of the railroads to meet the’ problems due to changed 
conditions, with which they have been confronted. 


THE ATTITUDE OF THE RAIL MAKERS. 

Let us turn now to the record of the steel-rail man- 
ufacturer in this matter, and ask ourselves calmly and 
dispassionately, what has he done during the past fif- 
teen or twenty years to assist in meeting the changed 
conditions about which so much has already been said. 
Has he made better steel? Has he spent time and 
money and brain power in faithfully trying to improve 
his product? Has he heartily and earnestly cooperated 
with the railroad engineer, in his efforts to secure safe 
transportation of persons and property? 

Before trying to answer these questions let us spend 
a moment with this problem of responsibility. It has 
already been hinted several times that there are rail- 
road engineers who would be quite willing to put the 
whole burden of rail failures on the steel makers, and 
on the other hand, it is quite as certain that the steel 
makers seem to have been not only willing, but as a 
matter of fact have again and again washed their own 
hands entirely of responsibility in this matter, and 
claimed that it was a simply a question for the inspec- 
tors and engineers. We have heard them say in effect, 
not once, but many times, ‘‘Our mills are open to you. 
Here are the rails. Take them or leave them,” thus 
practically putting the whole responsibility of accepting 
and using defective and inferior material upon those 
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who from the nature of the case cannot know as well 
aa the manufacturer which are good and which are bad, 
and who many times have no alternative but to take 
what they can get. 

Net so do we understand the relation between the 
producer and consumer. From the nature of the case 
the producer has essential information that the con- 
sumer does not have, and on the other hand the con- 
sumer has essential information tbat the producer does 
not have, and it is only by working together conscien- 
tiously, honestly and harmoniously, that the best re- 
sults can be obtained. We do not understand that the 
manufacturer of any material for the use of a public- 
service corporation, where safety to human life is in- 
volved, can properly assume an air of indifference, can 
hold back essential information which he as the maker 
of the material has and the consumer not, or can 
justly fail to cooperate in every reasonable way to the 
end that only safe material goes into the tracks. 

The making of steel rails for use under high-speed 
passenger trains is something more than a mere com- 
mercial proposition. Both the producer and the con- 
sumer have great responsibilities in this matter, and 
neither can lay them aside or shift them upon the 
other. 

Coming back now to our query as to the behavior of 
the rail manufacturers during the past fifteen to twenty 
years. We are frank to say that with the most sin- 
cere desire to be strictly fair in this matter, we cannot 
regard this behavior as eminently praiseworthy. There 
has been far too much antagonism, far too much holding 
back essential information, and far too great a failure 
to cooperate. Many within the sound of my voice will 
bear me witness that in conferences over rail specifica- 
tions it has many times been simply impossible to get such 
information from the representatives of the steel mak- 
ers as would enable critical points in the specifications 
to be wisely decided. And this is not the worst of the 
matter. Within two years past, entirely reputable en- 
gineers of railroad companies have said in my presence 
that they had been told by rail manufacturers that if 
they did not take the rails offered, irrespective of speci- 
fications and tests, they would not get any. Still 
further, if I may judge from my own experience, it is 
only within the past year or perhaps year and a half 
that it has been possible to have what might fairly be 
called a consultation with the experts of the steel rail 
makers, over any point that involved the quality of the 
product, in any conciliatory, cooperating way. Far too 
much we fear the manufacture of steel rails has been 
studied in the past simply from the commercial stand- 
point. 

And bow about the steel itself? Is the steel that goes 
into rails today better or worse than that made fifteen 
or twenty years ago? It is well known that there is a 
general belief among railroad engineers that the steel 
in the rails today is nothing like as good as it was 
twenty or twenty-five years ago. We are not quite able 
to follow these critics to the extent that they want to go 
on this point. Our judgment is that in two respects 
there is reason to think the steel in Bessemer rails is 
inferior to that made twenty-five years ago.: 

(1) The larger ingots of the present day necessarily 
lead to increased segregation, and in so far as segrega- 
tion is a serious element in the quality of steel there 
is little room for doubt that the steel in the rails of 
today is inferior to that made some years ago. We 


think it fair to say that there is need for further study 


as to how far segregation, apart from internal physical 
defects with which it is so often associated, is a menace. 
We cannot help wishing that it was not in the rail to 
anything like as serious an extent as many analyses 
show it to be, but at the same time, if the ingot was 
thoroughly sound throughout, we should like to study 
segregation farther before feeling willing to say the 
final word. 

(2) In so far as the more rapid working of the Bes- 
semer process which has seemed to characterize its full 
commercial development during the past twenty years 
or more has led to incomplete action between the final 
additions and the blown metal, and to higher finishing 
temperatures in the finished rail, the metal must be 
inferior. The making of steel is a chemical process, 
and every chemist knows that all chemical reactions 
require time, and it is to be feared that Bessemer metal 
is many times cast in the ingot mold before the reac- 
tions are complete. The effect of this is certainly bad. 
Sound ingots cannot be obtained in this way, and if the 
ingot is unsound, good rails cannot be made. Again 
we are quite well aware that high finishing tempera- 
tures are blamed on the rail section. Thin flanges, by 
getting ceol too soon, seem to make it impossible to roll 
the head at the proper finishing temperature, and it is 
to be confessed that in as far as the section is responsi- 
ble for too high finishing temperatre the steel maker 
cannot fairly be blamed. But for all other causes lead- 
izg to too high finishing temperatures, it is difficult to 
see how the responsibility is to be shifted. 

Notwithstanding these, as we regard them, just crit- 
kisms of the later made Bessemer steel, it is undoubted 
that a large percentage of the output of rails of the last 
twenty years has been approximately as good as that 


previously made. We are inclined to think that those 
who so vigorously denounce the later made steel forget 
the enormously increased traffic which these rails have 
carried. The lack of reliable figures showing compara- 
tive tonnage of the earlier and later made steel is a 
very serious handicap in reaching a satisfactory con- 
clusion in this matter. 

But whether the earlier or later made steel is better 
or not, it is certain that the need of today is for a steel 
even better than that earlier made. The speed is greater, 
the wheel-loads are greater, and the tonnage is greater, 
and the steel to successfully meet these changed condi- 
tions should also be better. Do we find then that during 
the last twenty years there has been real conscientious 
study on the part of the Bessemer steel maker as to 
how to make better rails?. Are the ingots any less 
unsound and more free from shrinkage cavities, pipes, 
gas bubbles and blow holes? Have any of the suggested 
means of overcoming or minimizing segregation and 
diminishing the pipe been tried on Bessemer ingots? 
Have any of the Bessemer steel rail manufacturers or 
their experts contributed something toward the solution 
of the problem of how to secure safer and better rails? 
Have they welcomed and seemed willing to fairly try 
suggestions that might possibly lead to improvements in 
their products? Have they willingly accepted more fre- 
quent testing, to the end that inferior material might 
be kept out of the tracks? In so far as they have done 
honest conscientious work in any of these directions, 
let all honor be given them. In so far as they have 
failed, let us not add to their shame by discussing this 
phase of our subject farther. 

RAIL SECTIONS, 

Let us turn now to two or three other features of our 
subject; and first, as to the sections. It has already 
been hinted that the section has been blamed for some 
of the difficulties encountered in making good rails. 
The makers have urged, and we think with good show 
of reason, that the distribution of metal between the 
head, web and foot of the rail, in many of the sections, 
was such that it was practically impossible to finish the 
heads at the proper temperature. And since the sections 
were specified by the railroad engineers, the rail makers 
have felt (and we think justly so) that in so far as 
the section was an element in good rails they could not 
be held responsible for poor rails. This criticism was 
felt to be so valid that within the past two years two 
independent organizations have taken up the question of 
section de novo. One large railroad through a commit- 
tee of its own officers, reinforced by practical rail 
manufacturers, and the American Railway Association. 
through one of its own committees, assisted also by a 
number of practical rail makers, have both, but inde- 
pendently, devoted much study to the section. The 
results of their deliberations have culminated in three 
types of sections. 

The one, known as Section A of the American Rail- 
way Association, is characterized by a shallower head, 
wider base, with thin flanges, and a greater height of 
section than either of the other two. Regarded as a 
beam or girder, this section is undoubtedly the strong- 
est section of the three. It is apparently advocated by 
those who think that more of the duty of the track 
should be borne by the rail, and less by the other ele- 
ments. It is obvious, as has already been stated, that 
the stronger the rail as a beam or girder, the more 
the strains are distributed, and the less need therefore 
for exacting attention to the other features of track 
maintenance. Its advocates think that the distribution 
of metal between head, web and foot is such that the 
rolling difficulties, and especially the question of finish- 
ing temperatures, can be met with entire success. It 
would be a bold man who would be willing to affirm 
that this section will not ultimately prove to be the 
best of those under consideration, and especially that 
the transference of more of the duty to the rail, will 
not result as has already been indicated, in ultimate 
track economy. Those who oppose this section fear that 
the shallow head is an element of weakness. According 
to their view, with such steel as it is at present possl- 
ble to get in rails the pounding of the heavy traffic 
will lead to such crushing’ and splitting of the heads, 
owing to internal physical defects in the metal, that the 
section will prove a failure, especially on roads with 
heavy wheel loads and dense traffic. 

The second type of section, known as Section B of 
the American Railway Association, is modified to meet 
this latter view. The head is practically the head of 
the American Society of Civil Engineers’ section, thicker 
flanges, less height over all, and the same thickness 
of web. The distribution of metal is believed, as in 
Section A, to successfully meet the manufacturers’ crit- 
icisms, the head and foot having slightly over 40% 
each of the metal and the web the balance. This sec- 
tion is confessedly a compromise, but there goes with 
it the hope that it will ultimately prove itself worthy 
of being adopted as the standard recommended section 
of the association. This section is weaker as a girder 
than the “A” section, but is belleved to have sufficient 
factor of safety so that no difficulties wili arise from 
this cause. These two sections have been proposed as 
“recommended practice” by the American Railway As- 


sociation, and the question as to which is the better of 
the two, or indeed as to whether some other section is 
not still better than either, has been referred to the 
American Engineering and Maintenance-of-Way Asso- 
ciation, an organization composed largely of railroads 
operating officers, to study and accumulate data, and 
make a report after the sections have been tried in 
actual service. 

The third section, known as the “P. S. section” of the 
Pennsylvania system, is a step farther away from the 
„A' section. It has a still heavier head, a narrower 
base, thicker flanges, and the same thickness of web, as 
the B'“ section. The radius of the web is smaller, thus 
producing more of a buttress where the head and web 
join. The experience of the Pennsylvania system seems 
to be that with their heavy wheel loads and dense 
traffic, and with the grade of steel that it is now 
possible to get in rails, more rails fail from crushing 
and disintegration of the head, apparently due to the 
pounding of the traffic, than from any other one cause, 
and accordingly in this section the maximum effort has 
been made to strengthen the head in its weakest point. 
The distribution of the metal is satisfactory, and the 
strength of the rail as a girder or beam is practically 
the same as the ‘‘B’ section, and is believed to be abun- 
dant for present conditions. 

Which if any of these three sections will survive and 
become the standard section of the railway world in this 
country, it is of course impossible at the present moment 
to say. However, the issue is now clearly defined as 
never before, and the different ideas prevailing among 
expert engineers are clearly represented in the types 
presented. All the sections have been designed to mett 
the criticism of the steel makers, so that from this time 
forward, if these sections are used, there should be no 
excuse for improper finishing temperatures. It may 
happen that progress in steel metallurgy will so dimin- 
ish physical defects in the steel, and so minimize the 
adverse effect of segregation, that all three sections will 
be found worthy of perpetuation. It is believed that a 
decided step forward has been taken by the preparation 
of these three sections, and much is expected from them 
in the next few years to come. 

DISCARD FROM INGOT. 

The question of the discard has occasioned many words 
during the discussions of the past two years, and we 
had almost said bitter words. There is material enough 
in this feature of our subject for a long paper. I fancy 
many of us had more positive ideas on discard three 
or four years ago than we have at the present moment. 
The more the subject is studied the more difficult it 
becomes, seemingly, to express a final opinion that we 
are willing to stand by. If every ingot solidified in the 
typical way, and was like every other ingot, the ques- 
tion of discard would be easy. But it would almost 
seem as though every heat of steel was a law unto 
itself, and was different from every other heat of steel, 
and nearly the same might be said of every ingot. 
When we come to consider the conditions there seems 
to be much reason why this should be so. The differ- 
ences in temperature at the time of casting; the more 
or less incompleteness of the chemical reactions when 
the metal leaves the ladle; the differences in chemical 
composition of the different heats; the rate of pouring; 
the differences in the condition of the molds; the differ- 
ences in rate of cooling dependent on surrounding condi- 
tions; the differences in practice at the different works, 
especially in the matter of covering and artificially cool- 
ing the top of the ingot; the length of time that elapses 
before the ingots are shipped; and the more or less 
fluid condition of the metal on the inside of the ingot 
when it reaches the first pass, to say nothing of acci- 
dents or mishaps that may occur in handling the semi- 
fluid ingots; all have an influence on the location of 
that part of the ingot which is supposed to contain the 
poorest of the metal, and which it is the object of the 
discard to prevent from getting into the rails. 

In view of these uncertainties, we cannot but think 
that the position taken by the Pennsylvania system and 
American Railway Association in their proposed speci- 
fications is the most reasonable one, viz., to leave the 
discard to the manufacturers, and to safeguard the 
product by proper tests, especially by choosing the test 
piece from such a location, and making the rejections 
such, that it will be to the interest of the manufacturer 
to voluntarily discard the metal which will not stand 
test. This has been our practice at Altoona for many 
years. We have a number of specifications for different 
steel products in which the word ‘‘discard’’ does not 
occur and never has. 

An illustration will perhaps make this whole matter 
clear. When our axle specification was issued the whole 
question of discard was most carefully considered, and 
it was finally decided to select one axle at random for 
test from each heat of steel, after the axles from that 
heat had all been made up, stamped with the heat num- 
ber and put in a pile by themselves; and further, if the 
test axle stood all the tests, all the axles made from 
that heat were accepted, and if not all were rejected. 
After the specification had been in operation a short 
time, a manufacturer who had worked with us during 
the development of the specification said to us, ‘‘There 
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is steel enough in each one of our ingots to make 13 
axles of the size you are now using. As a matter of 
fact we only make and offer you for test nine, for if 
we should make the whole ingot into axles, and you 
should get for test one made from the stee] which we 
now discard, you would condemn the whole heat, quite 
to our loss.” We are firmly of the opinion that the 
Matter of testing rails can be so handled as to give 
similar satisfactory results. 
THE EVIL OF THE RETEST. 

And this brings us to the question of tests and test- 
ing. During the past few years much light has been 
thrown on this subject, and the truth compels us to 
say that a situation has been found that in some re- 
spects would be ludicrous if it was not so near the 
tragic. Let us see what the conditions have been: 

(1) The manufacturers have, in many cases at least, 
selected the rail end as sample for test. The specifica- 
tions beling silent on the selection of the test-piece, they 
naturally have urged that there was nothing to prevent 
their doing this, and they naturally again have, so far 
as information can be obtained, chosen the best steel 
in the ingot for test. It is not claimed that all specifi- 
cations have been so loosely drawn as to permit such 
a suicidal practice, but it is certain that some of them 
have, and that the practice has been in vogue. 

(2) The “best two in three” principle has pervaded 
many specifications, that is to say, if the first rail-end 
stood test, the heat was accepted, but if it failed a sec- 
ond was tested. If this likewise failed, the beat was 
condemned. If on the other hand it stood test, a third 
was tested, and the fate of the heat was decided by 
the majority. It would almost seem as though the 
specification had been drawn, not with the idea of be- 
ing sure that only good rails should be accepted, but 
with the idea of being sure that as many heats as possi- 
ble should be accepted. 

(3) Only one heat in five was tested, that is to say, 
as we understand the matter, if the rail-end stood test 
and the heat was accepted, that acceptance carried four 
other heats with it. But singularly enough, if on the 
other hand the heat was rejected, that rejection only 
covered the heat from which the test rail end came, 
and the four preceding or following heats, as the case 
might be, got another chance for their lives. The un- 
satisfactoriness of such a method of testing, it seems 
to us, must be evident to every candid mind that knows 
anything about the making of steel. As has already 
been stated, every heat of steel is a law unto itself, and 
there is no certainty that because one heat or blow is 
good, the preceding or succeeding four are equally good, 
any more than there is a reasonable presumption that 
if one heat is bad, the preceding or succeeding four are 
likewise bad. And while it is agreed that, when every- 
thing is working well, successive blows from the Besse- 
mer converter may be similar in many respects, it is 
not agreed that testing one blow in five gives any rea- 
sonable assurance that only good rails are accepted for 
use in the tracks. 

We fancy the rather loose testing described in the 
three items above started in the earlier days, when the 
Strain on the rail was far less than at present, and the 
traffic far less dense, and has been perpetuated partly 
owing to inertia on the part of railroad engineers and 
partly owing to the resistance of the rail manufacturers. 
The wonder is, with such loose, log-rolling testing as 
has been in vogue, not that there have been so many 
rail failures but that there have not been more. 

But this is not the whole story. Until quite recently 
the specifications have been equally loose in regard to 
the drop-testing machine employed in making the tests. 
Weight of tup has been carefully stated, and the height 
from which it must fall has been given, indeed in some 
cases the foot pounds of the blow are carefully given 
for each weight of rail; but it has apparently been for- 
gotten that the anvil or support on which the rail rests 
when it receives the blow, is a most important ele- 
ment in the problem. It has recently developed that 
at one steel works the anvil was a couple of ingots lald 
down side by side, with appliances for holding them in 
place and supporting the test rail, the whole resting 
on boards placed on the ground. At another steel works, 
the anvil weighed 3,000 Ibs. and rested on boards, stones 
and gravel. One rail manufacturer recently said in my 
hearing, ‘‘As long as the railroads did not object, why 
should we take measures to increase the severity of the 
test by putting in heavier or better-supported anvils?” 
It is gratifying to be able to state that some of the 
more recent specifications, while, according to our 
ideas, still far from satisfactory In the matter of test- 
ing, do show marked improvement in some of the re- 
spects mentioned above, and still better that the rail 
manufacturers are cooperating in and actually suggest- 
ing some of the improvements. 

A few words now in regard to some of the details 
of testing rails; and first in regard to the drop test. It 
is well known that many testing engineers do not favor 
the drop test for rails. To our minds, however, it is 
the only possible available one for the present, and the 
following considerations seem to us to have weight in 
confirming this view: 

(1) It tests the whole rail in the condition in which 


it goes into the track, instead of a small fraction of 
the rail, as is requisite in all cases of prepared test 
pieces. 

(2) It is sufficiently rapid so that even though every 
blow is tested there is no fear of delaying the output of 
the mills while waiting for test-pieces to be prepared 
or for slower tests to be made. We have known of a 
case where, with sufficient force to handle the test 
samples, 55 tests have been made in half an hour on 
a modern drop-testing machine. 

(3) There seems little doubt but that some of the 
strains or shocks which the rail actually receives in 
track are similar to those produced by the drop-testing 
machine. This is, we think, clearly the case with a 
loose joint and a rapidly moving train. In case the 
track bolts have become loosened, the end of the rail, 
when the approaching wheel mounts it, certainly gets 
a blow similar to that given by the drop-testing ma- 
chine. We have known rails which have given long 
service in track, to be broken in this way, and the 
fracture showed perfectly clean, sound metal. 

(4) Finally, if the specification requires that the de- 
flection be taken, the drop-test reveals a good deal in 
regard to the physical properties of the steel. 

Second in regard to the selection of the test-plece. 
We fancy it goes almost without saying, that this should 
always be made by the inspector. In regard to location 
of test-piece, it is of course understood that in shearing 
the ingot into rail blooms it is necessary to make the 
bloom from which the test rail-end is to be taken a lit- 
tle longer than the others. It is therefore essential that 
the inspector or the specification should designate the 
bloom from which the test will be taken. Some recent 
specifications, wisely, we think, designate the top bloom 
of the ingot for this purpose, it being generally under- 
stood that the so-called ‘“‘pipe,’’ if there be any, and 
the greatest segregation and physical defects will be in 
this bloom. We may perhaps wisely call attention to the 
fact that if a cover and cooling devices are used on the 
top of the ingot when it is cast, the poorest steel in 
the ingot will not be near the top end of the top bloom, 
but more probably near the bottom end of the top 
bloom, so that if the Inspector takes his test-plece from 
the top end of the rail made from the top bloom he will 
be more apt to deceive himself than if he has the test- 
piece cut from the bottom end of the top bloom. We 
have sometimes thought, when inspecting the practice 
of casting and cooling ingots in certain works, that it 
would be better to take the discard between the first 
and second blooms. 

Third, in regard to height of drop. We have always 
opposed extreme severity of tests. Owing to the defects 
in the anvil previously referred to, if indeed they have 
been general, it is apparent that but little information 
that is of value and that is safe to follow can be ob- 
tained from previous tests. Our own view is that some- 
thing a little more severe than the rail will receive in 
actual service, enough for a reasonable factor of safety, 
is all sufficient. The trouble is we de not know how 
severe the shocks in service are. Some recent tests 
of rails which had broken short off in track, made by 
the Research Committee of the Pennsylvania System, 
seem to indicate that a 15-ft. drop with a 2,000-Ilb. 
tup and a 20,000-lb. anvil, would have rejected two- 
thirds of those which failed in service; also that the 
15-ft. drop actually broke as many test-pieces as the 
19-ft. drop, other conditions being the same. These 
tests should be much amplified before final conclusions 
can be reached, but as far as they go they seem to in- 
dicate that we must look to other causes than defective 
or poor steel for a portion of the rail breakages, and 
that extremely severe testing is not necessary. 

We have taken so much time with what precedes, that 
there is no opportunity to discuss a number of other 
features of the rail situation. The subject is far too 
large for a single paper. It would be interesting to 
consider quite at length how to manage the results of 
tests in such a way as to be strictly fair to the manu- 
facturers, and at the same time prevent the acceptance 
of inferior or defective rails. We would suggest that 
those especially interested study the specifications of 
the Pennsylvania System recently issued, and those of 
the American Railway Association, proposed at its re- 
cent meeting in New York City, April 22, 1908. Much 
might be written on the chemistry of the steel rail, and 
especially the phosphorus limit; also on open-hearth 
stee] rails, but time and space forbid. The wear of 
rails has not been touched at all, and must be deferred 
to another occasion. 

Summing up and putting in concrete form our views 
on the present situation, we are inclined to say: 

(1) The crying need of the hour is positive, definite 
information. Upon dozens of points no positive data 
exist. During the discussions of the past two years 
or more, opinions have been as plentiful as leaves in 
autumn, but of positive, reliable, statistical informa- 
tion, or figures taken from properly kept records, there 
has been a dearth that was fairly oppressive. The steel 
makers have not been as deficient in this respect as the 
railroad engineers. 

(2) The time seems opportune for genuine progress 
to be made. The railroads through their organization, 


which in a sense speaks for them all, the American 
Railway Association, have taken hold of the matter 
with vigor, and have developed a large amount of valu- 
able information, and for the first time in my 25 years’ 
study of this subject the steel rail manufacturers have 
shown a less antagonistic and more conciliatory and 
cooperative spirit than has usually characterized them. 

(3) The specifications proposed by the Pennsylvania 
Railroad System and by the American Railway Asso- 
ciation seem to us to represent genuine progress, and to 
be worthy of most careful study and trial. While they 
may be said to represent perhaps the best that can be 
done, until more positive knowledge is obtained, he 
would be a bold man that would claim that they will 
ultimately be satisfactory or final. 

(4) Whether the Bessemer process can be so modified 
and improved as to enable it to furnish rails that will 
be entirely satisfactory under the heavier wheel-loads 
and denser traffic of today and the near future, or 
whether the basic open-hearth will soon be the source 
from which steel for these rails will be furnished, are 
questions worthy of serious attention. Our own feeling 
is that if a small fraction of the time and money that 
bas been spent in the past over the commercial de- 
velopment of the Bessemer process shall in the next few 
years be spent in getting sound ingots, free from blow 
holes, slag and manganese sulphide (if this shall be 
found to be as serious as it now looks), and in over- 
coming or minimizing segregation, it will last for many 
years to come. 

(5) The American Society for Testing Materials has 
a most important duty to perform at this juncture. By 
stimulating the development of information, by furnish- 
ing an arena for the presentation of such papers on 
the metallurgy of steel as are on its program for this 
meeting, by arousing interest in testing machines and 
methods of testing, by furnishing a forum where pro- 
ducer and consumer can meet on common ground and 
discuss their differences unhampered by commercial 
considerations or by artificial distinctions of professional 
ethics, and by keeping its own specifications up to date 
and utilizing new information as fast as it is obtained, 
it can so fill the field which it occupies that when the 
ultimate record is made up its contribution will be by 
no means among the least. 

We beg not to be misunderstood in this matter. If 
we have called attention to loose practices, if we have 
indicated that as we look at the matter, rail manufac- 
turers have in the past been a little too much actuated 
by commercial considerations, and have too vigorously 
antagonized the efforts made by inspectors and engineers 
to secure better and safer rails for the track, if we have 
pointed out that in some cases specifications have been 
loosely drawn, and that tests and inspection have too 
often been one-sided and inefficient, it has not been 
for the purpose of holding any one up to ridicule, or to 
make statements that would appeal to the popular 
fancy, but with a sincere desire to have the mistakes 
and shortcomings of the past so well understood that 
they will not be perpetuated in the future. There is 
much indication, and it may well be, that what has been 
done in the past was sufficient for its day. But our 
sincere belief is that past practices are no longer appli- 
cable, and our plea is for more conciliatory and more 
conscientious action on the part of the rail manufactur- 
ers, and for more thorough and exhaustive study of all 
the elements af safe economical track on the part of 
railroad engineers, to the end that the changed condi- 
tions about which so much has been said may be suc- 
cessfully met, and the rall transportation interests of the 
country be put on a safer and better basis. 
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CURRENT MINING CONDITIONS AND PROSPECTS ON 
THE WITWATERSRAND, SOUTH AFRICA. 


In the May Bulletin of the American Institute 
of Mining Engineers, Mr. Thomas H. Leggett, 
M. Am. Inst. M. E., describes three means by 
which mining industry on the Rand has not 
only maintained but increased profits in spite of 
financial difficulties as great as our own, of tech- 
nical questions which rarely worry us, and of a 
labor trouble to whose certain depletion of the 


‘ranks, our isolated strikes offer no parallel. They 


are: consolidation of resources, reduction of, 
working costs and increase in efficiency of labor 
as well as of machinery. 

An example of successful amalgamation is that 
of the Knights Central, Ltd. with the South 
Knights property adjoining. The former pos- 
sessed two five-compartment shafts 2,200 ft. 
deep, a developed ore reserve of 282,000 tons of 
an average value of $8 per ton, and a nearly 
depleted treasury with no prospect in the present 
state of the investment market of raising the 
money necessary to erect a 200-stamp mill and 
cyanide plant while continuing underground de- 
velopment. The South Knights company had 
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not begun to work its ground but held $1,500,000 
in the treasury, a sum not however sufficient for 
development and equipment to the great depth 
of its reef. The consolidation of these two com- 
panies and combination of their assets not only 
placed the property as a whole upon a productive 
basis with a prospect of dividends for the share 
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holders within 12 or 15 months, but assures a 
jong life to the enterprise. The difficulty and 
expense of sinking shafts to the enormous depths 
required by the “deep deep” mines is obviated 
by working these low levels through inclines 
sunk from the bottom of existing shafts that 
have already attained depths of 3,000 to 4,000 ft. 

The labor situation in the mines was a com- 
plicated one: the 53,000 Chinese which have 
formed an intelligent and reliable force for the 
lower classes of mine work were gradually de- 
ported by order of the Transvaal government. 
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Copper 


Kafirs were scarce, lazy, and refused to con- 
tra-t for a longer term than six months. Waite 
men would not work beside Kaffirs and demanded 
excessive wages. Under these conditions, the 
government was induced to aid in increasing the 
supply of Kaffirs, and the wages of white men 
were, after some trouble, reduced to a standard 
based on the capacity of the best miners. Metal- 
lurgical improvements have increased the ex- 
traction to 95% of the ore’s assay value, and 
working costs have been reduced to such an ex- 
tent that rock containing 5 dwt. or $5 per ton is 
now worked with profit. This permitted an 
increased tonnage, resulting for the year 1907 in 
an average monthly output of $10,714,300. 

Mr. Leggett considers it safe to predict a 
productive life of 15 or 16 years for 37 of the 
foremost Rand properties. Of the 71 mines which 
were dropping stamps at the close of 1907, about 
50 are paying dividends, a number of the new 
deep shafts are almost ready to send up ore, 
and conservatiye calculafion presents the near 
prospect of an annual output for this district of 
£150,000,000. 

—ů——— — . 


A NEW ALUMINUM ALLOY. 


The softness and other unfavorable qualities of 
aluminum, waich have hitherto prevented the 
extended industrial development of that metal, 
are said to be overcome by an alloy termed 
magnalium, and recently patented by the 
Magnalium Syndicate of Berlin. This alloy is 
composed of from 90 to 98% aluminum, the bal- 
ance being mainly magnesium; it is claimed that 
the good qualities of the aluminum are retained 
and that its hardness, tensile strength and 
rigidity are increased to a degree which renders 
its general industrial application advantageous. 
Magnalium, like pure aluminum, can be cast in 


a liquid condition. The castings can be ma- 
chined, acquiring a smoota, mirror-like surface. 
The metal may be cut to perfect screw threads 
or filed to clean-cut shapes without clogging the 
file or tearing the material as is the case with 
aluminum. 

In the treatment of magnalium certain pre- 
Cautions are necessary. It is best melted in or- 
dinary graphite crucibles, which must be per- 
fectly clean. It should not be jeated much 
above 1,200° F., its melting point, as a higher 
temperature would weaken the metal. A fire- 
proof support is necessary to keep the crucible 
from direct contact with the grate and to pre- 
vent cooling of the metal by an air draft after 
the coke’ has burned up. In spite of its low 
fusing point the metal should be allowed about 
45 minues to melt. If cast in an fron water 
cooled chill the tensile strengtn of magnalium 
is greatly increased, reaching 2,200 to 2,500 Ibs. 
per sq. in. with a reduction in area of 5%. By 
special treatment, i. e., forging the raw material 
before drawing, the tensile strength of one 
quality of the alloy can be raised to 5,300 Ibs. 
with a reduction of area of 10%. 

Magnalium is very close-grained so that polish- 
ing can be done without previous treatment; in 
lathe work it permits twice as great a tool speed 
as does aluminum. It resists oxidation better 
than any otner light metals or alloys, and is al- 
most unaffected by damp air, water, gaseous 
ammonia, carbonic or most organic acids. It 
shows almost no magnetic influence, but its elec- 
tric and thermal conductivity is about 56% that 
of pure copper. The most favorable comparison 
which can be made between magnalium and 
other metals is upon the basis of strength re- 
duced to a specific gravity of 1, as shown by 
the following table: 


l Strength 


Per cent. 


reduction in lbs. per 

Specific Str. in lbs. of sectional sq. in. divided by 
gravity per sq. in. area, specific gravity. 

2.51 52,203 3.7 20,793 

2.49 42,246 17.8 16.956 

2.50 18.421 to 21,336 3.75 7,396 to 8,534 

2.7 38,405 4.2 a 14.224 

2.7 10,3838 1.175 3,816 

7.9 113,794 12.5 14,404 

7.7 83,345 12.15 11,084 

7 49.781 15 7.112 

7 17.780 0.5 2.5 10 

8. 31.293 42 3,55 
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At present the use of magnalium extends to 
kitchen utensils, parts of spinning and milling 
macainery, skates, saddle skeletons, surgical ap- 
pliances, chemical purposes, etc. Mr. Morris R. 
Machol, 32 Park Place, New York City, acts 
as American agent for the Magnalium Syndicate 
of Berlin. 

— Soot — — 
IMPROVEMENTS IN PLATE ROLLING-MILLS.* 


By ANDREW LAMBERTON,+ Member of Council, Iron 
and Steel Inst. 

The manufacture of steel plates has of recent years 
made remarkable progress. The progress has been 
principally in the direction of increasing the capacity 
of mills, with the result that, compared with those of 
twenty years ago, present-day improvements have re- 
sulted in doubling, and in some cases even trebling, 
output. This result has largely been achieved by im- 
provements effected in the details of the accessory ma- 
chinery throughout the mill plant. Electrically-driven 
live roller-tables, which are now fitted at both sides of 
roughing and finishing mills; electrically-driven transfer 
gears; and the very efficient drafting arrangements— 
also operated by electric motors—have greatly reduced 
the time occupied in the operations of handling and 
rolling plates. 

Improvements have also been made in slab-heating 
furnaces, which have been increased in capacity and in 
power to heat rapidly, and, served as they now are by 
electric-charging machines, have reduced very consid- 
erably the time required for charging, heating, and 
withdrawing slabs for rolling-mills. These improve- 
ments in detail have had the effect of increasing the 
output capacity; but the most important improvements 
have been effected in rolling-mills themselves, which 
have been greatly strengthened in all their parts, and 
their speed accelerated threefold. This great increase 
in speed is very beneficial, owing to the larger amount 
of work expended upon the plate in a shorter time, 
economizing heat, and enabling plates to be rolled down 


*A paper read before the Iron and Steel Institute, May, 
1908. 
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to thin gage with comparative ease and safety. The 
thinner the plate, the more difficulty there is in rolling 
it, and unless sufficient speed be given to the rolls, these 
Plates become too cold to roll down to thin gage. The 
increase in speed has now rendered it possible to pro- 
duce plates of a size and gage which were impossible 
with slower-running mills. 

During recent years a large demand has arisen for 
thin plates, and the question as to what type of mill is 
best adapted for rolling such plates is one of very 
considerable interest to steclmakers. The three princi- 
pal conditions which platemakers must fulfil are: Qual- 
ity, represented by the usual tensile and bending tests, 
first-class surface finish throughout and close adherence 
to gage thickness. It is well known that these condi- 
tions are imposed much more rigorously in this country 
than in America or on the Continent of Europe. Hero 
surface finish must be first-class, and adherence to gage 
thickness must be within 2%% over or under. 

In America steel-plate makers are not under such strin- 
gent conditions, and the writer has seen thin plates be- 
ing rolled in which a margin of 15% variation in thick- 
ness was accepted. Were it not for the stringency of 
the conditions to which he has referred, the probability 
is that plate rolling-mills of the Amerian three-high 
type would have been adopted in this country before 
this time. It is unquestionable that for thin plates the 
three-high mill has some advantages; but, unfortu- 
nately, it has the great drawback of being unable to 
maintain high-surface finish on plates for more than two 
or three days, when the rolls require to be changed. 
This defect is inherent in the design of the mill where 
the roughing-down of the slab and the finishing of the 
plate are done in one set of rolls, causing rapid de- 
terforation of their surfaces. The usual practice is to 
use a top roll and a bottom roll of equal diameter with 
a mid roll of two-thirds their diameter. At every pass 
of the plate, whether between top and mid, or bottom 
and mid, the mid roll does work, so that twice the work 
is put upon it that the top and bottom rolis are re- 
quired to do, and, as it has only two-thirds of their 
surface, it wears much more rapidly, the surface be- 
comes quickly injured, and necessitates the changing of 
the rolls every two or three days, which is a drawback 
of a very serious nature. 

The writer observed the outputs from three-high mille 
both in America and on the Continent, and, whilst the 
surface finish of the plates delivered during the first 
twenty-four hours’ working was good, there was a sub- 
sequent steady deterioration in quality of surface finish, 
until the rolls had to be taken out for re-dressing. To. 
meet this the practice is to roll all plates requiring the 
highest finish during the first twenty-four hours’ work- 
ing of the mill, and devote the subsequent one or two 
days’ working to plates which do not require such fine 
surface or close adherence’ to gage thickness. There 
can be little doubt that it ig largely this difficulty of 
Surface-finish and adherence to gage thickness, together 
with the undoubted complication of the three-high mill, 
which has prevented its adoption in this country, where 
the conditions of finish and thickness are so rigorously 
enforced. 

Our steel-makers have, with practical unanimity, 
adopted the two-high reversing-mill as the best to meet 
the conditions obtaining here, and there can be no 
question that the surface finish got from two-high re- 
versing-mills is superior to, and can be maintained 
with greater regularity and for a much longer time 
without changing rolls, than where three-high mills are 
used. The drafting of the rolls is also much simpler 
in two-high mills, and admits of more ready adjustment 
than when three rolls have to be regulated to work 
together with perfect exactitude. The live roller tables 
in two-high mills are likewise much more reliable in 
that they are fixed, and can be Made as heavy and 
strong as desired, whilst in three-high mills these tables 
have to rise and fall at each pass, and therefore their 
mass and inertia have to be reduced to the lowest possi- 
ble point commensurate with safety. This cutting down 
of weight tends to reduce the margin of safety, and 
frequent breakages occur, and it is well known that 
these tables are very costly in repairs, and in many 
cases complete spare tables are kept ready to put in 
when a breakdown occurs, so as to minimize the delay 
to the mill. 

Another very important advantage possessed by the 
two-high reversing-mill is that, when roughing down 
slabs, during which the passes are short, the mill can 
be driven at slow speed, so as to minimize the shock 
when the slab enters the rolls, whilst during the long 
passes the speed can be accelerated to any desired ex- 
tent compatible with safety. The writer has taken 
note of the speed at which reversing-engines are reg- 
ularly driven, and finds 140 r. p. m. quite common. 
This is twice the speed of three-high mills, so that the 
slowing down during the initial passes is amply compen- 
sated for before the finish. This method of working is 
obviously much easier on the mil] plant than where 
the slab enters the rolls at full speed, as in the three- 
high system causing violent shock and increased liabil- 
ity to breakage. 
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The writer has thought it might prove of interest if 
he gave a description of a new form of plate-mill, hav- 
ing rolls 30 ins, diam. by 6 ft. 6 ins. long, which he 
has designed specially for rolling light plates, but which 
is equally suitable for ordinary ship and girder plates, 
now successfully at work at the Glasgow Iron & Steel 
Works, Wishaw. This mill possesses some quite novel 
features, for which the following claims may fairly be 
made: Simplification in the operation of the mill, re- 
duction in the amount of machinery required, reduction 
in the work done by finishing rolls, and consequent re- 
duction in wear of same, acceleration in dellvery speed 
of finishing rolls, and equalization of power used in 
roughing and finishing rolls, final delivery of plates, 
straightened and free from wave, reduction in space oc- 
cupied by the whole plant, large output capacity, econ- 
omy in steam consumption of driving engine. 


SIMPLIFICATION IN THE OPERATION OF MILL 
AND REDUCTION IN THE AMOUNT OF MACHINERY 
REQUIRED.—This is accomplished by arranging the 
roughing and finishing rolls in tandem, instead of the 
usual practice of arranging them in the same extended 
line. The slab is first reduced in the roughing rolls, 
and finally in the finishing rolls. During the process 
of roughing-down, the top finishing roll is held up clear 
by its hydraulic balances, and the plate under treatment 
passes freely through the finishing rolls until reduced 
to the thickness ready for finishing, when the upper 
roughing roll is raised, and the upper finishing roll 
lowered, and the subsequent finishing of the plate takes 
place through the finishing rolls. It will be observed 
that, by this means, two sets of live roller tables, which 
in the ordinary type of reversing-mills would be fitted 
at the front and back of the finishing rolls, are ren- 
dered unnecessary, one set of two tables serving both 
roughing and finishing mills. Further, by this new 
arrangement the transfer or skid gear, required in the 
former type of mill to transfer the roughed-down plate 
across to the finishing rolls, is also done away with, 
these constituting a very substantial reduction in the 
machinery employed, simplifying the operations, as the 
slab to be rolled never leaves the straight line of travel 
during the whole process of rolling, and passes out, a 
finished plate, in the same line as the original slab is 
recelved. 


REDUCTION IN THE WORK DONE BY FINISHING 
ROLLS AND CONSEQUENT REDUCTION IN WBAR.— 
In the ordinary type of mill, where the roughed-down 
slab has to be transferred sideways to the finishing 
rolls, the practice is to make this transference whilst 
the plate is still of considerable thickness, that it may 
not cool too rapidly during the process, so that, gen- 
erally speaking as many passes are made in the finish- 
ing rolls as in the roughing-down rolls. The writer con- 
siders this bad practice, inasmuch as it imposes a great 
deal more work and entails much more wear on the 
finishing rolls than is necessary. The operation of finish- 
ing should be done with the minimum number of 
passes, so as to reduce the wear on the costly finishing 
rolls to the lowest possible point, and maintain thelr 
surfaces perfect as long as possible. This new form of 
mill is specially designed to effect this, as the roughing- 
down process can be carried on during 80% of the 
whole operation of rolling a plate, owing to the fact 
that it never requires to leave its direct line of travel, 
and the finishing process, representing some 20% only 
of the whole work, is all that need be put on the finish- 
ing rolls. 


ACCELERATION IN DELIVERY SPEED OF FINISH- 
ING ROLLS AND EQUALIZATION OF POWER USED 
IN ROUGHING AND FINISHING ROLLS.—From care- 
ful observations and diagrams taken from engines driv- 
ing two-high plate rolling-mills it has been found that 
the process of roughing-down requires considerably 
greater power than that for finally finishing the plate 
in the hard rolls. This means that the engine, which 
must be of sufficient power to give out the maximum 
demand made upon it, is over power when the finishing 
process is in operation, and the writer has utilized this 
excess power in accelerating the speed of the finishing 
rolls over that of the roughing. This results in the 
double advantage of equalizing the load upon the en- 
gine during the whole of the operations and conse- 
quently increasing its efficiency, and also of providing 
a most useful increase in speed during the final passes 
when finishing the plate, which, when rolling thin 
plates, is of very great importance. 


In the ordinary type of two-high reversing-mill the 
power required for driving both roughing and finishing 
Tolls is transmitted through the bottom roughing roll, 
and as it is the practice to partially rough down the 
slab whilst the preceding plate is being finished in the 
hard rolls, this doubles the strain on the neck and 
wobbler of the lower roughing roll and greatly in- 
creases the wear and tear on them. This system of 
working is followed in order to increase the output 
capacity of the mill, but it is obviously obtained at 
greatly increased cost, as the driving-engine must be 
able to develop nearly twice the power required where 
work is only done in one set of rolis at a time, and is 


consequently much more costly. At the best, it is only 
a few of the short initial passes that can be done sim- 
ultaneously with the finishing of the preceding plate, so 
that for quite three-fourths of the whole operation only 
one piece is in the rolls, and the engine is then twice 
as powerful as is necessary and must do the work with 
a substantially lower efficiency than when the load on 
the engine is kept constant during the whole operation. 
Further, this large surplus engine power is a source of 
danger when by accident a stall occurs in the mill, as 
the shock and strain induced in bringing the engine 
suddenly to rest are much intensified by its greater 
power and mass of moving parts. 

FINAL DELIVERY OF PLATES, STRAIGHTENED 
AND FREE FROM WAVE.—In mills driven at high 
speed there is a tendency for the plate to become waved, 
particularly if it is of thin gage, and the- higher the 
speed the more pronounced is this tendency. To correct 
this, during the final pass 
in the finishing rolls the 
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roller mangle, which very 
effectually flattens out the 
plate before going to the 
shears. 

REDUCTION IN SPACE 
OCCUPIED BY THE WHOLE 
PLANT.—This consideration 
may not be of such impor- 
tance where new works are 
being laid out; but in car- 
rying out improvements in 
existing works the question 
of space occupied is almost 
always one of great impor- 
tance. The total space occu- 
pied by a two-high revere- 
ing-mill of the ordinary type, 
measured over its extreme 
length and including the 
driving-engine, amounts to 70 
ft. A mill of the same size 
and capacity of this new 
design occupies 42 ft., rep- 
resenting a saving of 40% 
without being in any way 
congested in its arrangements. 
This reduction in space is 
effected by the design of the 
engine, which is of the ver- 
tical and horizontal type, and 
occupies only half the floor 
space of the ordinary side- 
by-side reversing-engine, and Ene. 
by the design of the mill, 
in which the whole space 
occupied by the finishing- 
mill, together with its two 
live-roller tables and trans- 
fer gear, is saved. 

LARGE OUTPUT CAPACITY.—This is obtained 
by the simplification of the operation of the mill, in 
which the transference of the plate from roughing to 
finishing mill is abolished and the time taken for this 
operation saved, and by the acceleration of the speed 
of the finishing rolls, which are driven 15% faster than 
the speed of the engine. The result is that a plate of, 
for example, 5 ft. x 30 ft. x 5% in. can be rolled in two 
minutes, and if this rate of feed could be kept up the 
output of such plates would be 400 tons per day of ten 
hours. In rolling to thin gage the slab is thinner, and 
the time taken for a plate of, for example 5 ft. x 30 
ft. x 3/16 in. is two and a half minutes, or at the rate 
of 130 tons per day of ten hours. 

ECONOMY IN STEAM CONSUMPTION.—The steam 
efficiency of rolling-mill engines has not in the past 
been conspicuous except for its absence, but much 
greater attention has been directed towards this subject 
lately, and substantial improvement has resulted. The 
engine driving the mill described is of the vertical and 
horizontal type, compound condensing, and has a high- 
pressure cylinder 42 ins. diam., and a low-pressure 
cylinder 67 ins. diam. by 4 ft. stroke. The steam- 
pressure is 160 lbs. per sq. in., the exhaust is connected 
to a central condensing plant giving a vacuum of about 
24 ins., and the engine under these conditions develops 
the exact amount of power required. To ensure quick 
reversing, the handling valves of both high-pressure and 
low-pressure cylinders are connected and worked in uni- 
son from the same starting handle as is now usual in 
modern compound engines. The closing of both these 
valves simultaneously acts as a most efficient brake, 
stopping the engine quickly, and preventing racing at 
the finish of the passes. The resulting increase in pres- 
sure in the receiver is then available for accelerating 
the speed of starting for the return pass, and so the 
efficiency of the whole operation is substantially im- 
proved. , 

Before closing, the writer desires to refer to a matter 
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in regard to which there seems to be some difference 
of opinion in rolling-mill practice. The question as to 
whether, in rolling plates, the rolls should be worked 
wet or dry is practically settled so far as regards the 
finishing rolls; but many makers still work roughing 
rolis dry. It seems only reasonable to believe that, if 
all rolls could be worked wet, it would greatly extend 
their life, and would prevent necks overheating and cut- 
ting into their bushes. The solution is to be found in 
the increased speed of driving, which enables plates to 
be rolled with such rapidity that the cooling effect pro- 
duced by working the rolls wet is discounted by the 
heat generated by the work expended on the plate in re- 
duced time. From careful experiments made on a large 
number of plates rolled from the same slabs it has been 
ascertained that the surface quality of plates rolled when 
both roughing and finishing rolls are worked wet, is 
very distinctly superior to those produced when only 
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the finishing rolls are worked wet. This clearly points 
to the advisability of all plate rolls being worked wet: 
and when consideration is given to the increased dura- 
bility of the rolls, necks, and brasses, and the reduc- 
tion of frictional losses, the advantages gained by the 
great increase in the speed of rolling which has made 
all this possible, are clearly demonstrated. 


8 


AN AUTOMATIC DEVICE FOR SAMPLING THE FLOW IN 
COMBINED SEWERS AT ANY DESIRED DILUTION. 
By G. 8. COLEMAN,® Assoc. M. Inst. C. B. 


One of the chief troubles of municipal engi— 
neering in Great Britain is the disposal of super- 
fluous storm water which has been admitted to 
sewers of the combined system. Rivers Commis— 
sioners and the Local Government Board exercise 
rightly a strict supervision over relief outlets 
into running streams, and the problem is fur— 
ther complicated by the fact that there is no legal 
standard of dilution. In cases of dispute it is, 
therefore, of the first importance to be able to 
obtain samples of the sewage at any rate of di 
lution. It is, however, generally impossible ta 
do this without incurring heavy expense, if the 
samples are to be obtained by inspectors. 


This question lately came before the writer 
with regard to over 300 storm overflow outlets, 
and there was no way out of it but to devise 
some kind of automatic apparatus which, on be— 
ing fixed in the chamber, would take and seal the 
samples without supervision. The following so— 
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lution of the problem may assist other engineers 
in the same difficulty. 

Fig. 1 represents a typical overflow chamber of 
the system. To the wood upright are secured 
brackets in such a position that, when a sampling 
channel rests upon them, the invert of this chan- 
nel is at the calculated height for the required 
amount of dilution. The channel is splayed out- 
wards at the bracket in order to catch every 
possible drop of sewage at the required height. 
This was found necessary, as at such dilutions as 
9 or 12 times the normal flow, the sewage would 
rarely reach so high and would often almost in- 
stantly drop below it. 

The channel leads to a sampling bottle, firmly 
fixed in a strong wooden box. It was over this 
part of the apparatus that much time and trouble 
was wasted before getting a design that satisfied 
both the engineer and the chemist. It will per- 
haps, therefore, be instructive to describe a few 
of the designs that were tried before the one 
shown by Fig. 1 was finally adopted. 


Fig. 2 represents the first design used. The 
sampling tube has a broad splayed mouth, with 
a horizontal lip, and connects to the base of the 
bottle, as shown. The bottle is closed at its 
mouth by a cork containing a tube, open to the 
air and blown out at its lower end so as to hold 
a hollow glass ball. Sewage entering the supply 
tube and bottle, filled and stoppered the latter by 
jamming the glass ball against the tube. The 
capacity of the bottle was thus about half a 
liter. 


This type was found unsuitable for the follow- 
ing reasons: The supply tube would not admit 
solids to the bottle. Both tubes would become 
blocked and the quantity of sewage received was 
generally insufficient. Both bottle and tube were 
often smashed by debris coming over the weir 
in the first rush of a storm. There was no way 
of setting the lip of the supply tube at the re- 
quired height, except by wedging under the bot- 
tle, and these wedges were often dislodged by 
the water. Finally, the chemist objected to the 
bottles as not sufficiently self-sealing and they 
were entirely abandoned. 


Fig. 3 represents a type built to the designs 
of the consulting engineer. In this arrangement 
the sampling channel was for the first time made 
of lead, and was fixed to the upright as shown 
by Fig. 1. The sewage was delivered direct into 
the sampling bottles, fixed securely by wedges 
against the sides of a strong box, which con- 
tained a mid-feather or partition. The sewage. 
after filling the bottle, overflowed and passed 
through the orifice, in the base of the partition, 
thus tending to fill the box. In the bottom of the 
other and smaller compartment of the box was 
a wood block, in the upper side of which was a 
wire, forked at its upper end. When this fork 
rose to a sufficient height it knocked against a 
rocker, supported as shown, which carried a 
conical stopper of boxwood. The tilting of the 
rocker caused the cork to fall off and so close 
the bottle. The objections to this type were 
many. It was found impossible to prevent the 
stopper from sticking, principally because it 
swelled. At first the stopper would not fall 
vertically, even when leaded, and sometimes it 
swelled and burst the bottle, even when made of 
boxwood. The whole design was soon found too 
complicated and was never used in practice. 


The sampling device shown by Fig. 1, designed 
by the writer, shows the type now used, with 
the utmost success, for upwards of three years. 
The wooden box, which contains the bottle, is 
firmly wedged against the sides of the overflow 
channel. By this arrangement the bottle re- 
ceives the first water overflowing at the required 
height. This is important, as the first water was 
invariably the worst. It also insures the bottle 
being quite full before sealing. 


The bottle“ is not strictly what is generally 
understood by that term, being made (by the 
writer’s head chainman) of sheet zinc, so as to 
be able to stand the rough handling it undergoes. 
This also prevents it bursting by expansion of 
the wedges fixing it to the box. To a hinge 
quite separate from the mouth is loosely fitted a 


sunk lid. The cavity in this lid is filled with 
lead and a wire projects from it, carrying a 
cork. The sewage, after filling the bottle, over- 
flows, and by floating the cork throws over the 
lid. This lid falls heavily, owing to its weight, 
and closes the mouth of the bottle. The lid is 
made slightly conical, and the mouth of the bot- 
tle is convex inwards, so that the lid jams 
tightly, making practically an air-tight seal. 
The weight of the lid, which should be about 
1% lbs., enables it to overcome practically any 
rush of water over the weir. The whole appara- 
tus will stand about a year’s constant wear. 
The bottle may be made in a variety of shapes, 
and where the overflow weir is very shallow has 
been constructed in the form of a long, narrow 
box with the lid at one end. The cork may be 
adjusted so as to work with as little water as 
required, if the manhole has a small flow; and it 
has been found possible to work successfully, 
with only 1%-in drop from the sill to the invert 
of the overflow. 

In the larger chambers a series of these boxes 
were set simultaneously for dilutions of six, 
nine and twelve times the normal flow. It was 
exceedingly interesting to compare the results 
when it so happened that all the tins were 
filled by the same storm. 

Although some hundreds of samples have been 
taken, and were often left over a week before 
they were collected, they have never been found 
in such a condition as to be useless for analysis. 

In conclusion, it may be noted, as a practical 
point, that the distance of the box from the 
weir is fixed by the engineer in charge, being 
such that the water will flow past the box and 
not fill it independently of the tin. 
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RECENT CHANGES OF METHODS AND EQUIPMENT IN 
THE WATER RESOURCES WORK OF THE UNITED 
STATES GEOLOGICAL SURVEY. 

By JOHN C. HOYT,* Assoc. M. Am. Soc. C. E. 


Several changes in the instruments and meth- 
ods used in the stream gaging of the Water 
Resources Branch of the U. S. Geological Sur- 
vey have recently been inaugurated. These have 
resulted from the discussions at a recent con- 
ference of the District Engineers engaged in this 
work, and are based upon the experience of these 
men in various sections of the country. 


CHANGES IN INSTRUMENTS.—As noted in 
Engineering News of March 7, 1907, the small 
Price electric meter has been generally used by 
tne survey for stream gaging. In the develop- 
ment of this meter the following points have been 
observed: (1) Simplicity in construction in which 
all complicated mechanism has been avoided and 
friction has been reduced; (2) lightness and com- 
pactness; (3) a small area of resistance to the 
velocity of the water; (4) a meter that can be 
readily carried in the field and manipulated by 
one man under all conditions of velocity, depth. 
and width of a stream and with the various 
facilities for making measurements, wnich may 
be either a bridge, a boat, a cable and car or by 
wading. 

Recent modifications of the meter are fully 
shown in Figs. 1 and 2. In Fig. 1, Meter No. 3 
shows the new model equipped with a cable and 
wet-cell telephone attachment, for use at a bridge 
or cable station. Meter No. 1 shows the meter 
equipped on a rod with dry-cell telephone at- 
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tachment, for use in wading measurements. Tne 
meter head here shown is one of the old type, 
which indicates each revolution of the wheel. 
Meter No. 2 shows the Price acoustic model which 
is used for wading measurements. The cups 
and fittings of this meter were taken as a basis 
for the construction of tne small Price electric 


meter. Fig. 2 shows a cross-section of the new 
model meter. The changes in the meter are as 
follows: 


(1) A contact device has been arranged so that 
each fifth revolution instead of each single revo- 
lution of the wheel is indicated. This is pro- 
vided for by a worm gear on the upper end of 
the cup shaft, wnich engages a wheel carrying 
four contact pins so spaced that a contact is 
made for each fifth revolution. This makes it 
possible to count the number of revolutions for 
high velocities, which was impossible with the 
single count, and thus makes the meter equally 
as suitable for flood as for low-water measure- 
ments. 

(2) The hanger ‘nas been inserted in a slot in 
the stem of the yoke and is arranged to carry 
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FIG. 2. 


the weights. By this the resistance area has 
been reduced and the general method of the 
hanging simplified. 

(3) Sliding connections have been substituted 
instead of screw connections for the tail piece. 
The contact chamber, tne cone point and the at- 
tachment of the cups to the shaft has been 
modified so that the meter may be readily taken 
apart and cleaned. 

(4) The hard rubber insulated nipple in the 
contact plug has been shortened and arranged 
so that it is less easily broken. 

(5) Torpedo-shaped weights of 6% and 15 Ibs., 
respectively, nave been designed. These are at- 
tached to the hanger with a screw bolt and 
greatly reduce the resistance to the current, and 
by their use less weight is required to keep the 
meter in position. 

(6) In the indicating device a telephone re- 
ceiver has been substituted for the buzzer and 
has been arranged for use with either the wet 
or dry cel. By a connection plug tne indi- 
cating device can be readily disconnected from 
the meter. These changes facilitate the manipu- 
lation of the meter and are more reliable than 
the old buzzer. 

(7) Rods have been arranged with a sliding 
hanger for carrying the head of the meter so 
that the meter can be readily used for wading 
measurements. 

CHANGES IN METHODS.—The methods nave 
been somewhat altered as follows: 

(1) In using the meter, the time taken for a 
certain number of revolutions is observed in- 
stead of the number of revolutions for a given 
time, as in former practice. This increases the 
accuracy of the work and also the ease of taking 
the observations. In taking the time, stop- 
watches are used. 

(2) In order to simplify tne computation of 
the meter measurements the meter rating table 
‘nas been made to give the velocity correspond- 
ing to the number of seconds which it takes to 
make a given number of revolutions. In the or- 
dinary table, velocities for 5, 10, 20, 30, 100 and 
200 revolutions are given which for times of 
runs ranging from 25 to 60 seconds give 
velocities ranging from 0.225 to 18.75 ft. per 
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second. This change simplifies the computation 
of meter measurements. 

(3) The mean velocity in a vertical line is de- 
termined by holding the meter at two-tenths 
and eight-tenths depths. The mean of the ve- 
locities at these points gives the mean velocity 
in the vertical. This method gives more uniform 
and accurate results than when the meter is 
held at six-tenths depth. 

The above changes in apparatus and metnod 
not only add directly to the accuracy of the work 
but also greatly facilitate the making of the dis- 
charge measurement, as all complicated appli- 
ances have been eliminated. Experiments with 
the new meter and methods of using it show that 
the field work is much easier and velocities as 
high as 18 ft. per second can be readily measured 
wnen the meter is suspended with a single wire 
and held with two 15-Ib. torpedo weights and 
stay lines, as explained in Engineering News, 
April 2, 1908. 

A change has also been suggested in the pub- 
lication of the Annual Progress Reports of Stream 
Measurements in that a climatological year, be- 
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ginning with Oct. 1, be substituted for the 
calendar year, which is the present period of 
publication. A review of the stream flow data 
in all sections of the country shows that in gen- 
eral the period from Aug. 1 to Nov. 1 is one of 
lowest water and that at Oct. 1 the ground stor- 
age from year to year is about a minimum. 
Therefore, if the year were started at this time 
the introduction of stored water would be elimi- 
nated from the records. 
— ͤ—¶wüu—⸗[— 


PLANS FOR A PILE-DRIVER PUNT. 
By R. BAL FOUR.“ 


An ordinary punt for pile-driver service is such 
a common appurtenance that, at first, any publi- 
cation of plans for one would seem unnecessary. 
However, a builder will have many doubts as 
to the best relations of length, depth and beam. 
The particular punt described in this article was 
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punts are made a few inches wider there will 
be difficulty in propelling and controlling them in 
swift water. If on the other hand they are made 
but a few inches narrower their capacity and 
stability would be much less. This particular punt 
will be found very stable, and a man may step on 
the side with no danger of capsizing. A large 
number of men can be carried to and from the 
work in each punt. 

The material used may be white pine, spruce 
Or western cedar. The bottom boards should 
be nailed to the sides with 4-in. wrought spikes 
with large heads, putting at least four nails at 
each end of each bottom board, holes to be bored 
for the nails with a bit slightly smaller than the 
spikes, so as to prevent any checking or splitting 
of the wood in driving the spikes. All seams 
should be carefully calked with oakum and then 
pitched over with a proper mixture of Stock- 
holm tar and tallow, applied hot. The bottom 
board, 10 ins. wide, should next be put into 
place, the punt being turned bottom up for that 
purpose so as to admit of a man going under- 
neath it to clinch the spikes. The keel then is 
to be nailed through the bottom of the punt and 
clinched to the bottom board with 4-in. wrought 
nails. (Wherever wrought nails or spikes are 
specified steel wire nails should not be substi- 
tuted.) 

It will be found advantageous to use 
the regular heavy size of row locks which can 
be procured at any ship-chandler’s shop, al- 
though thole pins if properly made out of hard- 
wood are perhaps better than the cast rowlocks. 
There are some disadvantages in using thole 
pins, as they are Mable to get broken by violent 
contact with the pile driver or scows, and it 
takes a longer time to replace them than to put 
in a new rowlock. In case rowlocks are used 
care should be taken that the blocks for them 
are thoroughly well fastened to the punt. It 
will not do to fasten these in with screws, as is 
the usual practice in lighter boats. The ordinary 
holes for the screws should be reamed out so as 
to admit of the use of a %&-in. machine bolt 
which may be fastened to the side of the boat 
by a blind nut and washer, the hole for the blind 
nut afterwards being neatly plugged. The punt 
should first receive a priming coat of white lead 
and oil and after that two coats of paint of any 
color desired. 

——— ——— 


A NEW SYSTEM OF WELDING has been introduced 
in England which, according to “Engineering” of London, 
solves the difficulties hitherto generally encountered in 
attempts to weld high-speed steel to either mild or 
high-carbon steel. The comparatively low coefficient 
of expansion of high-speed steel is considered the cause 
of the imperfection of the weld when attempted by usual 
methods. In the new process, a thin film of copper is 
placed along the line of the joint, the whole is placed 
in a furnace and surrounded with a reducing compound. 
At about 2,200° F. this compound is burned and gives 
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DESIGN OF A PILE-DRIVER PUNT. 


Made by R. Balfour, for construction work on the Fraser River at New Westminster, B. C. 


designed for use in the building of a bridge over 
the Fraser River at New Westminster, B. C. 
These punts were the most serviceable of any 
the writer has ever designed and certainly were 
better than many often seen in use. If the 


7 #38 Somerset St., Ottawa, Ontario. 


off gases which reduce the copper to a fluid so thin that 
it molecularly interpenetrates the two classes of steel, 
producing true cohesion. A subsequent fracture will 
follow any other line than that of the joint. Hardly a 
trace of the copper remains visible. Composite tools 
formed in this manner can, after the first hardening, 
be ground away until too sbort for use. 
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“Unless freight is to be moved in our rivers 
in great volume at low rate, they are not worth 
the cost of improvement.“ 

We quote the above from the interesting letter 
of Col. Thos. P. Roberts, published in our issue 
ef June 23, and it deserves emphasis. Col. 
Roberts was referring, not to traffic on water- 
“ways Which are already navigable and need only 
trifling expenditure for improvement, but to the 
waterways of which considerable portions at 
least need to be fitted with dams and locks in 
order to make transportation possible. 

The fact that the cost of traffic on a given 
route depends on its volume is too little appre- 
ciated. A good example is the statement heard 
von every nand that water transportation is 
cheaper than rail transportation. Even engi- 
neers are sometimes guilty of making careless 
Stutements of this sort. They do not stop to 
reflect that the cost of moving a ton a mile in- 
cludes the fixed charges on the cost of preparing 
the highway in the first place, and that it 
makes a great difference wnether the number of 
tons over which this fixed charge is divided be 
few or many. 

The present popular interest in waterway im- 
provement is in many respects admirable; but 
the movement needs to be guided with dis- 
crimination or the nation may be committed to 
enterprises on which the volume of traffic will 
be too small to make any considerable expendi- 
ture on waterway improvement justifiable. 

— EE a 

On another page of this issue we describe a 
court house now in course of construction at New 
Orleans. For purposes of fireproofing and water- 
roofing and in consideration of the ease and 
perhaps cheapness of construction, it was deemed 
advisable to build a reinforced-concrete frame, 
but on account of the monumental character of 
ths building and the present unsettled state of 
the architecture of concrete, the general exterior 
treatment is to be that of a marble and tile 
building, of which two materials the facing walls 
are made. This adoption of reinforced concrete 
for the framework of a public building is no 
doubt very pleasing to every adherent of con- 


crete as a building material, but it is conceivable 
that some of the more ardent admirers are dis- 
appointed that an entire concrete structure was 
not planned. In the reaction against the horrible 
imitation-stone concrete faces of the last few 
years there has grown up a certain class of en- 
thusiasts who have swung to the other limit of 
the pendulum and who demand that concrete 
should be made to look like concrete and not 
covered up so that its true nature is concealed. 
While there is a solid foundation for the opinion 
that concrete, when properly treated, is sufticient 
in itself for ornamental as well as structural re- 
quirements, it must be admitted that in the pres- 
ent state of the art, concrete architecture has not 
reached the point when a dignified, monumental 
public building would be justified. That such an 
architecture will come in time is probable, but it 
must be a slow development in which the very 
first stages are now being studied. Meanwhile 
the essential difference between the ornamental 
and the structural in buildings may be recog- 
nized and that material which best performs the 
necessary functions utilized for each. To build 
with concrete frame and concrete facing fash- 
ioned to represent stone or even according to the 
lines and form of stone architecture may be 
irrational and bad art, but to build with concrete 
frame and natural stone facing is merely em- 
phasizing the especial advantages of each of the 
two materials, and is equally as proper as a steel 
frame faced witn stone or terra-cotta, or even 
to go back further, as a cut and polished granite 
facing backed with rough cut stone. 


— . — b 


In addition to this question of material the 
court house is interesting because it is the first 
notable instance in which reinforced concrete 
has been applied to the structural framework of 
a public building of such large dimensions and 
imposing appearance. This hesitancy in adopting 
a new construction is due no doubt to a con- 
servatism which must be displayed by those who 
are responsible for their decisions to the whole 
people. In England, for instance, the Local Gov- 
ernment Board, which supervises the administra- 
tion of all municipal affairs in the kingdom, has 
refused to allow as long time a loan period on 
bonds issued for the construction of reinforced- 
concrete buildings as for those built of any other 
material, even including wood. While such a 
board does not exist in this country, so short- 
sighted a policy as that displayed by the Eng- 
lish board would not be popular here, judging 
from the practice of the government bureaus that 
have any construction work under their control. 
But the certain attack by press and people whicn 
would come after the possible failure of a not 
altogether standardized construction such as con- 
crete has been up to the last few years, has Kept 
many public officials from recommending rein- 
forced concrete in the buildings under their su- 
pervision. It is a distinct mark of progress in 
the industry, therefore, that the officials at New 
Orleans have decided upon reinforced concrete 
for the framework of their new court-house. Its 
successful completion will do much to encourage 
similar works. 

— — . — 


The wonder is, with such loose, log- rolling testing as 
has been in vogue, not that there have been so many 
rail failures but that there have not been more. 

For the first time in my 25 years’ study of this sub- 
ject, the steel-rail manufacturers have shown a less 
antagonistic and more conciliatory and cooperative spirit 
than has usually characterized them. 


These two quotations, the one an indictment 
of the rail-makers, the other an accusation 
primarily against the large railway systems, 
typify the remarkable breadth of information 
and judgment contained in President Dudley’s 
address before the American Society for Test- 
ing Materials, as reprinted on another page. 
The address is by far the fullest statement of 
the circumstances surrounding the rail situation 
tnat we have seen. It has the immense advan- 
tage over others of being impartial, almost to a 
fault. 

Dr. Dudley is the first to blame the railway en- 
gineers in a rational way, yet severely, for a large 
share in causing rail failures. He makes it clear 
that the foundation under the rail has been neg- 


lected, in many cases grossly neglected. Yet at 
the same time he blames the rolling-mill men, 
the makers of rails, in the sharpest possible 
Manner, tne more sharp for his obvious attempt 
at softening and veiling the indictment. Even 
the negligent testing, which might be taken as 
a charge against the railway engineers, forms 
part of the record of blame registered against the 
makers. 

But just on the occasion of this excellent 
analysis of the troublesome rail situation— now 
happily in process of improvement as suggested 
in the address—it is well to remember clearly 
tnat the railway track of to-day is still one of 
the most satisfactory parts of the transportation 
machine, at least as far as the rail is concerned. 
The rail situation has properly been called 
alarming, and a great stir has been made in the 
matter of ameliorating its evils. These evils, 
however, threatened the future rather than tne 
present. It was the hopeless outlook for future 
progress in railway transportation, hopeless be- 
cause the present service seemed to have 
reached the limit of rail endurance, that made 
the situation alarming. Advance in rails and in 
track is urgently demanded less to make our 
present traffic movement safe tnan to leave the 
path clear for further railway progress. 

— 

An ingenious change in the standard cement 
specifications was proposed by the cement com- 
mittee of the American Society for Testing Ma- 
terials at the Atlantic City meeting last week 
and will be submitted to letter-ballot of the So- 
ciety for final adoption. The change, one of 
several, consists in adding a harmless-looking 
foot-note to the paragraph governing tensile 
strength of test briquettes. Apparently this 
note does nothing more than explain a clause 
which was not so clear as to avoid all dispute. 
But its wording is such as to either make a 
radical change in the specified strengths or else 
further confuse the already doubtful clause. 
The following is the clause in question for Port- 
land cement, togetner with the newly added 
foot-note; we print the latter in italics to dis- 
tinguish it from the original clause in force 
since 1904: 


The minimum requirements for tensile strength for 
briquettes 1 in. square in section shall be‘ within the 
following limits, and shall show no retrogression in 
strength within the periods specified: 


Age. Neat Cement. Strength. 
24 hours in moist alůjyʒ&knrn ee ce eee 150-200 lbs. 
T days (1 day in moist air, 6 days in water).450-550 “ 
28 days (1 day in moist air, 27 days in water).550-650 ” 
One Part Cement, Three Parts Standard Sand. 

7 days (1 day in moist air, 6 days in water).150-200 lbs. 
28 days (1 day in moist air, 27 days in water) . 200-300 


If the minimum strength is not specified the mean of the above 
values shall be taken as the minimum strength required. 


Looking aside from any quibble over doubtful 
grammar, the interpretation of the amended 
clause would seem to be as follows: If a mini- 
mum strength is specified by the cement pur- 
chaser, say 210 lbs. per sq. in. at 24 hrs., then 
the original figures ‘150-200 lbs.” have no fur- 
tner meaning or application. On the other hand, 
if the purchaser specifies no minimum, then the 
24-hr. minimum will be understood to be fixed 
at 175 lbs.; in this case also the figures ‘150- 
200 Ibs.” have no meaning. If this interpretation 
is correct, why are the double sets of figures left 
in the specification; why were they not simply 
erased? As tne clause stands amended, the real 
specification is in the foot-note, and fixes the 
following minimum strengths: 


Neat: 
24 hrs. SS Oe eek as ET 175 lbs 
T days aside a Soa A os ee 500 Ibs. 
r ð oS WE eS aes, 600 lbs. 
1:3 mortar: 
rr eek eee 175 Ibs. 
/// aeee es Gk Waa arn ees 250 lbs. 


That is, the amendment wipes out the previous 
minimum values, and in an unobtrusive way 
substitutes higher minima. Does jt do any- 
thing more than this? Have the two sets of 
figures in the text of the specification any fur- 
tner purpose? It would puzzle a Philadelphia 
lawyer to find out, we are sure. Perhaps the 
cement committee will supplement its work by 
furnishing a commentary on the remarkable 
Clause it has produced. 

We make mention of this solely in the interest 
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of definiteness of specification. Every specifica- 
tion, but most particularly a widely used stand- 
ard, should be clear as copper-plate in its mean- 
ing. There is no place in such a work for ob- 
scure or debatable clauses. 

We have heard voluble iteration of the story 
of what an immense circulation the 1904 stand- 
ard cement specification has attained; 60,000 is 
the latest figure, we believe. Largely on the 
plea of this great circulation, the committee has 
hitherto firmly resisted all attempts at intro- 
ducing amendments. It is unfortunate that they 
did not also resist the present successful attempt, 
unless indeed the amendment is made in this 
concealed form only to save tne face of the com- 
mittee against the charge that it has at last 
yielded to the demand for revision. No proper 
revision, of course, would leave an increased 
strength requirement in such shape that it can 
be nullified. As quoted, the clause would have 
little force against the maker's demand that the 
purcnaser specify in terms the lower limit 
sanctioned by the text as against the higher 
value fixed by the foot-note. And even without 
this the wording leaves ample chance for dis- 
pute as to whether the foot-note may not refer 
solely to average values of a whole set of tests, 
rather than to the individual minima. 

“Tis a Solomon av a rig’lation,”’ 
Mulvaney in a similar case. 


remarked 


——— . ——— — 


COLUMN ACTION IN PILES. 


The literature of engineering structures uni- 
versally treats of piles and pile formulas in the 
same breath, as it were. The student of the 
subject of foundations quickly becomes impressed 
with the idea that the great quantity in every- 
thing dealing with piling is penetration resist- 
ance, generally called bearing power. Engineer- 
ing practice lends dignity to the idea by making 
this figure of bearing power the sole quantity 
calculated in designing pile foundations. Yet 
there are other factors which may, in certain 
cases, exercise a predominating influence. 

One such factor was referred to a few years 
ago, in connection with pier and bulkhead 
foundations in New York Harbor, where at many 
points the only available subsoil is soft mud, ex- 
tending to great depth. It was stated that the 
strength of a group of piles In this material is 
determined not by the frictional bearing of one 
pile multiplied by the number of piles, but by 
what may be called the flotation of the entire 
block of mud engaged by the group, in the sur- 
rounding mud. This peculiar condition illus- 
trates the way in which special limitations may 
arise in the complex and obscure problem of 
piling. — 

There is a much more common limitation than 
the one mentioned, however, one which we be- 
lieve gives rise to frequent trouble in piled work. 
We refer to the effect of column strength or 
buckling resistance of the pile shaft. Structur- 
ally considered, a pile is a column, and when 
purt of its length projects above ground and 
thus is free from the lateral support of sur- 
rounding material the possibility of buckling 
must be considered. Whether it actually is 
considered very often is doubtful; in many cases, 
we believe, piles are so arranged that they have 
a surprisingly long unsupported portion, with- 
out any attempt at bracing, where the possi- 
bility of buckling is not taken into account in 
the calculations In any way. 

This remark does not refer so much to piling 
on land as to marine piling. Land piles which 
project any considerable distance above ground 
occur in few cases only, and then they are gen- 
erally braced by diagonals, as in pile trestle 
bents. The lateral flexibility is obvious, and is 
duly recognized under these conditions. Piles 
driven in water, however, are practically never 
braced, and just as rarely are they designed 
with regard to their strength as long columns, 
although they often have such proportions that 
the column strength is a limiting factor. 

Bracing in marine piling is practically re- 
stricted to those cases where lateral thrusts are 
involved. Thus, piled arch abutments frequently 
have batter piles to take the lateral reaction; 


quay walls are provided with either batter piles 
or anchor rods or both, to resist the thrust of 
the backing. But a pier destined to receive only 
vertical loads is frequently built up on a cluster 
of piles unstiffened in their lateral flexibility, 
except that occasionally a small amount of rip- 
rap is dumped haphazard among the piles. 
Nothing is calculated or planned for but the 
penetration resistance, with no special regard for 
the condition of the shaft connecting the earth- 
imbedded part of the pile with the cap timbers. 

It will be useful to get some idea of the pro- 
portions which the flexibility question may as- 
sume. Suppose a pile for the foundation of a 
pier is driven in 15 ft. of water and cut off 1 ft. 
above low water. The 16 ft. of length from cap 
timber down to the mud line is, of course, wholly 
without lateral support. That part of the pile 
which is imbedded in the bottom is held more or 
less firmly fixed in direction like the end of a 
built-in beam. Can it be considered to be a 
“fixed” end up to the level of the river bottom? 
In most cases it cannot be so regarded, as the up- 
per layers of the mud are often semi-liquid. 

It is likely that even in the best case, a bot- 
tom of firm gravel and sand, the virtual limit 
of fixity is at least a foot or two below the sur- 
face, while when the bottom consists of silt or 
mud or shifting sand the flexible part of the 
pile extends much farther below the actual river 
bottom. When the bottom consists of mud for 
five to a dozen or more feet in depth, grading 
but slowly into more compact material, it can 
hardly be claimed that the upper layers of the 
soil assist much in holding the lower end of 
the pile firm against deflection. Especially is 
there room for conservative assumption on this 
subject in those cases where the vertical bearing 
of the pile is almost all at the lower end, where 
the pile is driven down mainly through soft 
ground and penetrates only a few feet into the 
hard bearing strata beneath. 

Suppose that in cases of soft bottom we con- 
sider it wise to neglect the lateral bearing of the 
pile against the soft strata of soil altogether; 
the virtual termination of the fixed portion of 
the pile would then be at the top line of the 
hard strata, such strata as oppose a material 
resistance to the vertical penetration. But this 
would probably be an extreme assumption; it 
does not seem reasonable to deny the softer 
Strata all lateral resistance, inasmuch as even 
a small amount of resistance here, due to the 
advantage of height, would be of multiplied 
effect as compared with the resistance located 
farther down. Let it then be estimated, at a 
venture, that the lower third of the soft strata 
is effective in producing fixity, while the upper 
two-thirds give no lateral support to the pile 
whatever. This would seem to be an averaged 
approximation that can justify itself with the 
plea of avoiding the contrary improbabilities of 
the two extreme views. The suggested assumption 
is equivalent to saying that the upper part of 
the pile is a column fixed at the base and free 
at the top, whose free length” is equal to the 
depth from cap timber down to river bottom 
plus two-thirds the penetration in distinctly soft 
ground. 

If this manner of estimating—or any other 
short of the extreme of dogmatically crediting 
soft river-bottom soil with the full lateral re- 
sistance of solid earth—be applied consistently 
it will appear that in many cases of piling in 
water the virtual free length is great enough to 
bring the buckling resistance dangerously near 
the safe load allowed on the basis of penetration 
resistance. Free lengths of 20, 25 and 30 ft. 
will be found quite often; more rarely lengths 
of 40 to 50 ft. and even higher. But such free 
lengths are of serious moment in connection 
with buckling strength, as simple figuring will 
show. 

A column that is fixed at the base and free at 
the top, as regards both shifting and rotation, 
will buckle at the following load, by Euler's 
formula: 

= N EI/P 
a load only half as large, be it remembered, as 
can be carried by a column arranged as in a 
testing machine, with pin or hinged ends. Let 


us calculate the buckling strength of a wooden 
pile by this formula, with the following data: 

Diameter = 12 ins. 

for which I = 7.07 ft.? ins.? 

E = 1,500,000 lbs. per sq. in. 

l = free length = 10 ft. to 50 ft. 

x = 10 ft. 

The formula then gives: 

P = M x 10 x 1,500,000 x 7.07 + PF 
= 26,500,000 — 1 

For l = 10 ft., P = 26,500,000 — 100 = 265,000 
lbs. 

The results for various lengths are as tabu- 
lated: 


enn LOAD P FOR eee l. 


LO’ d E E 265,000 Ibs. 
DO. 1ö;X—d̃m 8 117.800 lbs. 
...,... oa „300 lbs. 
/ ˙ VG Sa ee aie as 400 lbs. 
C Ge nee ee arses eS 400 Ibs. 
TE Tsung aie A did wore utes 21.600 Ibs 
G AAA eeale ea ease 16,600 lbs 
)) beta eee ee eae 13,100 Ibs 
DO Lledo st ect ewe beatae 10,600 lbs 


It appears at a glance that in the second half 
of this table the buckling loads fall below the 
Values frequently assigned to marine piling as 
safe bearing power. A load of 20 tons will be 
too great for the buckling strength when the 
free length exceeds 25 ft.; at 30 ft. the not un- 
common load of 15 tons becomes excessive, and 
at 40 ft. the safety of the structure is threatened 
by so low a load as 8 tons per pile. 

Yet it will be conceded that even these buck- 
ling strength figures require a factor of safety. 
Irregularity of section and of quality, non-ver- 
ticality, imperfect load-distribution, low modu- 
lus, etc., are among the factors which tend 


l to decrease the resistance to buckling, and there- 


fore require the application of a factor of safety. 
The factor of 1% is certainly none too great for 
this purpose. Using it, the figures of the table 
are reduced by one-third, and we find the 15- 
ton limit reached at 25 ft., the 10-ton limit at 
30 ft., and the 8-ton limit passed before the 
length of 35 ft. is attained. 

The preceding argument is raised from the 
unproductive level of mere theorizing by two 
interesting failures of pile foundations which oc- 
curred within some two years past. One of these 
was partially reported a year ago, while the 
Other has not found its way into the public 
prints. The natural sensitiveness of those con- 
nected with the work has in both cases made 
it difficult to get a fully detailed statement of 
facts and conditions. The summarized accounts 
given below are, however, substantially correct; 
at any rate, their imperfections will not over- 
turn their relation to the general argument. We 
have, of course, suppressed names and locations, 
in order to make the account quite impersonal. 

These failures are the more interesting because 
both, as it happens, occurred in railway prac- 
tice and both affected important structures. The 
well-known efficiency of the engineering depart- 
ments of our large railways may stand as guar- 
antee that the quality of the work in these two 
cases was, if not better than average, at least 
no poorer, and that the precautions customary 
in similar design were observed. 


CASE I.: FAILURE OF A BRIDGE PIER.— 
A swing-bridge center pier was built in the usual 
manner as a tapered cylindrical mass of stone 
masonry resting on a pile-and- platform founda- 
tion. The depth of channel was about 20 to 25 
ft. The river bottom was rather soft to a con- 
siderable depth. Stated generally, the soil might 
be described as being mud for 25 ft. below the 
river bottom, then soft clay 30 ft., then hard 
sand, or sand and gravel, about 10 ft., below 
which was rock. It was intended to drive the 
piles practically to rock, which would mean that 
they would come to bearing in the stratum of 
sand and gravel directly over the rock. The 
piles were cut off 10 to 12 ft. below the water 
surface and were capped with a strong timber 
platform supporting the masonry. The pier rose 
to a height of about 20 ft. above water. The 
load reached as high as 15 tons per pile. 

Some time after the pier was complete@ and 
before any superstructure had been erected, it 
was noticed that the center pier was a foot or 
so out of line, its top at the same time being 
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slightly out of level. This was in winter, and 
it has been stated that the displacement was due 
to ice pressure. In the course of the next few 
weeks steps were taken to strengthen the pier 
against further movement, and, if possible, force 
it back to its original position. Some piles were 
driven near the pier in the course of this work, 
and the resulting disturbance possibly reacted 
on the foundation of the pier, for the settlement 
and lateral deflection increased gradually. One 
night a month later the pier quietly sank into 
the water. It fell over on its side, but not far 
out of place. Evidently the piles on the side 
toward which the deflection was progressing had 
been the first to give way under their load and 
had allowed the pier to pivot around the farther 
edge, 

The piles used for the pier foundation were of 
unusual length, varying from 75 to 90 ft; a 
fairly good quality of timber had been obtained. 
Some of them, it seems, were cut off before they 
hud been driven to full length. It is probable 
that on this account the foundation was weaker 
than it should have been. The pier stood, however, 
and was in good shape for several weeks or a 
month after its completion. When it began to 
yield, the lateral shifting was far more pro- 
nounced than the vertical settlement. As the 
deflection progressed, of course the load tended ta 
concentrate on the forward side, and ultimately, 
we may conclude, the piles on this side failed 
either by settlement alone or by settlement and 
lateral deflection, causing the entire structure to 
falL 

The thing to be noted is that unquestionably 
the initial failure was a failure by lateral yield- 
ing. Whether or no the weakness of the piles in 
a vertical direction was an essential contribu- 
tory factor seems a matter of minor moment. 

The piles under this pier had a free length of 
10 to 15 ft. in water, and we may say 30 to 40 
ft. in soft ground. The free length must have 
totuled some 30 to 40 ft., if we estimate in the 
manner suggested above. Under these condi- 
tions, 12-in. piles might be expected to buckle at 
S to 10 tons load. There was some timbering 
around the pile cluster just below the cut-off 
level, and in so far as this tended to hold the 
piles fixed in direction at the upper end it added 
to their buckling resistance. No reliable as- 
sumptions on this score could have been used in 
the design, however, and it does not seem that 
the working load could safely have been put 
much higher than 5 or 6 tons per pile. 

CASE II.: SHIPPING PIER FAILURE.—A 
pile pier projecting from a river bank, founded 
in soft soil, failed by lateral deflection at a time 
when practically all the dead-load had been 
placed but the pier was not yet in use. The 
foundation comprised a multiple row of piles 
rather closely spaced under the outside walls, 
and intermediate piles at wider spacing, about 
4 ft. A timber deck extending over all the piles 
curried the body of the pier. The subsoil is de- 
scribed as soft mud for about 10 ft. and clay and 
sand for 15 ft., the depth of water being about 
ft. The piles were driven to firm bearing 
in a stratum of gravel and were loaded with 
from 8 to 15 tons. 

Considered as columns fixed at the bottom, 
these piles were “free” for a length of at least 
30 to 35 ft. Attempts had been made to give 
the entire pile structure lateral stiffening by 
dumping sand and gravel into the river between 
the piles. It is not clear that any considerable 
stiffening resulted from this procedure, how- 
ever. 

Nearly two weeks before the ultimate failure 
of the structure, it was observed that one end 
of the pier had shifted laterally a small distance. 
There was no marked increase of this motion, 
however, until a few minutes before the final 
elapse. This collapse was distinctly lateral 
and carried the pier to one side into the water, 
without, however, greatly disturbing its hori- 
zntal alinement. A sideward flow of the soft 
subsoil was blamed for the accident. 

Again in this case the calculation of buckling 
strength indicates that the working load and 
the ultimate column strength were dangerously 
lose together. There were some batter piles 


in this structure, but they seem to have been 
ineffective, or too few in number. 

These two cases illustrate failures in long 
soft-bottom piling, in work done by experienced 
engineers with the care of ordinary practice, 
without consideration of the column-strength 
factor. While the pile loading seems to have 
been rather high in both cases, it is not widely 
at variance with the results of the customary 
rules and formulas by which pile loading is de- 
rived from the penetration, or, in other words, 
is calculated as a function of the purely vertical 
resistance of the pile. The lateral strength of 
the piles was very low because of the great 
depth of soft bottom. Possibly the weakness of 
the individual pile was forgotten in false faith 
in mutual reinforcement of the pile aggregate. 

It is a simple but easily forgotten fact that a 
row or an entire group of columns is no more 
secure against lateral failure than is a single 
column having the same unit load. For example, 
while a cluster of piles will have a lateral re- 
sistance equal to that of a single pile mul- 
tiplied by the number of piles, yet there is no 
mutual reinforcing action of the individual piles 
against lateral buckling affecting all piles alike. 
It follows that when these piles are placed under 
load, as by erecting a masonry pier upon the 
deck, the entire group is just as liable to failure 
by buckling as is a single pile under a corre- 
sponding loading. 

To conclude: It is necessary, in designing pile 
foundations involving a large free length of pile, 
to consider the individual pile as a column free 
to deflect at the top. Under the conditions of 
river pier construction, the free length of such 
columns is often surprisingly great. Obviously 
the vertical strength of such columns is very 
much below the bearing power that could be de- 
veloped in a firm gravel stratum. To design 
long soft-ground marine piling for pure bear- 
ing power, therefore, incurs the risk of over- 
loading the piles as columns. 


LETTERS TO THE EDITOR. 


Packing Friction in Hydraulic Testing Machines. 


Sir: The reference in your issue of May 14, p. 535, 
to the uncertainty of the amount of friction in the 
packings of hydraulic testing machines is appropriate. 
If this friction is unknown, and perhaps varies from 
144% to 17%%, what is the value of a test? 

A few years ago when the strength of and best dis- 
tribution of steel in reinforced-concrete beams were 
vague and uncertain, I made an extensive series of 
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RESULTS OF CALIBRATION OF JACK 2. 
Average Weighed Load 


Gage 
Load Up. Down. 
%%%; 0 7 
„„ 33 48 
100 „ „%%Ilͥ ;́ä „%%% %% % „%% „„ „ „„ %[᷑ ee 89 22 
/ ³˙¹¹—mꝛ⁴ꝛ²¹Äͤrͤͤ S 111 157 
//». Sy Ware. 196 237 
C beanie hac ..... 207 268 
CTT 282 345 
)%õÜö% ca ace aNd te. S 307 380 
/ tke wae eee Aw 401 405 
T ˙Ü¹.A 8 404 — 
o/ A 500 577 
CG cde oa e 600 685 
TO pian Sos haps e ace 7 805 
S; s wie eee Bes 801 909 
/// aed ( Dawes, « 907 1,011 
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JC 1. 100 1.239 
i V2 (0 en re ⁵ĩͤ eR 1,204 1,348 
o. aa oe a ene ates 1,304 1,459 
I/. E N 1,406 1,572 
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/ 1.695 1.896 
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tests using a uniform loading. For this purpose I de- 
signed a testing machine for applying uniform loads 
that consisted of a series of hydraulic jacks placed 
every 12 ins. throughout the length of the specimen 
beam. But, after much correspondence and inquiry it 
was found that manufacturers refused to guarantee the 
friction losses in the jack. This design was there- 
fore modified so as to reduce the number of jacks and 
distribute the applied load through a series of equalizing 
levers. This machine is now a part of the equipment 
of the Lehigh Valley Testing Laboratory; it was de- 
scribed in Engineering News, Aug. 5, 1905. 

In the adopted design there were three 20-ton by- 
draulic cylinders with 3%-in. ram working at a max- 
imum pressure of 5,000 Ibs. per sq. in. The friction 
loss in the cup-leather packing was determined when 
calibrating the testing machine. It was found that 
the losses varied according to the rate of speed in ap- 
plying the load and the direction of motion of the ram 
when applying or relieving the load. The condition 
of the packing as affected by age, wear, etc., will also 
vary the results. This uncertainty in friction losses is 
of importance and must be known before results can 
be accepted. 

The subjoined diagram for jacks Nos. 2 and 3 gives 
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CALIBRATION CURVES FOR JACKS 2 AND 3. i 


3%-in. Rams, 


20 tons capacity. 
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typical results of calibrating the above-mentioned ma- 
chine. The calibrating was done by weighing the 
pressure exerted at one of the lever knife-edges. Most 
of the points are averages of the readings from several 
different knife-edges. The table herewith gives the 
numerical values for Jack 2. 
Yours truly, 
Robert A. Cummings. 
316 Fourth Ave., Pittsburg, Pa., May 25, 1908. 
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The Chances for an Engineer in Railway Service. 

Sir: I read with deep interest your editorial in En- 
gineering News of June 18 Concerning American Railway 
Management.“ 

So far as my observation goes, you have stated only 
facts. I most heartily approve, for the sake of the 
young men concerned, of the action of that educator of 
engineers who leaves out of his curriculum all branches 
of railway engineering. His statement as to the small 
recompense and lack of opportunity are most sadly true. 

There are but two classes of technical men who make 
a success in a railroad career, men of extraordinary 
ability, and men considerably above ordinary ability who 
have a “pull.” All others would do much better in 
other lines of their profession. 

Frequently men with “pulls” are advanced more rap- 
idly than their ability justifies, so that some one higher 
up must help them hold their place and sometimes even 
this help and the “pull” cannot prevent their failure to 
hold the position. 

My ten years’ experience in the service of three fair- 
sized railways, all of them considered good lines, too, 
makes me wish most heartily that I had never entered 
railroad service. I was raised in a small town where 
the real opportunities of an engineering career were 
little known, and my father’s life having been spent in 
a line of business where he knew little of such matters, 
he was not in position to advise me against the railroad 
branch of the profession. None of our professors at 
college warned us against railroad service, probably not 
being acquainted with the real conditions themselves. 

My one warning as to a line of work not to be 
chosen was: keep out of the government service.” 
My young friends, taking engineering courses, who come 
to me for advice are most emphatically advised not to 
enter railroad service, on the ground that there is less 
recognition and recompense for their talents, ability and 
training than there is in any other line of work. 

Your editorial should be read by all railroad officials 
and particularly by those under whom technical men are 
employed. CG.” 

June 24, 1908. 
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The Kind-Chaudron Method of Shaft-Sinking in Rock 
Without Explosives. 


Sir: Referring to the editorial in your issue of June 
25, on “Rock Excavation by Mechanical Power Instead 
of Explosives,” allow me to draw attention to the not 
uncommon use of the Kind-Chaudron method in sinking 
through water-bearing rock strata with large mine shafts. 
The Krupp firm at Essen, Germany, maintains a complete 
stock of tools as required in this work to meet the 
regular demand. Their ‘‘trepans,’’ as the huge drills are 
called, range in size from eight tons upward, the cut- 
ting agent is a blade of forged iron into which a num- 
ber of steel teeth are keyed, the whole being raised by 
walking beam for a six-inch blow. The most effective 
practice is the preliminary sinking of a guide pit to a 
depth of about 50 ft. in advance by means of a small 
trepan similar in construction and operation to the 
large ones, but only four or five feet in diameter. The 
subsequent reaming is done by a trepan which may 
weigh 16 tons, and break an area 15 ft. in diameter. The 
material is crushed quite fine, few pieces attaining a 
size of two or three inches; all sludge is removed by a 
box with bottom flaps, which is lowered and raised at 
intervals by the surface winding engine. The average 
rate of sinking, per day, is, in fiint 3 ins., in sandstone 
1 ft. 

The Consolidated Kent Collferies Corporation, Ltd., 
had reached a depth of 1,095 ft. with a shaft at Dover, 
Eng., 1904-5, by ordinary methods, when a layer of 
heavily watered Oolitic limestone was encountered. This 
proved to be 90 ft. deep and was traversed by means of 
the Kind-Chaudron system. Hitherto the method has 
not been found applicable at depths greater than 2,000 
ft. as the thickness and weight of tubbing required at 
such pressures increases beyond our ability to handle it. 

Yours very truly, 


“Mining Engineer.” 
New York City, June 28, 1908. 
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Niagara Falls During the Shut-Dowu of the Niagara 
Falls Power Co. 


Sir: I see that in your note on the shut-down of the 
Niagara Falls Power Co.’s plant (page 679 of your issue 
of June 18, 1908) you repeat an error of the press, which 
was afterward corrected by the press correspondent. It 
was intended to say that the rise on the crest of the 


American Fall was 1/10-ft., but the type made it 


1/10-tn. The rise shown by the gage set by the Lake 
Survey close to the crest of the American Fall was 
about an inch, and was fully as much as was anticipated. 
Equivalent gage heights for the Niagara River have 
shown roundly the following relations: A rise of a foot 
in Lake Erie at the head of the river, causes an incre- 
ment in the flow of 22,000 foot-seconds. This increases 
the river height 6 ins. at the head of the rapids above 
the Falls, and 1% Ins. on the crest of the American 
Fall. The shut-down of the Niagara Falls Power Co. 
added about 8,000 cubic foot-seconds to the flow over the 
Falls, both Horse Shoe and American, and the effect 
on the American Fall shown by the ratio above would be 
&,000 


— 


pe) 


x 1% ins., or little more than .- in. 


It was anticipated further that because the intake 
of the power company is close to the approach of the 
American Rapids, an additional localized effect would 
enter, as was shown to be the case. As tbe shut-down 
of about 2,000 cubic foot-seconds in the Hydraulic Power 
& Manufacturing Company Canal did not take place 
for several hours after the shut-down of the power com- 
pany, and by that time a storm on Lake Erie had in- 
terfered with the test, the effect of the combined diver- 
sions—10,000 cubic foot-seconds in all—was not observed. 
The test was an exceedingly interesting one, and it is 
much to be regretted that quiescent conditions on Lake 
Erie did not prevail over the full period of the shut- 
down. So far, however, as the conditions remained good, 
the results are in full accord with the values previously 
derived by the hydraulic work of the Lake Survey. 

Very respectfully, 
Charles Keller, 
Major, Corps of Engineers, U. S. A., 
Officer in Charge of Lake Survey. 
U. S. Lake Survey Office, Detroit, Mich., June 22, 1908. 


[The absurdity of the 1/10-in. figure was noted 
by the editor when the item was received; but 
through mischance the item was printed with- 
out calling attention to the evident error.—Ed.] 
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Proper Methods of Treating Timber. 


Sir: One necessity in the conservation of our timber 
resources is that of economizing in the use of railway 
ties, which now form one of the largest demands on the 
timber supplies. In the earlier days when timber was 
plenty or easily obtained, little attention was given 
to the matter, but when the railways had exhausted the 
local supplies of good timber they had to transport ties 
for long distances and to use less durable timbers. 
The necessity of economy in the supply and use of ties 
then became imminent and had to be met. This point 
was reached in this country about 25 years ago, and 
possibly at an earlier period in the old countries. 

Previous to 25 or 30 years ago, however, the matter 
of timber treatment was studied in a desultory way, 
mainly by individual effort in the line of economy and 
not so much as a necessity. At the present time the 
necessity has become pressing, and attention is being 
given to the use of steel and various other substitutes. 
The possibility of a satisfactory substitute seems re- 
mote, however, as yet. This being the situation, it 
seems of the utmost importance that the very best 
methods of timber preservation should be found and 
that the experiences of the past should be heeded. No 
method built upon theory alone can be evolved. In the 
first place, those agents that will preserve wood from 
decay must be ascertained, and in the second place, 
the best methods of application must be sought. 

At the time that the writer first came into contact 
with this subject in the line of duty there were but 
few agents that seemed to be recognied as effective. 
Among these were the dead-oil of coal tar (creosote) 
and chloride of zinc. Both of these still stand ahead 
of all others. 

The value and economy of the former is conceded 
for special purposes, such as resistance to marine 
borers, or where prolonged life is sufficiently import- 
ant to justify the expense of full treatment. But for 
railway ties, the cost is too great, and is not justified 
in view of the better results that may be (and are 
being) obtained from the much cheaper chloride treat- 
ment. In relation to partial treatment with creosote, 
past experiences are not encouraging. 

The consideration of the method of the application 
of the agent to be considered, covers the physical laws 
governing the various parts of the operation, and also 
the physical character of the woods to be operated 
upon. The writer, with aid from others, has endeavored 
to cover this ground, deducing his knowledge from ex- 
perience and careful study, and from oft-repeated ex- 
periments. These investigations, studies and experi- 
ences have extended through a series of nearly 25 years 
in this country, supplementing that of some of the 
soundest and most successful timber treating experts in 
the country. It is claimed that European countries are 
far in advance of this country in this matter, but the 
writer has doubts of this. Very little information as 
to details such as the practical operator must possess 
have been offered from foreign sources. 


It is satisfactory to be able to say that some definite 
results have been obtained by a cheap and simple method 
with the use of chloride of zinc modified by the use 
of glue and tannin as a retardant (the Wellhouse pro- 
cess). By this process and by others not so well de- 
fined, the poorer and less valuable timbers have proved 
very lasting. If the screw spike was used instead 
of the old-fashioned spike, the mechanical destruction 
of the tie would be checked and the life still further 
prolonged. 

The agitation and present effort now being made in 
regard to the collection ‘of reliable data it is hoped 
will add to the data now possessed. Too often, claims 
of results that are misleading have come from in- 
terested promoters. 

Now that the results of timber treatment are becom- 
ing known and the value of the treatment of ties has 
been demonstrated, there is a general movement among 
the railways to resort to such treatment, largely from 
necessity. This is due to the growing scarcity of tie 
timber, and the increasing cost. There is also a desire 
to aid in the conservation of the forests by the resort 
to the substitution of softer timbers, which are not 
adaptable for use as ties unless treated. Recently, 
under the inviting prospects in this timber-treating 
business, certain new processes have appeared and new 
methods have been formulated, under new and plausible 
theories that seem to have appealed to a certain ex- 
tent to the railways. The main reason given for these 
processes is the alleged failure of anything of value 
having been put into practice in this country. Accord- 
ing to these new authorities, everything heretofore 
offered and practiced may as well be “rubbed out.” It 
is a severe thing to say that this new influence and 
teaching has the appearance of arising from a desire to 
Invade this promising field for commercial Interests 
alone. 

In the first place, the new methods are offered on 
faith, and on untried theory. They are without the 
“test of time,” and are in the face of many failures in 
cases equally plausible. Some of the claims seem to 
require a reversal or at least a modification of natural 
laws. Others as noted above, throw discredit upon 
what bas been done already in this country. With the 
present state of knowledge as to methods of which we 
have long experience, it is absurd to claim that an un- 
tried method shall negative all our past practice and 
research, 

The writer has given the matter much time in careful 
Investigation, and has spared no‘expense to get at the 
facts, without aid from any outside source. He cannot 
yeitentiy accept the present situation, or allow these 
unwarrunted assumptions to go unchallanged. The 
absurdity of the conclusions, and the industry with 
Which they have been pressed upon the railway managers, 
while beiug made a source of profit to the promoters, 
makes it important that their nature be understood. 
To argue this would be a labor almost in vain, unless 
railway officers and managers make a greater effort to 
fully understand the nature of the business before 
making an expensive contract such as is involved in a 
treating plant and its operation. The railways should 
be advised to build and operate their own plants, and 
be able in this way to fully control their operations. 

Samuel M. Rowe, M. Am. Soc. C. E. 

364 Monadnock Block, Chicago, June 15, 1908. 


ee 


Notes and Queries. 


The well-known Universal Portland Cement Co., whose 
Buffington, Ind., plants were shown in the interesting 
“aerial” photograph reproduced in our issue of June 
18, 1908, p. 669, was erroneously referred to in that 
article as the “Universal Cement Co.” Readers familiar 
with the cement industry will have noted the error and 
made mental correction. 


The Canadian Northern Ry. was stated in the article 
on the new Winnipeg terminal (in our issue of June 1S) 
to have commenced operation in December 1906 with 100 
miles of road. This is obviously a mistake. The article 
on this railway in our issue of April 5, 1906, showed 
that it had then 2,500 miles, exclusive of the lines 
owned in eastern Canada. The main line mileage in 
operation included the line from Lake Superior to Win — 
nipeg, 440 miles; and the line from Winnipeg west ta 
Edmonton, 825 miles. 

— — E—w— a 


THE NEW MODEL RONEY MECHANICAL STOKER. 


The Roney mechanical stoker was one of the 
first appliances to successfully feed a boiler- 
furnace by other than manual labor and it has 
been widely adopted by power plants in 11 
parts of the country. Years of experience Wit 2A 
it, however, have developed certain defect s 
Which are pretty well known now to engineers 
engaged in steam engineering. Chief amon gz 
these is the tendency of the coal on the incline cy 
grate to slide into the ashpit when the bottoryy 
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FIG. 1. THE WESTINGHOUSE NEW MODEL RONEY MECHANICAL STOKER. 


section is dumped. Tne maintenance of the 
stoker has also been found to be costly. 

Appreciating these and other defects the 
manufacturers of the stoker some time ago 
undertook radical changes which have made the 
device practically a new machine, although the 
general principle—the use of an inclined rocking 
grate to move the coal forward—remains the 
same. This new stoker has already been in- 
stalled in some 50 steam plants. 

As in the old type of stoker, the coal, pre- 
viously crushed, is fed from overhead bins by 
gravity into a hopper extending across the 
boiler front and is passed to the furnace by a 
reciprocating pusher operated from the rock 
shaft by an eccentric. Its further course is ap- 
parent from Fig. 1. Descending through the 
throat of the arch to the upper grate bars, the 
coal is subjected to an intense heat radiated 
from the incandescent fire-brick arch which 
spans the upper portion of the furnace. This 
cokes the fuel which is then gradually worked 
down the inclined surface by the rocking motion 
of the grate bars, whose angle, however, is not 
large enough to cause the fuel to slide down 
except with the aid of such motion. This oscil- 
lation is transmitted from an eccentric on the 
rock shaft and breaks up any clinker as fast as 
it may be formed. Dur- 
ing its downward pass- 
age over the grate bars, 
the coke is burned to 
ash which is deposited 
on the dumping grate at 
the bottom of the fur- 
nace. Above the grate is 
a new type of guard, the 
raising of whose lower 
end prevents the fire on 
the sloping grate above 
from sliding into the ash 
pit, when the clinker 
and ash on the grate is 
separately dropped. Any 
clinker bridge which may 
have formed between 
the grates and the bridge 
wall is broken by the 
upward motion of the 
grate. The grate, being 
hinged about one-third 
forward, dumps both to 


the front and to the rear. The nearly even bal- 
ance attained by this method of support also 
renders the manual operation of the grate easy. 

The fuel bed is carried by sectional grate bars, 
one of whica is shown in Fig. 2. The one given 
by this half-tone is of -the non-sifting type 
which, as can be seen in Fig. 1, is used only for 
the upper four grates of the furnace. The 
abutting horizontal ledges prevent any fine fuel 
from sifting through, yet give free entrance to 
air. As only the thin edge of tne fire top is in 
direct contact with the incandescent fuel, long 
life is assured for the bar. Fig. 3 shows the 
rate of wear which one of the plates underwent 
in actual practice during a period of seven 
months. These grate sections nave 7.4 sq. ft. 
of surface exposed to the cooling action of the 
entering air for each square foot exposed to the 
fire. Examination of eight samples of fire top 
plates showed an average annual depreciation 
of 17%. In the upper part of the furnace the 
wear was unnoticeable, hence with proper re- 
distribution from time to time of the grate bars, 
their average life should be about six years. 
All parts of the stoker are easily removable and 
interchangeable. The plates are set on edge in 
V-grooves, hooking over a trussed web and held 
in place by a key rod slipped in from the end. 


FIG. 2. SECTIONAL GRATE-BAR, NON-SIFTING TYPE, RONEY MECHANI- 


CAL STOKER, 


The webs have conical bearing surfaces at the 
end and are self-centering in the side bearers. 
The grate bar tops are unbalanced by the eccen- 
tric agitators and return to the inclined first 
position by their own weignt. A simple locking 
device, or dog, is used to hold the grates open 
when rapid trimming of fires is desirable. 

AIR DISTRIBUTION.—The air supply is ad- 
mitted through two windgates located on either 
side of the stoker. After passing to the rear of 
the fire-brick aren which extends across the 
front of the furnace, it is directed by baffles to 
the crown of the arch, at which point it enters 
the front air spaces. Thence it enters the fur- 
nace through the spaces between the stoker 
front and the first ring of arch brick. This in- 
take system preheats the air as well as cools the 
arch. The average effective draft area is 27.4% 
of the total projected area of the furnace, mak- 
ing it possible to maintain a high rate of com- 
bustion. During a series of capacity tests, con- 
ducted at East Pittsburg upon a 375-HP. Bab- 
cock & Wilcox stoker-fired boiler, an output of 
over double rating, 224.7% was maintained for 
six hours with 0.42-in. furnace draft. This cor- 
responds to a rate of combustion of 46 Ibs. per 
sq. ft. per hour, with an over-all efficiency of 
63.5%. A test of 25% above rating was main- 
tained for six hours with 0.18-in. draft, with 
74% efficiency and 23 lbs. of coal per sq. ft. of 
grate per hour. The boiler and grate passed 
through this severe test without damage, but 
the brick setting was melted down. 

We are indebted to the manufacturers of the 
stoker, the Westinghouse Machine Co., for the in- 
formation from which the above article has been 
prepared. 


ANNUAL MEETING OF THE AMERICAN SOCIETY FOR 
TESTING MATERIALS. 


Profiting by the disturbing effects of the ex- 
tremely congested program of last year’s annual 
meeting, when, by the aid of simultaneous ses- 


sions in adjoining rooms, eight sessions were 


crowded into 2% days, the annual meeting of the 
American Society for Testing Materials was this 


Fig. 3. Profile of Set of Standard Fire Tops of 
Roney Stoker After Seven Months’ Service. 


year spread over five days, thus affording ample 
opportunity for each member to attend every 
session, an impossibility under tae previous ar- 
rangement. Last year it was thoroughly im- 
pressed on all present that the concentration of 
mind necessary for a strict attention to a long 
list of technical papers could not be kept through 
a continuous performance of morning, afternoon 
and night meetings, and that those with sufficient 
fortitude or interest to attempt a perfect attend- 
ance, toward the last day were not in the frame 
of mind to appreciate properly tne nature and 
force of the remarks of the speakers. In addi- 
tion, the simultaneous sessions prevented many 


. from attending important discussions, on account 


of the somewhat more important meeting being 
carried on at the same time. 

The eleventh annual meeting of the society was 
held at the Hotel Traymore, Atlantic City, N. J., 
beginning Tuesday afternoon, June 23, and end- 
ing after the morning session of Saturday, June 
27, 1908. On each day but the last, two meetings 
were held, the afternoon or evening of each day 
being left open for arranged or informal enter- 
tainment. Most of the sessions were held in the 
dome auditorium of the hotel some eight stories 
above the ground, well lighted by large arched 
windows and, contrary to many convention rovme 
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at tnis period of the year, extremely cool and 
pleasant. The Wednesday and Friday afternoon 
sessions were on the pier where, during the week 
previous, the railway conventions had been carried 
on. In spite of the nine sessions arranged for, 
the excessive length of the program and the 
undue time expended on the discussion of certain 
committee reports resulted in tne usual reading 
of a few papers by title only and the hurried 
treatment of many others. During the entire 
convention 43 papers were read, 16 committee 
reports presented, though there was discussion 
of importance on only two, and there were three 
addresses, one by the president on “Some Fea- 
tures of the Present Steel Rail Situation” and 
three by government officials on the progress of 
the government work of testing under tne au- 
spices of the U. S. Geological Survey’s branches 
in structural materials and fuels. 

Before last year the annual meetings of the 
Association were confined solely to technical dis- 
cussions, but at the 1907 meeting a dinner com- 
plimentary to President C. B. Dudley, in honor 
of his long service to the society and to the sci- 
ence of testing materials, was so much appreci- 
ated that this year tne social side was increased 
to include an extremely congenial engineering 
smoker on one night and an informal dinner, to 
which the ladies of the party were welcomed, on 
another night. These entertainments, the mag- 
nificently cool and pleasant weather, the ex- 
tended time for discussion and the increased at- 
tendance, combined to make tne meeting one of 
the most enjoyable ever held in the eleven years’ 
history of the association. 

The business matters of the society were soon 
passed over. Most noteworthy in the report of 
the Executive Committee was the announcement 
that the membership had. now passed the one 
thousand mark, being 1,015 on June 15, 1908. 
The curve of membership snows practically the 
same slope as in the past five years, indicating 
that a steady and normal growth may now be 
expected. In finances the society is somewhat 
better off than last year, but the cash balance of 
$285 reported does not leave a very great margin 
of safety for disbursements, and, as in the past, 
it is expected that certain contributing members 
will have to be called upon to make up the deficit 
for tne ensuing year. In order to enable the 
society to meet promptly its financial obligations 
in the second half of the calendar year when the 
expenses for publishing the proceedings are 
greatest, an amendment to the by-laws is to be 
referred to letter ballot, by provision of which 
the fiscal year of the society is changed to begin 
July 1 instead of the present Jan. 1. Under tnis 
provision a half-year’s dues will be payable Jan. 
1, 1909, and a full year’s July 1, 1909, thereafter 
the dues will become payable July 1, instead of 
the present Jan. 1. 

In the election of officers the present staff were 
continued for the ensuing year, that is, President, 


Dr. C. B. Dudley; Vice-President, Mr. R. W. 
Lesley; Secretary-Treasurer, Prof. Edgar Mar- 
burg. Mr. James Christie and Prof. H. M. 


Howe were reelected to the Executive Committee. 
Both Mr. Dudley and Mr. Les'ey announced that 
this was tne last year that they would serve in 
their respective positions, which they have now 
held since the reorganization of the association 
as a corporate society in 1902. They both ex- 
pressed their deep sense of honor in having been 
retained in tneir offices so long, but, now that the 
society is on so satisfactory a working basis, 
they thought it only right that some other hands 
should be allowed to take the helm. 

In the report of the adoption by letter-ballot 


of the specifications submitted to the society last ö 


year, tnere is a matter which should be noted 
by all members of the society as food for thought. 
As noted before the membership of the associa- 
tion is something over 1,000, yet in the returns 
from letter-ballot on five standard specifications, 
one of which, at least, was extremely important— 
that on “Steel Rails’—there were only 164 bal- 
lots cast, three of whicn were unsigned; leaving 
only 161 votes out of 1,000 possible. As the 
specifications of the American Society for Testing 
Materials are regarded as standard throughout 
the technical world and as the authority behind 


this acceptance is largely due to the distinguished 
and large membersnip, it seems that the society 
as a whole is not faithful to its trust in not at- 
tempting to enforce a more general vote and that 
Im not voting the individual members are not 
alive to their responsibilities. 


Professional Proceedings. 

In the discussions following the presentation of 
committee reports, there were only two which 
received more than formal interest, these two 
being the perennially important subjects of steel 
rails and cement. In the former tne committee 
report made no very important changes, but the 
discussion, though nowhere near as universal or 
important as last year, nevertheless developed a 
considerable number of new ideas, more particu- 
larly in the metallurgy of steel. The cement dis- 
cussion was very acrid and verbose, but in the 
end the recommendations of the committee were 
adopted in toto. 

We will consider in the account immediately 
following the entire discussion regarding steel 
rails and tneir manufacture, although these pa- 
pers and reports were not presented in exactly 
the order here recorded. 


IRON AND STEEL. 


STANDARD SPECIFICATIONS FOR STEEL 
RAILS.—At the meeting last year this specifica- 
tion* was adopted and referred to letter-ballot, by 
which it was adopted by a vote of 125 to 18. Dur- 
ing the current year the committee held several 
meetings at which several changes were adopted 
to be recommended at the meeting of tne associa- 
tion this year. The first of these revision, 
changes the standard length of finished rails to 
33 ft. instead of the 30-ft. length adopted last 
year. This latter length was prescribed on ac- 
count of the then existing scarcity of cars suit- 
able for snipping the longer rails, but this condi- 
tion having disappeared, there seems no reason 
why the return to the old standard of 33 ft. 
should not be provided for. The other changes 
relate to the drop test and its effect on the re- 
jection of No. 2 rails. The changes are as fol- 
lows: 

In Paragraph 3 of the Specifications, add the 
sentence noted below in italics. 

(3) One drop test shall be made on a piece of rail 
not less than 4 ft. and not more than 6 ft. long, selected 
from every fifth blow of steel. For rails weighing 8 
to, and including, 100 lbs. per yd., one drop test shall be 
made from every blow of steel. The test shall be taken 
from the top of the ingot. The rail shall be placed 
head upwards on the supports, and the various sections 
shall be subjected to the following impact tests under a 
free falling weight: ` 


Weight of rail. Height of drop. 
Ft. 


Lbs. per yd. 
45 to and including 55 15 
More than .... 55 s$ 65 16 
More than .... 65 s 75 17 
More than 75 ne 85 18 
More than .... 8 5 100 19 


If any rail break when subject to the drop test, two 
additional tests, taken from the top of the ingot, will 
be made of other rails from the same blow of steel, and 
if either of these latter tests fail, all the rails of the 
blow which they represent will be rejected, but if both 
of these additional test-pieces meet the requirements, 
all the rails of the blow which they represent will be 
accepted. 


Change Paragraph 14 from 


(14) No. 2 rails will be accepted up to 10% of the 
whole order. Rails that possess any injurious defects, 
or which for any other cause are not suitable for the 
first quality, or No. 1 rails, shall be considered as No. 
2 rails; provided, however, that rails which contain any 
physical defects which impair their strength shall be 
rejected. The ends of all No. 2 rails shall be painted 
white in order to distinguish them. 


to 

(14) No. 2 rails shall be accepted to at least 5% of 
the whole order. Rails that possess any injurious de- 
fects, or which for any other cause are not suitable for 
the first quality, or No. 1 rails, shall be considered as 
No. 2 rails; provided, however, that rails which contain 
any physical defects which impair their strength shall 
be rejected. The ends of all No. 2 rails shall be painted 
white in order to distinguish them. Rails rejected under 
the drop test will not be accepted as No. 2 rails. 


The phrases in italics being either changed or 
new. 


` *Reprinted in Engineering News, July 4, 1907, page 9. 


In submitting these changes the committee re- 
ported as follows: 


The satisfactory height of drop is affected by the rail 
section used, and very greatly by the drop-testing ma- 
chine employed. The whole subject of rail sections and 
drop-testing machines is at the present moment in a 
very chaotic condition and much experimental work is 
now being done. Furthermore, the relation between the 
strain in the rail produced by the drop test, and the 
strains produced in service, has not yet been ascer- 
tained with any degree of certainty. The information 
thus far obtained, indicates: l 


(1) That many of the drop-testing machines used in 
the past, have given very fallacious results, owing to 
inferior foundations and anvils. 

(2) That due to this defect in the drop-testing ma- 
chines heretofore employed, but little reliable informa- 
tion in regard to the best and proper heights of drop 
can be obtained from past practice. Rapid progress is 
being made in the design and manufacture of drop- 
testing machines, and already a proposed standard de- 
sign has been prepared, and it is hoped it will be in 
shape to be presented at the next meeting of the so- 
ciety. 

In view of these uncertainties, and until more positive 
data can be obtained by experiment, your sub-committee 
does not see its way clear to recommend any change 
at the present time, in the standard heights of drop 
of the rail specifications. 

In regard to discard, the developments of the past 
few months indicate a disposition to relegate the amount 
of discard to the manufacturers, the consumers protect- 
ing themselves by such testing as, it is believed, will 
enable them to secure only good rails for the track. 
Whether this change in specifications, in the matter of 
discard, will result as favorably as its advocates hope, 
is still an unsolved problem. Experimental rails made 
under the changed specifications, have been put in 
track, and their behavior is being watched, but no one 
can yet foretell the result. 

In view of this situation, and especially in view of 
the energetic discussion now going on between the pro- 
ducers and consumers, involving not only the manu- 
facture and quality of the stcel used in making rails, 
but also all the conditions of the service to which the 
rails are exposed, your sub-committee is inclined to 
think that the present wording of the society’s rail 
specifications, in tha matter of discard, which is, that 
discard shall be agreed upon in each case by the par- 
ties in interest, is the best that can now be adopted. 


The last sentence in Paragraph 14 was objected 
to by a member on the ground that No. 2 rails are 
used by railways in many places where material 
failing to pass the drop test might be available, 
but the objection was not recognized by the floor 
and the specifications, as changed, were approved 
and referred to letter-ballot. 


THE METALLURGY OF STEEL AND ITS 
EFFECT. ON STEEL RAIL FAILURES.—The 
Whole question of the present status of the steel 
rail discussion was thoroughly taken up by Presi- 
dent Dudley in his annual address, whicn we pub- 
lish on another page, and much of the subsequent 


‘discussion was merely amplification of Dr. Dud- 


ley’s remarks. Last year it was announced that 
the question of the make-up of the steel being 
quite as important a factor in rail-failures as the 
shape of the section, and that during the interim 
1907-08, more attention would be paid to the 
metallurgy of steel in the reports to be presented 
in this, the 1908, convention. The first paper 
which might come under this head was by Mr. 
William Campbell (Columbia University), en- 
titled Some Practical Applications of Metallog- 
raphy.” He said tnat as a preliminary and some- 
times final process in the investigation of failure 
of steel members, the study of the structure, 
microscopically, is of prime value. The first cost 
and time taken are both small and the results 
most authentic. In discussing the grain of steel, 
he said that its size was not due to the finishing 
temperature, but to the reduction of area in roll- 
ing. A rail failure from brittleness is not so 
often due to tne so-called piping as to too much 
manganese and ferrite segregated in chunks. 
Finally, in examining some failed steel rails, it 
was found that ties with the same carbon con- 
tact but different size grain had developed a film 
of slag or oxide just under the outer layer which 
broke under impact. 

Mr. A. A. Stevenson (Standard Steel Works, 
Burnham, Pa.) said that tire failures were alto— 
gether too complicated to be explained by the 
examination of a few which had failed. Dr. 
Dudley doubted tne universal application of the 
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šlog and oxide theory for shelliness in tire layers. 
A continual hammering on one spot will produce 
she“liness in a perfectly good steel. Prof. Fay 
(Massachusetts Institute of Technology) thought 
thar too much importance was attached to the 
size of the grain, whica, in itself, had little effect 
on rail failures. In fact, tests show that the 
maximum tensile strength is arrived at by rolling 
at a temperature which gives a coarse grain, 
aitnough for general purposes a fine grain is 
probably best. 

The metallurgical investigations at Watertown 
Arsenal were reported by Mr. J. E. Howard. The 
tests include those made on rails taken from the 
track in waich certain of the effects due to serv- 
ice conditions were investigated, also tests and 
tie examination of the metal with reference to 
its state of structural soundness or continuity. 
Under the first head, tests on old rails show that 
they retain their strength and ability to deflect 
when the base is on the tension side of the bend, 
but not waen the head is in that position, due, no 
doubt, to the brittleness there caused by the con- 
siant action of the running wheels. 

In the structure of all rails will be found certain 
longitudinal streaks which are continuous and 
appear in both cross and horizontal sections, and 
it is quite frequent that a crack has its beginning 
In such a streak. That tne rail has a tendency 
to break along these markings was shown at the 
Watertown tests. It was quite certain that some 
structural weakness was present at these streaks 
and Prof. Henry Fay (Massachusetts Institute 
of Technology) ascribed the larger part of them 
to an undue percentage of manganese sulphide. 
In his paper “A Microscopic Investigation of 
Broken Steel Rails; Manganese Sulphide as a 
Source of Danger,” Prof. Fay pointed out tnat 
almost invariably where cracks are found, there 
also will be found manganese sulphide forming 
a dark streak. He did not claim that all rail 
fractures are due to this cause, but did think that 
as a source of danger it had not been sufficiently 
noted. In conclusion he said: 


Specffications should be so drawn as to limit the 
amount of sulphur in the steel. At the present time 
some of the sperifications do not even mention sulphur. 
Having done this the next step is to allow the metal 
to stand a longer time after the addition of the ferro- 
manganese. With the specific gravity of manganese 
suinhide of 3.996 and steel of 6.82 the former should 
rise to the surface and be skimmed off with the slag 
if sufficient time be given. The desire of the manu- 
facturer to increase his output has led him to cut down 
this interval to the shortest possible limit with the 
La‘ural consequence of a large number of broken rails. 
A longer time interval will allow the metal to purify 
itself. If on the other hand it is not permissible to 
start with a low sulphur ore, or to allow a sufficient 
ume interval for the removal of the manganese sulphide, 
resort must be had to electric refining of the molten 
metal by means of a basic slag. 

In the discussion that followed these papers 
Mr. J. P. Snow (Boston, Mass.) reiterated his 
previous opinions that tne two defects common 
in rail bases, (a) a seam on the bottom, perpen- 
dicular to the base, and (b) a seam inclined to 
the base and showing a more rough fracture, 
zhoulad be called respectively a “gas seam” and a 
“neling flaw.” The first is due to a sub-surface 
zone occupied by gas bubbles in the ingot; the 
s+cond seems to be due to checks that occur in 
the ingots and may be produced by easily 
avoidable too heavy rolling. 

Mr. R. W. Hunt (Chicago) said that many of 
the good practices of steelmaking of the past had 
b-n abandoned to save time and money and that 
the return to some of these discarded methods 
would certainly bring about better rails. Any 
process making 25% failure is wrong. Returning 
to slower processes, smaller outputs, shorter in- 
goers) smaller nozzles for pouring will do more 
zeod than changing rail sections. 

In this same field there were presented several 
„tier papers which we have not the space here 
tu reproduce or abstract. They include “Some 
kesults Showing the Behavior of Rails under the 
Drop-Test,’’ by Mr. S. S. Martin; “Types of Fail- 
ures in the Base of Cold-Rolled Rails,” by Mr. 
P. H. Dudley. all of which were presented by 
ttle only and “Rail Failures—Split Heads,” by 
Mr. M. H. Wickhorst; “Some Notes on the Rail 
Suation,” by Mr. E. F. Kenney, and “Method of 


Obtaining a Truly Circular and Uniform Caill in 
Rolls,’ by Mr. Thos. D. West. 


THE RELATIVE CORROSION OF STEEL 
AND WROUGHT-IRON WATER PIPES.—The 
observations on which this paper was based were 
made by Profs. H. M. Howe and Bradley Stough- 
ton largely in connection with investigations 
made by the authors for the National Tube Co. 
Only an abstract of the uncomp!cted larger 
paper was read. 

The comparisons made were in general be- 
tween (1) pipe steel of this company made in 
1897, (2) the specially treated material at pres- 
ent made and commonly denoted as ‘‘Spellerized”’ 
or modern“ steel, and (3) wrought-iron. The sam- 
ples of 1897 and “modern” steel were selected 
at the company’s works and the wrought-iron, 
the authors state, ‘‘was ordered from works of 
high standing.” These were exposed to hot 
acrated sea water as follows: 

10 samples, wrought iron of 1906, 714 months. 

12 samples, “modern” steel of 1906, 13 months. 

12 samples, common steel of 1807, 6 months. 

Attention was paid largely to depth of pitting. 
Nine of tne 12 samples of “modern” steel pitted 
much less deeply than did the wrought-iron. The 
“IS97” steel pitted very much decper in six 
months than did the “modern” steel in 13 months. 
Three of the “modern” steel samples pitted to a 
depth less than 0.005 in., while ten of the 1897“ 
steels pitted from four to twelve times that depth. 
The deepest pit in any “modern” steel sample was 
0.014 in., while only four of the “1597” pieces 
pitted as little as this. 

On little stronger grounds than this do the 
authors attempt to dispel the popular distrust of 
steel pipes. It may be remarked that taney have 
placed great confidence in certain experiments re- 
ported by Mr. T. N. Thomson, of Scranton, Pa., 
before the American Society of Heating and Ven- 
tilating Engineers. The report of the meeting of 
this society in Engineering News of Jan. 30, 1908, 
p. 132, emphasizes the fact that Mr. Thomson in 
his tests had really set up all the requisite ele- 
ments of several voltaic cells, and conditions 
favorable to electrolytic action might reasonably 
be inferred to so mask ordinary corrosion tnat 
the results were valueless. 

The apparent value of this paper was still fur- 
ther diminished by several unreserved personal 
remarks hardly to be expected in a technical dis- 
cussion. For instance: 


But what shall we say of the abundant vague rumors, 
abundant most positive assertions from many different 
persons that they know certainly that steel pipes pit 
and that iron ones do not? There can be no doubt that 
many engineers, architects and plumbers are thoroughly 
convinced that this is the case. From the pretty close 
acquaintance of one of us with the ways of architects, 
it appears probable that their knowledge on this ques- 
tion is at second hand. Civil engineers might indeed 
make direct comparative tests and we should be inter- 
ested to know of any. Thus far we have heard of 
none. We believe that the reports as to the relative 
pitting of iron and steel pipes are based In large part 
on the testimony of plumbers and pipe fitters. In order 
to throw some light on the value of their most positive 
assertions, we bought from 19 different plumbers’ shops 
19 different pieces of pipe which we were assured were 
wrought iron. On examining them we found 13 were 


Steel. 


THE REPORT OF THE COMMITTEE ON 
THE CORROSION OF IRON AND STEEL.— 
This report, as presented by the chairman of the 
committee, Mr. A. S. Cushman, indicated some 
progress in the study of the action of irons and 
steels and tneir protection. Among the studies 
undertaken by the committee was one to cor- 
roborate the results of various experimenters in 
endeavoring to determine the relative resistance 
to corrosion by immersing samples for various 
lengths of times in water or solutions. Typical 
samples of Bessemer steel, wrought-iron and 
charcoal iron sheets were suspended in distilled 
water and in a 3% solution of common salt. By 
careful weighings the various samples showed 
roughly about the same loss in weight per square 
inch in botn water and brine. From this it was 
concluded that results from such immersion tests 
were of little definite comparative value unless 
the immersing solution should be constantly 
aerated. No experiments were quoted to estab- 
lish the value of, immersion tests with aeration. 

The opinion was expressed that practical ex- 
periments planned or under way by various inter- 
ests would material'y clear up the metallurgical 


problems of the influence of impurities, segrega- 
tion, heat treatment, coating with otner metals, 
etec., and the mill problems of mechanical surface 
treatment as well as the use of inhibitive and 
truly waterproof coatings. Cooperative tests have 
been planned by the committee and the American 
Steel and Wire Co. for tests on stcel wire along 
the lines noted above. Also a number of steel 
columns under the Steel Pier at Atlantic City 
have been painted, under the auspices of the 
Paint Manufacturers’ Association of the United 
States, with inhibitive coatings consisting essen- 
tially of zinc chromate. The formulas for these 
paints were supplied by the chairman of the 
committee reporting. 

The need for an accelerated preliminary test 
was brought forward. The use of the standard 
acid bath tentatively proposed by this committee 
a year ago is so far tne only one, and it is not 
possible to state that this is an indication of the 
resisting power of the metal. Indeed the com- 
mittee brings out the fallibility of this again and 
again in such statements as these: 


It certainly does not sccm that observed differences in 
resistance to the acid test should furnish a basis for in- 
ferring that metal manufactured by one process is su- 
perior to that manufactured by another. 

Since the le of some materials is limited by the 
localized action known as pitting it Is the opinion of 
the committee that too much dependence should not be 
placed on the acid test as indicating the relative life 
of the metal in service. 


ELECTROLYSIS AND CORROSION.—In a pa- 
per bearing the foregoing title Mr. A. S. Cushman 
outlined with analogies the electrolytic theory of 
corrosion from tne physical-chemistry viewpoint. 
The most important point, in this theoretical dis- 
cussion, which has perhaps not been given full 
consideration before is that of the formation of 
what Helmholtz termed ‘an electrical double 
layer” at the point or points where fron fons were 
passing into solutions. As the tneory demands 
that these fons carry positive charges the body 
of the metal necessarily becomes negatively 
“charged” and the presence of the positive and 
negative charges, on the fons in solution and on 
the mother metal respectively, holds tne ions in 
the vicinity of the mother-metal surface. This 
electrical attraction becomes so strong in time 
that it prevents further solution of the fron, and 
it is said that equilibrium exists. When, how- 
ever, some of the ferrous ions are oxidized by 
tne oxygen held in the solution then the equi- 
librium is destroyed and solution of iron takes 


place. When.this oxidation of ferrous fons takes 
place the familiar colloidal oxide, commonly 
termed rust, is formed; this may, however, be 


still further oxidized. 

In touching upon the power of making frons 
passive, or resistant to electrolytic corrosion, 
Mr. Cushman reviewed the work of those theor- 
ists who have concluded tnat it is all a question 
of valence, i. e., of the proportions in which fron 
enters chemical combinations. While recognizing 
the grounds for such a deduction by eminent 
physical chemists, this paper seems to indicate 
that the author probably somewhat prefers to 
entertain the theory that the phenomena are 
those of electrical polarization, especially as tnis 
later theory may be taken to explain the influ- 
ence of strain, beyond elastic limits. He observed 
in this connection that any indentation, scratch 
or wound on the surface became positive to the 
surrounding area and hence a center of corrosion. 
Indeed on test samples shown the numbers 
stamped in the metal were eaten through, wnile 
the surrounding metal was much less attacked. 
The author quoted Commander Parks, U. S. N., 
as authority for the statement that indentations 
or injuries on the water surfaces of boilers al- 
ways become centers of corrosion or pitting. 

In treating of the cffect of alloy segregation the 
author drew attention to tne well-known fact 
that Impure manganese in a finely divided form 
is soluble in water, decomposing it and giving off 
hydrogen. This, it was stated, would modify and 
increase polarization. The author showed, as a 
suggestive experiment, some finely divided metal- 
lic alloys which had been compressed under a 
load of some 50,000 Ibs. per sq. in. These alloys 
decomposed the water and gave a rapid evolution 
of gas. Similar alloys, it was stated, would have 
no such action wnen not mechanically prepared 
in this way. 
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A final word was added on inhibitive paints. 
A warning was given against the general use of 
chromate pigments for such paints, for the 
process of manufacture has been found to deter- 
mine, in some cases, whether the paint is an 
inhibitor or an actual excitant. As bearing on 
the probable, but uninvestigated, source of such 
troubles mention was made of a series of experi- 
ments in which’ over 30 pieces of polished iron 
were separately immersed in dishes of a dilute 
solution of pure Potassium bichromate—a known 
inhibitor of rust. To one of these dishes one drop 
of a copper sulphate solution was added, to an- 
other two drops were added, to a third three, 
etc., up to 30 drops. After a long time, where 
no copper sulphate had been added there was no 
corrosion. Where one drop fad been added there 
still was no action, but where two had been 
added slight spots of rust appeared. The 
amounts of rust appeared in increasing amounts 
up to where 15 drops had been added. Here 
metallic copper began to appear, with much 
localized rusting. From this strength of solution 
up the metallic copper increased and the rust 
decreased somewhat until in tne 30-drop dish 
there was no rust, but the copper alone was 
deposited in spots. This, the author claimed, 
shows the combative action of inhibitant and ex- 
citant with the result that the protection was 
broken down in spots where corrosion became 
concentrated. Hence tne presence of impurities 
in an inhibitive paint might cause worse pitting 
than where no such protection had been at- 
tempted. 

The discussion of all these papers on the corro- 


sion of iron and steel was given at the close of 


the last. Mr. George Schuhmann, of the Reading 
Iron Co., attacked tne paper of Messrs. Howe 
and Stoughton, but with shafts of humor and 
ridicule rather than by analysis of their work. 
His main argument seemed to be that puddle- 
furnace wrought-iron is enabled to resist corro- 
sion by virtue of a supposed envelope of slag 
around the filaments or layers of iron. 

One of the illuminating discussions of this sub- 
ject was by Mr. F. N. Speller, of the National 
Tube Co., who was largely responsible for the 
development of the “modern” steel discussed in 
the paper of Howe and Stoughton. A few of his 


words are given verbatim: 


We recognize our share of responsibility in that steel 
in order to have the highest resistance to corrosion must 
be uniform and well worked. Our experience in this 
line started back in 1903. Tests made prior to this 
date indicated that pitting was usually caused by elec- 
tro-negative substances, adhering to the surface of the 
metal, such as mill-scale, which was shown to have as 
much as 0.2 volt difference of potential from the iron. 
On removing the scale the iron became considerably 
more uniform. It was found that steel which had been 
locally worked or forged gave better results than when 
simply rolled out. This led to the development of a 
process of mechanically working steel which has come 
into general use in our mills. There is no mysterious 
principle involved in this treatment and we bclieve the 
beneficial effect of such local work at proper tempera- 
ture will be admitted by all. The improvements in the 
metallurgy of pipe steel in recent years have contrib- 
uted largely in rendering the metal more serviceable 
and it must not be inferred that this particular mechan- 
ical process is solely responsible for the satisfactory 
results observed. 

Regarding the protection of iron from rusting, Dr. 
Cushman has indicated possible methods of preventing 
the solution of iron. The ractical application of this 
remains to be worked out. In many Cases, however, we 
can prevent the secondary reaction of oxidation without 
which the corrosion is scarcely noticeable. In the case 
of boiler waters or heaters, this may be accomplished 
in part by preheating the water to drive off the gases, 
or by passing the heated water over a large surface of 
steel turnings or other scrap, through which agency 
the oxygen is removed by well-known reactions. We 
have applied this method with encouraging results in 
an experimental way. Certainly a double barrier is 
more effective than a single one. 


CEMENT AND CONCRETE. 

The two sessions on cement and concrete were 
held the morning and evening of Thursday, June 
25, and were attended by the majority of the 
members in the city. Vice-President R. W. Lesley 
was in the chair. By far the larger part of the 
first session was taken up by the reading and 
discussion of the report of Committee C on 
“Standard Specifications for Cement,” which re- 
port embodied some few changes in that docu- 
ment. For three hours the discussion raged, the 
opposition being maintained by two or three 
members, and the report defended by one or two 
from tne committee, none of whom was more 
vigorous in his support than the chairman of the 
section, who is also a member of the committee. 


ENGINEERING NEWS. 


STANDARD SPECIFICATIONS FOR CE- 
MENT.—As is quite generally known these 
specifications were adopted in 1904 by the 
American Society for Testing Materials, and 


consist of a first part on the properties 
of cement and the tests it should fulfill, 
prepared by a committee of that society, 


and a second part, describing the methods and 
instruments of test, by the American Society of 
Civil Engineers. Since its adoption there have 
been annual requests to have certain changes 
made, but the committee has annually thought 
that the suggestion did not embody as good 
practice as the o!d specifications, and this has 
been concurred in by the convention assembled. 
This year the committee submitted several 
changes, which are as follows: 


In the “General Observations:” In Paragraph 
3 the words “or underburning“ were removed 
from the first sentence whica previously read 
“Specific gravity is useful in detecting adultera- 
tion or underburning.” This change is in line 
with the investigations presented at last year’s 
convention by Dr. R. K. Meade and Mr. S. C. 
Hawk (Eng. News, July 4, 1907, p. 14). 

Amend Paragraph 9 of the General Observa- 
tions, by adding at the end of the second sen- 
tence the words “using a new sample.” The sen- 
tence thus amended reads: 


The failure to mect the accelerated tests need not be 
sufficient cause for rejection. The cement may, how- 
ever, be held for 28 days, and a retest made at the end 
of that period, using a new sample. 

This precipitated about an nour's discussion in 
which Mr. Samuel A. Brown (Philadelphia, Pa.) 
took the leading part. Mr. Brown contended that 
the clause as read did not state whether the new 
sample should be taken from the same bags as 
those from which the sample first rejected came. 
If for any reason the cement in the ten or more 
bags from which the sample was taken proved 
unsound under accelerated tests it seemed ad- 
visable that the retest should be made on pre- 
cisely the same bags, in order to make certain 
that the aging had the desired effect. He, there- 
fore, proposed an addition which would make it 
imperative that the samples for the retest be 
taken from the same bags as the original test. 
It was then represented by many that it was 
often impossible to ascertain at the end of 30 
days the exact sample bags, so the amendment 
was again amended to include the words, “at the 
option of the purchaser.” However, as this op- 
tional idea is conveyed in the text as revised by 
the committee, the clause was allowed to stand 
as read. 


At the end of the “General Observations” it 
proposed to add the center subhead Specifica- 
tions,” thus clearly separating the specifications 
proper from tne general instructing clauses. 

Under the heading General Conditions’ amend 
as follows: 

Paragraph 9.—Add the date Jan. 15, 1908, to 
the other dates of adoption of original specifica- 
tions and amendments of that portion of the 
document which is taken from the American So- 
ciety of Civil Engineers. 

Paragraph 12.—Strike out this paragraph cover- 
ing the requirements of specific gravity for nat- 
ural cement, it having been quite definitely 
proved that the specific gravity is indicative of 


‘but little in a natural cement. 


Paragraph 14.—Change the wording so as to 
read: 


It shall not develop initial set in less than 10 min- 
utes; and shall not develop hard set in less than 30 
mins. or in more than 3 hrs. 


Paragraph 15.—The paragraph as changed 
reads as follows, the matter in italics being new, 
the remainder unchanged: 

The minimum requirements for tensile strength [in 
natural cement] for briquettes 1 in. square in ¢ross 
section shall be within the following limits and shall 
show no retrogression in strength within the periods 
specified. 


NEAT CEMENT. Strength. 
Age. Lbs. 
24 hrs. in moist al. e 50—100 


7 days (1 day in moist air, 6 days in water). .100—200 
28 days (1 day in moist air, 27 days in water)..200—300 


. Cloture rule, 
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Lbs. 
7 days (1 day in moist air, 6 days in water). .25—75 
28 days (1 day in moist air, 27 days in water). 715—150 


If the minimum strength is not specified the mean of the above 
values shall be taken as the minimum strength required. 

This clause was criticized as prescribing & 
variation in minima, which is both illogical and 
indefinite in a standard specification. There seems 
to be two explanations for this clause. First, the 
original specification gave this varying minima 
to provide for certain cements whose minima are 
very low, but which otherwise are valuable for 
certain classes of work. Although it was prob- 
ably recognized that the specified low values as 
adopted are very loosely constructed, the invio- 
lability of a standard specification, which seem- 
ingly is nearly as difficult of amendment as the 
United States Constitution, prevented the com- 
mittee from revising the low values so that 
only one value is prescribed. However, it was 
recognized that the varying values are indefinite 
and so the committee inserted the averaging 
clause as a footnote. It must be admitted that tne 
explanation as given is anything but satisfactory. 

Paragraph 19.—Change in the specification for 
Portland cement from 


The specific gravity of the cement; thoroughly dried 
at 100° C., shall not be less than 3.10. 
to 

The specific gravity of the cement, ignited at a low 
red heat shall not be less than 3.10 and shall not show 
a loss on ignition of over 4%. 

This called forth an objection from Dr. R. K. 
Meade (Nazareth, Pa.), whose paper last year 
showed the uselessness of specific gravity as an 
indication of underburning and adulteration. He 
claimed this year that the words “and snall not 
show a loss on ignition of over 4%” should be cut 
out, because the loss on ignition of a thoroughly 
good cement, which had been well seasoned both 
in clinker and in cement, would often exceed that 
percentage. He also claimed that the clause was 
indefinite in that it did not make entirely clear 
whether the 4% loss should bring the specific 
gravity down to 3.10 or whether a 4% loss of 
3.10 is to be permitted; that is a minimum 
slightly below 3.0. 

The clause, however, was adopted as submitted 
and referred to letter-ballot. . 

Paragraph 21.—Tne wording was amended to 
read: 


It shall not develop initial set in less than 30 mins.; 
and must develop hard set in not less than 1 hr., nor 
more than 10 hrs. ' 

This is not intended to change the sense, but 
merely to clear up the meaning of the clause. 

Paragraph 21.—This clause alluding to the 
minimum requirements in tensile value for Port- 
land cement, had appended the same footnote as 
recorded above for similar strengths in natural 
cement in Paragraph 15. This ended the proposed 
changes. 

After considerable parliamentary entanglement, 
which resulted in a partially enforced five-minute 
the proposed amendments were 
adopted by the required two-thirds vote of mem- 
bers present and referred to letter-ballot for final 
acceptance. Dr. C. F. McKenna, who for some 


years has opposed the specifications and favored 


their radical amendment, was asked to state his 
objections to the present specifications, but aside 
from a general statement that they were specifi- 
cations which any cement man should be 
ashamed to be responsible for on account of their 
faulty English and indefinite requirements, Dr. 
McKenna refused to make any specific charge. 
Finally a vote of thanks to the committee and 
confidence in their work was passed by the sec- 
tion. 

Committee I on “Reinforced Concrete” reported 
that the joint committee on this subject from tne 
various technical associations and governmental 
bureaus were still engaged in their work and that 
they they were not as yet in a position to make a 
final report. 

PAPERS ON CEMENT AND CONCRETE.—In 
a paper entitled “Sands—Their Relation to Mor- 
tar and Concrete,” by Messrs. H. S. Spackman 
and R. W. Leslie, the authors presented a series 
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ef tests to show the effect of sand on concrete, 
particularly to show tne weakening effect of poor 
sand. They said that the attention paid to 
cement, its specifications and tests, were entirely 
disproportionate to that paid to sand, which 
latter was equally responsible for the quality of 
the concrete made up of the combination of the 
two with stone. Their experiments showed tnat 
a loamy or poorly graded sand quite effectively 
changed the strength of a concrete. In discus- 
sion, a motion was offered that the Executive 
Cummittee appoint a Committee on Sand, whose 
duty should be to study the question and prepare 
specifications for sand and aggregate in con- 
crete. The matter was referred to tne present 
committee on “Reinforced Concrete,” under 
whose province it comes, witn the recommenda- 
tion that in their future studies this phase of 
the concrete question be more completely investi- 
gated. 


In his paper on “Cement and Concrete Work of 
U. S Reclamation Service,” Mr. J. Y. Jewett 
(Chicago, Ill.) described the general scope of the 
cement testing of the service, but more particu- 
larly devoted himself to the question of the de- 
terlorating effects of alkali soils on finisned con- 
crete, a new development in concrete engineering 
which is arousing considerable interest in the 
alkali districts of the West. Within the last 
year some of the city engineers in the West and 
many Reclamation Service engineers have no- 
ticed a decided deterioration at about the soil 
line of concrete structures built in the alkali soil 
of the arid regions. Investigations of this de- 
composition revealed a condition somewhat sim- 
ilar to tnat observed on sea-water concrete struc- 
tures which have been more or less affected by 
the chemical action of the salts in the water. 
This led to a study of the soil, and it was found 
that similar action doubtless takes place in both 
cases. Just how these salts in the sea-water and 
in tne so-called alkali soil exchange elements 
with the ingredients of the cement in the con- 
crete has not been thoroughly discovered, but it 
is the conclusion of the Reclamation Service au- 
thorities that the often noticed action in sea 
water is being reproduced in the alkali soils. The 
investigations nave not yet been carried to the 
extent that any definite action can be taken to 
prevent the decomposition, but Mr. Jewett says: 


The following suggestions are offered as practical 
measures to be taken by those who are engaged in con- 
struction work or who are considering the taking up 
of such work in these sections of the country: 

(1) An investigation of the character and composition 
of the ‘‘alkali’’ in any district where construction work 
is contemplated. 


(2) A study of the materials available for use as con- 
crete aggregates, and involving the question, in case 
such are not altogether satisfactory, of obtaining a more 
satisfactory supply from a distance. 

(3) Consideration of the best methods to be employed 
in any given case for producing an impervious con- 
crete. 

(4) The above assumes that the cement to be used 
is of a reliable brand and of such quality as will pass 
the standard tests of this society, as the use of any 
special cement, such as the ‘‘fron-ore’’ cement above 
mentioned, is probably out of question for these regions 
at the present time. 

It is not the purpose of this paper to attempt to dis- 
courage in any way the rapidly growing use of cement 
in its manifold forms of application in these regions 
but rather with the belief that ‘‘forewarned is fore- 
armed uy calling attention to the danger which exists 
to provide for the taking of steps to avert the same. 


TESTS OF BOND IN REINFORCED-CON- 
CRETE BEAMS.—Mr. M. O. Withey (University 
of Wisconsin), in a paper under the above title, 
presented the results of a series of tests upon the 
bond in reinforced-concrete beams, in which the 
experiments were made on rods actually em- 
b-jded in beams in flexure and not by pulling 
rods out of concrete cylinders, as has usu- 
aily been the method of determining bond values. 
In the present tests the reinforcement in tne 
lower plane of the 5 ft. 6 in. beams, was exposed 
for the middle three feet and provided with an 
extensometer to measure the pull on the rod and 
its slip. In this way the actual conditions in a 
beam were closely approximated. In all, 56 
beams were tested, of three different mixtures 
and at different ages. The conclusions are that 


the average bond increases witn the age of the 
specimen, that the amount of water used has 
little or no effect on the bond, that the size of 
the rod up to l-in. diameter, at least, has but 
little influence on the bond. The following final 
conclusions are given: 

1. The bond of 1:2:4 concrete to embedded steel in- 
creases with age at least up to six months. About 80% 
of its six months’ bond strength is developed in 28 
days. 

2. Owing to the variation in results of the one-month 
tests, and the wide difference between laboratory ex- 
periments and practical working conditions, it does 
not seem as though the maximum bond of 1:2:4 con- 
crete should be assumed greater than 200 or 250 Ibs. per 
sq. in. in designing. 

3. The method of making bond tests by pulling a rod 
from a concrete cylinder, as previously described, gives 
results which are of neither quantitative nor qualitative 
value. The results obtained are dependent largely upon 
compressive stress acting on the head of the cylinder. 

4. The beam test for bond on the other hand ap- 
proaches closely the actual conditions to which the bar 
and surrounding concrete are most often subjected, and 
gives values which are at least of qualitative value. 
Furthermore, values obtained by this method are in 
accord with the bond theory usually accepted as a 
basis in design. 

Mr. Samuel A. Brown (Inspector of Cement, 
Philadelphia (Pa.) Rapid Transit Co.) read a pa- 
per entitled “Some Methods and Records Used 
in the Laboratory for Testing Cement and Other 
Materials for the Market St. Subway and Ele- 
vated Ry. in Philadelphia,” which was entirely of 
a descriptive nature and not capable of much 
abbreviation such as would be needed in this 
account. The size of the laboratory may be 
noted from the following extract: 

The work of the laboratory has included the inspec- 
tion of about 430,000 bbls. of cement, used in concrete 
for the Subway & Elevated Ry. on Market St., and 
also for the concrete in the power-houses, track work, 
and other construction work of the company, about 
250 tests upon the aggregates used in concrete, tests of 
700 6-in. concrete cubes, 150 tests for permeability of 
concrete and mortar, tests of 30 waterproofing materials, 
tests of 105 paints for structural material, and sundry 
other tests from time to time. 

INFLUENCE OF FINE GRINDING ON THE 
PHYSICAL PROPERTIES OF PORTLAND 
CEMENT.—Dr. R. K. Meade (Nazareth, Pa.), in 
a paper under the above title gave tne results of 
some experiments to determine the actual com- 
mercial value of fine grinding of cement. The 
two properties of cement most affected by the 
fineness of the product are the setting time and 
the sand carrying capacity, and to these two the 
investigations were mainly directed, passing over 
the lighter color and improved soundness which 
will result from finer grinding. In the tests on 
tne time of setting it was found that the initial 
set was reduced from intervals varying from 255 
down to 100 mins., with an average of 184 mins., 
for 75% through a No. 200 sieve to intervals 
varying from 2 to 30 mins., with an average of 
12 mins., for a 100% through the same sieve. It 
will be seen that in many instances such 
fine grinding would make a cement of sucn 


‘rapid initial set as to render it useless for most 


work. Dr. Meade thinks that in time this defect 
from fine grinding will be eliminated, mainly by 
properly adjusting the composition of tne clinker 
and the degree of burning. 

In the investigations into the effect on strength 
it was decided that 

(1) The neat strength is lowered by finer grinding. 

(2) The sand strength is increased by finer grinding. 

As to the economical side of grinding the author 
was not able to make any definite statement 
owing to variations in standard mills, but from 
one investigation he decided that the extra cost 
of finer grinding would not be enough to keep 
mills from adopting it provided tne increased 
value of the more finely ground material seemed 
as great as these experiments appeared to show. 


Finally the author called attention to the fact 
that it was the impalpable powder which added 
strength to cement so that if a cement was pro- 
duced all of which would go tarough a 100-mesh 
sieve but none of which would go through a 
205-inch sieve, if there were such a sieve, it is 
certain that cement would not be as strong 
as one which passed 75% througn a 100-mesh 
sieve, but contained a certain amount of im- 


r 


palpable powder. 
strength. 

In the cement and concrete section the follow- 
ing papers were either read by title only or are 
of such a nature that space does not permit 
other notice in this week's issue. Portland 
Cement Standards, Especially for Tensile 
Strengta, Mr. W. W. Maclay; An Important Con- 
sideration Concerning Cement Analysis, Mr. S. 
F. Peckham, and Formulas for Reinforced-Con- 
crete Beams in the Light of Experimental Data, 
Mr. W. F. Scott; Permeability Tests of Con- 
erete with the addition of Hydrated Lime, Mr. 
S. E. Thompson; Some Tests of Reinforced- 
Concrete Beams Under Oft-Repeated Loading, 
Mr. H. C. Berry, and Shearing Values of Stone 
and Concrete, Mr. H. H. Quimby. 

The committee reports and the abstracts of the 
technicai papers not here presented will appear 
in our next issue. 


It is the latter that gives the 
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IN AN ELEVATED RAILWAY ACCIDENT on the 
Third Avenue line in New York City, June 27, more 
than fifty persons were injured. A train composed 
of three cars had just left the 99th St. station when, 
at the bottom of the grade which exists at this point, 
the emergency brakes became locked and the train came 
to a stop. Before one of the crew could get back to 
flag the next train it came on, crowded with 600 passen- 
gers, and crushed Into the standing coaches. For- 
tunately the safety device which, in case of short cir- 
cuits cuts off the current from the third rail, acted | 
promptly, and no fire ensued. 

— — — — 

A TRAIN WAS WRECKED at Lofty, twelve miles 
from Hazleton, Pa., June 27, by deliberate spiking of 
the tracks. The engineer was killed and about 20 pas- 
sengers injured. The engine was derailed on the up-hill 
side; had it fallen downhill the whole train would have 
gone over a hundred-foot precipice. 

— . — — 

IN A COLLISION NEAR BARODA, INDIA, June 26, 
between an express and a freight train, 15 persons were 
killed and 270 injured. Four of the passenger coaches, 
four mail cars of the express and four cars of the 
freight train were burned. 

— 51291 . 

A TORNADO STRUCK CLINTON, MINN., June 28, 
killing seven persons and injuring 25. A Chicago, Mil- 
waukee & St. Paul mixed train was just pulling into the 
station as the storm struck the town; 15 freight cars 
were blown off the track as was a passenger coach car- 
rying 17 persons. 

— s512è2 ¹Qd-. —A»ꝛ'“ 

A TRANSATLANTIC STHAMER, THE LARAC HE.“ 
was lost, June 25, on the same rocks near Muros, 
Spain, on which the Spanish cruiser Cardinal Cisneros” 
perished in 1905. The “Larache” sank in eight minutes; 
about thirty persons were lost. 

— 12x. —ä—— 

A BREAK IN THE CANAL BANKS of the Cornwall 
Canal, Ont., June 23, followed by the collapse of the 
center pier of the railway drawbridge and consequent 
wreck of this bridge of the Ottawa & New York Ry., 
suspended all traffic on the canal and railroad at this 
point. The damage is estimated at $500,000. 

— a 

FIRE AT THE DULUTH, MINN., DOCKS, June 26, 
consumed Elevator D of the Consolidated Elevator Co., 
containing 300,000 bu. wheat as well as other grain, and 
also No. 1 dock and sheds of the Northern Pacific Ry., 
destroying within two hours property whose value is re- 
ported at $1,000,000. 

: —. —ꝛ— 

A LARGE LAND SLIDE, involving many thousands of 
tons of rock, occurred at Lyme Regis, Eng., on June 10. 
It caused no loss of life or property, but is interesting 
as a modern exhibit of geological activity. The sur- 
face formation of the shore line at this point consists of 
a layer of gravel covering a heavy stratum of chalk. The 
latter is supported by a bed of greensand resting on 
impervious Liassic clay. The greensand becomes worn 
by the percolating surface waters and grows gradually 
weaker until it is crushed by the weight of the super- 
incumbent strata which then topple forward to the sea 
in a huge mass of broken rock known as “the under- 
cliff.” A more serious break of this kind occurred 
at Lyme Regis in 1839, when a rent was made three- 
fourths of a mile in length, 240 ft. wide and 150 ft. 
deep, carrying down houses, ruining roads and cracking 
and tilting flelds in all directions. 

— — k — 

THE REPORT OF THE COURT OF INQUIRY into the 
accident on the armored cruiser Tennessee,“ on board 
of which a boiler tube burst June 5, with fatal results, 
shows no probable cause for the accident. The con- 
ditions of boiler, water level and tubes was, as far as 
ascertainable, good. The harmful effects of the explosion 
were, however, increased by the carelessness of tie 
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water tenders who had not properly secured the soot 
doors of the boilers. Owing to this oversight it is held 
that the amount of escaping steam was much greater 
than would otherwise have been the case. It was this 
steam which caused a great portion of the injuries. 

— — — — 

NEW YORK’'S ADDITIONAL WATER SUPPLY is to 
cost $210,000,000, instead of the $161,000,000 estimated 
for the supply from the Catskills. At a meeting of the 
Board of Estimate on June 26, the first steps were taken 
toward the devclopment of a supply from wells in Suffolk 
County, Long Island. It is estimated that a supply of 
250,000, 00 gallons daily can be obtained from this 
source at a total cost of $47,000,000. Suffolk County 
includes all that part of Long Island lying more than 30 
miles distant from New York City. An aqueduct about 
75 miles long would be required to convey the water to 
the city and the supply would be used chiefly for Brook- 
lyn and other parts of the metropolis located on Long 
Island. 

— si2:Qublf4Qĩ — 

AN APPRAISAL OF TRACTION PROPERTIES in New 
York City is about to be undertaken by the State Public 
Service Commission, in order to learn whether there is 
ground for the claims that the street-railway companies 
cannot with profit continue issuing transfers at inter- 
secting points of different lines. The receivers of the 
several companies involved in the traction tangle, who 
are appointed by the Federal District Court, have set up 
this claim. Their intention to abolish transfers has been 
assisted in remarkable manner by a decision of Judge 
Lacombe, of the District Court, granting the receivers’ 
application to abrogate various leases of subsidiary 
street-railway lines on the ground that it is unprofitable 
to operate these lines. The decision, rendered on the 
grounds of financial unproductiveness only, permits the 
lessees to declare their contracts with the lessor com- 
panies void, without the consent of the latter. As soon 
as the resulting separation of the several lines is ac- 
complished, it will no longer be necessary under the 
State law to issue transfers between them. This will 
still leave a large number of transfer points, however, 
and it is possible that an attempt will be made to dis- 
continue all transfers. The Public Service Commission 
desires the appraisal in order to be able to judge whether 
transfers really bring the financial returns below a rea- 
sonable profit. Mr. B. J. Arnold, of Chicago, III., who 
has just conducted for the Commission a study of the New 
York subway with a view to increasing its rush-hour 
traffic capacity, will make the appraisal. 

— s«ðiꝝZ. —üü4ã— — 

A 900 -F T., 62- STORY OFFICE BUILDING has been 
designed to occupy the site of the present New York 
office of the Equitable Life Assurance Co. on the block 
bounded by Broadway, Nassau, Pine and Cedar Sts. 
The present building was in its day one of the sights of 
lower New York, the heavy masonry construction and 
highly ornamental interior decoration making it con- 
spicuous even now in the days of the steel skyscraper. 
The new building, plans for which have been sub- 
mitted to the building department of the city, is to be 
the tallest building in the world, towcring 209 ft. above 
the present Metropolitan Life tower at Madison Square, 
New York, and with its 150-ft. flagstaff will overtop the 
Eiffel Tower at Paris by some 70 ft. The building will 
be about 100 x 310 ft. in plan for 489 ft. or 34 stories, 
topped with a smaller tower of 420 ft. and 28 stories, 
16 stories of which will be square and the remainder 
in a tapering cupola. The architect is D. H. Burnham 
& Co., of Chicago. 

— s5ð C —SðuFr— 


DESPATCHING TRAIN S BY TELEPHONE has been 
tried experimentally on the Chicago, Burlington & 
Quincy R. R. since Dec. 11, 1907, and bas met with 
unqualified success, according to statements made by Mr. 
W. W. Ryder, Supt. of Telegraph, C., B. & Q., in a paper 
read before the convention of the Association of Railway 
Telegraph Superintendents at Montreal, Quebec, June 24. 
The advantages of the system are numerous: it is 
quicker than the telegraph and safer, the despatcher can, 
when occasion requires talk directly with conductors and 
engincers, the superintendent can at any time listen to 
the actual work, the fleld from which despatchers may 
be chosen is broadened, and unimportant offices may be 
closed wholly or a portion of the time as conductors can 
themselves step up to the instrument and obtain instruc- 
tions. The method of handling orders remains the same 
as that which was used in telegraph operation. Figures 
and names are spelled out, letter by letter, and all repe- 
titions are retained. 

U— . —ää—— 


THE FORESTRY OPERATIONS OF THE PENNSYL- 
vania Railroad are assuming notable proportions: this 
spring 625,000 young trees were stocked in the nurseries 
or planted permanently, bringing the number of trees set 
out by the company to a total of 2,425,000—the largest 
amount of forestry work undertaken by any corporation 
in the United States. About 460,000 of this year’s seed- 
lings were conifers, including white and Scotch pine 
and Norway spruce; 168,000 were hardwoods, princi- 
pally red oak. Owing t othe degree of perfection to which 
European forestry methods have been developed, aided 


by cheap labor, it was profitable to the railway company 
to import a large part of the necessary material, not 
only native European species, but even our own trees. 
These foreign seedlings amounted to 209, 000, made up 
of 150,000 Scotch pine, 25,000 European larch, 25,000 
Norway spruce, 5,000 white pine, and 1,000 each of 
Segnoia, Douglas fir, Japanese larch and scarlet oak. 

The Pennsylvania R. R. established a new nursery at 
Morrisville, Pa., comprising twelve acres of seed beds, 
transplant beds and nursery plots. Here 1,500,000 red 
ouk seedlings have come up from acorns put into the 
ground about April 1. Others are growing from five 
bushels of black walnut, ten bushels of chestnut and 100 
lbs. of hickory nuts sown. These will be carefully 
tended in the nursery until they are sufficiently ad- 
vanced to permit transplantation to a permanent site. 
Some trees are also being grown for landscape purposes, 
it being the intention of the company to ornament sta- 
tion grounds and park all right-of-way. The chief object, 
however, of the forestry operations is the preparation 
of a supply of tie timber for the railway’s needs 35 or 
40 years from now. 

— . — — 

THE FIRST CONVICTION FOR HIGH-GRA DING“ 
at Goldfield, Nev., was secured two weeks ago. Hitherto 
no legal means were within the mineowner’s reach to 
keep workmen from carrying off a dinner-pail or pocket 
full of ore that often reached a value of $20 per Ib., as 
the community’s moral sense in this respect sagged 
far below the ordinary laws of mine and thine. Even 
when ‘‘caught with the goods,’’ arrests were never fol- 
lowed by punitive action, until this late instance of the 
district attorney's success. 

——_____ @— 

COUNT ZAPPELIN’S AIRSHIP manoeuvred about over 
Lake Constance, Switzerland, for 6% hours on June 29, 
maintaining a mean speed of 34% miles per hour, with 
a maximum of 38½ . It carried 14 passengers, and with- 
out casting ballast reached a height of 1,000 ít. Com- 
munication was maintained with the earth by wireless 
telegraph which worked perfectly throughout the trip. 
The gas envelope of this ship is 445 ft. long and has a 
diameter of 4914 ft. It carries three motors of 145 HP. 
each, designed to give a speed of 47 miles per hour with 
a radius of action of 1,500 miles. 

— «5 !.. — 

GEOLOGY APPLIED TO MUNICIPAL ENGINEERING 
was discussed by Mr. Julian Julian, Borough Surveyor, 
Cambridge, Eng., before the annual meeting of the 
Association of Municipal and County Engineers, June 25- 
27. He called attention to some opportunities of scienti- 
fic usefulness which though patent are rarely taken 
advantage of. In connection with the numerous excava- 
tions attendant upon building construction, sewer and 
gas main laying, water system Installation, etc., the 
municipal engineer frequently sees exposed strata of the 
upper geological horizon. His level and transit are usu- 
ally before him, and he can easily take an accurate 
measurement of the elevation and position of, for ex- 
ample, a deposit of clay, a layer of limestone or the 
line between subsoil and made ground, and make a 
note of the observation in his field book. On returning 
to his office, having once drawn a map of the district 
to a fair scale, say 6 ins. to the mile, by using the 
geperal information available from government topo- 
graphic sheets, such as are supplied in the United 
States by the Geological Survey, it is a matter of but 
a few moments to sketch in the day's new notes, using 
the same distinctive colors and symbols as the govern- 
ment sheet. The aggregate information thus recorded 
in two or three years will form a most valuable basis 
on which to estimate future work and answer the fre- 
quent questions: what is the character of the subsoil 
where a house is to be built, what material will be met 
in sinking a well at a certain point, what part of the 
district is most suitable for a sewage disposal plant or for 
a cemetery, etc. If in addition the engineer will take 
samples of the earth or rock encountered, and, having 
numbered their locus on the map, keep them in corre- 
spondingly arranged store, the value of this organized 
information will amply repay the trouble taken. 

— —— 

A NEW RECORD FOR DEEP LEVEL DRIVING has 
been made in South Africa. The fifteenth level on the 
Simmer Reef at the Rand was driven 294 feet in 61 ten- 
hour shifts, with a cross-section of 7 x 5 ft. One round 
was drilled each shift with three Ingersoll-Sargeant 
3%-in. drills run on one bar by one white man and six 
Chinese. Blasting was accomplished with gelatine at the 
rate of 1 ft. per 11 lbs. The air pressure of 80 Ibs. at 
the surface was delivered in full at the machines, owing 
to the gain of power from the weight of the column of 
compressed air in the 4,000 ft. deep pipe. The pipe was 
also used to convey water to the face of the drift, 
allaying heat and dust after blasting. Mr. E. M. Wes- 
ton, Mgr. Rand Collieries, Ltd., Brakpan, Transvaal, in 
the Engineering and Mining Journal” calls attention to 
the fact that In comparing this record with American 
results we should take into account the crookedness and 
small size of the drive, the lack of mechanical haulage 
and the hardness of rock in this feature of Rand exploi- 
tation. 


PERSONALS. 

Mr. John Quincy Barlow, M. Am. Soc. C. E., has re- 
signed as Chief Engineer of the Western Maryland R. R 
to become Engineer of Maintenance of Way of the Pa. 
cific system of the Southern Pacific Co. 


Mr. H. W. Hayes, M. Am. Soc. C. E., Assistant Chief 
Engineer of the Boston & Maine R. R., has been ap- 
pointed by the Attorney-General of Massachusetts, Engi- 
neer of Grade Crossings, with office at No. 8 Beacon 
St., Boston, Mass. . 


Mr. A. C. Arend has resigned his position with the 
Aluminum Co. of America, and opened an office as 
Consulting Engineer, in the Brandeis Bldg., Omaha 
Neb. He will specialize in reinforced concrete aud ja 
dustrial plant work. 


Mr. Paul L. Wolfel, M. Am. Soc. C. E., formerly Chief 
Engineer and later Consulting Engineer of the Ameri- 
can Bridge Co., has been appointed Chief Engineer of 
the McClintic-Marshall Construction Co., with head- 
quarters at Pittsburg, Pa. 


Mr. C. J. H. Woodbury, M. Am. Soc. C. E., received 
the degree of Doctor of Science from Dartmouth College 
at its commencement, June 24. This is the second time 
that Mr. Woodbury has received the same degree, it hav- 
ing been conferred on him by Union College, New York 
in 1906. ' 


Mr. S. A. Jordan has been appointed Engineer Mainte- 
nance of Way of the main line system of the Baltimore 
& Ohio R. R., vice Mr. H. E. Hale, resigned. Mr. R. 
N. Begien has been promoted from Assistant Engineer at 
Raltimore on the same line to Division Engineer at Phila- 
delrhia in place of Mr. Jordan. 


Mr. Stephen G. Hobert, M. Am. Soc. M. E., has been 
aprointed member of the Advisory Board of Consulting 
Engineers of the Chicago Smoke Abatement Commission 
and the City Department of Smoke Inspection, Chicago, 
III. This appointment fills the vacancy due to the 
recent resignation of Mr. A. Bement. 


Obituary. 

Krank Gilbert, assistant engineer of the work at the 
Elephent Butte dam site In New Mexico, was killed in 
a dynamite explosion there, June 13. It is believed that 
he entered the powder magazine with a lighted cigar. No 
trace of his body was recovered. 


R. M. Ridgeway, a pioneer railway builder, died at his 
home near Bismark Grove, Kan., June 28. As foreman 
of Company C, 2d Division, Construction Corps, U. S. 
Military Railways, he helped to build the railways for 
General Sherman during the famous march to the sea. 


Henry Lomb, one of the founders of the Bausch & 
Lomb Optical Co., died at his home at Pittsford, near 
Rochester, N. Y., June 13, at the age of 79 years. Mr. 
Lomb’s activity in the firm began in 1855 and with the 
exceytion of two years during the Civil war, at which 
time he attained the rank of captain, he was continu- 
ously ergaged with the business. 

—_—_———_—_@—_______. 


ENGINEERING SOCIETIES. 
COMING MEETINGS. 
AMRNI INSTITUTE OF ELECTRICAL ENGI- 
“L ts, i 


June 29-July 2. 
N. Secy., 
N. Y. 


AMERICAN SOCIETY OF HEATING AND - 
ING ENGINEERS. eel ae 
July 24-25. Summer meeting at Niagara Falls, N. Y. 
Secy., W. M. Mackay, P. O. Box 1818, New York City. 


Annual convention at Atlantic City, 
Ralph W. Pope, 33 West 39th St., 


CLEVELAND ENGINEERING SOCIETY.—This is the 
new name assumed by the association formerly known as 
“The Civil Engineers’ Club of Cleveland.” 


AMERICAN STREET AND INTERURBAN RY. ASSO- 
CIATION.—The preliminary announcement of the secre- 
tary gives Atlantic City as the place for the associa- 
tion’s 1908 convention, Oct. 12-18, and is directed to all 
members of the Am. Street and Interurban Ry. Assn., 
Am. Street and Interurban Ry. Accountants’ Assn., Am. 
Street and Interurban Ry. Engineering Assn., Am: 
Street and Interurban Claim Agents’ Assn., Am. Street 
and Interurban Ry. Transportation and Traffic Assn., and 
the Am. Street and Interurban Ry. Manufacturers’ Assn. 


TRAVELING ENGINEERS’ ASSOCIATION.—The six- 
teenth annual meeting will be held at Detroit, Mich., 
Aug. 25-28. 


AMERICAN MOSQUITO EXTERMINATION SOCIETY. 
—After 4½ years of successful activity, this society, be- 
lieving that it has reached the limit of its labors, has 
decided to disband. Its object, educating the public to 
a reatization of the necessity and efficiency of simple 
disease preventive measures in exterminating the mos- 
quito pest, has been attained to such a degree that the 
efforts of the association are now ably supplanted by a 
number of other associations as well as by the awakened 
municipal authority of many districts. It is expected 
that the individual membership of the Mosquito Ex- 
termination Society will become merged in the American 
Health League, an organization of wide scope, purposing 
to work along various lines to guard and improve the 
public health. 
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THE LOCK GATES AT THE CHARLES RIVER DAM, One of the first problems taken up was the the top of the down-stream gate had to be high 


BOSTON AND CAMBRIDGE, MASS. 
By EDWARD C. SHERMAN,* Assoc. M. Am. Soc. C. E. 


A general description of the new dam which is 
now being built across the Charles River, between 
Boston and Cambridge, Mass., was published in 
the Engineering News of Oct. 6, 1904. This was 
followed in the Engineering News of Jan. 12, 
146, by another article, in which are described 
the foundations of the lock and sluices and the 
shut-off dam to stop the tidal flow. Both articles 
were written by Mr. J. Albert Holmes. 

As stated in the latter paper, it is intended, 
when the dam is completed, to keep the water 
in the basin at an elevation about 2% ft. lower 
than mean high tide or 
about 7% ft. above mean 
low tide. This will re- 
sult in the gates of the 
lock in the dam being 
subjected to pressures 
alternating in direction 
with the fluctuations of 
the tide-water on the 
harbor side. 

It is necessary that 
there shall be no ob- 
struction to the naviga- 
tion of the river, and ac- 
cordingly the lock must 
be completed and in op- 
eration before the shut- 
off dam is built. The 
lock and its gates being 
nearly completed, a de- 
scription of the gates 
may be of interest, espe- 
cially as one of the gates 
was first operated on 
April 23, 1908, and the 
other on May 11. 1908, 
both with entire success. 

The legislative act un- 
der the authority of 
which the Charles River 
Dam is being built re- 
quires the Charles River 
Basin Commission to con- 
struct a dam sufficiently high to hold back all 
tides and to maintain in the basin above it a 
practically permanent water level, this dam to be 
not less than 100 ft. wide. The act provides that 
apart of the top of the dam shall be a high- 
way and authority is given the Commission to 
make a park of the remainder. The act also 
provides that the dam shall be furnished with a 
lock not less than 350 ft. in length between the 
gates, 40 ft. in width and 13 ft. in depth below 
Boston base, this base being about % ft. below 
mean low tide. 

It was finally decided to make the lock 45 ft. 
in width and 17 ft. in depth below mean low 
de. A general plan of the dam is shown by 
Fig. 1. (See next page.) 


"Division Engineer, Charles River Basin Commission, 
N Boylston St., Boston. 


LOWER LOCK GATE OF THE CHARLES RIVER DAM, 


study of lock-gates. After a careful investigation 
had been made of all the types which have been 
used, it was decided to build a steel caisson gate, 
moving on its own longitudinal axis into a re- 
cess in the lock wall. This type of gate requires 
less room for operation than the ordinary miter- 
ing gates, of which double pairs would have been 
necessary to take the pressures in both directions. 

After the general type of gate was decided 
upon, the methods of supporting and moving it 
were considered. Three practicable methods of 
supporting gates of this general type have been 
satisfactorily employed. The caisson may be 
supported like a railway car upon trucks at- 
tached to its under side; it may rest upon rollers 


set at close intervals in the masonry under it; or 
it may be hung upon trucks attached to its upper 
part and running upon an overhead track sup- 
ported upon a retractile drawbridge, which, after 
the gate is opened, may also be pulled back to 
allow the passage of masted vessels through the 
lock. The first method, that of supporting the 
gate upon trucks underneath it, seemed to offer 
many advantages over the others, and was 
adopted. 

The two gates are not alike, the down-stream 
one being considerably the larger. It was neces- 
sary to place the sills of this gate low enough to 
give a depth of 17 ft. at mean low tide, while the 
sills of the up-stream gate were fixed in eleva- 
tion by the level of the water in the basin, 
which, as previously stated, is to be maintained 
at about 7% ft. above mean low tide. Then, too, 


BOSTON-CAMBRIDGE, MASS. 


enough to keep out the highest tide which may 
ever be expected, while the top of the upstream 
gate could be placed about 2 ft. lower, as no 
vessels will be locked through at the time of an 
excessively high tide. 

Each gate is a steel structure, composed of two 
main ‘horizontal girders, several main vertical 
girders between them, and a frame of smaller 
girders and beams, all covered over with the 
skin plates. The upper part is a double-skin gate 
and the lower part is a single-skin gate, except 
that at both ends plates are carried down on 
both sides to form passageways to and chambers 
about the trucks. The elevations of the lower 
gate are shown by Fig. 2, the details of the trucks 


: by Fig. 3 and a view cf 
—— —-— the rails and rail chairs 


by Fig. 4. 

Manholes are provided 
in the girder webs (Fig. 
2), and there are iron 
ladders in the passage- 
ways, so that it is pos- 
sible to go from the deck 
to the truck very easily. 
The intermediate com- 
partments form air- 
locks. The truck cham- 
bers, open underneath 
and closed above, act on 
the diving-bell principle, 
so that by pumping in 
air at the necessary pres- 
sure, the water may be 
forced out and the trucks 


examined at any time. 
The depth of the water 
below the compressed- 


air surface at the bottom 
of the truck chambers 
will be only about 15 ins., 
so that the track, too, 
can be examined. This 
permits the recess across 
the bottom of the lock to 
be cleaned of any sedi- 
ment which may accum- 
ulate in it without going 
through the expensive operation of putting in the 
stop-planks at the ends of the lock and pumping 
it all out. A man may stand between the axles 
of the truck, some 25 ft. below the level of the 
water outside, and may walk along as fast as the 
gate moves. 

Under the ordinary conditions of loading on the 
gate, due to the pressure of the water, the ver- 
tical end girders and the horizontal bottom gir- 
der are supported throughout their length 
against the sills, while the other girders and 
beams are supported at both ends. If it is as- 
sumed that one of the gates is for some reason 
out of commission and withdrawn into its recess 
for repairs, it is still possible to open the other 
at times when the elevation of the tide is the 
same as that of the basin and to allow a vessel to 
pass through the lock. It may happen that, by 
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FIG. 1. 


the time the vessel is through and the gate 
started back to its place across the lock, the tide 
may have fallen appreciably, and that by the 
time the gate is nearly closed it may have fallen 
enough to cause such pressures on the gate that 
it cannot be moved further, either to finally close 
it or indeed to move it in either direction, until 
the tide rises again to the point where the pres- 
sures on both sides of the gate are nearly equal. 
This same condition may intentionally be ob- 
tained if at a time of some excessive upland fiood 
the sluice area through the dam be found insuf- 
ficient and the lock-gates left partly open while 
the tide falls so as to provide additional oppor- 
tunity for the water in the basin to get out. 
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GENERAL PLAN OF CHARLES RIVER DAM, BOSTON-CAMBRIDGE, MASS. 
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Under such conditions the top girder of the 
gate becomes a cantilever, supported upon suit- 
abie adjustable bearings arranged in the recess 
walls, and having for loads upon it the top re- 
actions of the vertical girders. The horizontal 
bottom girder is, as before, supported on the sill 
and all the vertical girders are supported at their 
ends. 

The possibility of having the gate hung up in 
this way explains the overhanging end of the 
top girder, while the fact that such loadings may 
occur with the gate in any position and that the 
reactions may consequently be applied at any 


points of the top girder gives the reason for the 


peculiar flange section which was adopted. As 
it was not practi- 


eners at every point 
of application of a 
reaction which may 
act at any point of 
the girder, and as 
the reactions will 
be very large, a 
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cable to place stiff- . 


flange section was devised to satisfy the follow- 
ing requirements: 

(1) The number of flange rivets through the 
girder web between stiffeners must be great 
enough to load the web to its full capacity. 

(2) The flange must be strong enough as a 
beam to carry the remaining load, not taken 
directly by the web between stiffeners, to the 
stiffeners. 

(3) The webs of the flange channels must be 
so thick that, under the maximum possible re- 
action, they will not buckle or crush outside the 
outer line of rivets. 

The maximum load on the top girder of the 
lower gate, when supported at one end only, was 


found with the basin at Elev. 109.5* and the har- 
bor at Elev. 98.8, and for this loading the front 


reaction was found to be 562,000 lbs. and the 
rear reaction 320,000 lbs., the gate being not 
quite closed. 

Each flange consists of two 15 x 7/16-in. plates, 


two 15-in. 50-Ib. channels, one %-in. plate to sup- 


port the deck over the top of the gate, and one 
~ *Referred to a datum 100 ft. below Boston City Base. 
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14 x in. plate. (Fig. 5.) The channels and the 
7 16-in. plates were riveted together by counter- 
sunk rivets and planed on the outside or bearing 
faces before being assembled on the girder, so as 
to insure the proper distribution of the reactions. 
The reactions decrease rapidly as the gate moves 


A 15'8, 33 ibs., 2x% Latt Bars 
End Brace for Gate Truck. 


Axle Box 
Details. 


FIG. 3. 


back into the recess, and the 7/16-in. plates were 
omitted as soon as the channels alone sufficed. 
There are a number of wharves in the basin 
not far from the dam and a considerable amount 
of shipping will use the lock. It is required that 
a clear waterway be maintained from the 
wharves to the lock and that the lock be kept in 
operation at all times of the year. As the water 
in the basin will be fresh and frequently frozen 
in winter it will be necessary to use an ice-break- 
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Fg. 4. Gate Recess, Showing Rails and Rail 
Chairs, Lock-Gates of Charles River Dam, 


DETAILS OF LOCK-GATE 


ing tug to keep the channel open, and the broken 
ice will be floated down through the ice-run, 
which has been provided in the upper lock-gate, 
through the lock to the harbor. 

The gates themselves will be heated internally 
by steam radiators, placed near the skin plates, 


Manganese 
Bronze Bushing 


Pin Bearing Detaiis ‘ 


TRUCKS, CHARLES RIVER DAM. 


which will give out heat enough to prevent ice 
from forming within a foot of the gates. The 
gate recesses will be kept sufficiently warm by 


The lock is filled and emptied by means of 
sluice-gates mounted upon the lock-gates. Each 
filling gate is operated by a 3-HP. motor on a 
220-volt direct current which is controlled from 
the operating room. A suitable mechanism for 
hand operation is also provided. The several 
motors on each gate are controlled by a master- 
controlling device so arranged that any accident 
to an individual motor or its local circuit, or an 
obstruction to opening or closing any one of the 
gates, does not interfere with the operation of the 
others. Indicating devices upon the controller 
panels keep the operator informed of the position 
of the filling gates. 

Studies were made of the velocities of the water 
in the lock due to opening the filling gates at 
various rates when there is a large vessel in the 
lock. These showed that it would be safe to ar- 
range them to open wide in about three minutes. 

In addition to the steam piping in the lock- 
gates, a complete system of air piping has been 
installed, so arranged that air may be forced into 
any desired compartment. Air under pressure is 
required to force out the water when it is neces- 
sary to go down to the trucks and it will be 
used also for drying out the interior of the gate 
for painting. 

An air-compressor plant has been installed, 
which consists of two Westinghouse motor-driven 
compressors, arranged for continuous operation. 
This plant can supply about 92 cu. ft. of free air 
per min., pumping against a pressure of 100 Ibs. 
per sq. in. The automatic governor is set so that 
the motors start when the pressure in the reser- 
voirs falls to 90 Ibs. and stop again when it rises 
to 100 lbs. 


the buildings over them, and the small recesses 3 
in the westerly lock wall are provided with heat- X 
ing devices. All these 8 
precautions should make 3 
it possible to keep the A A — R 8 
lock in oOperation con- ' ie 32 x3x 8 
tinuously, in spite of the T 8 
severe winters. : LI PEE P = 

The heating coils in ty 
the lower gate have a . 
radiating surface of : |: 85 
1.000 sd. ft. and those o er oe 
in the upper gate have i N h 
a radiating surface of : : | * 3 * Bras: Cocks 
650 sq. ft. . x’ ' f = o . 

A boiler plant has been © | & 2 ELS (oe 
installed, consisting of % : ; U 0 Gate Valve 
two horizontal return tu- S X S M. X n 
bular boilers, each 16 ft. © e Brass Union 
long and 48 ins. in di- f ; 
ameter, designed to work i ' -Sight Feed Cup 
at a pressure of 125 lbs. ro 
per sd. in., using an- : 
thracite coal for fuel and {| y . 
having an induced draft. . 

This plant will provide: “hae: 7 
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In connection with the Planed on this Face 
design for heating the 45° Brass L 
lock-gates, it was con- Fig. 5. Section of Top Fig. 6. Sight Feed for Lubricating 
sidered desirable to get Girder of Lock-Gate, System for Trucks, Lock - Gates, 


more positive data than 
existed in any available 
technical literature, from which to draw conclu- 
sions as to the size of plant required and the best 
method of manipulation. The problem appeared 
to be a novel one, and as very little satisfactory 
information could be obtained in reference to it, 
experiments were made to determine, if possible, 
some of the doubtful factors. These experiments 
were described by Mr. Walton H. Sears in En- 
gineering News of March 15, 1906. 


Charles River Dam. 


Charles River Dam. 


The axles of the trucks (Fig. 3) which support 
the gate are of forged Parsons’ manganese bronze. 
This metal was used, since, while possessing all 
the physical properties of medium steel, it does 
not deteriorate in salt water. The strength of the 
axles, therefore, will not decrease as would the 
strength of steel axles, and there will be no pos- 
sibility of rust preventing them from turning 
easily in the boxes. 
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The boxes are lined with Parsons’ white brass. 
The gates will move rather slowly, about a 
minute being required for opening or closing, and 
it is possible that the water in which they run 
would be sufficient lubricant. It was not consid- 
ered safe to depend upon it, however, and experi- 
ments were made upon greases and oils under 
such low temperatures as obtain under water in 
Boston in winter. Greases cannot be used, as 
they become too hard to be forced from the cups, 
even when great pressure is applied. Oils can be 
used, but it is necessary to select those which do 
not readily wash out of the bearings. 

The oiling system consists of oil reservoirs in 
the upper compartments of the gates, sight-feed 
cups just below the reservoirs, and small brass 
pipes leading down to the truck bearings. The 
sight-feed cups, which are filled with water 
through which the oil rises, are shown in Fig. 6. 
The oil reservoirs are connected with the com- 
pressed-air system by suitable reducing valves, 
so that there will always be enough pressure upon 
the oil to force it down to the bearings against 
the head of water. 

Each lock-gate is operated by two endless 
chains driven by two 50-HP. electric motors. 
with suitable gearing at the rear end of the gate 
recess, and running over idle sprockets at the 
front end of the recess. These chains are at- 
tached to an equalizing beam which is connected 
to the gate by a steel pin, so that it may be 
opened or shut according to the direction in which 
the motors are turned. 

The chains are very heavy, and to prevent sag- 
ging are supported upon steel tracks. Figs. 7 and 
8 show the arrangement of the operating ma- 
chinery. the chain supports and the details of the 
chain. 

The links of the chains are of cold-folled 40-car- 
bon steel, having an ultimate strength of about 
100,000 Ibs. per sq. in. 

The controllers for the lock-gates, the lock- 
filling gates and the drawbridge which spans the 
lock are all installed at present in a two-story 
wooden operating tower, located at the side of 
the lock just below the lower gate. These con- 
trollers will eventually be placed in the tower of 
the house which is to be built over the lower 
gate recess, and in a room about 40 ft. above the 
highest water level, so that the operator may 
have an unobstructed view of the gates and the 
drawbridge. and of the river both above and 
below the dam. 

The devices for controliing the lock-gates are 
as nearly “fool proof” as they can be. The use 
of master controllers insures the current not be- 
ing turned on too suddenly and a limit switch 
will prevent the possibility of a stupid operator 
wrecking a gate by ramming it into the oppo- 
site lock wall. When it arrives within about 2 
ft. of the closed position this limit switch cuts 
out the current automatically, after which turn- 
ing the controller one more notch will give just 
power enough to roll the gate gently to its seat. 
The master controllers for the two gates are in- 
terlocked so that it will never be possible for any- 
one to open both gates at the same time, causing 
trouble to the vessels waiting to be locked. 

The air compartments in the lock-gates are so 
large that the gates would float up off the tracks 
at high tide if ballast were not put in to over- 
come the buoyancy. It was intended to use pig- 
iron laid in cement for this ballast, but it was 
found possible to obtain some of the old ballast 
from the U. S. S. Saratoga, which was broken up 
some time ago. This government kentlage, as it 
is called, is in bars about 6 ins. sq. and from 18 
ins. to 3 ft. long, and has holes in the ends for 
convenience in handling. 

Even with the ballast, the gates would still 
float at high tide if a certain amount of water 
were not allowed to enter them. This buoyancy 
will be taken advantage of when it becomes 
necessary to replace a gate. The present gates 
were erected in their recesses, but as these will 
be covered by houses, it will be impossible to as- 
semble new ones in the same way. When it is 
desirable to remove one of the gates, the water 
ballast will be forced out, small timber caissons 
will be attached to the sides, and it will be floated 
in its normal position in the water out of the re- 


cess and towed away. In the same way, the new 
gate, which may be built, launched and towed to 
a point near the lock before the old one is re- 
moved, may then be floated into place, sunk upon 
the tracks and connected to the machinery ready 
for operation. 

The structural work on the lock-gates was done 


by the New Jersey-West Virginia Bridge Co.: 


the sluice-gates for filling the lock were made 
by the Coffin Valve Co.; the controllers were fur- 
nished by the Cutler-Hammer Manufacturing 
Co.: and the operating machinery was made by 
the Link-Belt Co. 

The Charles River Basin Commission consists 
of Mr. Henry D. Yerxa, Chairman; Mr. Joshua 
B. Holden, and Gen. Edgar R. Champlin. Mr. 
Hiram A. Miller, M. Am. Soc. C. E., is Chief En- 


gineer. 
.. . —.—..—— 


ANNUAL MEETING OF THE AMERICAN SOCIETY FOR 
TESTING MATERIALS. 
[Concluded from Eng. News, July 2, p. 25.] 

Besides the papers on Iron and Steel and on 
Cement the other big subdivisions of subjects 
were Paints and Preservative Coatings and Test- 
ing Machinery. These papers and reports follow. 
PAINTS AND PRESERVATIVE COATINGS. 

REPORT OF THE COMMITTEE ON PRE- 
SERVATIVE COATINGS FOR IRON AND 
STEEL.—A continuation of the service tests on 
the Pennsylvania R. R. bridge over the Sus- 
quehanna River at Havre de Grace was re- 
ported. Here 19 panels had been painted with 
Various kinds of preservative coatings. In gen- 
eral the report showed no marked differences 
in the majority of cases. The only example of 
an asphaltum base thinned with a petroleum 
volatile solvent was shown as having failed to 
a marked extent after 18 months’ exposure. A 
carbon paint containing rosin, in the oil, de- 
veloped fissure cracks all over the surface. Tne 
difference in the expansion of a red lead under 
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coat and a carbon final was shown by cob- 
web cracks in the upper coat through which 
Showed the red lead underneath. Pure red- 
lead pigments in straight raw linseed oil showed 
evidences of “alligatoring.” <A high gloss and 
tenacious film after exposure were shown with 
one panel where the pigment was iron oxide, red 
lead and a carbon black and the vehicle was a 
gum varnish thinned with turpentine. There 
were reparted slight evidences of rusting on 
all sections of the bridge, due to mechanical 
injury to the coatings. 

Tnis committee discussed the need of accel- 
erated preliminary tests to give indications of 
the value of coatings. It was stated that this 
should be approached by investigating the 
causes of destruction, the function of both pig- 
ment and vehicle and changes during setting. 


Negotiations were reported from the Bureau 
of Promotion and Development of the Paint 
Manufacturers’ Association of the United States, 
as a result of waich the reporting committee 
undertook the supervision ‘of the application 
and service inspections of several coatings sup- 
plied. The committee held that it was not re- 
sponsible for the results, as the paints had been 
prepared on the paint makers’ formulas and 
ground in special oils or japans by them, nor 
was it able to draw conclusions from the results 
of exposure. 

In accordance with these arrangements a fence 
nad been erected near Atlantic City on which 
the carefully selected and painted wooden panels 
had been fastened. Similar tests are being 
made at Fargo, North Dakota, and at Pitts- 
burg, Pa. 

SOLUBILITY TESTS OF PROTECTIVE 
COATINGS.— Mr. G. W. Thompson, in this 
paper, described what might be called accel- 
erated laboratory tests on paints. Essentially 


the method consisted of dipping strips of anti- 
septic gauze, 18 to 24 ins. long, in the paint to 
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be examined and removing, by rolling, the excess 
over what the suspended strips could easily 
carry. Taese were put on clock glasses and 
weighed at intervals as the setting proceeded. 
After setting had completed they were treated 
with distilled water and again weighed from 
time to time. The solvency of the coating was 
taken as an index of its weathering qualities. 

THE ANALYSIS OF VARNISHES.—This 
paper, by Mr. P. C. Mellhiney, was of greatest 
interest to chemists and outlined the develop- 
ment of laboratory processes by wnich the 
amount of dryer, fine gum, rosin and the dif- 
irent oils might be ascertained. Heretofore 
the varnish makers have considered it impos- 
sible to find the amounts of the fine gums, 
resins and oils that had been digested into 
varnish at a comparatively high temperature. 
As the proportions of tne better gums and oils 
determines the serviceability of the varnish such 
an analysis may be taken as an indication of 
what might be expected in actual use. 

The discussion of all the papers on paints took 
the form of more or less personal encounters 
between the interests in favor of ‘‘pure-paint”’ 
legislation and those opposed to it. These dis- 
cussions were not technical, or at best only 
slightly of engineering interest. 


TESTING APPARATUS AND METHODS. 


THE USE OF THE EXTENSOMETER IN 
COMMERCIAL WORK.—The title of this paper, 
by Mr. T. D. Lynch, is somewhat misleading. 
The main object of the paper seemed to be the 
presentation of several groups of stress-strain 
figures from the records of work carried on by 
the Westingnouse Electric and Manufacturing 
Co, at East Pittsburg, Pa. The tests were 
made in a 100,000-lb. testing machine with an 
Ewing extensometer reading to 0.00008-in., in 
125 ins. 

FEATURES OF RECENT 600,000-LB. UNI- 
VERSAL TESTING MACHINE.—Mr. T. Y. 
sen (Philadelphia, Pa.) in this paper set forth 
many details of construction of three of these 
larze machines. One is now at the Structural 
Materials Laboratory of the United States Geo- 
logical Survey, St. Louis, Mo.; tne second is 
ut the University of Pennsylvania; the third is 
nearing completion for the Rensselaer Poly- 
technic Institute, Troy, N. Y. In general these 
machines have four pulling screws which do 
not revolve but are drawn down by rotating 
nuts in the base. There are special guide col- 
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umns, for the traveling crosshead, to better 
resist side stresses. A device for receiving the 
effect of the recoil, after rupture of specimens 


under heavy loading, to protect the lever sys- 
tem was also mentioned. 
NEW FORMS OF TESTING MACHINES, 


PENDULUM TYPE.—The author of the pre- 
vious paper also presented descriptions of two 
forms of tension machines; one for textile and 
the other for wire work. In the first of these 
a simple straining mecnanism has been provided 
with a gripping carriage moved by a screw and 
hand wheel. The weighing mechanism is es- 
sentially a counterweighted pendulum swinging 
in ball bearings. When a load of about 12 lbs. 
is secured the pendelum engages with the 
counterweignt which therefore becomes a part 
of the pendulum. Now a load up to 200 Ibs. 
can be secured and weighed by moving the grip- 
ping carriage. The weight is indicated on a 
circular graduated are by a slide bar. 

The second machine described reads to 1,200 
lbs., maximum loading, and seems to differ 
from the one first described in having merely 


a heavy unbalanced pendulum which is drawn 
from the vertical. 

AN AUTOGRAPHIC RECORDER FOR 
RAPID TENSION TESTANG,—In this paper, 


Mr. H. F. Moore objected to the common forms 
of autographic attachments largely on account 
of their slowness and uneven action. <A form 
of autographic attachment was described which 
had been used with claimed success in the 
laboratories of the University of Illinois. A 
steam-engine indicator was used to record stress 
and elongation, the spring of the indicator being 
attached to the beam and the drum to the pulling 
head. A rod was placed with one end in a cen- 
ter on the rear end of the beam and with the 
other end bearing against the center of the in- 
dicator piston. The poise on the machine was 
to be run out until the indicator spring was 
compressed enouga to force the pencil leg of the 
parallel motion to the top of the card. The 
poise was then to be locked in place. As load came 
on the specimen instead of moving the poise to 
preserve equilibrium the beam was allowed to 
move. Such a movement decreased the load on 
the spring which elongated until equilibrium 
was established. The elongation of the spring 
and the consequent travel of the pencil point 
were taken as proportional to the load applied. 
The amount of rotation of the indicator drum 
gave the elongation, neglecting the slip of the 
specimen in the grips. The author admitted, 


however, that this slip would show very inac- 
curately the small elongations witain the yield 
point of a specimen. 


Beyond this he claimed 
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that the stretch of the specimen would be so 
great'y increased that no serious error would 
be introduced. As an indication of the possible 
accuracy of the method the following tests were 
quoted. All samples were from a single piece 
of soft steel rod. 


Autographic. Drop of Beam. 
— a 38 
Test 1 Test 2. Test 3. Test 4. 
Load at yield 

point: JOa; . sc. 0 7,970 8,260 8,030 
Unit stress at yield 

point, Ibs. per sq. 

Ms „„ enue 38,900 40,300 39,300 
Ultimate load....12,400 12,400 12,670 12,690 
Unit stress at ul- 

timate load ....60,500 60,500 61,700 61,900 


FOREST SERVICE TESTS OF TIMBER.— 
Under the general topic of “Tests to Determine 
the Influence of Metnods and Rates of Loading 
on the Strength and Stiffness of Timber” were 
two papers. The first, by Mr. McGarvey Cline, 
was on the Purpose and Scope of the Investi- 
gations.” In this the statement was made that 
the Forest Service tests were being made on 
three lines: (1) to determine the relation between 
strength and rates of loading in the ordinary 
universal testing machine; (2) to determine tne 
strength of timber under a continued dead load; 
(3) to determine resistance to impact. 

The first of these groups of tests was carried 
out by Mr. H. D. Tiemann at the Yale Forest 
School, and the methods and results were pre- 
sented later in his paper. 

The apparatus for the second group of tests 
was put in place at the Yale Forest School. 
Essentially, it may be said, that tne load was 
applied through weighted levers, the deflections 
being recorded on an automatic clockwork- 
driven drum. It was necessary to magnify the 
deflections in recording them. These experi- 
ments are under way and no results and con- 
clusions are as yet available. 

The impact tests made up to recently have 
been on a machine described in Vol. VI., Pro- 
ceedings of this Society. It was found, how- 
ever, that it was not adapted to investigating 
action under repetitive impact loading and 
data secured witn it were with difficulty com- 
pared with tests for dead and gradually ap- 
plied loads. ; 

A new impact machine has now been designed 
for the Forest Service Laboratory at the Uni- 
versity of Washington in Seattle. This is to 
be a heavy machine set on a massive concrete 
foundation. The distance between guide col- 
umns is 19 ins. and from base to top of columns 
is 8 ft. A nammer is to be raised through a 
magnetic clutch which is fitted with a current- 
reversing switch to insure a quick release of 
the hammer at any desired point. This ham- 
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mer weight may be varied from 500 to 1,500 Ibs. 
The action is to be entirely automatic for re- 
peating a certain blow or automatically in- 
creasing the force. A recording drum registers 
All deflections, rebounds, etc. 

In the second paper on this general subject, 
Mr. Tiemann first briefly reviewed tne grounds 
for believing that the speed of loading had an 
appreciable effect on the data resulting from 
the test. In the theoretical considerations “rate 
of strain” was taken as a basis for deductions 
rather than “rate of stress,” as the former could 
be controlled by the testing machine while the 
latter was quite circumstantial. To obtain com- 
parable deductions, proportional cnange in speed 
and proportional change in strength were used 
rather than actual or absolute values. A 
“Speed-Strength Modulus,” T, was deduced as; 


aL 

I a4 dos U 

t= d (log V) 
yv 


where strength is denoted by L and speed by V. 

If the proportional change in speed be mul- 
tiplied by this modulus, it will give the pro- 
portional change in strength at any given speed. 

Tests were made on beams 2 x 2 ins. in section 
with a 36-in. span, center loading and on com- 
pression members of the same section 5% ins. 
long, loaded parallel to the grain. A range of 
speeds of 1 to 150 for compression and 1 to 500 
for beams was obtained. The material was long- 
leaf pine, red spruce and chestnut; green and 
kiln dried. 

The results showed a notable change in strength 
increasing with increased speed of loading. The 
green specimens invariably showed a greater 
change in strength than the dry and a remark- 
able correspondence was manifest between the 
ratios, moisture-strength and speed-strength. 
From the tests quoted it would seem that ordi- 
narily 50% change in speed of applying a test- 
ing load would produce a 2% variation in the 
actual load and that a variation up to this 
amount may pass uncorrected. On account of 
brittleness of the material the rate of increase 
of fiber stress was recommended to be kept be- 
low 0.0025-in. per min. in beams and of 0.015 
for columns. 


OTHER TECHNICAL PAPERS. 


Mr. W. A. Aiken (New York), in a paper en- 
titled “Testing Not Inspection,” emphasized the 
inherent nature of a true inspection and showed 
wherein it differed from mere testing. Inspec- 
tion is required by engineers in order tnat the 
quality of the material which goes into the 
structure may be in equally as high a standard 
as the design and construction. These three go 
together to make the perfect engineering whole. 
However, it is often assumed that the occasional 
pnysical test of a portion of the material is an 
inspection of the entire material when in reality 
it is merely in the form of insurance against 
possible failure. If a portion of the material 
answers the tests it is probable, but not certain, 
that the rest will. Therefore, in inspection, test- 
ing is only a small part, but in order that it 
serve its purpose it should be taken on pieces 
which are representative of the material, of all 
the material and which are a fair proportion of 
all of the material. 

Mr. R. S. Greenman (Albany, N. Y.) presented 
a paper on “The Acceptance of Stone for Use on 
Roads Based on Standard Tests,” in which he 
explained that in building the $50,000,000 worth 
of roads decided upon for New York State, the 
State Engineer’s office have opened a laboratory 
similar to the one in the office of Public Roads 
at Washington, and tnat the tests standardized 
at the latter laboratory are being successfully 
applied, except that contractors and engineers 
are loath to accept the cementing value of stone 
as given in laboratory tests. Mr. A. S. Cush- 
man (Washington, D. C.) said that these ce- 
menting value tests promise to be of great im- 
portance, though at present the laboratory has 
not been able to discover any fixed law in the 


cementing power of rock. It is hoped, however, 
that in the near future some uniformity in ce- 
menting power will be discovered and the knowl- 
edge applied to the selection: of work for roads. 


STRUCTURAL TIMBERS OF THE PACIFIC 
COAST.—Mr. R. Thelen (U. S. Forest Service) 
said, in a paper with the above title, that the 
rapid disappearance of eastern timbers of known 
properties had caused an investigation of the 
western structural timbers, principal among 


which ts the Douglas fir, now having a stump-% 


age of 350 million feet. The next largest stump- 
age for any wood below this is Southern yellow 
pine at about a billion feet less. In tests on 
Douglas fir the Forest Service have found that 
in flexure the elastic limit for this wood will 
run about 4,370 lbs. per sq. in. for selects, 4,000 
for merchantable and 3,500 for seconds. These 
tests are large green specimens, because season- 
ing causes loss of moisture and checking, thereby 
reducing strength. In tnese tests it was also 
found that in knotty pieces tested with the knots 
in tension and in compression, the comparison 
with several pieces was as follows: 


Defects in tension side ......c cc ccc ccc accweees 80% 
Defects in compression Sideeeee e 92.5% 
No. desde... TNE Oe ee eas 100% 


It was also found that there was no appreciable 
difference in the structural quality of the red 
and yellow varieties of Douglas fir. 


Three other governmental reports were pre- 
sented. The first, by Mr. H. M. Wilson (Chief 
Engineer, Technologic Branch, U. S. Geological 
Survey) recounted, what has been described be- 
fore in this journal, the various work now being 
carried on in a testing line by his bureau. Mr. 
J. E. Woodwell (U. S. Treasury Dept.) renewed 
his account of last year, describing the methods 
and extent of the testing of coal for purchase 
by the U. S. Government. He said that the 
practice is growing to all the various brancnes 
of governmental service and that besides get- 
ting better coal for the government dealers 
themselves are rapidly being convinced of the 
fairness and desirability of the process. Mr. R. 
L. Humphrey (U. S. Geological Survey) de- 
livered his annual address on the progress of the 
work at the Structural Materials Testing Labo- 
ratories at St. Louis. 


STEEL COLUMN TESTS AT WATERTOWN 
ARSENAL.—In view of the general desire for 
a more complete knowledge of the behavior of 
steel columns under load, wnich has been one 
of the results of the Quebec Bridge disaster, the 
government has authorized an increased appro- 
priation to be devoted to steel column tests at 
Watertown Arsenal. The program of tnese tests 
was decided on by a board of engineers and 
was reported at this meeting. Briefly the plan 
of procedure was as follows: 


(1) Begin with a series of ‘‘standard tests,“ on 
members of rolled and built sections, designed and 
manufactured according to the best methods of current 
practice, to be tested for central loading. 

(2) Develop the program for a series of ‘‘special tests” 
under eccentric loading, and variations in design and 
manufacture only to a sufficient extent to fix the num- 
ber of members to be treated, their length and section. 


Accordingly the projected tests were started 


for 703 members of the following general type. 


and all of a size to permit them to be tested in 
the 700, 000-Ib., 26-ft. machine at Watertown. 


(a) Annular section (welded tubes). 

(b) New wide-flange H-sections. 

(c) I-section of four angles and central web-plate. 
(d) Double-channel section; latticed in two planes. 


In the “special tests” the following points are 
to be observed: 


(a) Eccentricity of loading due to (1) shifting of 
pins, (2) bearings beveled in direction of either principal 
axis of section, and inclined in like or opposte direction 
at both ends, and (3) unsymmetrcal distribution of rivets 
with respect to longitudinal axis of members. 

(b) Columns lightly spliced at center with imperfect 
en-. 1 contact. 

(c) Efficiency of end batten plates and latticing; es- 
pecielly for eccentric loading, introducing variations 
in size, spacing, etc. 

(d) Comparative efficiency of latticing and intermedi- 
ate batten plates. 

(e) Effect of tight and loose riveting. 


(f) Effect of weight of piece in the absence of counter- 
balancing. 


(g) Effect of sub-punching and reaming and of drill- 
ing rivet holes from the solid. 


(h) Effect of ends partially fixed by riveted vconnec- 
tions, and of round ends. 


So far the only tests that have been made 
were on the tubes and the H-columns. These 
were reported by Mr. J. E. Howard, but as they 
are quite similar to like tests made in the past 
and are chiefly valuable as the preliminary re- 
sults from an extensive series, they will not be 
described here. 


BRICKS AND THE ADHESION OF MORTAR. 
Mr. D. E. Douty (Washington, D. C.) presented 
a paper entitled “The Influence of tne Absorp- 
tive Capacity of Bricks upon the Adhesion of 
Mortar,” which represented the work of a pre- 
liminary set of tests which are now being car- 
ried out by the U. S. Bureau of Standards. The 
results show that the adhesion increases as tne 
porosity, but the results are not in very good 
accord, due perhaps to the methods of testing 
which, as arranged, are capable of much im- 
provement. 


THE DESIRABILITY OF STANDARD SPE- 
CIFICATIONS FOR HARD DRAWN COPPER 
WIRE.—Messrs. J. A. Capp and W. H. Bassett 
made a brief plea for uniformity in specifica- 
tions for wire which was to be used for long 
Spans, such as in electric power transmission. 
They cited several examples where the engi- 
neers’ demands were extremely variable. For 
instance, one specification quoted required a ten- 
sile strength of not less than 60,000 lbs. per sq. 
in., with an elongation of 1% in 10 ins., and an 
elastic limit of not less than 35,000 Ibs. per sq. 
in.; these requirements applying to all sizes of 
Wire which the company desired to purchase. 
In a second specification covering similar sizes 
a minimum tensile strength of 62,000 lbs. per 
sq. in., with a minimum elongation of 1.14% in 
60 ins., was demanded. One specification cited 
requires the same tensile strength regardless of 
size and another demands an increase in strength 
uniform with the decrease in diameter. The 
tensile strength of hard drawn copper wire is 
greatly influenced by the actual reduction in 
section during the drawing process. The 
elongation of the wire, under test, however. 
must decrease with the amount of cold drawing 
and the specifications must be a compromise 
between maximum tensile strength and maxi- 
mum elongation. It was stated in respect to 
the requirements for twisting and wrapping that 
the results varied so greatly with the way in 
which the test was made that unless all condi- 
tions were carefully defined and observed the 
results were value'ess. The electrical con- 
ductivity was held to be the most nearly fixed 
of all the characteristics, and even this had a 
wide range in existing specifications. 


The authors expressed the hope that a decimal 
gage could be adopted, as at present there were 
in use three distinct wire gages with some spe- 
cial modifications of these. In the discussion of 
this paper it appeared that some of the larger 
manufacturing concerns were using a decimal 
gage on all interior“ orders, although sucn 
could not obtain for work and material outside 
their plant. 


The convention referred this matter to the 
Executive Committee of the Society, with the 
recommendation that a Committee on Specifica- 
tions for Hard Drawn Copper Wire be ap- 
pointed. 


MANGANESE BRONZE.—The properties of 
this alloy—said to be the ‘only copper alloy 
whose metallurgy has been adequately worked 
out—were described by Mr. C. R. Spare. The. 
trend of this paper is best shown by a few ex-. 
cerpts. 


There are several brands of manganese bronze on the 
market, each with its own characteristics which are deter- , 
mined by chemical composition and process of manufac- 
ture. While upon analysis some of these bronzes do not ‘ 
reveal striking differences in composition, yet the alloys ' 
are susceptible of wide variations in physical properties 
by slight changes in composition, difference in quality of 4 
taw materials and methods of melting and mixing. 
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There is no metal of equal strength and toughness 
which will produce such sound, smooth, intricate cast- 
icgs, true to the form of the pattern. It is practically in- 
corrodible in sea and alkali waters. Test pieces cut from 
cast propellers should show an average ultimate tensile 
strength of 70,000 lbs. per sq. in., elastic limit of about 
35,000 lbs., elongation in 2 ins. 25% and a reduction in 
area of 25%. A soft maganese bronze can be made with 
an ultimate strength of 60,000 Ibs. per sq. in. with 40 or 
rr elongation in 2 ins. An exceedingly hard manganese 
bronze can be made to test over 90,000 Ibs. per sq. in., 
with a 30% elongation. In compression cast manganese 
brunze, properly made, shows an average elastic limit of 
35,100 to 40,000 Ibs. per sq. in., and a maximum crushing 
load of 90,000 to 100,000 lbs. Rolled or forged samples 
test S. 00 to 60,000 Ibs. elastic limit, and show a crush- 
ing strength as high as 130,000 to 150,000 lbs. 

Manganese bronze can be rolled or forged readily at a 
red heat with the production of an exceedingly tough, 
dense and close grained metal. Rolling or forging raises 
the proportional elastic limit to from 45,000 to 75,000 lbs. 
per sq. in., depending upon the finishing temperature and 
the amount of work done on the metal. The ductility 
and toughness are likewise increased without, however, 
a corresponding increase in ultimate strength. Forged 
and rolled rods find a wide application as piston rods, 
shafts, axles and for all purposes where a metal of a 
strength and toughness equal to carbon steel is desired, 
and one which will not rust or corrode in the atmosphere 
or in mine or sea water. 

An especially soft and tough metal is made to resist 
vibratory and sudden stresses and shocks. It is used 
under severe conditions in naval ordnance and for stay- 
bolts in locomotives. This bronze tests with 40 to 50% 
elongation and some 60% reduction of area. 

It is not the purpose of this paper to explain the the- 
ory or outline the history of the deoxidation of copper 
by manganese. It has only been attempted to outline the 
growing application of these alloys and to present a 
general idea of results of physical tests obtained by sey- 
eral Government and private laboratories. 


In the discussion of this paper Mr. Spare gave 
a typical analysis of manganese bronze as, cop- 
per SN. zinc 40% tin 1%, iron and manganese 
in varying proportions for the remainder. 


UNIFORMITY IN MAGNETIC TESTING 
AND IN SPECIFICATIONS OF MAGNETIC 
PROPERTIES.—Mr. C. W. Burrows, of the 
United States Bureau of Standards, in this paper 
dwelled on the wide limits of variation in pres- 
ent methods and specifications and on the need 
for securing uniformity in magnetic treatment 
during the test, for securing uniform conditions 
under waich the induction is to be measured, 
for limits of induction in hysteresis loops and for 
uniform size of specimens. The methods of 
the Bureau of Standards were shown as a sug- 
gestion as to how this desirable end might be 
brought about. 

On account of lack of space we will have to 
note the following papers by title only: “Char- 
acteristic Results of Endurance Tests on 
Wrought Iron, Steel and Alloys,” by Mr. Henry 
Souther; Tests of Staybolts,” by Prof. E. L. 
Hancock; “Effect of Combined Stresses on the 
Elastic Properties of Steel,’ Prof. E. L. Han- 
cock. 

OTHER COMMITTEE REPORTS. 

COMMITTEE B: ON STANDARD SPECI- 
FICATIONS FOR CAST IRON AND FINISHED 
CASTINGS.—Chairman, Mr. Walter Wood.—The 
committee reported the adoption in toto of their 
Standard Specifications on Cast Iron Pipe by 
the American Water-Works Association. They 
also requested the association to act on a reso- 
lution of the American Foundrymen’s Associ- 
ation whicn asked cooperation from the Ameri- 
can Society for Testing Materials in an effort 
to change the standard of selection of foundry 
Pig iron from the present grade number to a 
chemical analysis. The cooperation of the com- 
mittee was ordered by the association. 


COMMITTEE H: ON STANDARD TESTS 
FOR ROAD MATERIALS.—Chairman, Mr. L. 
W. Page.—No new specifications were presented 
this year, but the old standard abrasion and 
toughness tests which nave been recommended 
practice for several years were adopted to be 
Fent to letter-ballot. 

COMMITTEE Q: ON STANDARD SPECIFI- 
CATIONS FOR THE GRADING OF STRUC- 
URAL TIMBER.—Secretary reporting, Prof. W. 
K. Hatt.—The committee reported that the speci- 
fications had been adopted by several other so- 


cleties. Only a progress report for the present 
year was made. 


COMMITTEE R: ON UNIFORM BOILER 
SPECIFICATIONS.—It was reported that the 
test of present specifications limited the per- 
centage of phosphorus to 0.06 and 0.04 for acid 
and basic steel respectively; for fire-box steel 
these figures are 0.04 and 0.03; for extra soft 
steel 0.04 in both classes. The percentages of 
sulphur in these three kinds of plate are limited 
to 0.05, 0.04 and 0.04 respectively. The com- 
mittee recommended that no plate be allowed to 
go into a boiler which had more than 0.04 phos- 
phorous or more than 0.03 sulphur. The 
recommendations were referred to the Commit- 
tee on Standard Specifications for Iron and Steel. 


COMMITTEES: ON WATERPROOFING.— 
The section on waterproofing materials other than 
a bituminous nature report that while many of 
the so-called waterproofing compounds, intern- 
ally mixed, give an appreciably increased im- 
permeability at first, the condition is only an 
accelerated one and would naturally occur in 
time when the interstices of the concrete begin 
to fill up from the material washed tn by the 
external moisture. They still hold that a well- 
mixed concrete of graded material is the best 
protection against moisture. The use of 
colloidal clay is recommended, but the tests with 
electrolytes did not prove so successful. As a 
whole the committee reports progress. 


COMMITTEE P: ON FIREPROOFING.—The 
committee recommended some minor changes in 
the “Standard Test for Fireproof Floor Con- 
struction” and a new “Test for Fireproof Par- 
titions,“ both of which were approved and sent 
to letter ballot. 


COMMITTEE T: ON STEEL SPRINGS.— 
Chairman, Mr. J. A. Kinkead.—The report of 
the committee contained two important features, 
as follows: 


One intercsting point clearly shown is that the modulus 
of elasticity in steel springs bears no close relation to 
the elastic limit. As the modulus bears a direct rela- 
tion to the deflection under a given load, it is clear 
that the stiffness or deflection under a given load cannot 
be changed by hard or soft tempering. Likewise that 
the use of any alloy steels whatsoever, which ell tend 
to increase the elastic limit, cannot result in a material 
reduction in the number of plates (weight of the spring), 
for although the elastic limit may be 50 or 100% greater 
than with the ordinary spring steel, duplicate springs 
will act alike under equal loads. On the other hand, the 
alloy steels with the resulting high elastic limit should 
give much longer service, ar with the same fiber stress 
the load in proportion to the elastic limit is materially 
less in the alloy steels. 


The difference in elastic limit, due to the difference of 
heat treatment in the above tests brought up the ques- 
tion as to what fiber stress would be most satisfactory 
in springs. In transverse tests or soft tempered spring 
plates it is found that 375,000 to 400,000 lbs. per sq. in. 
fibers stress, the exact stress not having been deter- 
mined and which point like the modulus, seems not to 
be affected by the elastic limit, the plate fails without 
breaking, that is, it bends indefinitely under this load. 
It would seem reasonable to suppose, then, that the 
highest elastic limit that could be obtained and still 
permit the steel to bend to the point of failure without 
breaking, would give the best spring. On the other 
hand, a soft annealed iron wire will stand many more 
alternate bends beyond the elastic limit, than will a 
hard wire. 


The second point of interest is the investigation into 
the effect of banding, which was brought out by an 
investigation into the cause of excessive failures of driv- 
ing springs on one of our large railroads. On a visit 
to the spring shop of this road, the excessive difference 
in camber between the successive plates was noticed. 
It was at once apparent that when this excess camber 
was taken up in banding, a negative strain was put on 


the main plate which would be given an extra camber, 


and an equal positive strain on the short plates which 
would be straightened out. If the take-up was excessive 
or the spring very stiff, this strain could easily amount 
to an excess load of 30% or 24,000 Ibs. per sq. in. fiber 
stress. The excess load the spring is always subject to 
in service should then result in heavy failures of the 
short plates. Railroad men who have investigated spring 
failures will recognize this condition. One road on 
checking this condition found an average of five failures 
of short plates to one of the main plates. 


The remaining committees merely reported 
progress, 


STATISTICS OF RAILWAYS OF THE UNITED STATES 
IN 1907. 


Poor's Manual,” the well-known annual pub- 
lication on American railway finances, is issued 
this year some two months earlier than in any 
previous year. From advance sheets furnished 
us, we glean the following statistics: 


The total mileage of the steam railroads of the 
United States on Dec. 31, 1907, was 228,128 
miles, as against 222,766 miles on Dec. 31, 1906, 
showng an increase of 5,362 miles. 

The following table shows assets and liabilities 
of all the steam railroads of the United States at 
the close of 1907: 


1907. 1906. 

Capital stock ............... $7,458,126,785 $7,106,408,976 
Bonded debt .............. 8, 228,245,257 7,851,107,778 
Other bond obligations.... 815,041,027 636,032,203 
Accrued liabilities ........ 94,938,347 86,218 524 
Miscellaneous lNabilities.... 75, 450, 828 24,319,942 
Bills payable & credit accts 857,734,167 722,023,502 
Sinking funds, etc........ 239,727,545 242,256,471 
Profit and loss ........... 789,617,481 686,919,232 

Total liabilities ......... 18,558,881,437 $17,455,286,628 


Cost R. R. and equipment.$13,364,275,191 12,719,736,342 
Stocks and bonds owned... 2,884,031,173 2,544,368,852 


R. estate & other invest’s. 738,843,199 761,413,476 
Cash, bills rec. & cred. ac. 979,730,908 941,399,320 
Materials and supplies 224, 237,534 182,635,253 
Other assets 2 2 „6 6% „% Meese 208, 171,082 128,591,860 
Sinking funds .......... 28 159,592,350 177,141,525 

Totals assets ............ $18,558,881,437 $17,455,286,628 


Gross earnings of the railroads reporting earn- 
ings for 1907, embracing 225,227 miles, amounted 
to $2,602,757,503, as compared with $2,346,640, - 
286 in 1906, showing an increase of $256,117,217, 
or nearly 11%. Net earnings from operation in 
1907 were $833,839,600, as against $790, 187,712 
in 1906, showing an increase of $43,651,888, or 
about 54%. In 1906 net earnings had shown an 
increase of more than 15%. 


The following table shows the income account 
of the American railway system for the year 
1907, as compared with 1906: 


1907. 1906. 
Miles of R. R. operated... 225,227.23 3 
Passenger N 574,719,578 521.231.337 
Freight o eecsese tec Sie ch tes 1,825,061,858 1,659, 925,643 
Me. v 202,977,067 165,483,306 
Total gross earnings.... 2,602,757,503 2. 346, 640.286 
Operating expenses 1.769, 417, 903 1.556, 452,574 
Net earningns s 833,339,600 790,187,712 
Other receipts ............ 128,015,081 100,292,369 
Total net income ....... 961,354,681 890,480,081 
F/ 74,253, 245 68,169,833 
Interest on bonds ....... ; 280,931,001 269,926,395 
Other interest ............ 23,759,329 13,107,169 
Dividends on stock ....... 247,258,219 225,601,245 
Miscellaneouunns 75, 176,725 79,806,024 
Rentals—Interest .......... 38,188,406 39,612,179 
Dividend. 31.087, 374 27,739,680 
Miscellaneous ......... 18,127,456 15,042,783 
Total payments ......... $788, 781,755 $739,005,308 
Surpbss 172, 572, 926 151,474, 773 
Miles of R. R. operated 225,227 220,633 
Revenue train mileage: 
Passenger . 511,579,317 3488. 554, 209 
Frein 645.447. 608,324,539 
Mie!!! 5 27,211,527 27,711,651 
Total costes ieiatetee ies 51.184, 238,309 51. 124, 590, 399 
Passengers carried ....... 885,724,314 815,774,118 
Passenger mileage ....... . 28,370,247,819 25, 842,402,029 
Revenue per pass.- mile 040 cents 2.011 cents 
Tons freight moved ....... 1,722,210,281 1,610,099,829 
Freight mileage .......... 233,137,507,807 216,653,795,696 
Revenue per ton-mile..... : 0.782 cent 0.766 cent 


> ee see 


THE - “HELION” INCANDESCENT-LAMP filament 
was shown in a new development by the inventors, Pro- 
fessor Herschel C. Parker and Mr. W. G. Clark, of New 
York City, at the recent convention of the American 
Institute of Electrical Engineers at Atlantic City. The 
earlier forms of this lamp and filament were described 
in Engineering News, July 25, 1907. The present fila- 
ment can be burned in air although the efficiency of 
light production is somewhat better in a vacuum. The 
filament is prepared much as before, by depositing a 
silicon composition on a carbon core; in its present 
form it is in comparison to an ordinary carbon fllament, 
very coarse. As its specific resistance is stated to be 
some 50 times that of carbon the length required for an 
ordinary system voltage is comparatively short. The 
lamp exhibited had the filament mechanically held in 
copper clips from which fact it may be inferred that 
the old difficulty of cementing the “Helion” composition 
to leading-in wires has not been obviated. 
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THE BREAK IN THE CORNWALL, ONT., CANAL AND 
THE CONSEQUENT DRAWBRIDGE COLLAPSE. 


The Cornwall Canal, a portion of the Canadian 
system of canals bordering the River St. Law- 
rence, starts at Cornwall, Ont., about 60 miles 
west of Montreal, and enters the river again at 
Dickinson, about 12 miles farther west. At 
Cornwall, sume 200 yds. west of the entering 
locks, the line of the New York & Ottawa R. R., 
now a subsidiary road of the New York Central, 
crosses the river and the canal at nearly right 
angles, on a bridge which consists of three 36S- 
ft. Pratt trusses across the American channel, 
a series of plate girder spans across an island 


in the river, an &10-ft. cantilever across the 
Canadian channel and a 240-ft. draw-spun 
across the canal. On June 23, 1908, a leak de- 


veloped in the river wall of the canal, imme- 
diately next to the bearing pier of the draw- 
span and soon developed into a large break, 
tearing out the canal bank for a distance of some 
160 ft. and overturning the bearing pier with 
its draw-span, both of which were completely 
wrecked. In view of the rather unfortunate 
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FIG. 1. 


history of the bridge, to which this accident 
adds a chapter, and of the important work of 
repairing the break in a short time, the story 
of the collapse and repairs should be of great 
interest to the profession. 

The Cornwall Canal was first built for a 9-ft. 
depth in the middie of the last century, but 
about 1896 was enlarged to its present 16-ft. 
depth and 9%-ft. width. At the site of the bridge 
it follows the line of the river, being separated 
therefrom only by the canal bank, of the gen- 
eral section shown in Fig. 1. This bank was 
originally partly the river bank and partly the 
fill thrown up from the canal cut. In the first 
prism the canal side of the slope was of puddled 
clay, but in the enlargement this layer of puddle 
Was removed and the new s'ope left just as it 
had originally been in the bank. There has been 
some trouble experienced in this wall heretofore 
and in order to render it more stable the heavy 
stone pavement shown in the half-tones and in 
the section were placed on the lower slope of the 
outside of the wall. The paving consists of 3 
ft. stone blocks on about 1 ft. of crushed stone, 
held about every 60 ft. along the river by heavy 
cribwork boxes, running well up into the pave- 
ment. 

That portion of the bridge which is across the 
Canadian channel consists of the large 84)ft. 


cantilever resting on four piers and a 240-ft. 
draw-span resting on a pier, which was founded, 
as shown in the section, in the slope of the out- 
side canal bank, so far as the records show, 
about 2 ft. below the bottom level of the canal. 
This pier was built about two years after the 
enlargement of the canal and, therefore, must 
have had its excavation made in the finished 
bank. It was about 47 ft. high, plumb and 25 
ft. in diameter, built of ashlar masonry backed 
by concrete and founded on a supposedly good 
hardpan with a slightly spread concrete base. 
As this foundation enters considerably into the 
history of the entire bridge, a further descrip- 
tion will be reserved until later. 

The drawbridge itself was a 
bearing swing bridge of 210 ft. 
of a central panel of 16 ft. 


circular drum- 
span made up 

6 ins. and four out- 
side panels of 27 ft. 114% ins. on each side. It 
was 28 ft. deep and 17 ft. wide to carry a single 
track railway. The compression and alternate 
members were all double lattice 
the purely tension members of eye-bars. One 
peculiarity of the span was that normally it 
was left open, at right angles to the line of the 
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main bridge, because the traffic in the canal is 
much greater than that across the bridge. The 
open bridge was supported by two cribs on each 
side, making five supports, including the center 
pier. In the drawing in Fig. 1, one of these 
supporting cribs, which was washed out in the 
break, is not shown. 

The break was first discovered on the morn- 
ing of June 23, about 6 a. m., by a passing canal 
employee. At that time it was a small leak 
just west of the draw pier, but before any safety 
measures could be taken, in fact in 15 minutes, 
the water had washed through a large section 
of the canal wall and overturned the pier, carry- 
ing down with it the draw-span, which at the 
time was in its normal open position. All of 
the supervising officials of the canal were at 
distant points along its line, so that no guided 
effort was effectively made to shut off the water. 
On account of this and on account of leaky 
valves in the nearest locks, the water continued 
its tearing action on the bank for some 24 hours, 
before divers finally stopped up all valves. 
Meanwhile the bank for a distance of about 160 
ft. had been completely ripped out, together 
with the stone paving, timber cribs and earth 
wall, and the water, partially dammed by the 
bridge debris, had torn back into the canal bot- 
tom for a considerable distance. This condition 
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is well shown in Figs. 2 and 4, taken during the 
first day. Fortunately, no boats were in the level 
at the time of the collapse and, so far as we can 
discover, no one was injured in the accident. 
The draw pier is now laying in four pieces, 
having sheared off along three joints between 
the ashlar facing stone. The bottom has com- 
pletely left its base on the clay, as evidenced by 
the foot thickness of clay showing on the bot- 
tom face of the pier prominent in the foreground 
of Fig. 4. The span itself was thrown to the 
west about 50 ft. by the falling pier and broke, 
as shown, upon the west resting-crib and the 
center pier. The steel in the draw-span did not 
show up very well in the collapse, although the 
design and structure of the bridge of. course had 
nothing to do with the accident. The laced 
channel members, where subjected to local im- 
pact, in practically every case broke with a 
sharp crystalline fracture, at right angles to the 


line of member, nearly as perfect a break in 
line as would have been made with a saw. The 
lower chords particu'arly show this kind of 
break, in each case through rivet lines, and in 
only one built-up member was it found that 
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PLAN AND SECTION OF THE CORNWALL, ONT., CANAL AT THE CROSSING OF THE OTTAWA & NEW YORK RY. BRIDGE. 
(Showing canal break of June 23, 1908, and method of repair.) 


Weight or impact had caused a bend without 
breaking. On the contrary, the eye-bar mem- 
bers, subjected to no direct impact, are bent and 
twisted in a manner similar to the familiar 
Quebec Bridge eye-bars. 

The cause of the bridge collapse was obviously 
the undermining of the pier by the waters rush- 
ing through the leak in the canal bank. What 
caused the canal bank to break at just this 
point is a matter of no exact determination and 
will probably be laid by most persons to an un- 
fortunate coincidence. However, there are two 
points to be considered, first that the draw pier 
was built after the canal bank was a finished 
structure, and this excavation, with its sub- 
sequent filling in around the masonry, may have 
left a weak place in the bank. Why this should 
have taken ten years to show itself is not clear. 
Again, the draw pier was normally open and it 
is possible that prevailing winds may have acted 
against its sides and transmitted overturning 
moments down the pier shaft to loosen the sur- 
rounding earth; the unstable supports of the 
span on its end cribs lending themselves to such 
an action. But without considering what caused 
the bank to give way, it must be admitted that 
the position and nature of the base of the draw 
pier were not such as successfully to resist the 
power of the water rushing through the opening 
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FIG. 2. THE CORNWALL CANAL BREAK, LOOKING SOUTH TOWARD THE RIVER ST. LAWRENCE. 


in the canal wall. And behind this footing 
there are some matters of history in connection 
with the other piers in this bridge, which make 
very interesting reading. 

The New York & Ottawa Ry. bridge was 
started in 1897 by the railway company, which 
was then under separate control from the New 
York Central Lines, with the Phoenix Bridge Co. 
contractors for the superstructure*and Sooysmith 
& Co. for the substructure. On Sept. 16, 1898, 
the entire construction across the American 
channel then being practically completed, the 
pier between the two 
southerly spans collapsed, 
carrying down these two 
spans and killing 16 
workmen and injuring 
many others.* It was 
at first thought that the 
collapse was due to 
some fault in the steel- 
work which caused one 
of the trusses to fall and 
to pull down with it the 
pier and the other truss, 
but further inves- 
ligation put the source 
of trouble on the pier 
foundation. As is the 
case in most of the St. 
lawrence country, the 
ground structure below 
the soil is a good hard- 
pan, underlain and strati- 
fed with layers of soft 
‘lay and a sand so flow- 
ing as almost to be call- 
l quicksand. In build- 
ing the first footings for 
the Cornwall bridge 
Piters it appears that no 
thorough investigation 
sf this bottom was 
made, but that a diver’s 
tstimony that the bot- 


wm was a good hard- 
pan mixed with large 
boulders, was taken as 


"ficient proof of its soundness. The piers were 
‘nen built, inside of crib cofferdams, of concrete 
ting a short distance below the river bottom. 
or water levels the piers were of mass con- 


"Esg. News, V. 40, 1898; pp. 145, 174, 202, 289, 419. 


(Taken the day of the break.) 


crete, above of coursed ashlar backed with con- 
crete. The explanation of the collapse was found 
to be, in this first collapse, the unstable bottom 
under the pier. The current of the St. Lawrence, 
extremely swift at this point, probably washed 
around the pier footing until it tore out the sand 
and clay strata and undermined the masonry. 
After the accident of 1898, a careful investi- 
gation of the ground was made and the treacher- 
ous nature of the clay and sand strata discov- 
ered. Acting upon this knowledge, the company 
reconstructed all of the river piers of the bridge. 


This was done in different ways on the several 
piers. Some were founded on pile foundations 
and carefully protected by cribwork and rip- 
rap. This scheme was adopted on the pier im- 
mediately south of the canal break of June 23 


and served, no doubt, to save that pier from over- 
turning under the severe wash of the rushing 
waters from the canal break. Other piers, which 
were already constructed at the time of the 1898 
accident, were protected by enveloping caissons 
filled with concrete. So far as can be learned 
every pier was either reconstructed or pro- 
tected except the draw pier on the canal bank 
which was washed away on June 23. 

The conditions at this pier were different from 
those in the river. It was built in the south 
wall of the canal entirely protected from any 


FIG. 3. OVERTURNED PIER AND WRECKED DRAWBRIDGE AT CORNWALL CANAL. 
(View taken looking north.) 


current wash of the river, but the ground is of 
practically the same structure as that found 
elsewhere on the site. However, the engineers 
assumed that the hardpan bottom was of suffi- 
cient strength and stability to hold the pier 
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without piling or protection, and constructed the 
pier with its concrete bottom about 2 ft. below 
the bottom of the canal bank, as shown in the 
section on Fig. 1. The exact position of this 
bottom is not known, but from drawings and 
testimony at our command it is thought that the 
given position is correct within 1 ft. It will be 
noted that this footing was in original ground 
and not in the canal wall fill. 

From examination of the ground where this 
collapsed pier was placed, it can be seen that 
the clay and sand formation exist at that point 
as well as under the rivers. The wash from the 
break has torn the earth away to an elevation 
of about the present river level or about 10 ft. 
below the pier footing, and the exposed faces of 
the slope are marked plainly with, first, the 
hardpan on which the pier footed and then the 
irregular strata of sand and hardpan, which 
were easily attached by the tearing action of the 
escaping water. 

REPAIR WORK. 

In the repairing of a canal in a climate that 

only permits travel for a portion of the year, 


the canal, water is to be let in at the locks and 
dredges floated in which will excavate a new 
channel with the inside banks, as shown in the 
plan view in Fig. 1. 

The work of repair was started June 26, using 
for labor the weavers and other employees of 
the mills, who -were thrown out of work by the 
power being shut off from the break in the 
canal. By the aid of the railway officials, tim- 
ber and stone was started from all the surround- 
ing country, so that by the evening of June 26 
the entire job was in good working order. Three 
shifts of 200 men each covering eight hours 
make the 24 hour day’s work, which was carried 
on continuously for the first ten days, until 
the water was let into the new channel and the 
dredges started. Meanwhile the railway com- 
pany is preparing plans for reconstruction and 
aiding the canal engineers in their work of re- 
pair. 

The new crib is 372 ft. long on the bottom, 20 
ft. wide and 19 ft. high and extends, in the 
curved line shown on the plan, from the west to 
the east side of the break. It is built of 12 x 12- 


FIG. 4. VIEW OF BREAK SHOWING WALL OF CANAL. 
(Paved outer slope showing in background.) 


the first consideration is rapidity. The cost of 
the work or its effect on the future permanent 
repairs can have but little effect on the method 
of placing the canal in service. In view of some 
rather unsatisfactory methods pursued in the re- 
pair of canal breaks, notably that in the 
Erie Canal at Syracuse last August,* the work 
at Cornwall is noteworthy. 

Fig. 1 will illustrate the scheme which is now 
being put into operation. In the first place the 
tardy shutting off of the water allowed a much 
greater portion of the canal bottom to be ripped 
out than if the water could have been promptly 
stopped. Then the debris from the bridge lies 
in the canal prism for a greater part of its 
width. These two conditions made it necessary 
that the new channel be turned aside from the 
old. In brief, this is accomplished by building 
a rock-filled crib dam across the break and 
around the bridge debris and gully cut by the 
water, and with this dam as the outside bank of 
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in. timbers, spaced on 6-ft. centers, both ways, 
for the bottom four rows and about 8 ft. for the 
upper layers. The lower timbers, well founded 
in the leveled canal bottom, are notched and 
spiked, but the upper ones are only drift-bolted 
together. The open cribs are filled with boulder 
stone, mostly taken from the stone fences of 
the surrounding country. On the inside face of 
the crib, vertical 3-in. tongue-and-groove plank 
are spiked, with their scarfed bottoms driven 
as far down into the canal bottom as is possible 
by hand driving. On the inside face of these 
plank a heavy tarred canvas is spiked with its 
lower edge lapped well over the canal bottom 
and covered with puddled clay. As a precaution 
against the crib going out when the water was 
let into the canal, a gutter was dug on the in- 
side of the crib, about 3 ft. deep and filled with 
puddled clay, previous to the placing of the 
canvas, and a concrete wall some 10 ft. high 
built just outside the crib, across the deepest 
part of the gully cut by the water. The puddled 
clay fill is expected to keep the canal water 


from underwashing and the concrete wall to 
strengthen the crib against the weakening of 
the earth due to possible leakage. A small spill- 
way was built across this wall to care for the 
leakage that comes through the crib. Fig. 5 
shows a view of the crib and repair work taken 
from the first river pier looking north on June 
30, seven days after the break occurred. 

As has been noted, the work is being done 
mostly by weavers and other artisans whose 
previous experience has not been at all along this 
line of work, but, according to the engineers in 
charge, their labors have been most efficient, and 
no litt'e credit should be given to them for their 
cheerful and well-directed efforts. Luckily, 
both an electric and a steam railway have tracks 
very near the work, so that material was easily 
transported to the site, but with the exception 
of the derrick working to take down parts of 
the old viaduct on shore and the power of the 
railway engines, the only mechanical device on ` 
the job is a small hand-winch derrick. Every 
other bit of work was done by hand. The water 
was let into the canal on July 4, and the 
dredges started from 
either end to excavate 
the new channel. It is 
expected that traffic will 
be resumed about July 
12. The railway company 
has not fully completed 
its plans for reconstruc- 
tion, but it is expected 
that they will strengthen 
the first shore pier, 
shown in the view in 
Figs. 3 and 5, and place 
thereon a plate-girder 
draw, taken from some 
other part of the line, 
and fill in the remaining 
portion of the destroyed 
bridge with a timber 
trestle, until such time as 
final repairs can be com- 
pleted. In the final re- 
pair of the canal, it is 
proposed, though not de- 
cided, that a concrete 
wall be placed along the 
inside face of the south 
bank of the canal for a 
considerable distance on 
either side of the bridge 
so that no subsequent 
break can wash out the 
bank, together with the 
pier. 

In the absence, through 
iliness, of Mr. M. J. 
Butler, Deputy Minister 
and Chief Engineer of 
the Department of Rail- 
way and Canals, Mr. J. 
L. Weller, Superintend- 
ing Engineer of the 
Welland Canal and a 
former engineer on the 
Cornwall Canal, is acting in charge of the work 
of reconstruction. He is seconded in the work 
by Mr. C. D. Sargent, the present Resident En- 
gineer of the Ontario & St. Lawrence Canals, 
and Mr. W. A. Stewart, Superintendent of the 
Ontario & St. Lawrence Canals. We are deeply 
indebted to these gentlemen for their kindness 
in putting at our disposal all the information re- 
garding the break and its repair and their court- 
eous treatment of our representative on the site. 

— — — — 


PROGRESS IN THE LOETSCHBERG TUNNEL in May 
again made a high record, beating by a few feet the 
maximum figure of April, the highest yet reached in 
that work. The figures are 656 ft. for April and 659 ft. 
for May, both being for the north heading. The south 
heading advanced 581 ft. in May, making the total ad- 
vance of both headings during the month 1,240 ft., about 
60 ft. more than in April. The heading work is prose- 
cuted with 3 to 4 percussion drills at each end. About 
1,900 men are now employed on the work, 1,120 of whom 
are at work within the tunnel itself. The north head- 
ing tapped large amounts of water during the month, 
the flow now amounting to nearly 914 cu. ft. per sec 
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TWO YEARS OF THE COOPERATIVE ENGINEERING 
COURSES AT THE UNIVERSITY OF CINCINNATI.* 


By HERMAN SCHNEIDER. 7 


The cooperative courses as now operated at the Uni- 
versity of Cincinnati contemplate that a student shall 
work alternate weeks in a mechanical, chemical or elec- 
trical factory in Cincinnati and at the College of En- 
gineering of the University of Cincinnati. The class is 
divided into two sections, which alternate with each 
other during the collegiate year. During the summer, 
students are employed in the shops full time, but are 
given & vacation of about three weeks. The course in the 
shop ts carefully planned, and in general the students’ 
werk is from the raw material to the finished product 
sold. They are paid for this shop work on a scale of 
wages which begins at 10 cts. per hour and increases at 
the rate of 1 ct. per hour every six months, making the 
total earnings of the course about $1,800. 

The course is six years’ long, and is just as thorough, 
broad amd cultural as the four-year course and has the 
samme entrance requirements. Applicants for positions 
this work are required to enter the shops about the 
frst of July preceding their entrance to the University 
and must satisfy the shop owners as to their integrity, 
teal, Stamina, and adaptability before they will be ac- 
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cepted by the university, in the fall. 
the cooperative plan. 

When the course was begun two years ago, about 30 
manufacturers agreed to make the experiment. At the 
present time there is only one shop of any size in the 
diy of Cincinnati and vicinity which will not gladly 
accept these student-apprentices. 

The first year the course was put into operation about 
@ young men came to the university to inquire con- 
cerning it. Of these 45 went into the shops, and when 
the university opened in the fall 28 were left. The 
second year there were 800 inquiries and applications; 
from these 60 were selected and sent into the shops, and 
when the college opened in September 44 were recom- 
mended to ws and started their university work. This 
year the applications and inquiries approximate 2,000; 
from this number we expect to select less than 100 men, 
ana, judging from last year’s experience, about two- 
thirds of these will begin the course in the fall. 


This, briefly, is 


ee 2 


„ paper read before the Society for the Promotion of 
i Education, at Detroit, Mich., June 27, 1908. 
See also per by Prof. Schneider in Engineering News 


of July Š 
‘Dean, College of Dugineering, University of Cincin- 
zati, Cincinnati, Ohio. 


It will be evident that the selection from this large 
number is one of the most serious and important prob- 
lems which we have to meet, and the work of selection 
has opened our eyes to some features of engineering edu- 
cation which we believe will be interesting and instruc- 
tive to the teaching profession. 

Seventy-five per cent. of the applications are from 
young men who desire to become electrical engineers. 
As far as possible every prospective student is personally 
interviewed, and upon his statement that he desires to 
become an electrical engineer, he is immediately asked, 
“Why?” The answers usually indicate that the student 
has one of two ideas: First, he has read that this is the 
electrical age and that a man in order to acquire money 
in the future must be an electrical engineer. His im- 
pression is that an electrical engineer is one who does 
spectacular things. He has what we have come to call 
the ‘‘dazzle idea,’’ to use a phrase of the day. His con- 
ception seems to be that electrical engineering is a series 
of bizarre ‘‘stunts.’’ Of the hard and tedious problems 
which confront the electrical engineer, he has absolutely 
no idea. The second class are those who think that 
electrical engineering is wiring a house. It is astonishing 
how many high school graduates have this conception. 

In the interviews the real object of the electrical 
engineer’s career is pointed out to the young man and 
he is told what the six year’s cooperative course means 
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FIG. 5. VIEW OF REPAIRS ON CORNWALL CANAL. 


(Looking north on June 30, seven days after break.) 


in hard and laborious shop work. Many of the appli- 
cants, of course, withdraw when they learn that elec- 
trical engineering is not a pyrotechnic display, or when 
they are told that they can learn how to wire a house 
in six weeks at a night school. A considerable number 
also surrender to mental cowardice in the matter of 
dirty work, long hours and shop discipline. If we can 
get one good man, sound mentally, sound physically and 
temperamentally adapted to the profession, out of 25 
applicants, we consider that we are doing fairly well. 

Yet this is the material which enters our engineering 
schools, with the same distorted ideas; and so far as the 
writer knows, our colleges do not tell them what elec- 
trical engineering really means. I venture the asser- 
tion that if a thorough canvass were made of fresh- 
men electrical engineers, the majority of them would be 
found to have the ‘dazzle idea.” 

In mechanical engineering applicants seem to have a 
better grasp of what the words mean, and we get one 
good man in about ten. In chemical engineering the 
same fairly good knowledge of the intent of the course 
is shown. 

In selecting a student the question in the mind of the 
writer has always been: Is this young man before me 
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the kind of a man on whom the university should spend 
about $1,600?" This brings up, as you will see, the 
whole problem of the economics of engineering educa- 
tion. The scope of this paper will not permit as thor- 
ough a discussion of this subject as it should have, 
but the essential ideas will be outlined. N 

It costs any self-respecting institution about $2,000 for 


every student it graduates. The student pays to the 
school from $200 to $1,000 for his instruction. The 
schoo] therefore expends on the student anywhere from 


$1,000 to $1,800. This money is obtained either from 
endowments or from taxes. In either case it is a public 
trust, held by the trustees of the school, to be used by 
the faculty for the benefit of the public through the 
education of young men. If we are going to spend 
from $1,000 to $1,800 on every graduate, is it not a 
reasonable business proposition to select the men on 
whom the money is to be expended? . 

The criterion which we have adopted may be stated as 
follows: Only that man should receive a higher educa- 
tion who would in all probability be successful without 
it, and this is really the basis of our selection as far as 
human judgment and careful observation can make it. 
There is nothing more helpless and hopeless than the 
educated ‘‘mollycoddle’’; and there is nothing in all our 
educational system so wasteful as the present scheme 
whereby any young man who has the money and 


enough brains 
work is given training, which is denied to a young man 


merely to get through certain mental 
of much superior general ability, but with a lack of 
funds. Parenthetically it may be stated here that a 
large proportion of the failures in the course have been 
city-bred boys; country boys as a rule make good.“ 
As a matter of fact, some of our largest concerns will 
not accept city-bred boys in the future. 

There is a large measure of economy in the cooperative 
course by reason of the fact that the university is not 
required to equip, maintain, and supervise practice 
shops. The manufacturing shops of Cincinnati are the 
practice shops of the university, and the student, instead 
of paying us for instruction, receives much superior 
training in the factories and is paid for his work. En- 
gineering laboratories can be cut down in equipment to a 
certain extent without any loss in efficiency, for the 
testing-rooms and engine-rooms of the commercial shops 
become in a measure our engineering laboratories. 

The cooperative course has students who are in dead 
earnest. Further, they have practical experience. As a 
result they get much more out of the same amount of 
theory than the four-year students do. In other words, 
the efficiency of the instruction per hour is increased. 
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In the cooperative course the weaker brother is elim!- 
nated before he enters college. In the four-year course 
he is eliminated during the first, second and third years. 
In the former case the raw material is carefully se- 
lected. In the latter, little attention is given to the 
raw material except as defects show in the making of the 
product—that is, after expensive work has been done 
on it. 

It is hard to make an accurate determination of the 
relative effictency of instruction in the four-year and the 
cooperative courses. The records in one or two sub- 
jects, however, will indicate about what this would be. 
In calculus, for instance, not one of the cooperative 
students failed. The lowest grade received by any 
cooperative student was 73 (60 being the passing grade 
and 100 the maximum), and fifty per cent. of the class 
received over 90. In the regular four-year engineering 
course, on the contrary, about twenty per cent. of our 
students failed in calculus and few received a grade 
above 90. In this connection the fact should be noted 
that the examination given to cooperative students was 
harder than that given to regular students. In chem- 
istry the cooperative students and the regular students 
have the same examination, answering exactly the same 
questions. “Ninety per cent. of the cooperative students 
passed and about eighty per cent. of the regular stu- 
dents. This need not be astonishing, for, with few ex- 
ceptions, the cooperative course is not carrying any 
dead wood. It will be seen, therefore, that since the 
efficiency of the instructor depends primarily upon the 
amount of actual substance absorbed by the class, it is 
increased very considerably in the cooperative courses. 

When this system was started two years ago many 
questions of detail arose. For instance, the matter of 
the rearrangement of the college courses was taken up. 
It was concluded, however, that the best thing for us to 
do would be to learn by experience. We are happily 
being driven from traditional methods by the cooperative 
students themselves. Here is a sample of what happens: 

The instructor in mathematics covers the blackboard 
with the demonstration of a long formula, and when he 
has finished it he turns to the class and asks, ‘Do 
you understand that?” The class replies that it does, 
but inquires seriously. What shall we do with it?’’ 
This has happened a number of times, and at first caused 
much annoyance to the instructor; but when it was 
pointed out to him that if a thing had no use it was 
useless and should not be taught in an engineering col- 
lege, light dawned on him, and he now spends much 
of his time hunting practical exemplifications of theory. 

This is the characteristic attitude of the cooperative 
student, and it is not surprising. Our four-year students 
are accustomed to being handed a formula which they 
hold, until examination time, when they hand it back. 
The cooperative student in the shop is handed à tool 
and is instructed how to use it. He uses it, hands it 
back to the tool-room, and thereafter knows where to 
find the tool and how to use it. When he is handed a 
formula or a theory at the university it is a matter of 
second nature to him to expect to be shown how to use 
that formula or theory prior to his handing it back. 
Thereafter, as with the tool, he knows where to find it 
and how to use it. 

We have inaugurated what we call the “reverse quiz” 
in class. Toward the end of the hour students are given 
permission to ask any questions that have a bearing 
upon the subject, and this has been perhaps the most 
valuable addition to our system. It is, of course, un- 
comfortable for a young instructor, but if he is the 
kind of a teacher our engineering college ought to have, 
he will work to meet the situation. The shop knowledge 
of the student has demonstrated to us the fact that some 
of the instruction in our colleges is not only frequently 
out of date, but also that it is as often absolutely wrong. 
You will observe that there is a check upon the in- 
structor’s work which cannot be had in any other way 
except through this practical knowledge of the student. 

The questions of these young men have caused us to 
change our courses and will cause many more changes 
as the work advances. Mathematics, for instance, is 
taught as one subject, the fundamental principles of 
university algebra, trigonometry, analytical geometry, 
and calculus being given during the first part of the 
freshman year; and thereafter any one formula is derived 
by the different methods. The course in mechanics is 
taught as part of the course in calculus. Descriptive 
geometry. and machine drawing will hereafter be given 
as one subject, because when a student was given a 
problem in descriptive geometry he wanted to know 
its application, and when told the application, wanted to 
know whether he could not put it at once on the same 
sheet. 

It will be seen, therefore, that while we simply took 
the four-year course at the beginning and spread it over 
a period of six years, we are changing it considerably, 
by reason of the experiences which we have in every day 
class work. 


It has become evident also that it will be necessary 
to bring some of the engineering work down into the 
earlier years. As a counterbalance to the essentially 
practical attitude of the student we have inaugurated a 
broadening course in the social, economic, industrial and 


political development of the human race, together with 
courses in biology and geology. It was originally in- 
tended that this course should cover a period of three 
years, but we are now inclined to give it through the 
entire six years. 

The alternating periods were fixed at one week ten- 
tatively, and this has proven very satisfactory. A vote 
of the students was recently taken, and they were 
unanimously in favor of the one-week period as giving 
them the proper alternation of mental and physical 
work. They also state that absence from the shop for 
more than a week allows their muscles to become soft, 
and for this reason they prefer to continue on the week 
system. The shop also desires to keep this period of 
one week, because if the period were made longer at 
the university the student would lose some of his skill 
by the time he returned to the shop. It has been defi- 
nitely concluded, however, that when the young men 
go into the designing and sales offices—which will be 
about the fifth year—the alteration will be by semesters. 
It will be impossible for a young man to work in a de- 
signing or sales office with any benefit to himself or to 
the firm for a shorter period than six months. The 
students in the cooperative course will then enter the 
regular classes at the university, when a better com- 
parison of the work of the two classes of men can be 
made. 

Since the cooperative student is at the university for a 
period of three years, as compared with four years of 
the regular student, it became evident, of course, that he 
would be required to do more actual class and laboratory 
work per week than our regular students. Additional 
hours were given to him during his alternate week at 
the university, and the roster was considered by some 
of our faculty to be too heavy. At the end of the 
first year, however, the students finished without any 
seeming effort and with much better records than did 
our regular students. This year a further experiment 
was tried by the writer on the freshman cooperative 
class by giving them work every period of the day from 
8.30 until 5 o’clock, with one-half hour for lunch, ex- 
cept on Saturday morning, when they work from 8.30 
until 10.30 o'clock. This, it will be seen, is about the 
heaviest roster the student can possibly carry. At the 
end of the year the men were more vigorous, mentally 
and physically, than they were in September. They were 
more active in university social affairs, athletics, and 
general student life than the regular students, and they 
had made much better scholastic records. This seems to 
be a demonstration of the statement that “if you want a 
thing done, ask the busy man to do it.” 

The fundamental principle underlying this course is 
based upon the rational assumption that the proper way 
and the only way for a young man to learn the prac- 
tical side of his profession, together with business details 
and an intimate knowledge of the labor problem, is by 
working as a regular employee in a commercial shop; 
and further, that the only place where he can learn prop- 
erly the scientific and the cultural subjects is at a 
school under trained teachers. This further implies that 
the school work and the practical work should, as far 
as possible, go hand in hand, so that the young man may 
step from school to business just as readily as he does 
from one promotion to another in after life. The writer 
believes this principle to be all-important and to apply 
to all engineering and industrial education. 

At the University of Cincinnati there is no cooperative 
course in civil engineering, because the local conditions 
will not permit. There could be one, for instance, at 
Pittsburg, in connection with the American Bridge 
Company and the railroad lines centering in that city. 
The Pittsburg school could have also coperative courses 
in mechanical, electrical and metallurgical engineering. 
At Philadelphia there could be courses in marine en- 
gineering and naval architecture as well as in me- 
chanical engineering. The plan contemplates that the 
school shall have cooperative courses in all those de- 
partments which have a sufficient number of industries 
to make the operation of the course possible. The de- 
tails will be matters of compromise, as they are with 
us at the present time. An eastern engineering school 
about to install this system with a large manufacturing 
plant in its vicinity contemplates having a two or 
three-week alternation system, with gradually increas- 
ing periods to graduation, the last year of the course to 
be spent in school. As stated above, this is all detail 
and simply a matter of local conditions and compromise. 

In conclusion, permit me to call your attention to the 
fact that educational methods are traditional. 
and Cambridge were an outgrowth of the old monastic 
system of withdrawing young men from the world for 
religious contemplation and literary pursuits. Yale, 
Harvard and Princeton were patterned after Oxford and 
Cambridge, and every engineering college is an offshoot 
of a school founded upon this old academic idea; con- 
sequently we have the absurd system to-day which with- 
draws young men from all contact with the world’s 
work to prepare them for that work. 

Every scholastically trained man at first objects to 
this cooperative system, for the simple reason that it is 
not the way in which he was trained. It is astonishing 
how hard it has been to overcome this bias of tradition. 


Oxford 


College graduates have a peculiar reverence for the 
customs and forms of their college days, simphy becaus@ 
they were in the college environment at the impression- 
able age; consequently any plan which tends to change 
radically the way things were done when they were in 
college meets with opposition which is based on senti- 
ment rather than on logic. 

But putting aside for the time. being the question of 
the ultimate destiny of the cooperative system of edu- 
cation, I want to ask and have you answer for your- 
selves frankly this question: 

If the men who occupy the engineering chairs in, say, 
the three best engineering institutions %of this country 
were to meet with the chief engineers and the general 
superintendents of the three largest electrical companies 
of the United States to plan for the instruction of young 
men in the professions of electrical and mechanical en- 
gineering, and if they did not permit themselves to be 
hampered by the precedents of the old academic system 
and biased by the methods of their own scholastic prepa- 
rations, do you suppose they would devise the present 
four-year system? 

Would they not, with their knowledge of the require- 
ments which an engineer should fulfill, plan a course 
which does not teach almost solely from books? Would 
they not give a young man in his formative years that 
broader education of life which breeds determination 
from the doing of disagreeable tasks; which builds a 
physical constitution to help stand the mental stress 
of the future; which molds a spirit of broad toleration 
by daily contact with the inflexible limitations of man 
as the Creator has made him; which stirs initiative to 
avcomplishment by ability to do as well as to think: and 
which bases thé value of money upon work efficiently 
done, rather than upon the pleasure it can buy? 

Would they so plan that the engineer would have the 
narrow one-sided view-point obtained wholly from books, 
rather than the clear judgment derived from experience 
properly supplemented by instruction? Would they de- 
vise a course almost entirely given to analytical investi- 
gation, or would they incorporate a goodly portion of 
constructive action? Would they not plan a foundation 
mere in accordance with the specifications which that 
great philosopher Huxley stated in his definition of a 
liberal education? 

“That man, I think,” said Huxley, has had a liberal 
education whose body has been so trained in youth that 
it is the ready servant of his will, and does with ease 
and pleasure all that, as a mechanism, it is capable of: 
whose intellect is a clear, cold logic engine, with all its 
parts of equal strength and in smooth running order, 
ready, like a steam engine, to be turned to any kind of 
work and to spin the gossamers as well as forge the 
anchors of the mind; whose mind is stored with the 
knowledge of the great fundamental truths of nature 
and of the laws of her operatious; one who, no stunted 
ascetic, is full of life and fire, but whose passions have 
been trained to come to heel by a vigorous will, the 
servant of a tender conscience; one who has learned to 
love all beauty, whether of nature or of art, to hate all 
vileness and to esteem others as himself.” 

— — Gm rnin 
THE RANK OF TECHNICAL GRADUATES IN THE ENGI- 
NEERING PROFESSION—A STUDY OF STATISTICS 
OF UNIVERSITY OF MICHIGAN GRADUATES. 

Mr. W. W. Brigden, President of the Michigan 
Engineering Society, is reported to have said at 
a meeting of that society, held Jan. 7 at Battle 
Creek, that university presidents and professors 
greatly overrated the value of a technical edu— 
cation, and that 


not more than half the graduates of engineering schools 
ever put their education to any considerable use. 
Modern technical graduates who achieve fame could al- 
most be counted on one’s fingers. 


As a reply to this, Prof. John R. Allen, M. Am. 
Soc. M. E., prepared the following table concern— 
ing the graduates in mechanical engineering, 
from the University of Michigan, 1883 to 1897: 
1897: 


Number of Percent- 


Position. men. age. 
Presidents of Manufacturing Corpora- 

IT)” eee a eee 9 10.6 
Vice-Presidents or Secretaries........ 4 4.7 
General Managerrtrtrggsees 12 14.0 
Superintendenſs7 ) 4 4.7 
Chief Engincertr Eannßß᷑ß᷑᷑ßßßnnn eens 22 26.0 
Consulting Engineers 11 13.0 
Patent Attornẽpen s 3 3.5 
Pròöfessors oeeie emere a kies tke ae 3 3.5 
Chief Draftsmen, e 12 14.0 
in other professionaaæu. 5 6.0 

TOLL. seekar uaren a Eea 85 100.0 


oe 

STREET-RAILWAY MAIL CARS have been introduced 
by the Imperial German Post-Office in the city of 
Strassburg, after they had already been put into uSe in 
Frankfurt a. M. They have a small compartment for 
letter and registered mail, a larger one for parcels 
mail, and a third compartment for postal employees. 
These curs make 20 to 35 trips per day between the 
main post-office and the railway post-office. 
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The railway statistics in Poor's Manual” for 
1968, just issued, furnish material from which an 
interesting comparison May be made showing the 
changes in the American railway system in a 
guarter century. 

in ISS2 there were 114.677 miles of railway in 
yperation, and in 1907 there were 228,128 miles, 
or almost exactly double. Traffic has increased, 
however, much more rapidly than mileage. The 13,- 
(ear focomotives in service in 1882 are contrasted 
with 58.300 in 1907; and the new locomotives 
probably average fully double the traffic capacity 
„f the old. The 15,000 passenger cars of 1882 
have become 35,300 in 1907. The increase was 
less rapid than in the case of the locomotives. 
This is due to the large relative growth of freight 
trace and the diversion of a considerable propor- 
tion of the passenger traffic to electric railways. 
The 7:30.01 freight cars of 1882 became 2,084,000 
in 1%; and here again, capacity per car was 
certainly doubled. The total miles of track, in- 
cluding second, third and fourth track and sid- 
ings, grew from 141,000 miles in 1882 to 324,000 
miles in 1907. It is of interest to note also that 
‘7 1882 over half the railway mileage was Still 
lad with iron rails, the total being 74,267 miles, 
comypared with 67,000 miles of steel rails. In 
j there are only 9,320 miles of iron rails left, 
“which one would suppose must by this time re- 
semble the traditional two streaks of rust.” 

Turning to figures of capitalization and earn- 
ings, we find that in 1882 the average rate of in- 
“crest on bonds was 4.94%. In 1907 this has 
fallen to 3.876%. The bonded debt per mile, how- 
ever, rose from $28,000 per mile in 1882 to $36,600 
rr mile in 1907. The stock issued also rose, 
fam £30,400 in 1882 to $33,200 in 1907. In the 
intervening years, however, the stock issue fell 
to as low as 527,800 per mile in 1889. The divi- 
ienis paid on stock rose from an average of only 
27 in 1892 to 3.73% in 1907, by far the highest 
on record. In the intervening years, however, 
the dividend rate fell as low as 1.51% in 1897. 
The average receipts per ton-mile of freight car- 
which was 1.224 cts. in 1882 dropped to 
ATs? et. in 1907, and in 1901 was as low as 0.756 
. Passenger earnings per passenger-mile, which 


. —. . 


were 2.42 cts. in 1882 were 2.04 cts. in 1907, and 
fe'l in 1898 to 1.904 cts. The gross earnings per 
mile of road which were $7,405 in 1882 rose to 
$11,556 in 1907, and the net earnings in the same 
time grew from &2,679 to $3,700. 
quarter century, however, gross earnings fell to 
$6,054 per mile in 1894, and net earnings in both 
1594 and 1805 were only $1,803 per mile. 
— . — 

Leading engineers have urged for some time 
that guarantees of maintenance on asphalt pav- 
ing should be eliminated. or at least reduced in 
length. A court decision bearing on this has 
recently been rendered by the Appellate Division 
of the New York Supreme Court. The decision 
makes invalid the maintenance clause in a con- 
tract for paving in Jamestown, N. Y. 

The court held that where a city charter re- 
quired the cost of the original pavement only to 
be paid by the abutting property owners, and the 
city to bear the expense of repairs and main- 
tenance, a contract which requires the contractor 
to make for ten years repairs necessitated not 
only by defective materials and workmanship, 
but also by wear and tear and the action of the 
elements, placed the burden of maintenance on 
the property owners, and was, therefore, void, in 
the absence of evidence that with proper con- 
struction and material the original pavement 
would last for the period covered by the guar- 
antee. 

In this connection the annual report of the 
General Asphalt Co. contains some interesting 
statements respecting the guarantee clause in 
contracts. We quote as follows: 

From 1890 to 1900 guarantees were given under an 
inadequate conception of the risks involved in the con- 
tinuing obligation thereby imposed over a long term of 
years. These guarantees were accepted for the purpose 
of securing an immediate profit in the construction of the 
pavement, and without sufficient experience or data to 
form a reasonable estimate of the cost involved in the 
guarantee. These long-term guarantees are now gradu- 
ally expiring, the last 15-year guarantee having been 
taken in 1901. The company now confines its contracting 
operations to pavements of shorter guarantee and favor- 
able traffic conditions. 

Cities have found out from experience that if a pave- 
ment is improperly constructed, a long guarantee, even 
if accompanied by bond, is an unsatisfactory means of 
assuring its proper repair. Obviously, the best assurance 
that a city can have is a pavement properly constructed 
at the outset, and this view is now resulting in a gradual 
shortening of the term of guarantee, with reduction in 
cost of the pavement, and, in many cities, of waiving 
entirely the requirements for any guarantee, 

The following table shows the average length of guar- 
antee of the asphalt pavements laid by this company dur- 
ing the past five years, and the percentage of yardage on 
which there was no guarantee. 


Average length Percentage with 
of guarantee. no guarantee. 


INR. 7.5 years 4 per cent. 

N 7. 6 * 

DWV esas doe oc T5 “ 5 Ki 

EL D T3 “ 9 = 

DN eset adver 5.4 * 26 z 
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As those of our readers who follow the news- 
papers and popular magazines are aware, the 
city of San Francisco has been the scene during 
the past year of a most remarkable battle for 
honesty in municipal government and for the due 
punishment of those who have for years made 
that city a stench in the nostrils of decent men. 
The leaders in this campaign for honesty in car- 
rying on the city’s business have been Rudolph 
Spreckels, a man of great wealth and large 
public spirit, and Francis J. Heney, who has 
made a reputation on the Pacific Coast for ris 
fearless work as a prosecutor of strongly in- 
trenched criminals. 


As often happens, the earnest and patriotic 


¿men who have been risking their lives and for- 


tunes in endeavoring to establish decent gov- 
ernment in San Francisco, have had to contend, 
not alone with the forces of evil which openly 
and shamelessly acknowledge their character, 
but with the opposition of many wealthy and in- 
fluential men in the community who for one 
reason or another are tied up to the evil order 
of things that has prevailed in the past. 

Under these circumstances President Roosevelt 
on June 8 last addressed a letter to Mr. 
Spreckels which it has seemed to us well worth 
while to print in this place at this time. 


During the 


In this year of grace, 1908, when our National 
holiday ought to turn the minds of thoughtful 
men toward patriotic subjects, is it not well to 
reflect on what sort of patriotism is most needed 
to-day in order that “Government of the people, 
by the people and for the people shall not perish 
from the earth”? 

The issues of 1776 or of 18560 are not the issues 
of to-day. The real foes to freedom—freedom 
for cach man to enjoy life, liberty and the pur- 
suit of happiness—are those who would debase 
our governments, and make them an instrument 
for exploiting the many for the benetit of the 
few. And the most guilty are they who with 
large opportunity and with all the advantages 
of education, intelligence and wealth, choose to 
ally themselves with the forces of evil rather 
than the forces which make for good. 

Not without significance is it that a grandson 
of a great statesman and Vice-President of the 
United States is found at San Francisco as 
President of a street railway company which ob- 
tained franchises from public officials by methods 
Which will not bear the light of day. 

That great man, twice President of the United 
States, in whose memory the flags are now 
floating at half mast, will be remembered for 
the phrase ‘public office is a public trust.” 

But the public, in its turn, owes its support 
to the public officer who is faithfui`to his trust— 
who is faithful—let us emphasize, to the in- 
terests of the whole people and not to the in- 
terests of a privileged few. And if such support 
is the duty of the ordinary citizen, how much 
more is it the duty of the intelligent and edu- 
cated and cultured? The interests which repre- 
sent property and wealth have the greatest stake 
in the perpetuation of good government. Even 
though at the moment it may suit some special 
class or interests to have a public official who 
can be bought or who will favor capital rather 
than labor when class interests clash, yet in the 
long run the safety and security of property de- 
pend absolutely on the preservation of honest 
government. Those, therefore, who unthinkingly 
condemn a public official because he steadfastly 
stands for the public interest are traitors to 
their own best interest as well as traitors te 
their country’s welfare. 

President Roosevelt's letter follows: 

The White House, Washington, 
My dear Mr. Spreckels: 

Now and then you and Mr. Heney and the others who 
are associated with you must feel down-hearted when you 
see men guilty of atrocious crimes who for some cause 
or other succeed in escaping punishment, and especially 
when you see men of wealth, of high business, and, in 
a sense, of high social standing, banded together against 
you. 

My dear sir, I want you to feel that your experience 
is simply the experience of all of us who are engaged 
in this fight. There is no form of slander and wicked 
falsehood which will not as a matter of course be em- 
ployed against all men engaged in such a struggle, and 
this not only on the part of men and papers representing 
the lowest type of demagogy, but, I am sorry to say, 
also on the part of men and papers representing the in- 
terests that call themselves pre-eminently conservative, 
pre-eminently cultured. 

In such a struggle it is too often true that the feeling 
against those engaged in it becomes peculiarly bitter, 
not merely in the business houses of the great financiers 
who directly profit by the wrongdoing, but also in the 
clubs, in certain newspaper offices where business inter- 
ests exercise an unhealthy control and, I regret to add, 
in other newspaper offices which like to be considered 
as in a marked degree the representatives of the cultiva- 
tion and high social standing of the country. 

Now, I do hope that you and your colleagues will treat 
all this bitterness with entire disregard. It is of small 
consequence to you, or to any of us who are engaged in 
this work, whether men think well or ill of us per- 
sonally; but it is of very great consequence that we 
should do the work without flinching, on the one hand, 
and, on the other hand, without losing our good humored 
common sense, without becoming angered and irritated 
to a degree that will in any way cause us to lose our 
heads. 

Therefore, I hope that you and Heney and your asso- 
ciates will keep reasonably good natured; but that above 
all things you will not lose heart. You must battle on 
valiantly, no matter what the biggest business men May 
say, no matter what the mob may say, no matter what 
may be said by that element which may be regarded as 
socially the highest element. You must steadfastly op- 
pose those foolish or wicked wen who would substitute 
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class consclousness and loyalty to class interests, for 
loyalty to American citizenship as a whole, for loyalty to 
the immutable laws of righteousness, of just and fair 
dealing as between man and man. 


It ig just as bad to be ruled by a plutocracy as by . 


a mob. It is profoundly un-American and, in a social 
sense, profoundly immoral, to stand for or against a given 
man, not because he is or is not a brave, upright, and 
able man, but because he does or does not belong to a 
labor union or does or does not represent the big business 
interests. In their essence, down at the foundation of 
things, the ties that are all-important are those that knit 
honest men, brave men, square dealing men, together, 
and it is a mighty poor substitute !f we replace these 
ties by those that bind men together, whether they are 
good or bad, simply because they follow a particular 
business, have a given social standing, or belong to a 
particular organization. It is an evil and a dreadful 
thing for laboring men to endeavor to secure the po- 
litical dominance of labor unions by conniving at crook- 
edness or violence, by being ‘‘loyal’’ to crooked labor 
leaders, for to be “loyal” to the fancied interests of the 
union when they are against the laws of morality and the 
interests of the whole people means ultimately the de- 
struction of the unions themselves, as an incident to the 
destruction of all good citizenship. 

But it is, if anything, an even more evil and dreadful 
thing to have the merchants, the business men, the cap- 
tains of industry accessories to crime and shielders and 
supporters of criminals; it is an even more dreadful thing 
to see the power of men high in State politics, high in 
finance, high in the social life of the rich and fashion- 
able, united to stifle the prosecution of offenders against 
civic integrity if these offenders happen to be their 
friends and assoclates; and most evil of all is it when 
we see crooks of a labor party in offensive and defensive 
alliance with the crooks of a corporation party. Labor 
unions and corporations alike should be heartily sup- 
ported when they do good work, and fearlessly opposed 
when they stand for what is evil. The best kind of 
wage-worker, the best kind of laboring-man, must stand 
shoulder to shoulder with the best kind of professional 
man, with the best kind of business-man, in putting a 
stop to the undermining of civic decency, and this with- 
out any regard to whether it is a labor union or a cor- 
poration which is undermining it, without any regard to 
whether the offender is a rich man or a poor man. 

Indeed, if there can be any degree in the contemp- 
tuous abhorrence with which right-thinking citizens should 
regard corruption, it must be felt in its most extreme 
form for the so-called “best citizens,” the men high in 
business and social life, who, by backing up or by pre- 
venting the punishment of wealthy criminals, set the 
seal of their approval on crime and give honor to rich 
felons. The most powerful ally of lawlessness and mob 
violence is the man, whoever he may be, politician or 
business-man, judge or lawyer, capitalist or editor, who 
in any way or shape works 80 as to shield wealthy and 
powerful wrong-doers from the consequences of their 
misconduct. 

You have heart-breaking difficulties with which to 
contend. You have to fight not only the banded powers 
of evil, but, alas, that it should be said, the supineness 
and indifference of many good men on whose zealous sup- 
port you had a right to feel that you could rely. Do not 
be discouraged; do not flinch. You are in a fight for 
plain decency, for the plain democracy of the plain peo- 
ple, who believe in honesty and in fair dealing as be- 
tween man and man. Do not become disheartened. Keep 
up the fight. Very sincerely yours, 

Theodore Roosevelt. 


ee 


At the recent convention of the American In- 
stitute of Electrical Engineers notable and un- 
mistakable evidence of the true patriotism of 
engineers, though not of the loud-voiced, flag- 
waving variety, was manifest. Possibly the 
particular trend of its manifestation is a result 
of the recently inaugurated agitation for the 
conservation of the natura] resources of the 
country. At any rate the views expressed by 
many individual members of the American In- 
stitute of Electrical Engineers in regard to the 
proper government policy for the development 
of water power on forest reserves, must be es- 
pecially gratifying to those who are seeking to 
advance the interests of the greatest number of 
the people in these future developments. It 
must have been gratifying also to those who 
maintain that the engineer, by education, by ex- 
perience and by a developed power and sense of 
logical deduction is entitled to a more prominent 
position in the councils of the nation. A well- 
known engineer, long connected with a concern 
developing and operating a hydro-electric power 
system, perhaps the largest in the world, pre- 
sented a paper in which he suggested, aS a gov- 
ernment policy in regard to water power de- 
velopment in forest reserve lands, that any such 


a development was a purely local thing; that 
it should in all ways be considered with re- 
gard to the local area immediately served; that 
all revenue to the government from such a de- 
velopment should be expended for the local con- 
servation only. 

The individual engineers, in discussing this 
paper, put themselves on record in unmistak- 
able terms against such a view. Private in- 
terests were to be that much disregarded. The 
keynote of the discussion was “the greatest 
good for the greatest number for the longest 
time.” That forest areas and water falls were 
mere local property was emphatically denied. 
It was unanimously agreed that the development 
of a Pacific-slope power was of vital consequence 
to New England, and that the development of 
all possible power in the Appalachians worked a 
benefit to people in the Far West. 

These men largely trained to the service of 
private interests held to the principle that it 
was for the good of the country that the revenue 
from all profitable developments on government 
conserved areas should contribute, without re- 
spect to geographical distribution, to the up- 
building of mutilated or wasted power sites. 
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NEW THINOS IN ENGINEERING EDUCATION. 


There is one subject in engineering on which 
there is none so poor as to be without an 
opinion. At your engineering society meetings 
discusslon on all other subjects may fall flat: 
but when engineering education is broached 
the tidegates of talk are opened wide. 

It is not strange that this should be the case. 
Most engineers know a good deal of a few 
branches of engineering and confess ignorance 
as to all the rest. All engineers, however, have 
had an education—if only in the school of hard 
knocks—and most of them have opinions as to 
how the course of instruction could be bettered. 
Hence when opinions are called for there is al- 
ways an ample supply. 


There is one class of engineers, however, whose 
opinions on engineering education are par- 
ticularly entitled to respect. That is the en- 
gineers who are engaged in the actual work of 
professional instruction. As our readers know, 
there is a society—now 15 years old—composed 
of men who are engaged—let us not say in the 
manufacture of engineers, but in the molding 
of blanks which are to be stamped later by 
the dies of human experience. This-society—the 
Society for the Promotion of Engineering Edu- 
cation, to give it its official title—held its an- 
nual convention last month at Detroit. The 
papers and discussions there indicate the 
changes which are taking place and show that 
the teaching staff in our engineering schools 
are fully alive to the criticisms that are being 
made. In fact they are in some cases quite pos- 
sibly inclined to give too much weight to the 
opinions of the so-called practical men. The 
tendency toward specialization in education for 
examp'e—establishing courses in this or that or 
the other special branch of engineering—is due 
rather to parents and trustees and employers 
than to the sound judgment of our best educa- 
tors. So, too, part of the crowding of the courses 
and overloading the student with work on a 
multiplicity of topics is probably due to ill- 
considered criticisms of graduates and others. 
It is easy when one finds an engineering gradu- 
ate ignorant of cost keeping, or lettering or 
transit work or technical German, to say that 
these things ought to be taught in the schools. 
But no such offhand judgment ought to be made. 
Perhaps these subjects— excellent as they are 
would overload a course already full to the limit. 
Perhaps sklll in lettering would be gained at 
the sacrifice of time which needs to be devoted 
to physics or chemistry. | 


The main point we would emphasize, however, 
is the fact that the engineers engaged in the 
work of teaching are not—as is sometimes 
claimed—clinging to past traditions and stand- 
ing in the way of progress. On the contrary, 
they are adopting and altering the courses of 
study to meet public criticism quite as rapidly 


and radically, probably, as the conditions war- 
rant. 

Of course the need of change in these courses 
is generally admitted. It is no argument 
against such changes to say that the courses of 
study in vogue 25 or 40 years ago produced men 
who have achieved national distinction. The 
same thing is true of the barren old courses in 
the dead languages, of which a college educa- 
tion a century ago was chiefly made up. The 
same argument has been used also against all 
education by the schools. 

We must remember that the young graduates 
who were turned out of Rensselaer or the Thayer 
school back in the ’60’s or ’70’s, with a founda- 
tion of mathematics and little else Knocked at 
the doors of a very different profession from the 
engineering profession of to-day. Change is 
demanded in the courses of study in our engi- 
neering schools to keep pace with the changes 
in the profession itself. 

How great those changes have been, even those 
comparatively young in the profession can see. 
There is room and need to-day for many kinds 
of engineering education. The industries call for 
designers, draftsmen, inspectors, foremen, super- 
intendents, managers, and there is ever increas- 
ing opportunity for those who take up purely 
professional work. 

Viewed from this standpoint, the merit of such 
a departure as that inaugurated at the Univer- 
sity of Cincinnati, described in this issue, can 
be readily seen. Its graduates will be undoubt- 
edly specially fitted to undertake the work of 
factory management—manufacturing engineering, 
as it has been termed. On the other hand, the 
boy who does all the college work which they do 
and who devotes the three years which they 
spend mastering shop processes to the study— 
practical study we mean—of a variety of 
branches of engineering work, will be fitted for 
work entirely different. 

A particularly commendable feature of the 


- University of Cincinnati’s plan is that it opens 


a door to the youth who has the ability and the 
ambition to become an engineer, but who has 
to earn his own living. @ 

And this leads us to say that one of the 
changes of the past quarter century in our en- 
gineering schools has had an unfortunate effect. 
We refer to the raising of the requirements for 
entrance. The tendency has been to shut out 
from the engineering courses youths who may 
have all the qualifications to make first-class 
engineers and yet who are deficient in mathe— 
matical ability, or ability to master other 
scholastic branches. It is true that some edu- 
cators have in the past confused engineering 
and mathematics. It is true, too, that there 
has been a tendency—partly the result it may 
be of this school training—to reduce engineer- 
ing problems to a mathematical basis and make 
the application of a formula take the place of 
sound and educated and trained judgment. 

There is, however, we believe, less of this mis- 
application of mathematics now than there was 
in the early days of engineering education. 
There is, too, a formal admission on the part of 
leading engineering educators that the modern 
languages—French and German and Spanish— 
are not the essentials to our engineering edu- 
cation that they were considered a dozen years 
or more ago. 

The question comes, therefore, whether the 
increased requirements for entrance do not tend 
to shut out from the regular engineering courses 
a really desirable class of youths—whether the 
basing of the requirements for entrance on 
scholarship alone does not tend to evolve a gen- 
eration of scho’astic engineers. Every engineer 
of long experience can recall men who were 
eminent in the practical ability to do things. 
who had the ability to make good engineers anc 
yet were poor students in school. All will agree 
on the desirability that the engineers of the 
future should be men fitted by natural ability, 
for their life work; but the complaint heard a 
Atlantic City last week, in the discussion o 
engineering education by the American Institut. 
of Electrical Engineers, was that many of th. 
graduates now turned out by the colleges hay 
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nothing but the college training and no natural 
atness for the work of the profession to back 
it up. 

Rut before we blame the engineering educators 
for raising the entrance requirements we must 
recall the situation that has confronted them. 
These dozen years, students have been knock- 
ing at their doors in greater numbers than could 
be accommodated. Some sort of sifting process 
must take place. These dozen and more years, 
too, the practical men have been appealing to 
have this and that and the other “practical” 
branch added to the course of instruction. 
What was more natural, therefore, than that 
some of the foundation work in mathematics, 
in the modern languages and in science should 
he passed back to the secondary schools by in- 
creasing the entrance requirements. 

Can the engineering colleges do anything else 
than this? Could they set up any other tests 
of a boy’s fitness for the engineering profession 
than his scholastic attainments? We ask these 
questions, but we shall not now attempt to 
answer them. 


In one of the discussions at the recent Detroit 
meeting, one speaker remarked that it was a 
rity that there was not yet such a thing as 
standard entrance requirements to the engineer- 
ing colleges and a standard course of study. 


In our opinion, however, it would be far from 
desirable to reduce all our engineering schools 
to one cut and dried order. There is room in 
the profession for a great variety of engineers 
with very diverse training and preparation. 
Further, the boys who are coming forward for 
preparation to fill the places of those now in 
active life differ as widely. We welcome such 
departures as that at the University of Cin- 
cinnati: but we should regret to see all our 
er.gineering courses altered to the cooperative 
rlan, excellent as are many of its features. We 
rejoice at the growth of the great correspond- 
ence schools and at the knowledge that many 
young men are being aided by them to fill 
useful places in the army of engineering work- 
ers—an army—let us add in which any private 
is eligible for the highest rank, no matter what 
his schooling may have been. On the other 
hand we have no objection to raise to the 
schools which propose to require an A. B. de- 
gree as a requisite to entrance. They will 
draw few students from the young men who 
have their own way to make in the world; but 
the boys so fortunate—or unfortunate—as to 
‘nherit large property can afford to take two or 
chree extra years for the culture studies; and 
if the culture studies “take,” they should be so 
much the better, as engineers and as men. 


There are two opposing tendencies at work in 
gur engineering schools. On the one hand we 
have the tendency toward teaching the practical 
j--2ils of engineering work, giving the student 
familiarity enough and skill enough with the 
m+thods and tools so that he can go out and 
‘arn a fair salary immediately on graduation. 
For example, 25 years ago most civil engineer- 
ing schools—and there was little else at that 
time—aimed to fit their students to take a tran- 
stman’s position on railway location immediately 
an graduation. 


On the other hand there is the movement to 
eliminate all the detail work, all the time spent 
in acquiring mere skill in performing certain 
eferations with instruments or tools. The time 
zus saved could be devoted to more thorough 
ending in the foundation studies, to instruc- 
en in a wider range of engineering branches 
ard to a liberal amount of culture studies. This 
atter plan, well seasoned with such practical 
eeqications as will make the instruction pro- 
‘<siona' and not scholastic is surely the ideal 
elication for the engineer; yet we must recog- 
nz the fact that the graduate from such a 
curse would not be as well fitted to earn his 
ing at the start and would find much more 
¢culty in obtaining a position than the youth 
*ro has spent some time at college in acquiring 
Kill in drawing or laboratory work. Such a 
rurte could only be recommended, therefore, to 
a student with means enough or backing enough 


to secure the first foothold, without which 
entrance to the profession is impossible. 

Our plea, then, is for wide entrance portals 
to the engineering profession, for all those who 
are by nature fitted for its work, no matter 
whether they be rich or poor, cultured or ignor- 
ant. Ample preparation is desirable certainly. 
Those who enter the gates with less will find 
themselves handicapped in the struggle. Yet 
the race is not seldom won by the runner that 
carries the handicap. 


LETTERS TO THE EDITOR. 


Driving Long Piles with Short Leads. 


Sir: Near the East River, piles 40 ft. long were driven 
in soft ground. The leads were not adapted to drive piles 
of such lengths, so a round, straight, perfect shaped pile 
about 25 ft. long was driven for about 10 ft. and then 
pulled out. Thus a hole was made of perfect shape to 
receive the regular pile. 

By this means the long pile was easily started and 
driven straight. 


Very truly, 
- Frank B. McLean. 
No. 231 East 31st St., New York City, July 1, 1908. 
— ooo 


Columa Action in Piles; Stiffening Piles by Riprap. 


Sir: Your editorial on Column Action in Piles” is 
particularly good except where you give 77? a value of 
10 ft. [that was the unaided work of the printer’s devil. 
—Ed.]. The writer's experience has brought him in touch 
with more than one case similar to the two cited in the 
editorial and he has often wondered why text-books on 
foundations did not devote more space to rational pile- 
foundation design. In this connection he was led to 
recommend a special note in the standard building speci- 
fications proposed by C. C. Schneider, M. Am. Soc. C. E. 
in a paper before that society some time since, as to the 
invariable necessity of computing piles as columns even 
when surrounded by earth throughout their full length 
(if the latter were at all soft or contained much clay) 
whenever piles were driven to rock or into a firm bot- 
tom stratum. 

In marine work, a very common source of such trouble 
as you mention is the careless. location or alinement of 
piles during driving and the necessity of springing their 
heads over so as to be covered by a stringer or cap. 
This results often in giving a single pile and sometimes 
a whole row or bent of piles, or a whole cluster, a sharp 
initial flexure. The writer has often seen a line strained 
almost to the breaking point by the action of a steam 
pile-driver winch-head, and once received a ducking by 
the breaking of such a line being used to haul a pile 
bent over into line. 

It is much better practice, too, to deposit riprap filling 
and drive piles through it, than to do so afterwards, be- 
cause the latter process has been known to brirg such 
lateral pressures on piles as to cause their failure from 
flexure. 

There are numerous other conditions in regard to which 
piles should be investigated, besides mere supporting 
power and column action, which are usually ignored. 

Yours truly, 
E. P. Goodrich. 

1 Wall St., New York City. 

——— — 


Englaeers as Business Men. 


Sir: As Mr. W. D. Marks shows in your last issue, 
there are good reasons why engineers should direct 
engineering undertakings, and there are sufficient in- 
stances where possibilities have never been realized 
because of lack of engineering insight on the part of 
executives, 

But there are also reasons why engineers do not rise 
to executive positions; Mr. Marks suggests an important 
one when he says: “There is another point; a tech- 
nical education does not train one in worldly wisdom 
as regards human nature, and thererore the engineer 
is rarely a successful aspirant for public office, for 
men become unworthy of study in comparison with 
science.’’ 

This view is common among engineers and shows that 
they know their faults if they would but admit them. 
Worldly or any other kind of wisdom regarding human 
nature is as much a part of the ‘‘truths of nature” 
and certainly as worthy of study as are facts about steel 
and concrete. Engineering is not an end in itself; en- 
gineering projects are undertaken only to serve human 
uses, and they can be carried out only by human means, 
such as labor, study, conference, organization, con- 
tracts, promotion, salesmanship and practically every- 
thing included in the terms, business and affairs. Busli- 
ness reasons come before engineering reasons and en- 
gineering is carried on for business ends. Engineering 
is one aspect only; business is the comprehensive view. 
Engineers must pay the price if they leave it to ‘‘busi- 


ness” 
work. 

Whether ‘“‘unworldliness’ in engineers is due to the 
engineering schools or to engineering traditions or to 
the evolution of the engineering profession from handi- 
craftsmanship, is perhaps of little consequence; it may 
be that the ‘‘honest plodding toil” of the engineer 
blinds him to the fact that engineering is only a small 
part of life and that we should be human first and 
engineers afterward. By studying peolpe as carefully 
as engincers study materials and forces, it ought to be 
possible to develop some capacity for dealing with 
people. A fuller knowledge of “human nature” should 
not lead a man to take advantage of his fellows. That 
is determined by his disposition. 

Discipline in exactness, carefulness and thoroughness 
is undoubtedly valuable in any vocation. To say that 
an arduous scientific training disqualifies for executive 
work is to confess limitations. Other professions be- 
sides engineering require hard work, but the judge who 
is worth his salt combines with his knowledge of the 
technicalities of law a keen appreciation of business fac- 
tors and of practical sociology. Likewise, applied psy- 
chology is useful to the physician, in addition to his 
knowledge of medicine and surgery. Military men not 
trained in meeting human situations would fail to utilize 
fully their technical knowledge of tactics, strategy, arms, 
fortifications, etc. 

Thanks are due to your journal for stirring up this 
subject. It should help to correct the disgruntled sour- 
ness and aloofness sometimes encountered in men who 
are doing purely technical work. If members of the 
engineering profession are more capable and upright 
than business men, let us see that they get the positions 
of trust, especially in these times when honest men 
should understand one another and hang together. 

Yours very truly, 
Geo. H. Gibson. 

Tribune Building, New York City, July 3, 1908. 

— . — 


Notes and Queries. 

The new aluminum alloy ‘‘Magnalium"’ was in one part 
of the article on this subject in our last issue, stated 
to possess under certain conditions a tensile strength of 
from 2,200 to 5,300 lbs. per sq. in. This error of mis- 
placed decimal points was obvious from the table given 
a few lines below and should be corrected to read 22,000 
to 53,000 Ibs. per sq. in. 


men to create the opportunities for engineering 


E. J. R., Omaha, Neb., asks for an explanation of the 
unequal creeping of rails in the same tracks on the Eads 
Bridge at St. Louis, as recorded in Tratman’s “Railway 
Track and Track Work.” 


The principal reasons, probably, are variations in the 
weight on the wheels and in the grip of the spikes upon 
the rails. There is nothing to prevent one rail from 
moving quite independently of the other. 


Attention has been directed to an error in the article 
‘‘Reinforced-Concrete Locomotive-Coaling Station on the 
Norfolk & Western RY., at Concord, Va., in our issue 
of June 25. On page 690, middle of the third column, 
‘rollers chamfered to admit of lubrication” should read 
“rollers chambered.’’ This typographical error of a single 
letter thus somewhat changes the idea of the con- 


struction. 
a a —ẽ 


THREE MZN WERE KILLED BY GAS in the hold 
of the wrecked steamer “H. M. Whitney,” of the 
Metropolitan Line, New York to Boston. They had 
been working on the vessel for a month, raising her 
from the bottom of Hell Gate Channel, New York Har- 
bor, and had just succeeded. The three men entered 
the hold to examine it for tightness, but they failed to 
test the air before they went in, and were overcome 
before they could be rescued. 

8 — “l.ñ ñæ ↄͤ̃ꝗfX.. 

THE CONVENTION OF THE AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS. 

The twenty-fifth annual convention of the 
American Institute of Electrical Engineers was 
opened at Atlantic City June 29, following closely 
upon the meeting of the American Society for 
Testing Materials. The same fine weather which 
marked the severai preceding conventions at this 
popular resort contributed no small amount to 
the success of this convention. An unusually 
full program was successfully, even brilliantly, 
carried to completion and this was made possi- 
ble by having every paper printed in advance, 
distributed into the hands of every listener and 
presented in abstract. The convention plunged 
into serious work after a short address of wel- 
come by Mayor Stoy, in which he extended the 
freedom of the city for all the waking or the 
sleeping hours and offered his personal services 
to all who might have any such freedom denied 
them. The number of members and guests 
registered was 469 at the close. 
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A set of engrossed resolutions was presented 
to Mr. C. F. Scott, of Pittsburg, Past President 
of the Institute, for his work in the launching 
and directing of the plans for the Engineering 
Societies Building on 39th St., New York City. 

The incoming President, Mr. L. A. Ferguson, 
of Chicago, was introduced and in a few informal 
remarks he outlined his policy for the coming 
year. He said that an effort would be made for 
the Institute to present greater advantages and 
opportunities to the younger and less experienced 
men. He hoped that some method could be de- 
vised to interest those men who direct large in- 
dustrial work and who, although not directly 
engaged on the technical side, could advise and 
assist very materially on the plans of the Insti- 
ture. He hoped to work for greater cooperation 
between the various electrical associations, such 
as the Electric Light Association, the Associa- 
tion of Edison Illuminating Companies, and the 
various State associations. 


PAPERS ON THE BROADER ASPECT OF 
ENGINEERING. 

THE PRESIDENT’S ADDRESS: THE EVO- 
LUTION OF ENGINERING.—Mr. Henry G. 
Stott took, as the beginning of the annual pres- 
idential address, Thomas Tredgold's definition of 
engineering, “The art of directing the great 
sources of power in nature for the use and con- 
venience of man.” Mr. Stott presented the the- 
orem that this definition could not hold good 
today, that it was not broad enough and that, if 
this definition was accepted as a standard, en- 
gineers would not reach that position in society 
which belongs to them by right of education, 
achievement and highly developed power of de- 
duction. 

Engineers were grouped into two classes; first, 
those who hold that an engineer’s activity should 
be restricted to the purely technical side of a 
‘specific vocation and secondly, those who would 
have him a prominent citizen, a leader in ad- 
ministration and in large developments. The 
numerous branches of electrical engineering that 
exist today were attributed to the need of spe- 
cialization as a result of the trend of industrial 
development. It was said that 
this process of segregation is evidently one of infinite 
application in all pursuits, tending strongly to an ever 
narrower development of the individual, but at the same 
time increasing his efficiency to a maximum in his own 
particular specialty. This increase in efficiency, how- 
ever, will cease if the engineer becomes so highly spe- 
cialized as to ignore the necessity of keeping in touch 
with the entire sphere covered by his company, as the 
evolution of each branch must be synchronized with 
that of all. 

The class which held to the broader ficlds of 
usefulness for the engineer, was described as em- 
bracing all who had broadened their working 
range through self-education, experience, oppor- 
tunity and natural adaptability. In extension of 
this idea it was said that 


the engineer who is called upon to report on a projected 
railroad, for example, must also be a student of political 
economy in order to give proper weight to the various 
economic problems which must be first studied before 
he reports upon the advisability of even making a sur- 
vey. He should be thoroughly familiar with the gen- 
eral organization of the State governments through 
whose territory the road may run, as well ad have a 
general knowledge of their laws affecting corporations, 
franchises, etc. In order efficiently to carry out his 
work, it will be necessary for him to come in contact 
with various officers of the state and city governments, 
so that he should be a man of general and broad cul- 
ture, capable of meeting any one with credit to him- 
self and the company he represents. Lastly, if he is 
personally acquainted with some of the more important 
state or city officials, or the members of the legislature, 
his work may be greatly facilitated and his services 
be just so much more valuable to his employer. 

Tredgold's definition of engineering evidently did not 
contemplate this enlargement of the engineer's sphere, 
and it is only by a natural process of evolution that 
some have reached this stage. 


Obviously the number of engineers appearing 
in such broad fields of political and administra- 
tive work is small for as Mr. Stott found 


whilst the legitimate field of work of the engineer Is ex- 
tremely broad and almost unlimited, yet as a rule he 
has apparently decided to keep in the background and 
to come to the front only when called. The result of this 
policy is that when the opportunity comes, the engineer 
is taken at his own valuation and passed over for others 
who, whilst not suffering from modesty, are lacking in 
engineering education and experience, and therefore are 
forced to call in engineers (to “ct in a subordinate posi- 


tion) to supply the incumbent's deficiency in the quali- 
fications necessary for the office. 

The blame for this situation was placed greatly 
on those engineers who, in following the ten- 
dency toward specialization did not keep in touch 
with the general aspects of engineering. The 
remedy for such a situation given was the ad- 
Vantages of the American Institute of Electrical 
Engineers, typical among such societies. By 
this association the specialists were to be brought 
back to a common ground defined in the consti- 
tution of the Institute as “the advancement of 
the theory and practice of electrical engineering 
and of the allied arts and sciences.” 

From the fact that the resolutions proposed 
through the officers of the four large engineering 
societies were all reported by the Committee on 
Resolutions of the recent Governor's conference 
at Washington, several deductions were made. 


United recommendations after careful investigations of 
facts by engineers, on any public question involving en- 
gineering problems, will be not only courteously re- 
ceived but welcomed and highly appreciated by our state 
and federal governments. Cooperation on the part of 
the four national engineering societies is absolutely es- 
sential to success in any great economic or engineering 
movement of national importance; and, as a corollary, 
success is certain if we cooperate. If engineers are to 
take the place in society which belongs to them by 
right of education and training, they must take an ac- 
tive part in matters of general policy or civic interest, 
no matter how remote these matters may seem from 
Tredgold's definition of engineering. 


Mr. Stott promulgated the idea of having a 
national association or society composed of mem- 
bers of the four great national societies and 
whose object would be openly to use all legiti- 
mate methods of influencing legislation on mat- 
ters affecting engineering and engineers, such 
as for instance the carrying out of measures for 
the proper conservation of national resources or 
the application of economic principles in laws 
affecting public service corporations or commis- 
sions. The closing passage epitomized the ex- 
hortation of the address: 


Let us remember that if we wish to assume our proper 
place we must be aggressive and not passive in alle- 
viance to our engineering societies. The day is long 
past for hiding our light under a bushel. Instead of 
Tregold’s definition of engineering this may more cor- 
rectly express the position of the enginver today: 

Engineering—The art of organizing and directing men, 
and of controlling the forces and materials of nature 
for the benefit of the human race. 


ELECTRICITY AS VIEWED BY THE IN- 
SH RANCE ENGINEER.—Mr. C. M. Goddard, 


President of the National Fire Protection Asso- 
ciation, brought to the convention a picture of 
the waste of the country’s resources by fire and 
made an earnest plea for the action of the Insti- 
tute in preventing this economic loss which he 
characterized as due in fully one-half the cases 
to utter care'essness—meaning by that, the con- 
tinuance of conditions easily avoidable. 

The magnitude of fire losses ($180,000,000 in 
1907, $134,000,000 annual average) was shown 
by comparison with that famillar measure of 
financial magnitudes the maximum amount of 
the national debt, $2,845,000,000. Since 1860 the 
insurance companies in this country have paid 
52. 500.000.000 in losses where the total property 
loss by fire since 1875 has been $4,250,000,000, 
The 300 odd fire insurance companies now doing 
business carry risks aggregating $30,000,000,000. 

As an argument that American fires should be 
greatly prevented a comparison of losses in 
Europe and America was made. 


The annual number of fires in American cities aver- 
ages 40 for each 10,000 of population as compared with 
R for each 10.000 population in Buropean cities. The 
annual per capita loss in Austria, Denmark, France, 
Germany, Italy, and Switzerland varies from 12 cts. in 
ltaly to 49 cts. in Germany, with an average of 33 cts., 
as compared with $2.47 in the United States. 


Mr. Goddard held that electricity applied with- 
out the most exacting restrictions was a most sce- 
rious fire hazard although properly guarded it 
furnished the safest illuminant and power gen- 
erators as yet developed. The part of the un- 
derwriter in assisting to this much desired end 
was not forgotten as when it was said: 


I think that no small part of the progress of your 
art has been due to the fact that in its early days, when 
the electrical engineer knew little about the fire hazard 
of electricity, the underwriter, knowing less but fearing 
much, appeared as an unwelcome but salutary obstruc- 
tionist and at least caused the matter to be considered 
and investigated. We must continue our cooperatlon so 
that as your art progresses in giant strides, we may 
together keep pace with it in restrictions which shall 
not obstruct but safeguard its advance, My great de- 
sire has been and is to foster and encourage this cooper- 
ation for our mutual benefit; our interests lie in the same 


directton, we must travel along together and put up 
with each others’ faults whether we will or not. Shall 
we not walk as companions rather than enemies? 

That part of the paper which seemed to be the 
focus of the discussion was especially suggestive 
and with the discussion may be said to indicate 
the course of the Institute's future action in this 
phase of conserving the country’s resources—for 
the inexcusable annual loss of $0,000,000 was 
generally accepted as a waste of resources. 


This is the first time that the National Fire Protec- 
tion Association has been formally represented at an 
annual meeting of this Institute, and it seems to me 
that the time allotted to me in that capacity could not 
be better occupied than by endeavoring to show in a 
general way why there must be a close relation be- 
tween the electrical and the fire protection engineer. I 
could, of course, discuss some particular hazard or haz- 
ards of electricity, as a fire producing agent, but if I 
can arouse in the membership of this Institute a sense 
of the duty they owe, not to the insurance companies 
but to mankind in general, so that each will give some 
thought and attention to electrical fire hazard problems, 
then we can trust to conference committees to work out 
the details of each and all of the individual problems as 
they arise. 

Dr. C. P. Steinmetz crystallized the discussion 
on this paper in saying that the Institute should 
take up the broader field of all the risks involved 
in the use of electricity, risks to life and limb, 
to invested capital and not alone risks involving 
an immediate fire loss important as that was. 
He maintained that the Institute should have a 
committee on this important subject. This com- 
mittee could make rules of practice or it could 
Secure agitation. Rules might become unduly 
restrictive and the Institute, he felt, might pre- 
fer not to have established rules. It might be 
preferable to secure the presentation of papers 
on safe practice and arouse the opinion and de- 
mand that only safe practice be used every- 
where, 

Mr. A. H. Rabcock, of San Francisco, related 
an experience during the great earthquake and 
fire of 1906. He watched the progress of the 
fire for a large part of the day from the top of 
one of the high buildings in the upper part of 
the city and it was his observation that the fire 
centers developed were in those districts served 
by the storage battery system, through under- 
ground conduits. In contrast to this destruction 
there was no serious fire in Oakland, Berkeley, 
Palo Alto, San Jose or other nearby cities where 
the shock of the quake alone was equally se- 
vere. It was said that the overhead service lines 
were severed by falling debris so that no elec- 
tric power was available for service or for dam- 
age. Mr. Babcock stated his observation, not 
in any way as an explanation of the causes of 
the San Francisco fires but as a most significant 
occurrence to be examined in studying fire .haz- 
ards broadly. 

A SUGGESTIVE GOVERNMENT POLICY 
TOWARD WATER POWER DEVELOPMENT 
IN NATIONAL FORESTS.—Mr. F. G. Raum, of 
San Francisco, in this paper virtually made an 
attack on the present policy of the government, 
as it is commonly understood, as to power de- 
velopment permits, franchises and taxes in na- 
tional forests. The need for good water power 
development wherever feasible was quickly 
passed over as an introduction and several sug- 
gestions were put forward for a governmenta! 
policy which may be summarized as follows: 

The rights of way and lands necessary should be given 
in a patent on condition that a certain amount of work 
be done each year and that a certain amount of con- 
struction be completed in five years. 

Assuming that the object of the proposed forest-con- 
servation charges or taxes is not for the production of 
revenue for the, government but is for insuring maxi- 
mum use for all time in producing supplies of food, 
water, timber, etc., it follows that the different reserve 
sections must stand on their own merits. The revenue 
from a California reserve should not assist in pur- 
chasing or maintaining a reserve in Maine. The rev- 
enue from one reserve should go to protecting and 
maintaining that reserve alone. Those who have set- 
tled in a favorable location should not contribute to 
the reserves of a less favored situation. 

The government should calculate the actual cost of 
the forest conservation and make the charge accord- 
ingly. Rights of way and lands for reservoirs, pipe- 
lines, power houses, etc., should be sold to the develop- 


ing company at a fair price and should nct then enter 
into the taxes. 


The protection of timber growth will generally affecs 
the stream flow and the government may justly charge 
for this protection. The actual charge must be calculateé 
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for each case and all interests benefited must pay their 
just proper.ion. Charges for reservoir privileges, rights 
of way. canals, pipe lines and station sites should, 
towever, be based on the value of the occupied acreage. 
A power development on a certain area should make the 
and no more valuable to the government than if occu- 
pied by a quartz mill. 

If the charge is based on kilowatt output the man 
who installs a wasteful plant pays less than one who 
puts in an expensive and efficient system. The man 
bo transmits this power to a distant market must 
yay for the losses and expense of so transmitting over 
wort ode who supplies a home market is charged, al- 
tteugh the first man is equalizing industrial conditions 
as do railroads by their transportation facilities. He 
stculd be encouraged and not taxed for his work. 

in contradiction of the view that the government 
siould obtain as large a revenue as possible for every 
d-veccpment and should apply the proceeds for the gen- 
eral wel: are, basing such views on the contention that 
De government grants a privilege which cannot be en- 
ova] by others and should receive a revenue in pro- 
portion to that derived by the company from the oper- 
von of the privilege, in contradiction of such a view 
2 power companies should not be treated differently 
trom the farmer, the lumber man, the railroad or simi- 
lar interests. Industry, progressiveness and individual- 
cy should not be taxed or stifled. 

The discussion on this paper was vigorous, 
everyone, without exception, differing to a 
greater or less extent from Mr. Baum's views. 
The great burden of all the remarks was that 
forest areas and water-powers are not property 
of a localized district but that the conservation 
of the one and the development of the other are 
matters of moment to the entire country. There 
was a general consensus of opinion that it was 
for the greatest good of the greatest population 
that “spoiled” and hitherto useless water-powers 
in the East should be assisted to a paying basis 
of development by revenues on western power 
privileges as one man would take income from 
ne paying property and use it to build up an- 
„ther poorer property to a paying basis thus 
T. thing his whole possessions more productive. 

Mr. P. P. Wells, of the Forest Service, made 
s-veral interesting remarks showing the policy 
of the present administration of the Forest Ser- 
vie In these matters. It was stated that the 
arice fully realized the importance of the 
arvatest and best development of available 
“ater powers in assisting the prevention of 
{vaste of mineral resources. From this view, 
Mr. Baurn’s contention that the charge to the 
fewer company shou'd be based on the mere 
wt of forest conservation was held to be wrong 
„a was also any claim that any other scheme 
taan his would necessarily tax and retard in- 
dustry. enterprise and progressiveness. The pol- 
„e of the Forest Service as an administrative 
wiv were clearly outlined by Mr. Wells and 
may be here summarized in four headings: 

li The Forest Service is not satisfied with the present 
dem of issuing permits for the development of water 
swerf on forest reserve lands, revocable at the pleasure 
cf the Secretary of Agriculture. The service would 
D '*r—and indeed has sought legislation to this end— 
„ isse lorg-term permits, limited franchises or return- 
at's pa ents to enable full unrestricted development for 
2 ergele generation only. 

„ In the absence of the desired power the service 
2s gone as far as possible to give certainty to develop- 
z-z! im issuipg permits by fixing the development period 
az ff years. 

NO permit issued shall be held unused. The 
‘s+ 4c time of beginning and completing construction 
‘52:1 be fixed and the grant shall be lost by lapse of 
work 

„ The service stands for a uniform low charge or 
- -al ba-ed on actual development. The value of a 
telopment is to the whole people not to a local group. 
The charge should be based (a) on the value as a power 
+ > of the lands occupied, (b) on the resources utilized— 
waer, timber, etc., and (c) on the service rendered in 
-e mrming the value of the power for future times. 

Mr. Wells contended that Mr. Baum’s analogies 
ere faulty. For instance, the case of the 
farnrer was cited. The policy of the government 
z£ Deen to give free homes to establish a pop- 
-aon The government held that the country 
"+ ved amp'e compensation and had its inter- 
„ advanced by such colonization. The present 
2 r.. stration would not extend this principle 


*, corporations not establishing population but. 


+-"a:nz primarily for private gain. The grazing 
„ee in forest reserves were an attempt at a re- 


turn on the actual grazing value of the land. 
Saw mill sites were charged on a basis of mill 
capacity. The charge for actual water conser- 
vation was not based on the amount stored on 
forest lands, but on the head obtained through 
the conservation service. 

Dr. C. P. Steinmetz in commenting on this 
paper maintained that considering the develop- 
ment of a water shed as a local matter was a 
vicious sentiment directly against the objects of 
setting aside the forest reserves. The only ex- 
cuse for the government conservation of the 
forest and streams was that their use was not of 
mere local importance. 

He brought forward the idea that wholly local 
expenditure of revenue from local development 
would not broadly conserve water powers where 
there was not enough prospective profit to in- 
terest private capital. This would be an ineffi- 
cient way of protecting the country's resources 
as a whole. 

This speaker a'so brought up the feasibility of 
Mr. Baum's scheme. The ability to get long 
term and perpetual franchises is becoming rare, 
as public sentiment is changing. The life of fu- 
ture franchises generally, it was held, would be 
the life of a single generation, 40, 50 or 75 years. 
To attract private capital with a short-term 
franchise is a problem which Dr. Stcinmetz 
would see solved by guarding the investor 
against any form of confiscation of invested cap- 
ital at the end of the franchise period. 


TELEGRAPHY AND TELEPHONY. 
WIRELESS TELEPHONY.—A rather long 


but interesting paper by Mr. R. A. Fessenden, 
of Washington, D. C., was presented in abstract. 
In this contribution a history of wireless tele- 
graphy and telephony was built up from its ear- 
liest days to the present; from 1838, when Jo- 
seph Henry first produced high frequency elec- 
trical oscillations by the discharge of a con- 
denser, through the discoveries and deductions 
of Helmholz, Hertz, Lodge and through the de- 
velopments of Crookes, Hughes, Dolbear and 
Marconi. 

Up to 1595 the work had been entirely with 
damped waves—those oscillations the strength of 
which rapidly died out—received on what the 
author called ‘‘microphones”—loose aggregations 
of metallic or conducting particles that changed 
their effective resistance when placed so as to 
obstruct the ether waves. From 1898 on, a dif- 
ferent line of investigation and invention was 
undertaken. Now sustained electrical oscilla- 
tions were sent out and were received on several 
types of apparatus fundamentally different from 
the coherer or “microphone.” The continuous 
high frequency oscilations were produced by arcs 
and by straight or dynamo transformer arrange- 
ments. 

Out of the work with sustained oscillations 
wireless telephony grew and the author stated 
three necessary features of apparatus for such 
transmission of intelligence. 


1. Means for radiating a stream of electrical waves 
sufficiently continuous to transmit the upper harmonics 
on which the quality of the talking depends. 

2. Means for modulating this stream of waves in ac- 
cordance with the sound waves. 

3. A continuously responsive receiver giving indica- 
tions proportional to the energy received, and capable 
of responding with sufficient rapidity to the modula- 
tions in the wave stream to produce speech harmonics. 


Mr. Fessenden then gives in considerable de- 
tail a description of the apparatus, used by him, 
in producing the wave stream and the transmit- 
ters that fluctuate the amount of energy trans- 
mitted in the wave stream as well as the “bar- 
reter,” or bolometer modifications used to con- 


vert these energy changes into sound waves. 


It was the author's expressed belief that there 
was a good field for wireless telephony where long 
distance lines are now used and for transmarine 
communications with fixed or moving stations. 
Thè trials and tribulations of inventors and pro- 
moters of wireless systems in fighting what they 
have termed "governmental obstruction and con- 
fiscation’”’ are set forth at considerable length. 
It was claimed that it was practically impossi- 
ble to secure a permit to erect a station in any 
foreign country for communication to this shore, 
no matter how great and varied commercial in- 
terests were served. It was claimed that the 


government was seeking to establish a monopoly 
in American wireless telegraphy, that it had 
mude use of patented inventions for the Navy 
Department without any consideration or com- 
pensation, that it was attempting to estab'ish 
certain wave lengths and receiving rights that 
would limit private long distance transmission 
to the night hours and to such times as neigh- 
boring naval vessels might allow irrespective of 
any interference preventors which might be de- 
veloped. 

MULTI-STATION AUTOMATIC TELE- 
PHONE SYSTEMS.—This study by Mr. W. L. 
Campbell, of the Automatic Electric Co., La 
Grange, III., showed the great economic waste of 
material and the vast idle capital in telephone 
cables running from central stations to subscrib- 
ers’ instruments by having these cables in in- 
frequent use. The factor of greatest cost in the 
equipment of a telephone system was given as 
the lines, in many cases amounting to two-thirds 
the first cost of the whole system. It was stated 
that in a single-station system at the peak of the 
load that 90% of the lines were inactive and that 
the average of the 24-hour period showed 98% in- 
active. The problem attacked was to minimize 
the amount of idle line equipment, without im- 
pairing the service and thus to effect a reduction 
in rates that would extend the benefits of the 
telephone. The method outlined by the author 
for the reduction of the amount of idle lines was 


.to carry the sub-division of central stations, con- 


nected by trunk lines to the extreme which eco- 
nomic and service requirements would allow. By 
a comparative study of the manual and auto- 
matic systems, from the author’s standpoint, it 
was shown possible to subdivide the automatic- 
system grouping into outlying sub-stations hav- 
ing in some cases a capacity of only 100 lines. 
On these grounds the manual system required a 
minimum capacity of some 1,000 lines. The au- 
thor's position is shown below: 


One of the peculiarities of the telephone business, es- 
pecially when there is competition, is that an operating 
company is compelled to take on the new business of- 
fered. It must keep up wiih its rival or drop out of 
the race. A user of electric light doesn’t care how many 
other customers are connected to the same plant that 
he is, but a telephone user is, of course, very much at- 
tracted by the larger of two lists of subscribers. 

A one-office telephone plant sometimes must be almost 
entirely rebuilt within a few years of its installation in 
order to adapt it to a shifting of population, or to make 
it adequate for the customers unexpectedly demanding 
service, 

With a multi-office automatic system this need not 
be done. If an unexpected demand for telephones de- 
velops in a certain section of the city, it is not neces- 
sary to put in more conduits and cables or to replace 
present cables with larger ones to take care of the de- 
mand, but the situation is readily and practically met 
by putting in a substation or a branch office in the 
congested district. The present: line cables running to 
the district may be used as trunk cables to the new 
office. Thus the traffic carrying capacity of the cable 
and conduit plant reaching any district may be greatly 
multiplied without any additional expenditure for 
cable or duct. Consequently, one of the most attractive 
features of an automatic multi-offlce system is that it 
affords a stable value to the investment in wire, cable 
and conduit. 

HIGH-TENSION POWER-TRANSMISSION PA- 
PERS. 

EXPERIMENTAL STUDIES OF LIGHTNING. 
—Mr. E. E. F. Creighton presented a paper which 
embodied an outline of methods and results of 
studies into the characteristics of lightning and 
into the design and operation of lightning ar- 
restors. A brief abstract of this paper appears 
elsewhere in this issue. 

TESTS WITH ARCING GROUNDS.—It has 
long been common knowledge that more or less 
abnormal voltages existed in generating or trans- 
forming apparatus by an arcing ground on the 
transmission lines. Mr. E. J. Berg, of Schenec- 
tady, described a series of tests undertaken in 
hore of deducing a mathematical expression for 
this action on transformers. The mathematical 
expression could not be deduced but the results 
were presented without explanation of any kind. 
It was found that a voltage, sometimes a hun- 
dred. times normal, existed at the time of such 
grounds, in the few end turns of a transformer 
rendering it very liable to damage. It was 
found that this stress could be relieved ly mak- 
ing a good ground connection of the line giving 
the trouble until the actual line trouble could be 
located and repaired. This scheme applies of 
course only to such transmission systems as can 


safely be grounded. 
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THE DESIGN OF TRANSMISSION LINE 
STRUCTURES.—Mr. D. R. Scholes, of Chicago 
gave some interesting comparisons of tower de- 
signs with windmill tower practice. This paper 
ig reviewed in another part of this issue. 

TESTING OF INSULATORS.—Mr. C. E. Skin- 
ner, of Pittsburg,, proposed some standard speci- 
fications for testing high voltage insulators, built 
up of recognized practices by various persons and 
concerns. It was held that at the present 
it was impossible for a person familiar with one 
certain method of testing to judge the bearing 
of results of some other system. The specifica- 
tion was divided into: (1) routine tests, to show 
defects in material and workmanship; (2) design 
tests, to show limitations of the design; (3) 
methods of testing. 

The first division was made up of the require- 
ments of a mechanical inspection and a test of 
dielectric strength. Each part of a built-up in- 
sulator was to stand, for five minutes, three times 
its proportion of line voltage. The completed in- 
sulator was to stand 2% times normal voltage 
for five minutes. 

The second division included tests of mechan- 
ical strength and of dielectric tests under artifi- 
cial rain and dew. Two clauses on the latter are 
appended. 


Dew Test. 
below, and 


With the insulator cooled to 0° C., 
then placed in a moist atmosphere of 30° 
to 40° C., it shall withstand 1.25 times the normal line 
voltage after the insulator has become thoroughly cov- 
ered over its entire surface by the condensation of mois- 
ture from the atmosphere. 

Rain Test. The rain test shall be made by mounting 
the insulator on a metal pin or equivalent, so arranged 
that {t may be placed either vertical or at an angle of 
45° to the vertical. Clean water shall be used and the 
precipitation shall be such that the water falls in a fine 
spray and in practically a vertical direction and at a 
rate of from 0.2 in. to 0.3 in. per minute, over the area 
formed by the vertical projection of the insulator. The 
rate of precipitation shall be obtained by the use of a 
suitable rain gage of not more than 3 ins. in diameter. 
In the discussion of these specifications Mr. 
R. D. Mershon said that such recommendations 
were advisable to secure a more uniform basis of 
comparison. The vertical rain and tilted insula- 
tor were approved as being more exactly repro- 
ducab'e than the vertical insulator arrangement 
with rain driven by fan or otherwise. 

Dr. C. P. Steinmetz proposed immersing the 
insulators for several weeks before testing to 
bring out the absorption in cracks and imperfect 
vitrification. . 

HIGH VOLTAGE EXPERIMENTS AT NIAG- 
ARA FALLS.—One of the most interesting pa- 
pers of the whole convention was the report of 
Mr. R. D. Mershor on studies of losses between 
conductors and over insulators of a transmission 
line. This work was an extension of that carried 
on near Telluride, Colorado, in 1897. It became 
possible in 1903 and 1904, through the generos- 
ity of private interests, to take up the work at 
Niagara Falls. 

Two experimental systems were built up. One 
called the “experimental line” was described as 
having 
a total length of 2,000 ft., although, generally, only half 
its length was used. It was supported upon wooden 
poles, spaced about 140 ft. apart. At first, the line 
wires were supported upon insulators, but it was found 
that the loss over the insulators was so great and so 
variable that if any reliable results were to be obtained, 
it would be necessary to find some other way of sup- 
porting the line conductors, Finally, the line wires 
wera suspended by means of paraffined cords attached 
to the necks of the insulators. As long as these cords 
were clean, the loss over them was negligible. As soon 
as they became dirty, they were replaced by clean cords. 
An additional short line, Known as the “Dummy 
Line,” only a few feet long, was made with sev- 
eral cross-arms with proper pins and insulators. 
The loss on this line was due to insulators only. 

Two single-phase, 100,000-volt transformers 
were used, each of a capacity of 10 KW. The 
power was from an old-type surface-wound, 133- 
cycle, single-phase alternator run at half speed. 
This machine gave nearly a sine wave under all 
conditions. Current was sent out onto the ex- 
perimental and dummy lines and the losses were 
determined by a method devised by Mr. Mershon 
in 1897. 


In it the fron-loss of one transformer is balanced 
against the iron-loss of both transformers in such a 
manner that no jron-loss reading appears on the watt- 
meter, with the result that the wattmeter records only 
the losses in the high-voltage circuit of the transformer 
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fecding the line. By this method of measurement the 
only correction which it is necessary to make in the 
wattmeter reading is to subtract from such reading the 
12 R loss in the high-tension coil of the transformer 
feeding the line. 

Mr. Mershon’s paper describes in considerable 
detail the difficulties encountered, the progress 
of the work from time to time and the interpre- 
tation of results. At this time only a brief sum- 
mary of the more important conclusions of a 
practical nature can be given. These results in- 
clude also the consideration of work done previ- 
ously by Professor H. J. Ryan: 


(1) With a given conductor at a given spacing and 
under given atmospheric conditions, there is a certain 
voltage or “critical point” at which a very appreciable 
loss begins to occur through the atmosphere. There may 
be an appreciable loss existing below this critical point, 
depending upon the atmospheric conditions. The pres- 
ence of floating particles in the atmosphere may pro- 
duce a loss below the critical point. 

(2) The presence of moisture in the atmosphere may 
produce a loss below the critical point. The presence 
of moisture in the atmosphere affects the loss both 
above and below the critical point. The presence of 
moisture or floating particles in the atmosphere affects 
the position of the critical point. 

(3) The critical point corresponds to a partial break- 
down of the dielectric. The critical point coincides 
with the voltage at which luminosity or hissing (or 
both) of the conductors begins. The critical point de- 
pends upon the maximum value of the electromotive 
force wave and the distance between the conductors. 
The critical point depends upon the local rate of fall of 
potential or dielectric stress at some point In the at- 
mosphere and, therefore, depends not only upon the 
maximum value of the electromotive force wave and the 
distance between the conductors, but also upon the 
diameter of the conductors. 

(4) There is a loss over insulators which is affected 
by the moisture conditions of the atmosphere. The 
variation of the atmospheric loss between conductors, the 
variation of the loss over insulators, and the variation 
of the critical point due to the moisture conditions of the 
atmosphere bear to the vapor product“ (i. e., the pro- 
duct obtained by multiplying the vapor pressure by the 
relative humidity) a definite relation which, so far as 
is at present known, is an empiric one. The loss over 
insulators in a fog is very much higher than the loss in 
dry air, and somewhat higher than that in a heavy rain. 
The smoother the surface of the conductor, the less the 
loss and the higher the critical point. The stranding 
of the lind conductors reduces the loss and raises the 
critical point due to the increase of the equivalent diam. 
eter of the conductor. The increase of the equivalent 
diameter of the conductor is greater the greater the 
number of strands. 

(5) The weathering of conductors (or at any rate the 
aluminum conductors and probably copper also) does 
not appreciably increase the loss or lower the critical 
point The loss and critical point are the same for 
copper and aluminum under the same conditions. 

(6) Anything which increases the charging current of 
an insulator increases the loss over the insulator. The 
loss over an insulator on & wooden pin is greater than 
that over an insulator on & metal pin, because the re- 
sistance of the wooden pin is in series with the charging 
current of the insulator. 

(7) The atmospheric loss between conductors and the 
loss over insulators decrease with the frequency. The 
law of the decrease is not at present accurately known. 

(8) Neither the critical point nor the loss between 
cables is affected by variation in the distance of the 
cables from the ground. 


In the discussion, general gratification was ex- 
pressed that private generosity should have been 
able to make possible such studies of the limita- 
tions, and their causes, of high-tension electric 
power transmission. 

Mr. Elihu Thomson, of Lynn, Mass., said that 
the effect of moisture shown by Mr. Mershon's 
experiments might be explained by considering 
that water vapor just above the condensation 
point was not a true gas, but that some particles 
might lose velocity and exist for a time as liquid. 
These floating particles of liquid then act exactly 
as the floating particles in Mr. Mershon’s state- 
ments immediately preceding. Mr. Thomson 
maintained that the relation between losses and 
‘vapor product,” while an entirely novel one, 
could be explained by the action of water vapor 
as an imperfect gas. The reduction in loss by 
stranding was unexpected and later study might 
reveal some new ideas. 

Dr. Samuel Sheldon, of Brooklyn, N. Y., said 
that recent experiments had shown that the air 
at Providence, R. I., and Block Island contained 
free ions. He claimed, moreover, that it had 
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been determined that impact was necessary to 
ionize air and that ionization once started spread 
like wildfire. Just this action might be expected 
to occur at Mr. Mershon’s ‘critical point“ and 
it would explain that phenomenon for air though 
not for insulators. U 

Dr. C. P. Steinmetz suggested that if the curves 
exhibited to show the critical point of breakdown 
were plottcd with the logarithm of abscissae and 
ordinates as new abscissae and ordinates that 
straight lines might be produced to show the in- 
tersection (critical point) more definitely. 

The report of the convention papers and dis- 
cussions on electric railroading, design of ma- 
chinery and technical training will be printed in 
our next issue. 


coer —— — 


MEASUREMENTS OF LIGHTNING, LIGHTNING ARRES. 
TERS, EARTH RESISTANCES, CEMENT RESIST- 
ANCES AND KINDRED TESTS.* 


By E. E. F. CREIGHTON, Assoc. Am. Inst. E. E. 


The experimental measurements to supplement 
laboratory investigations reported in this paper 
were made on the lines of the Animas Power & 
Water Co., and the Pueblo & Suburban Light & 
Power Co., both well up in the Rocky Mountains 
of Colorado. The term “lightning” has here been 
used to designate a broader class of phenomena 
than is ordinarily meant by that term. Its use 
covers transient electrical phenomena generally. 

CHARACTERISTICS OF LIGHTNING.—Before a 
lightning-arrester can be designed along logical lines 
the characteristics of the discharge which may pass 
through it must be known. 

In considering the design of lighting-arresters, a brief 
classification based on the effects of lightning may be 
made as given below. The principal factors involved 
are: (1) Duration of the surge of lightning. (2) The 
potential values of the lightning. (3) The maximum 
current discharge rate. (4) The natural frequency of 
the lightning. (5) The quantity of electricity in the 
lightning stroke. In considering the choice and oper- 
ation of arresters for a transmission line, the most im- 
portant of these factors is the duration of the surge. 

DURATION OF LIGHTNING.—Lightning from an ex- 
ternal source (cloud lightning) is usually of very short 
duration. Measurements made during the summer of 
1907 in Colorado, gave a range of 0.04 sec. to 0.0001 sec. 
Cloud lightning has been known to continue for longer 
than one-half a second in rare cases. Lightning from 
an internal source (accidentally grounded phase, switch- 
ing, etc.) often continues over a period of several min- 
utes, or even several hours. 


Lightning frequently recurs in successive strokes. A 
number of measurements were made on an idle line 
which gave as high as seven separate discharges in one 
second. In the lightning-arrester these multiple strokes 
give the effect of long duration. 

One notable piece of apparatus was developed 
to measure duration. In this a spark gap was 
arranged in front of a rapidly revolving photo- 
graphic film. Light from the discharges was al- 
lowed to fall upon the film through an aperture 
in a screen and knowing the speed of rotation 
the duration was measured. During storms 36 
discharges were studied; of these two were ex- 
pressed in terms of hundredths of a second, 17 
were in thousandths and 16 were in ten-thou- 
sandths of a second. 

Each exposure showed broken line representing 
the frequency of alternation of discharge. This 
frequency of about 3,000 cycles per second was 
analyzed further into a higher frequency by a 
“frequency meter.” This latter piece of appa- 
ratus consists of long vertical wire coils having 
one end connected to the line and the other end 
dead. The reflection of the waves from the dead 
end of the coil produces interference effects on 
the incoming waves which action causes high po- 
tential points along the tube which are recorded 
on a photographic film between the tube and a 
parallel antenna. 


Natural frequency of lightning should not be c : 
with the multiple stroke or the frequency of 5 
of strokes. Frequency is distinguished by analysis un 
der four heads. 

1. Lightning strokes often come into a station durin: 
a storm at an average rate ranging from two per mia 
ute to one in five minutes. 

2. Each of these flashes, which appears to the ey 
as a single flash, may often be two or more distinc 
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cuecessive strokes distributed over a second or less. In 
the next paragraph the analysis of each of these indi- 
vi a! stroke: into oscillations gives the natural fre- 
deze of the discharge, 

a. Many of the discharge records of the rotating-film 
Aan us for measuring duration are in the form of a 
toifermily broken line whose parts correspond to the 
te { cycles of the discharge current. This frequency, 
won if existed, was of the order of the natural fre- 
ar- ner of the transmission line, about 3,000 cycles per 
21 Od. 

4. Esch one of these waves may be made up of higher 
Tune neles superimposed upon it. Of these high fre- 
gue) ies the only ones measured were of the order of a 
B. l. a Cycles per second. 


The relative severity of lightning strokes is in- 
dicated by the weight of the fuse wire blown 
but the fuse itself gives no good indication of the 
quantity of electricity passed. The factor of du- 
mton enters and this depends on the damping of 
osiHations by resistance, the dissipation losses 
and the initial potential. The apparatus for 
r.easuring the quantity of current consists of a 
duration recorder in series with three magazines 
of fuses. All the fuses in one magazine are of 
¿ne size, but the three groups are graded. The 
fuses can be calibrated if desired with an oseillo- 
graph. measuring current and time. In some 
cases a hot-wire ammeter can be used if properly 
calibrated. The data from one test, that of a 
heavier stroke than the average, showed a value 
af ©1132 coulomb for the quantity passed. 

BEHAVIOR OF GROUND CONNECTIONS.— 
The experiments on ground plates and pipes 
showed that, with a dynamic current being dis- 
charged to earth (as contrasted with the relief 
of the lightning phenomena), the resistance in- 
ereased after a short time. This was evidently 
due to the evaporation of water by the heat pro- 
duced. The normal resistance returned after a 
peril of rest. Any kind of a metal pipe or rod 
makes a good ground connection if driven in a 
few feet and if the soil around the top is cupped 
away and filled with a few pounds of common 
salt which is afterward well watered. 


LIGHTNING PROTECTION FOR BUILD- 
INGS.—The customary lightning conductor is 
usualiv connected to a single earth by a single 
ciniuctor. Numerous cases of side flashes from 
the rod into some part of the building have been 
recorded, The following recommendations based 
on minimum inductance and screening are made: 

Assuming a pointed roof for simplicity of il- 
lustration, a rod should be carried up high 
erough to act as an electrode for the lightning 
are probably 6 ft. or more, basing the distance on 
rhotegraphs of the part of the rod rendered lu- 
minous by the lightning. From a point about 
ridway up on this rod, at least eight copper or 
iran wires should be attached; a wire passes to 
tach corner of the roof and one at each mid- 
roint. Each wire is carried directly down to a 
salted pipe-earth. At the eaves a horizontal 
metallic connection should be made to equalize 
tze potentials and again at the ground line. The 
jatural inclination of high frequency currents to 
srread over a surface will tend to prevent a side 
stroke toward the interior of the building. The 
inultiple earth will tend to equalize the potential 
aver the entire building. With a given amount of 
copper, the more it is subdivided into multiple 
Paths, the surer the protection. The foregoing 
is intended to cover only the principle involved 
za will have to be altered somewhat to meet 
architectural demands. 


CEMENT AS A RESISTOR.—Some time ago 
the possibilities of trouble with lightning-arrest- 
ers on a system using cement resistors between 
tt- neutral of the system and ground suggested 
tte necessity of studying its characteristics. 

Ancther important phase of the subject is re- 
ted to the use of cement in poles and as an- 
-t:rg or foundations for electrical transmission 
‘veers, In the event of a shattered insulator, 
‘hs cement or concrete will be called upon to 
-arry either the charging current or one phase 
a erding to the connections. In this case the 
question of conductivity is a minor matter and 
<ttention should be directed to the possibility of 
cicintegrating the cement by overheating. A se- 
s of tests was carried out to determine the 
Fal- ability of Portland cement as a material for 
~-stances, especially its use with large currents 
11 on high voltages. They tend to show the 
iiowing conclusions; 


The tests made with cement rods having dif- 
ferent proportions of sand show a progressive in- 
crease in resistance with increase in the amount 
of sand, leading to the conclusion that the sand 
acts practically as an insulator’ distributed 
through the cement, so diminishing the effective 
cross-section of the rod. 

All the experiments on the change in resist- 
ance with age or with heating indicate that at 
moderate temperatures the conductivity depends 
almost entirely on the amount of contained mois- 
ture. It would appear probable that the mois- 
ture dissolves a portion of the cement to form an 
electrolyte which beirfg diffused through the body 
of the cement conducts the current, the solid 
part of the cement simply acting as a container 
for this electrolyte. 

The studies of concrete while not as complete 
appear to agree with these conclusions. 

The experiments on resistance at high temper- 
atures and at high voltages show that cement 
possesses in addition to its low temperature or 
moisture conductivity a high temperature or 
pyro-conductivity. Also that a high voltage is 
able, in some manner to bridge the interval of 
high resistance and raise the material to incan- 


descence. 
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FUNDAMENTAL CONSIDERATIONS GOVERNING THE 


DESIGN OF TRANSMISSION-LINE STRUCTURES.* 
By D. R. SCHOLES, Assoc. Am. Inst. E. Af 


A forecast of the statement of loads, for which 
a tower or pole must be designed, is based on a 
forecast of probable extreme weather conditions 
in the vicinity of the proposed line and also on 
a prediction of probable accident to the conduc- 
tors. 


The cost of a line is affected very largely by the fig- 
ures which are selected to represent the probable ex- 
treme conditions, and the selection and application of 
these figures is, therefore, a matter of a good deal of im- 
portance. Unfortunately, data on this subject are very 
meagre, and a rational solution of a problem involving 
weather conditions and possible accidents is manifestly 
impracticable. It seems, therefore, that the best guide in 
selecting figures to represent the probable extreme load 
conditions is experience with existing transmission line 
structures and other structures similar to them. 


The forces which may come upon a transmis- 
sion-line structure result from wind, sleet, low 
temperature, accidents to cables, etc. A factor of 
safety must be selected and a study made to de- 
termine whether loads may come on simultane- 
ously from two or more of these causes. 

Steel windmill towers have been in general use 
now about 18 years and the success of a given 
design depends on the integrated experience with 
all such towers. Competition has brought the 
weight of such towers to a minimum and it Is 
probable that a standard design of windmill 
tower has just about strength enough to resist 
the highest winds, tornadoes excepted, and study 
of such a tower should give some useful data 
for transmission-line structures. 


An examination of a standard design of windmill tower 
shows that such tower will actually fail under loads 
calculated on the basis of wind pressures of from 40 to 
50 lbs. per sq. ft. The tower referred to is of square 
pyramidal form, and in the calculations it Is assumed 
that the wind is blowing at right angles to one side, and 
both faces of the tower are considered equally exposed. 
It appears, therefore, that it would be good practice in 
transmission-line construction to specify that the poles 
or towers should, in addition to their other properties, 
have strength to resist loads on their members due to 
a wind pressure of 40 lbs. per sq. ft., with a factor 
of safety of from 1.5 to 2, based on actual test. Such 
a structure would be suitable for locations where the 
winds are high; in other locations these figures would 
be reduced by judgment, aided by a consultation of the 
weather reports and other such data. 


FACTOR OF SAFETY.—In designing a compli- 
cated structure to sustain a complex loading, a 
large factor of safety is natural and proper, par- 
ticularly if the structure can not be tested to 
destruction. However, with a simple structure 
carrying definite loads a smaller factor would be 
equally safe if the ultimate strength of the struc- 
ture had been actually determined. With the 
simple structures used on transmission lines and 
with the experience gained with windmill towers 
the uncertainty surrounding the figure, 40 lbs. per 
sq. ft., is largely removed. 


WIND PRESSURE ON CABLES.—In the absence of 
specific data relating to wind pressures on the cables 


*A summary of a paper presented at the annual con- 
vention of the American Institute of Electrical Engineers, 
Atlantic City, N. J., June 29-July 2. 

tChief Engineer, Aermotor Co., 12th and Rockwell 


Sts., Chicago, III. 


of long spans, it seems unsafe to assume a pressure of 
less than 30 Ibs. per sq. ft. for localities where the winds 
are known to be high. The figure 30 Ibs. per sq. ft. 
is commonly used in bridge calculations for surfaces ex- 
tending through horizontal distances of 60 ft. or more. 
It seems that a factor of safety of 2 should be used in 
connection with this pressure, so that the conductor will 
not be stressed beyond its elastic limit, under extreme 
conditions. 


SLEET.—Destructive sleet storms occur as far 
south as Georgia and local conditions have to be 
Studied. As the result of experience and study 
it appears that, where sleet is known to form, a 
coating of ice -in. thick should be figured for 
with a factor of safety of 2 based on the ultimate 
Strength of the conductor. 


ACCIDENTS.—In providing mechanical strength in the 
line to resist loads due to accidents to the cables, there 
are two well-known plans which may be followed. In 
the one all structures are given the same strength, each 
having strength to withstand the loads due to accidents 
which it is contemplated may occur in any span; in the 
other plan, two kinds of structures are used—a standard 
structure intended to support loads transverse to the 
line only, and a heavy structure having strength against 
the breaking strength of all the cables. These heavy 
structures are distributed along the line at intervals of 
a mile or so. The first mentioned type of construction 
is best adapted for lines having relatively small con- 
ductors, while the second type is favorable where the 
conductors are heavy. 

In designing a line of the first mentioned type it is 
usual to assume that any two conductors may break 
in a given span due to the formation of an arc between 
them, and that the tower or pole should be capable of 
withstanding the loads so developed without damage to 
itself. Provision is not, in general, made 

It is believed that the factor of safety used in con- 
nection with the loads due to breakage of conductors 
should be greater in the case of suspension type insu- 
lators than with pin Insulators. When a conductor 
supported by suspension insulators breaks, it will sud- 
denly move away from the point of breakage and will 
be brought to a sudden stop when the insulator comes 
into line with the cable. The movement will occur, in 
decreasing amount, all along the line, or until a strain 
insulator is reached. This sudden application of load 
and the attending inertia effect will subject the cross- 
arm to a greater force than the tension which existed 
in the cable before it broke. It is suggested that cross- 
arms be tested to loads equal to 1.25 times the elastic 
limit of the conductor for pin insulators and 1.5 times the 
elastic limit of the conductor for suspension insulators. 


FOUNDATIONS.—The usual assumption is that 
the resistance to uplift is the weight of the foun- 
dation plus the weight of earth in the frustum 
of an inverted cone whose sides are inclined to 
the vertical from the edge of the foundation at 
an angle of 30°. The results of this assumption 
agree closely with windmill practice. Local soil 
tests, however, should be instituted to bring the 
strength into a known relation to the rest of the 


line. 
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SOME ENGINEERING FEATURES OF THE SOUTHERN 
POWER COMPANY’S SYSTEM.* 
By J. W. FRASER,f Assoc. Am. Inst. E. E. 


It has been aptly stated that in order to build a hydro- 
electric power system there are three fundamental re- 
quirements: 

. A sufficient source of power. 

2. A market for the sale of power within economical 
transmitting distance. 

3. The necessary capital. 

A concrete example has been taken to show 
how the conditions governing the sale of power 
must affect the design of a system. The various 
power sites aggregated a capacity of 150,000 
HP. Of these only one had been developed— 
that at Catawba Station, 10,000 HP. The others 
are scattered along the Catawba River for 120 
miles. 

The area to be served contains the largest 
number of cotton mills in any similar area in 
the South, representing a requirement of some 
200,000 HP., all within easy transmission dis- 
tance of the water power sites. Three-fourths 
of these mills used steam power, where the aver- 
age cost of power was $34 per B. HP.-year of 
3,666 hours. With coal at $3.50, power could not 
be distributed for less than $28 from large sta- 
tions. 


True it is that In recommending investment in these 
sites it had to be considered that although the electric 
drive had demonstrated in some instances its reliability, 
convenience and economy yet the unsatisfactory his- 
tory in other instances, the general impression that power 
was produced for much less than it actually cost, and the 
fact that mill owners were averse to further investment, 
would make the sale of power a difficult matter. Still 
the main question which interested the investor was the 
cost of steam power, for prejudice could be overcome and 
the real cost of power could be demonstrated. 


FREQUENCY.—In determining the frequency 
of the current to be supplied, account had to be 
taken of. unusual local conditions. The 60-cycle 


*A summary of a paper presented at the annual con- 
vention of the American Institute of Electrical Engineers, 
at Atlantic City, N. J., June 29-July 2. 

{Southern Power Co., Charlotte, N. Ç, 
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generators in the 10, 000-HP. plant at Catawba 
Station and some 10,000 HP. in induction motors 
would have to be rewound if a lower frequency 
were selected for the new development. Some 
8,000 HP. of 60-cycle motors were distributed in 
the new territory. There were several small city 
plants operating on 60-cycles which might be 
enlarged if this frequency was employed. The 
25-cycle generators, transformers, etc., would 
have cost from 10 to 25% more than the 60- 
cycle. 


These considerations seemed to favor 60 cycles, but as 
exact figures were necessary in this case the following 
rough calculation was made: the saving in cost of gen- 
erators and transformers amounted to $75,000, and if the 
saving in copper due to increased power factor is added 
the total will be in the neighborhood of $100,000. 

There is an additional loss of about 10% of the loss 
which there would have been at 25 cycles and the in- 
tegrated loss over the present lines when fully loaded 
will be in the neighborhood of 27%. In power this 
amounts to 10% of 27% of 26,000 KW. = 700 KW., which 
at $5 per KW. is $3,500.00. Capitalized at 6% this 
amounts to $60,000—a balance of $40,000 in favor of 
60 cycles. It is possible that a very careful analysis 
might show this loss to be a little greater but the error 
cannot be over 25%, as the integrated loss referred to has 
been taken over a period of six months and covers losses 
from generators to meters on load. 


VOLTAGE.—It was found advisable to keep 
the voltage down to 44,000 for several reasons, 
among which may be mentioned: (1) the 44,000- 
volt transformers would cost from 18 to 33% 
less than for 66,000 volts, (2) the insulators 
would cost about 80 cts. less each, (3) the trans- 
former, switch and line operation would be more 
reliable, and complete reliability was necessary. 

TRANSMISSION LINES.—Through the im- 
possibility of making contracts with mill owners, 
due to their skepticism, the estimates of load for 
any section could not even be estimated to de- 
termine the size of transmission lines. Partly 
on this account it seemed good practice to build 
main trunk lines of steel towers and all single 
lines below No. 0 gage of wood poles. One other 
factor increased the difficulty. Several other 
power developments in this region were being 
financed by competing companies which tended 
to make mi'l owners hold out for lower rates. 

SUBSTATIONS.—The first motors installed 
were for 550 volts, but it was soon seen that this 
practice involved too many small substations 
with a complicated operation and excessive cost. 
After some investigation 2,000-volt motors were 
recommended for all mills converting to electric 
drive. To-day over one-half of the total horse- 
power in motors is at 2,000 volts. This voltage 
allows all mills within a radius of two miles to 
have a common substation. Most of the sub- 
stations below 900-KW. capacity are wholly or 
partially owned by the customers. 
company usually buys and instal's the appa- 
ratus, selling to the customer at minimum cost. 
The company discountenances buying trans- 
formers of less than 200 KW. on account of the 
high cost per kilowat capacity of the completed 
station. 

SECONDARY POWER.—The flow of the 
Catawba having been well determined for many 
years the problem presented itself of developing 
for 12 months at average minimum flow, or for 
an increased power for eight or ten months with 
steam supplementary power. Weighing all the 
conditions it was found advisable to develop the 
water-power site for 150% the minimum. The 
deficient power will be supplied at low water 
by steam plants in the proper centers or by the 
mill owners themselves, who have eight-month 
contracts with the power company. 


— ... —— 
AIR LEAKAGE IN STEAM CONDENSERS: A PLEA FOR 


SCIENTIFIC CONSIDERATION OF THE SUBJECT.* 
By THOMAS C. McBRIDE.} . 


Experience has shown that the presence of a small 
amount of air in a steam condenser has a marked effect 
upon its capacity and efficiency. In spite of this no 
serious attempt seems to have been made to determine 
quantitatively the amount of air mixed with steam in 
ordinary practice, nor definitely to define or limit this 
amount to exact figures in condenser contracts and 
guarantees. 

If it can be demonstrated that 

(a) The greater part of the air coming to con- 
densers is the result of air leaks, and 
(b) That these leaks are mostly in the prime 


*A paper presented at the Detroit Meeting of The Amer- 
ican Society of Mechanical Engineers. 

+Internationa] Steam Pump Co., 724 Arch St., Phila- 
delphia. l On, shart 


The power 


ER 
de 


— 
© 


[= 
FHE 
a . 
— e 
FELTENI 
| aa 
5 
ENTERT 
EL 


A 
— — 


anne 
ea 
LCL 


Ei 
erez 
Fi 


e 


BE 


1 
. eed 


VOLUME OF AIR IN AIR-PUMP SUCTION TIMES VOLUME OF CONDENSED WAT 


2 an 225 RIR 
LARNER Sees 
HASKE SSE 

KSN onoo 
ES N 
HEE 

ae 
J 


129 110 100 90 80 7 0 80 


TEMPERATURE OF AIR PUMP SUCTION DEG. FAHR. 


Curves Based on 30-in. Barometer. 


0 


Fig. 1. 


mover and its connections and likely to be 
but small in amount in the condenser itself 
due to the difference in the character of 
the two structures; 

and, 

(c) If it is possible to devise some convenient 
method of estimating the proportions of the 
air to the exhaust steam required to be 
handled by the condenser, 

then, it is only as fair to expect that purchasers’ speci- 
fications shall at least limit the amount of air to be 
handled by the air pump, that the manufacturer may 
intelligently select the size of this pump, as it is to 
expect these specifications to state the amount of steam 
to be condensed, that the manufacturer may properly 


determine the size of the condenser. 


In view of the one-sidedness of the usual pur- 
chaser’s specifications in this regard, it is not surprising 
to find the manufacturer in turn exacting a condition 
in his proposal that the prime mover and its piping 
shall be “free from air leaks” and then furnishing an 
air pump costing a very appreciable fraction of the 
total plant cost to remove air specified not to be pres- 
ent. z 

The author believes and assumes that the amounts 
of air passing through different condensers may be best 


— 
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TABLE I.—RESULTS OF FOUR TESTS ON LARGE 
SURFACE CONDENSER. 


Test number 


Ratio steam being condensed to guaranteed capacity of oo 


denser for 70 deg. water and 28 in. vacuum, per cent...... 74 67 27.3 
vacuum in exhaust, 30 in. barometer. inches. 28.03 | 28.18 27.24 
Corresponding temperature, degrees fahne. 101.0 | 97.8 09.4 
Volumes exhaust steam times volume water of condensation . 21 200; 23 100 16 000 
Steam condensed per square foot, pounds 655 | 8,62 | 5. 2.07 
Vacuum pump suction temperature, degrees fabr..........- 50.7 38 56.3 
Equivalent steam pressure, inches, ab 0.4 | 0.48 0.45 
Air by volume in vacuum pump suction, per ont. .....-.»-- 76,5 | 73.7 83.4 
Vacuum pump displacement times volume water of conden- i 

BALON... a.o n `.. 83.6 | 88.0 143.8 
The same with 00 per cent volumetric efficien*y assumed. . | 47.3 | 52.2 129.1 
Volumo air reduced to temperature and pressure in exhaust 

pipe times volume water of condensatiqan eee 90.6 | 40.7 118.0 
Volumes air in exbaust steam per 10 000 volumes exbaust 

PO ne a 18.7 17.6 73.7 


TABLE II.—RESULTS SHOWING EFFECTS OF AIR 


MIXED WITH STEAM. 
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Fig. 2. Resulting Volume in Air Pump Suction Due 
to Presence of 1-10,000 Parts by Volume of 
Air in Exhaust Steam. 


Measured and compared on the basis of the relation of 
the volume of this air to the volume of the steam be- 
ing condensed, both being at the pressure and tempera- 
ture existing in the particular exhaust pipe. The most 
convenient unit of volume is the volume of the water 
of condensation coming from the steam. The ratio of 
the volume of air passing through the air pump to the 
volume of water of condensation is then used to meas- 
ure the air. 

The most reliable index of the proportion of air 
to exhaust steam customary in existing plants is to be 
found in the ratings of air pump capacity in general 
use. 

Manufacturers of vertical twin air pumps and sur- 
face condensers usually guarantee them for 26-in. vac- 
uum (30-in. barometer and 110° F. hot well tempera- 
ture, with 70° injection and 110° discharge temperature, 
under which conditions it is customary to furnish an 
air pump of a displacement of about 13 times the vol- 
ume of the water condensed. 

Presuming that the friction of the vapors in pass- 
ing through the condenser is negligible and that the 
volumetric efficiency of this type of air pump is the 
same for the air as for the water, this rating presumes 
that for every unit volume of water of condensation 
there will be present in the air-pump suction pipe 12 
volumes of air, saturated at 26 ins. and 110°, at which 
temperature the pressure of the steam alone is 2.58 ins. 
absolute. 

The 12 volumes of saturated air in the air pump 
suction pipe is made up (Dalton's Law*) of 


12 volumes of steam at........ 2.58 in. absolute 
12 volumes of alr alete 1.42 in. absolute 
Total pressure . . 4.00 in. absolute 


Reduced to the cöndition in the exhaust pipe, that 
its volume may be comparable to the volume of the 
exhaust steam, this air alone becomes (according to the 
well-known laws of the relation of temperature, pres- 
sure and volume of gases) 


1.42 459.5 +125 
— x ————— = 4.37 volumes. 
4 459.54110 


*Dalton’s Law as 


12 * 


it relates to steam in condensers 
has been explained by the author in a paper delivered 
before the Engineers’ Club of Philadelphia, thus: 

Exhaust steam as it exists in practice in condensers 
and their piping does not conform to the steam tables 
because of the admixture with it of certain amounts of 
air. The temperatures and pressures of this mixture of 
air and steam follow Dalton's law. Under this law 
the total pressure at any point is the sum of the in- 
dividual pressures of the air and of the steam in the 
mixture at that point, whereas the temperature is that 
due to the steam at its individual pressure as if alone. 
In most condenser problems making use of this law 
the temperature and the sum of the individual pres- 
sures are given, the latter being the absolute pressure 
in the condenser. The individual pressure of the steam 
will be that due to the temperature and can be taken 
from the steam tables. The individual pressure of the 
air must then be the difference between this individual 
steam pressure and the total pressure. Having obtained 
these individual pressures, and knowing, therefore, that 
the relative volumes of the air and steam, if sepa- 
rated, must remain in the same proportion as their in- 
dividuaL pressures, it is possible to calculate the exact 
amount of air present and to trace this amount through 
the condensing process. 
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The unit volume of water passing through the air 
pemp with this air was before condensation 11,000 
times its volume. The proportion of air to 10,000 vol- 
umes of exhaust steam is therefore 


4.37 x 10,000 


11.000 


This amount, 4.0 volumes of air per 10,000 vol- 
umes of steam, represents the upper limit of the propor- 
ton of air to exhaust steam anticipated by American 
travtice in air pump guarantees; for the class of steam 
piant usually supplied with vertical twin air pumps, 
as ind:cated by the success of large numbers of these 
pumps in achieving their rated results, 

Horizontal air pumps for 26-in. vacuum and 110° 
ket well temperature are rated by most manufacturers 
as having a displacement of about 20 times the volume 
cf the water of condensation. This rating presumes the 
pr sence of air in the proportion of 6.3 volumes to 10,- 
ve volumes of exhaust steam. 

Ar pumps for jet condensers for 70° {injection 
a:d -in. vacuum, on the presumption that the dis- 
charge temperature will be 110°, are usually rated at a 
ci placement of 52 times the volume of the water of 
ondetsation. On these presumptions, this displacement 
will be made up of 


= 4.0 volumes. 


Volumes. 
Condensed steam... ce ee ee we ween Sue es 0 
Air entering with steam through boiler...... 0.3 
Len dens Laier eee waters 88 26.0 
Air entering with condensing water . 10.5 
Air entering by leakage 8 ET E: 
ISS! e oO 


F. guring as above, 14.2 volumes of air in the 
air pump suction at 4 ins. absolute and 110° were be- 
fore condensation 4.7 volumes per 10,000 volumes of ex- 
de ast steam, or to refer to the basis used before for 
ite surface condenser, the air entering by leakage and 
in the boiler feed total 14.5 volumes and correspond 
to 48 volumes per 10,000 volumes of exhaust steam. 

Here, then, are three different amounts, 4.0, 6.3, 
atd 4.8 volumes air per 10,000 volumes of exhaust steam 
bird the custom of air pump guarantees establishes as 
the limiting proportions of air to exhaust steam in 
t-al practice in steam engine plants. The first of 
thse values seems most reliable because of the high 
try cmetric efficiency of the vertical twin alr pump, 
“tas this type of pump is most often used in steam 
pats which, from their nature are likely to have less 
l-akage than the average plant, it is probable that 4.0 
roumes is a little below the average. Neither of the 
wLer two values is likely to be as reliable as the first 
fom the nature of the assumptions necessary in their 
duction. It is therefore safe to say that a provision 
to bandle about 4.5 volumes of air per 10,000 volumes 
of exhaust steam at 26 ins. is ample in steam-engine 
practice. and that more air than this indicates excessive 
l*:zkage, this, however depending somewhat on the size 
acd trpe of plant. 

Of the air that must be removed from the surface 
& nenser, part enters with the steam through the boiler 
trum the feed water, the balance through leaks. If it 
b- rresemed that, as an outside figure, the feed water 
‘sztains 1,0 of its volume of air at atmospheric condi- 
‘ots and is at 70° F., its relative volume, when it 
~weaches the exhaust pipe entering the condenser, will 
be: 


1 459.5+125 30 10,000 


— x — x — = 

20 459.5+ 70 4 11,000 
ru umes per 10,000 volumes of exhaust steam; or if the 
‘eed be heated to 210° before being pumped into the 
wiler: 

1 459.54125 30 10,000 

— x — x — x = 0 

20 459.54 210 4 11,000 
c. es per 10,000 volumes exhaust. 
is shows that of the air pump capacity pre- 
he necessary by manufacturers, about 7 to 9% is 
ratirad to handle the air coming into the condenser 
act the feed water and that the balance is required 
o remove the air entering by leakage and is largely 
12 unnecessary expenditure. Certainly, then, the re- 
seoasidility for limiting the amount of air is with the 
sae mover and its piping, and it is only reasonable 
‘s exyrect those controlling these features of the plant 
t tidicate the amount of air the air pump must handle 
15 no? to compel the condenser manufacturer to guess 


gee 


There seems to be no other means of measuring 
de air coming to any condenser than by the displace- 
cer of its air pump. The proportion of air mixed 
wh the exhaust steam is so small that the temperature 
4--- dye to its presence could not be used. Thus, four 
nes of air per 10,000 volumer of exhaust steam 
v. 1 cause a lowering of the temperature below that 
4.2 0 the pressure, of 0.014° F., at 28-in. vacuum and 
4.75 at W- in. vacuum. 

aarts bave been prepared to simplify the calcu- 
ras, necessary to determine the proportions of air 
as4 exhaust steam passing into the condenser, after the 
nio of volume of water of condensation to volume of 
1 pating through the air pump, and the temperature 


of this air, have been determined. The curves of the 
charts, Figs. 1 and 2, show the relations of these quan- 
tities. There are three sets of these curves in Fig. 1: 
for 4-in. absolute, 2-in absolute and 1-in. absolute re- 
spectively. Fig. 2 explains itself. 

In Fig. 1, absciss@ are volumes of air added to 
10,000 volumes of steam. Ordinates are ratios of the 
volumes of this air saturated at the temperatures marked 
on each curve to the volume of the water of condensa- 
tion. Thus, the curve marked 26 ins. and 110° F. 
shows that an air pump displacement ratio of 12 vol- 
umes of air to 1 of water would, at this temperature 
and pressure, correspond to a mixture of 4.0 volumes of 
air and 10,000 volumes of steam at this same pressure, 
before condensation agreeing with previous calculation. 

These curves are purely theoretical, and can be 
used for any type of condenser to determine the ratio 
after condensation of the volume of air and water at 
the temperatures corresponding to certain proportions 
of air mixed with the exhaust steam passing to the 
condenser and can therefore be used for selecting both 
dry air pump sizes and wet air pump sizes where hot- 
well temperatures are to be guaranteed and where the 
proportion of air to exhaust steam is either specified 
or assumed. 

The curves also show the great influence of air 
pump suction temperature on the capacity of an air 
pump to handle air. Thus an air pump with 4-in. ab- 
solute pressure can handle about twice the amount of 


air at 90° it could handle at 110° and at 40° about 
three times its capacity at 110°. 
This feature of the curves also shows quantita- 


tively the benefit gained in reduction of volume of air 
by the “dry” system, using a rotative dry vacuum 
pump. Without sacrifice of hot well temperature, this 
system removes the air near or at the temperature of 
the injection. If used on the presumed conditions of 
the vertical twin pump first mentioned, 12 volumes of 
air at 4 in. absolute and 110° would be cooled to 70° 
and become l 

459.5 + 70 1.42 

x —————— x — = 4.85 volumes. 

459.5 +110 3.27 

Referring to the curves it is seen that 12 volumes 
air and 1 volume water at 4-in. absolute and 110° and 
4.85 volumes air and 1 volume water at 4-in. absolute 
and 70° were each 4.0 volumes of air and 10,000 volumes 
of steam (both at 26 ins. and 125°) before condensa- 
tion. 

The curves also show, although not accurately, 
the fallacy of the short rule so often used which pre- 
sumes that halving the absolute pressure will double 
the volume of air to be handled. As a matter of fact, 
the volume will be increased much more than twice if 
there is no accompanying temperature change and at 
least twice unless there is a very considerable accom- 
panying temperature reduction. 

As an example: suppose a certain volume of air 
saturated at 70° F. (0.73-in. absolute) and 4-in. ab- 
solute, a usual condition in the suction pipe of a rota- 
tive dry vacuum pump when maintaining this vacuum. 
This air has a pressure of itself of 3.27 ins. absolute. If 
this volume be expanded to half the pressure and the 
alr be still kept saturated at 70°, the air pressure itself 
will be 2 in. — 0.73 in. = 1.27 in. and its new 


4—0.73 3.27 

volume will be ——--——— = —— or 2.57 times the original 
2 — 0.73 1.27 

volume. . 


The actual conditions may be represented thus: 

One vol. saturated air at 70° and 4 ins. abfolute equal 
one vol. air at 70° and 3.27 in. absolute and one 
vol. steam at 70° and 0.73 in. absolute and becomes 
at 70° and 2 ins. absolute. 

2.57 vols. saturated air at 70° and 2 ins. equals 2.57 
vols. air at 70° and 1.27 ins. absolute and 2.57 vols. 
steam at 70° and 0.73 in. absolute. 

If, bowever, in halving the pressure it is also cooled to 

50° F. (0.36 in. absolute) the hew volume will be 

459.5 + 50 4 — 0.73 

x —— X —— = 1.92 times original volume. 
459.5. +70 2—0.36 

Similarly, a certain amount of air saturated at 

70° (0.73 in. absolute) and 28 ins. becomes at 70° and 

29 ins. 


2 — 0.73 
— — = 4.7 times original volume 
1 — 0.73 
or at 50° (0.36 in. absolute) becomes 
459.5 + 50 2—0.73 
x ————-— X ———— = 1.91 times original volume. 
459.5 + 70 1 — 0.36 


All of these results are shown with fair accuracy 
(within 5%) on the curves, although the curves in the 
set for each particular vacuum were intended to be re- 
ferred only to other curves in the same set and not 
to curves for any other vacuum. 

If then, it be decided say, that 4.5 volumes of air 
per 10,000 volumes of exhaust steam shall be the per- 
missible amount of air mixed with the exhaust steam in 
surface or jet condensers, and the purchaser's specifica- 
tions be so drawn, the curves will show the volume of 
this air and consequently the effective vacuum pump 
capacity required for it for each vacuum and each air 
pump suction temperature. In the case of the jet con- 


denser, due allowance must be made for the air carried 
in by the injection water, an amount that can be pre- 
dicted with a fair degree of accuracy provided, of course, 
the water be taken from a quiet pool. 

As an example of conditions often found, the results 
of four carefully conducted tests of a very large surface 
condenser on a steam turbine are shown in Table I. 
Tests No. 1 and 2 were made one a little above and 
one a little below nominal rating of the turbine and 
show from Table I that the air leakage in the turbine, 
piping and condenser based on ratio to volume of ex- 
haust steam was about four times the largest amount 
customary in steam engine practice. Tests 3 and 4 not 
only show enormous leakage but alsó that the total 
amount of air increased as the load on the turbine de- 
creased; a usual condition in steam turbines. 

It is interesting to note the effect of the large pro- 
portion of air mixed with the steam, particularly in the 
bottom of the condenser, on the heat transferring ca- 
pacity of the surface, as shown in Table II. Certain of 
the steam temperature readings of the test were liable 
to error through the impossibility of knowing surely that 
the thermometers were not influenced by water dripping 
on them from the colder tubes so all of these and the 
values derived from them are marked (?) However, as 
these readings are the average of readings taken in two 
different parts of the condenser in each case they can- 
not be far wrong. 

It is very evident from these tests that the middle and 
bottom nests of tubes are doing practically no work and 
that the reason for this is the large proportion of air in 
the steam surrounding them as is shown approximately 
by the last column of Table II. The heating of the cir- 
culating water being largely prevented in all but the top 
nest of tubes, the efficiency of the circulating system is 
very low even at the larger loads; 14 out of a possible 
46° in one case and 14 out of a possible 42° in another. 

This analysis of the results of these tests reveals some 
features in the design of this condenser which might 
have been improved upon, but comment on these is ir- 
relevant to the subject under discussion. It is, however, 
of interest to consider what must be done to improve the 
vacuum in this condenser. From the fact that the air 
pump suction temperature in these four tests was within 
4.7, 6, 6.4 and 4.2°, respectively, of the injection tem- 
perature, it is inferred that the condenser Is doing fairly 
well as an instrument for cooling, especially in view of 
the large proportion of air present. The fault can then 
be corrected only by decreasing the amount of air in the 
condenser either by taking care of the air leaks or by 
increasing the speed or size of the air pump. 

To reduce the air in the condenser to the amount de- 
duced for steam engine practice, the equivalent! of 4.5 
volumes in the exhaust pipe to 10,000 volumes of exhaust 
steam, would require that the air leaks shown in each of 
the four tests be reduced to 24.0, 25.5, 15.1 and 6.1%, 
respectively, of their present value, or that the speed or 
capacity of the air pump be increased about four times 
at full load on the turbine, about 6.5 times at half load 
and about 16 times at three-eighths load. The full 
benefit that would result from this change is hard to 
calculate, as it affects so many different features of the 
condenser. The first effect would be to reduce to one- 
quarter the proportion of air in the air pump suction 
pipe. As there is an ample amount of cooling effect, this 
change would not materially affect the air pump suction 
temperature. Taking Test 1 as an example, where the 
pressure of the steam alone in the air pump suction 
pipe (Table I., line 8) was 0.46-in. and the air pressure 
therefore 1.97 — 0.46 = 1.51 1ns.; a reduction of the 
latter to one-quarter would result in a pressure of 
0.46 + 0.38 = 0.84-in. absolute, plus an allowance for the 
falling off in the efficiency of the vacuum pump at the 
higher vacuum. Practically, at least, 0.9-in. absolute 
might have been expected. 

The curves also show that with 70° injection tempera- 
ture, presuming that the air pump suction temperature 
could not be more than 75°, the vacuum with same load 
and same air leakage as Test 1 would be 2.5 ins. and with 
the leakage usual with steam engines would be equal 
to 1.3 Ins. 


This excessive leakage was, therefore, causing a winter 
vacuum of 28.03 that ought to have been at least 29.1 
ins. and was likely to cause a summer vacuum of only 
27.5 ins. where It should have been at least 28.7 ins. 
The winter loss of fuel, due to the excessive leakage of 
this unit, averaged probably half a ton per hour. In 
spite of this enormous loss and in spite of the fact that 
it was known that the vacuum was not what it should 
have been, no attempt was made to analyze the results 
obtained on a scientific basis to locate the cause of the 
trouble; in fact, the engineers concluded that the air 
pump was too large, whereas it was entirely too small 
for the air leaks present. 

It is to be regretted that there is not more information 
available on which exact estimates of alr leakage can be 
made. There are turbine plants comparable in size with 
the plant cited above, in which the air leakage is less 
than we have assumed as the maximum allowable 
amount in steam engine practice. 

It must also be evident that comparisons of results ob- 
tained in different plants and from different types of con- 


48 


ENGINEERING NEWS. 


Vol. 60. No. 2. 


densers cannot possibly be trustworthy unless the pro- 
portion of air for each case has been determined and due 
allowance made therefor. The amount of air present 
exerts a great influence on (a) the relation between tem- 
perature and vacuum in the condenser; (b) on the air re- 
moving capacity of the air pump; and (c) on the heat- 
transferring capacity of the surface or spray. The plant 
so fortunate as to have the smallest air leakage might 
have an advantage sufficient to wipe out entirely the 
benefits that might be gained by any refinements in the 
design of a condenser under comparison. Thus, a com- 
parison between the condenser referred to in Tables I 
and II., which was provided with a cooler, and a unit 
which had its cooler removed, shows results apparently 
favoring the latter. The methods of measuring and com- 
paring air leakages suggested in this paper would not 
only show this to be an erroncous conclusion and that 
air cooling was of great benefit to the unit, but it would 
also show the amount to be gained by such cooling. 

The suggested measurement of the air coming to con- 
densers necessitates the following readings: 

1. Pressure in air pump suction. 

2. Temperature of air pump suction. 

3. Quantity of steam being condensed. 

4. Effective vacuum pump displacement. 

For ordinary work and with properly built condensers, 
the vacuum in the condenser could be taken for the first 
reading, but for exact work the pressure and temperature 
should both bo taken at the same point in the suction 
pipe. The third quantity is generally well known. The 
fourth quantity requires readings of the speed of the 
vacuum pump and an estimate of its volumetric effi- 
ciency from its indicator card. 

For barometric condensers and jet condensers with 
air pumps, certain allowances have to be made, re- 
quiring-for their determination some previous practice 
with condensers of other types. 

As the data necessary for the estimation of air in con- 
densers is so easily obtained, it is hoped that this paper 
will eventually result in the application of the same 
scientific methods to air leakage in condensers that are 
now applied to all the other features of the power-house. 
A full appreciation of the effect of air in condensers on 
coal consumption and an exact knowledge of the amount 
and probable source of this air should result in generally 
higher vacuums and an Increase both In the efficiency 
and capacity of the plant. The methods suggested in this 
paper can be used in the analysis of existing condenser 
plants to see how their results can be improved, assisting 
in determining whether the cooling features or the air re- 
moving features are limiting the vacuum and if the latter, 
determining just what improvements could be made and 
how much. 

It is hoped that engineers in testing condensers will 
make it a point to estimate the air present and publish 
their results to the end that more may be known of 
the possibilities of reducing air leakage, and the maxi- 
mum amount allowable in good practice established, that 
eventually air in condensers may cease to be the subject 


of guesswork. 
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BRIOGADIER- GENERAL. WILLIAM L. MARSHALL, 
CHIEF OF ENGINEERS, U. S. A. 

The vacancy in the office of Chief of Engineers, 
which hus existed since the retirement of Gen. 
Alexander Mackenzie on May 25, has been filled 
by the appointment of Gen. William L. Marshall, 
who for the past eight years has had charge of 
the U. S. Engineer Office at New York City. 
General Marshall was born in Kentucky in 1846 
and began his military career as a private 
soldier. When the Confederate General Bragg 
invaded Kentucky in the summer of 1862 Mar- 
shall, then a boy of only 16, enlisted in the 
Tenth Regiment of Kentucky Volunteer Cavalry 
and served for 13 months as a private soldier. 
While in the army he received an appointment 
to the West Point Military Academy and was 
discharged from the army to go there. He 
graduated in June, 1868, ranking seventh in a 
class of 54 members. ; 

He was commissioned Second Lieutenant in 
the Corps of Engineers and served for two years 
with the Engineer Battalion and at the Engi- 
neer School at Willet’s Point, N. Y. He was 
then a year at West Point as Assistant Profes- 
sor of Natural and Experimental Philosophy. 
In 1872 he was sent to the far West with the 
exploring party under Lieutenant Wheeler, and 
the next four years were given to arduous work 
in the surveys and explorations west of the 100th 
meridian. During this time Lieutenant Marshall 
was in command of from four to eleven parties, 
constituting the Colorado section of the survey. 
The work was carried on, however, in Colorado, 
Utah, Nevada, Arizona and New Mexico. 
Lieutenant Marshall had charge of the reduc- 


tion of the astronomical and hypsometrical work 
and of part of the geodetic computations. It 
was while on this survey that Lieutenant Mar- 
shall discovered, mapped and profiled the pass 
across the Rocky Mountain divide which has 
since been named “Marshall Pass.” He also 
discovered the gold placer deposits in the Mar- 
shall Basin at the head of the San Miguel River 
and the coal deposits in the Elk Mountains in 
Colorado. In connection with the geodetic work, 
he made ascents of and established triangulation 
stations upon some 97 mountain peaks of over 
12,000 ft. altitude; a number of these exceeded 
14,000 ft. in altitude. 

In 1876 he was transferred to Tennessee, under 
Captain King, and was engaged as an assistant 
engineer on the construction of the Muscle 
Shoals Canal and the building of three locks and 
dams on the Coosa River in Alabama. In 1881 
he was transferred to the Mississippi Valley im- 
provement work under orders of the Mississippi 
River Commission, and built some 36 levees in 
Louisiana, Mississippi and Arkansas. About 
4,500,000 cu. yds. of earthwork were built under 
his direction, partially by hired labor without 
the letting of contracts. He was also engaged in 
the work of channel improvement at Vicksburg 
Harbor and Lake Providence Reach, La. All 
the work on the channel and the bank revetment 
was done by hired labor under his own personal 
supervision. 

He received his Captain’s commission June 15, 
1882, and was shortly thereafter transferred to 
harbor improvement work in Southeastern Wis- 
consin and the improvement of the Fox and 
Wisconsin rivers. Several harbors on Lake 
Michigan north of Chicago were under his charge. 
A large part of the work on the regulation of 
the level of Lake Winnebago and the locks and 
dams on the Fox River was carried on by Cap- 
tain Marshall with hired labor and without let- 
ting contracts.. 

For the next twelve years, Captain Marshall's 
work was in the vicinity of Chicago, where the 
Chicago and Calumet harbors were under his 
charge, and also the construction of the famous 
Hennepin Canal with the Illinois River im- 
provements in connection therewith. The right- 
of-way for the Hennepin Canal was surveyed 
and title acquired by Captain Marshall, involv- 
ing a distance of about 107 miles, about 400 
different pieces of land, and over 2,000 different 
parties interested in the legal proceedings. 
Captain Marshall designed all the works for the 
canal, and constructed 24 locks, many bridges, 
culverts and aqueducts, and between one-half 
and two-thirds of the trunk of the canal, in 
great part by hired labor. The dams at La 
Grange and Kampsville, in connection with the 
locks at those points, were of special construc- 
tion and were designed by him. 

During this time, also, Colonel Marshall served 
on many important boards. He was made a 
member of the Missouri River Commission Nov. 
6, 1897, and during the World’s Co'umbian Ex- 
position was in charge of the Engineer Section 
of the War Department Exhibit. A mere list 
of the different boards on which he has served 
would require no small amount of space, but it 
may be mentioned that he was the president of 
a special commission of experts on the water 
supply of the city of Washington in 1895, and 
that he was a member of the board of engineers 
which reported on the Cascade Locks of the 
Columbia River in 1894, of the board which re- 
ported on canals from Lake Erie to the Ohio 
River in Ohio in 1895-7, and on the surveys for 
a waterway from Lake Michigan to the Illinois 
River at La Salle in 1899. During his connec- 
tion with the Hennepin Canal work and the 
Illinois River improvement, Colonel Marshall 
invented several types of automatic movable 
dams for river improvement. 

Colonel Marshall was transferred to the U. S. 
Engineer Office at New York City in 1900, and 
his most important work here probably has been 
the dredging of the great Ambrose Channel, by 
which a straight passageway will be furnished, 
40 ft. in depth, from New York Harbor to deep 
water in the ocean. Some 31,000,000 cu. yds. 
have already been dredged from this channel, 


and it is now of sufficient depth and width for 
the largest vessels afloat to pass through at any 
phase of the tide above mean low water. While 
the work was originally let by contract at 9 
cts. a cu. yd., the contractor failed and the 
work has since been done by hired labor and 
dredges built by the United States, at a cost 
less than the contract price, as fully reported 
in this journal a year or more ago. Other im- 
portant work in the district in charge of Colonel 
Marshall has been the enlargement of Governor's 
Island from 65 to 102 acres, and dredging the 
Buttermilk, Bay Ridge and Red Hook chan- 
ne's, involving the removal of some 22,000,000 
cu. yds. of material. The fortification works at 
the eastern and southern entrances to New York 
Harbor have also been under Colonel Marshall's 
charge, and works have been built at Forts 
Slocum, Totten, Schuyler, Hamilton, Wadsworth 
and Hancock. He has completed and turned 
over to the Artillery Department about 98 em- 
placements for modern guns and mortars, and 
no less than 230 other structures in connection 
with the forts. 

During these eight years, also, Colonel Mar- 
shall has served upon many boards of engineer 
Officers. We may take space here to mention 
one of these, of special historical interest, to 
wit, he is secretary and disbursing officer of the 
Prison Ship Martyrs Monument Commission, 
which has in charge the erection of a monument 
in Fort Greene Park, Brooklyn, to the memory 
of .the Revolutionary soldiers and sailors who 
died on the British prison ships. 

General Marshall will have to years to serve 
in the office of Chief of Engineers, as his re- 
tirement for age will take effect on June 11, 
1910. It may be added that his promotion to 
the highest office in the corps came to him en- 
tirely without solicitation or desire on his part, 
as his preference was to remain in the New 
York office and complete the work on the Am- 
brose Channel, which has enlisted his strongest 


interest. 
— — —— 


COMPETITIVE TESTS OF CAR FENDERS AND WHEEL 
GUARDS. 

The Public Service Commission of New York 
City has announced that a series of tests of 
Street car fenders and wheel guards will be held 
under its direction next fall. One series of tests 
will be made at the General Electric Works at 
Schenectady early in September and another at 
the Westinghouse Works at Pittsburg a month 
later. From the commission’s announcement of 
the tests we quote as follows: 


Manufacturers and inventors of fenders and Wheel 
guards from every state in the Union, as well as from 
England and European countries, will be invited to 
participate in these tests and to present their inven- 
tions for practical demonstration. 

The purpose of the tests is to enable the Commission 
to decide by a public competition in a fair, practical 
trial what types of fenders and wheel guards are best 
adapted for use in this city to the end that the devices, 
which most commend themselves, may be recommended 
for installation by the operating companies here. 

The decision to hold these tests is the outcome of the 
first year’s experience of the Public Service Commission, 
Organized on the first of July, 1907, the Com missior 
had not been in office three months until the humanity 
of its members was shocked by the terrible mortality 
due to accidents on the street railroads. Under thy 
Public Service Commission’s Law, it is the duty 0 
street railroad companies to report to the Commissio 
at once every accident occurring on their lines resultim 
in loss of life, serious injury to persons, or great dam 
age to property. For the first time, it was possib] 
for a public agency to collect the statistics of sue 
accidents and focus the results in a series of month] 
tabulations. 

As soon as an accident is reported, if it is serioy 
enough to warrant investigation, the Commission seni 
one of its inspectors to the scene. That inspector mak 
a careful investigation and reports to the Commissig 
From these reports, the results for each MOnth a 
tabulated and published. | 

It was found, much to the surprise and horror of t 
Commissioners, that the street railroads of Greater N. 
York were killing men and women at the rate of for 
or fifty a month, and for the last six months of 19 
the number killed in this way aggregated 288. an avery 
of 48 a month. To end such havoc with life and 111 
became the Commission’s immediate task. It hag S 
eral investigations made of operating conditiong on 
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‘ines of street railroads and appointed a special com- 
miitee on safety devices to receive and consider sug- 
Zesiions, inventions, and existing devices for the pre- 
vezon of accidents. This Committee consists of A. W. 
McLimont, Electrical Engineer of the Commission, Dan- 
ia L. Turner, Chief Engineer of the Transit Inspection 
Bureau. and George F. Daggett, Chief of the Accident 
Bureau. In its first report to the Legislature, dated 
Lecemb:r 31, 1907, the Commission pointed out the 
appalling results cf street car accidents and announced 
is intention of doing everything to minimize the evil. 

‘Since its appointment last fall, the Committee on 
S. fety Devices has had meetings every week and has 
roce. vid innumerabie suggestions for the prevention of 
fatal accidents. Inventors who have solved the problem 
ouly in their own brains, those who have gone a step 
further and protected their ideas by patenting, as well 
at proprietors of markctable inventions, which are al- 
treaty manufactured, and in general or restricted use, 
all flocked to the Committee to have their devices tried. 

As it became apparent from the reports of accidents 
thet a large number was due to defective or imperfect 
tenders, or wheel guards, so the inventive talent of the 
country sensed the critical point and by far the larger 
rumb:r of inventions submitted to the Committee related 
‘o fenders and whecl guards. All these have been care- 
fuily examined and so far as possible, given model tests 
in the offices of the Commission, but the Committee soon 
determined that, in order to reach a just conclusion and 
to properly gage the merits of competing inventions, it 
would be necessary to hold public tests in a practical 
way. Its recommendation that the Commission provide 
for such tests was favorably considered and afier months 
cf consideration, the forthcoming competitions at Sche- 
rictady ard Pittsburg were arranged for. 

Tat the Commission should go s0 far from New York 
City to hold tests of appliances to be used within New 
York City, may seem strange at first glance, but the 
rezsons are plain and cogent. To make the tests abso- 
lu‘ely impartial, it is necessary to hold them at some 
reint where no street railroad company or no manufac- 
‘ering company interested in a special device can exert 
ary inMucnce upon the progress or result of the test. 
In a sense, too, the proposed tests are of national im- 
pormance, for the reason that maufacturers of fenders 
and wheel guards are widely scattered throughout the 
ccurtry and the public authorities of other states and 
celies, who have their own troubles with the fender and 
whee] guard problem, are looking to see what the New 
York Commission docs before taking action in their 
190% elds. 

It was found by personal investigation that the General 
E.ectric Works at Schenectady, and the Westinghouse 
Works at Pittsburg, not only afford every facility in 
tre way of tracks, trolley wires, cars, motormen, etc., 
for such tests, but that rcither the General Electric Co. 
ror the Westinghouse Co. has any interest whatever in 
any device which will enter into the competition. Hence 
they offered the best locale in the country, in the esti- 
mation of the Commission's engineers, to insure the 
Ipartiaiuty of the test. 

Both companies offered the Commission every facility 
for carrying on the competitions. Each will provide a 
stretch of track properly elec‘rified and cars and motor- 
men to run over it. Care will be taken also to repro- 
dcce as far as practicable the actual conditions of street 
pavements, grades, ete., existing in New York. While 
‘he Commission realizes that perhaps the true test of a 
fender is its merit as a life saver, consideration will 
also be given to its ability to withstand the rough usage 
of every day operating conditions without excessive 
maintenance. The latter quality probably cannot be 
rraved in the proposed test, but due weight will be given 
to it in the final determination of the merits of any 
device. 

To test the qualities of a fender, dummies will be 
cd to represent persons. These will be placed on 
the tracks and will be run into by the cars with fenders 
z arhed at speeds varying from eight to twenty miles 
an hour. There will be three dummies, the largest one 
weighing 170 lbs., to represent a full sized man; another 
we Ling 120 lbs., to represent a youth, and the small- 
est weighing 50 lbs., to represent a child. Ten different 
wits with each dummy will be called for, including an 
eight posture facing the car and away from it; an 
ureht posture with the side of the body toward the 
rif; the position of lying on the track in various atti- 
des, and lying along the rail with head and arms in 
€arz-Trous positions. 

it is expected that the test at Schenectady will take 
aout tem days, and that at Pittsburg some shorter time, 
s there are fewer manufacturers in the West than in 
the East. Preliminary work to put the testing grounds 
iz proper shape is already under way under the super- 
v. n of the Commission’s engineers, and when the time 
es. it is expected that members of both Public Ser- 
v.ce Commissions of this state, as well as those of 
ar organizations in other states, not to speak of 
8 bers of prominent railroad men and the railroad 
N. ners from various parts of the country, will be 
Tn.. 

Some of the readers of Engineering News may 
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recall the series of tests of car fenders made by 
the Massachusetts Railroad Commission seven- 
teen years ago, in the very early days of electric 
Street railways, and reported in Engineering 
News, Vol. Jan.-June, 91, p. 170, and Vol. July- 
Dec., 92, p. 402. The roport of a commission 
On car fenders for use in Baltimore was also 
published in Vol. July-Dec., 1894, p. 258. Refer- 
ence to the “General Index“ to Engineering 
News for the years 1890-1899, shows a long list 
of articles on car fenders published during that 
period. In more recent years, however, there 
has been comparatively little interest taken in 
car fenders. Those now taking up the subject 
will do well particularly to refer to the report 
of the Massachusetts Railway Commission, men- 
tioned above, it contains the most complete 
statement regarding the principles of fender de- 
sign that has anywhere appeared. 

We may note that one of the chief difficulties 
found in the tests seventeen years ago was the 
pitching of the car body fore and aft and con- 
Sequent variation in height of the fender from 
the track. This difficulty, experienced with the 
short four-wheel cars of that day, should be 
practically eliminated with the long eight-wheel 
cars now in general use. To this extent, there- 
fore, the fender problem should be much easier 
of satisfactory solution. 

— — nd OP — 
COEFFICIENTS OF DISCHARGE THROUGH CIRCULAR 
ORIFICES. 

In our issue of Sept. 27, 1906, we published a 
paper by Mr. Horace Judd and Prof. Roy S. 
King, describing experiments made at Ohio State 
University to determine the discharge from cir- 

cular orifices. 

A notable series of experiments in the same 
field has recently been carried out at Melbourne, 
Australia, by Mr. H. J. I. Bilton, Assoc. M. Inst. 
C. E., Assistant Engineer of the Victorian Rail- 
ways. A paper describing these experiments was 
read by Mr. Bilton before the Victorian Institute 
of Engineers on April 1. Copies of the complete 
paper can probably be obtained by addressing 
Mr. Bilton. Space permits us to present only the 
following extracts, which include, however, the 
conclusions reached by Mr. Bilton as a result of 
his experiments, which appear to have been 
made with great care and to be reliable: 


The discharge of circular orifices has been, perhaps, 
one of the most closely investigated subjects in hydrau- 
lics, numerous tests having been made by experimenters 
all the world over. Nevertheless the information at 
present available, although sufficiently approximate for 
Ordinary practical requirements, is contradictory and un- 
certain in its details. 

It is known that the cocfficient of velocity at the con- 
tracted vein is unity within a small fraction of 1%, 1. e, 
the velocity is as nearly as possible equal to the the- 
oretical velocity Vzgh. The coefficient of contraction is 
usually given as about 0.62, 1. e., the area of the con- 
tracted vein is approximately % of the area of the orifice, 
varying as the coefficient of discharge. The coefficient 
of discharge is usually given by the text books as 0.62 
(the mean of a large number of experiments), but in 
reality it varies considerably, according to the head of 
water and diameter of orifice. In addition to decreasing 
as the diameter increases, under low heads it decreases 
rapidly as the head increases. For heads of about 5 ft. 
and over it has hitherto been assumed (principally on 
the basis of experiments made and collected by Hamilton 
Smith, Jr.) that it also decreases as the head increases, 
but in less degree, up to a head of 100 ft., under which 
head it is given as .592* for all diameters from % In. 
to 12 ins. Probably amongst the latest experiments are 
those made by Messrs. Judd and King at the Ohio State 
University, U. S. A., described in “Engineering News” of 
Sept. 27th, 1906. 

These experiments were carried out on orifices of the 
following diameters: %-in., l-in., 1%4-in., 2-in. and 
214-in., under heads varying from 4 ft. to 93 ft. “The 
results did not show any great change in the coefficient 
of discharge for an Increase of head.“ The following 
results of tests on the 2-in. orifice will suffice as an 
example: 


Head in feet. Coeff. 
5.00 6084 

9.08 6083 
17.79 6080 
23.24 6083 
36.12 6082 
47.02 6088 
57.70 6081 
69.99 6080 
92.01 6080 


Conelusions of Hamilton Smith, Jr., tabulated in 
“Merriman’s Hydraulics,” p. 79. 
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Considering that the average coefficient for the above 
orifice is 0.6083, in other words, that the actual dis- 
charge averaged 60.83% of the theoretical, with such 
small variations, the question naturally arises as to 
whether the theories hitherto accepted are correct. 

As bearing on the subject it may be mentioned that a 
large number of experiments were recently made by the 
writer on small re-entrant pipe mouthpieces, 2% diam- 
eters in length, in which he found that the coefficient 
of discharge clearly decreased as the diameter increased 
up to a certain diameter, but he could find no differcnce 
due to variations in head down to as low a head as 6 
ins., or to changes in temperature within a range of 
from 65° to 100° F. The coefficient of discharge usually 
given for this type of pipe outlet Or mouthpiece is 0.71. 
The average results obtained by the writer for varlous 
Sized outlets are as follows: 


Diam. Coeff 
„-In. 91 
-In. S7 
-In. . 
12 -In. 83 
94 -In. 1 
1 zin. 79 
114-in. TT 
2 -in. 76 
213-in. 75 


Experiments on circular orifices do not appear to have 
been systematically carried out on diameters of less than 
14-in., and it occurred to the writer that if experiments 
were made on a series of orifices of small diameter, com- ` 
mencing at very low heads, some further light might be 
thrown on the subject. 

The text books are usually careful to state that the 
coefficients given are for standard vertical orifices, i. e., 
orifices in a thin vertical plate, sometimes called fric- 
tionless orifices. The coefficient of discharge for orifices 
vn a horizontal plane and at the intermediate angles 
between the vertical and horizontal do not appear to have 
been investigated, so that some experiments in these 
directions were warranted. 

The orifices used in the writer’s experiments were of 
the following diameters: 0.025 (1/40-in.), 0.05 (1/20-in.), 
0.1, 0.15, 0.2, 0.25, 0.36, 0.4, 0.5, 0.6 and 0.75 inches. 
The orifice platcs were of brass, 1/16-in. to -In. thick. 
The diameter of each plate was at least seven times the 
diameter of the orifice, and for the six smallest was 2 
ins. A brass gage was made for each orifice except the 
%-in., %-in. and %4-in., for which Standard steel gages 
Were uscd. 

The brass gages were made to exactly the diameter 
required, several being made for each of the smallest 
orifices and the most accurate selected. For measuring 
their diameters a 1/10000-in. Starrett spring touch mi- 
crometer was used. The orifices were first made slightly 
smaller than the gages, then countersunk to as nearly 
as possible a feather edge, and finally rimered out until 
the gage could only be forced through the orifice by 
being held exactly at right angles and twisted through 
with considerable exertion. It is thought that the diam- 
eter of the larger orifices would not vary more than 
1/4000 in., and of the small ones more than 1/10000 in. 
from the true diameter. It is computed that an error 
of 1/4000 in. in the diameter of the 0.75-in. orifice would 
have a negligible effect on the coefficients of discharge; 
that a similar error in the in. orifice would affect the 
coefficients about one unit in the third decimal place; 
that an error of 1/10000 in. in the 1/10-in. orifice would 
affect the coefficients to the extent of two units, and in 
the 1/40-in. orifice to the extent of six units in the third 
decimal place. 

The three smallest orifices were originally made similar 
to the others, in brass plates countersunk. The results 
obtained were so erratic as to almost lead to the aban- 
donment of the experiments. Careful observation, how- 
ever, showed that capillary attraction caused a globule 
of water to form in the countersunk portion immediately 
under the jet, suppressing contraction and increasing the 
discharge by 10 to 15%. These plates were consequently 
abandoned and new orifices made in specially rolled sheet 
brass 0.005 in. thick, about -in. diam. These were 
spun flush into the back of 1/16-in. plates, 2 ins. in 
diameter, having holes in the center about three times 
the diameter of the orifice proper. To the writer's sur- 
prise, the results obtained from these minute orifices, 
especially the 1/10 in., were as consistent and satisfactory 
as those of any of the larger ones, 

The writer's conclusions may be shortly expressed as 
follows: 

1. The assumption that a coefficient of discharge com- 
mon to all orifices from -in. to 12-in. diameter is 
reached at a head of 100 ft. is erroneous. 

2. That in order to obtain complete and perfect con- 
traction, a certain minimum diameter and head are re- 
quired. These appear to be approximately 2% ins. and 
17 ins., respectively. 

3. That orifices of 2% ins. diameter and over, under 
heads of 17 ins. and over, have a common coefficient of 
discharge, lying between 0.59 and 0.60, but which is 
probably about 0.508 (subject to the head being not less 
than 2 or 3 diameters). 

4. That in the case of orifices smaller than 2% Ins. 
diameter, contraction is never perfect and complete under 
any head, but is suppressed more and more as the diam- 
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e‘er decreases, each size of orifice having its own con- 
stant or ‘‘normal’’ coefficient of discharge and its own 
critical head. 

5. That as the diameter decreases, the normal coeffi- 
cient increases, as also the critica] head, 

6. That in an infinitely small orifice, contraction is 
entirely suppressed and unity becomes the coefficient of 
discharge for all heads (subject to the effects of capil- 
larity, cohcsion, viscosity, temperature, etc.). 

7. That the discharge of a circular orifice under any 
given head is the same, whether the jet be horizontal, 
vertical, or at any intermediate angle. 


— oa — — 


NOTES FROM ENGINEERING SCHOOLS. 


DICKINSON COLLEGE, CARLISLE, PA.— 
The degree of Doctor of Laws has been con- 
ferred on Mr. Alexander C. Chenoweth, of 
Brooklyn, by the faculty of Dickinson College. 


MICHIGAN AGRICULTURAL COLLEGE.— 
The new engineering bui'ding was dedicated 
June 22. An address on engineering education 
was delivered by Prof. Rolla C. Carpenter, of 
Cornell, one of the alumni of Michigan Agricul- 
tural College. 


CORNELL UNIVERSITY.—Mr. David A. 
Molitor, M. Am. Soc. C. E., a former govern- 
ment engincer who is now working on designs 
for the great locks of the Panama Canal, has 
been appointed Professor of Topographic and 
Geodetic Engineering at Cornell. H. N. Ogden, 
Assoc, Am. Soc. C. E., and V. Karapetoff, who 
nave hitherto acted as assistant professors, have 
been promoted to professorships of sanitary en- 
gineering and electrical engineering, respect- 
ively. 


——— — ! — 

A TORNADO struck Fort Summers, N. Mex., July 2, 
killing 5 persons and injuring about 40 more. Many 
more were rendered homeless. 

Qe 

IN A GAS EXPLOSION AT THE RIKOVSKEY MINE, 
near Yusovo, European Russia, July 2, 300 men are re- 
ported dead; 214 bodies have already been recovered. A 
fire has broken out and is working toward the inner gal- 
leries where it is said that 150 men are still alive but 
imprisoned, and in spite of their audible cries for help, 
cannot be reached by rescuers. 

— . — 

THE ENGINEERS OF THE RAND, South Africa, 
have taken an important step in the development of 
technical practice and broad minded professional ethics. 
It has hitherto been the custom for the various companies 
operating in this most progressive district to carry on 
their experiments toward the betterment of their mining 
and milling systems independently of one another. As 
a result frequent duplication of work ensued, causing 
unnecessary and disheartening loss of time and money. 
To obviate such occurrences, and to promote the unifi- 
cation of effort in solving the engineering problems 
before the community. A Metallurgical Trials Com- 
mittee” has been organized to supervise and encourage 
future work of any nature which aims to improve the 
general status of the industry. 

— 8 

A NUMBER OF SERIOUS RAILWAY ACCIDENTS oc- 
curred during the week: On July 2 the Missouri Pacific 
Railway’s ‘‘California Limited’’ collided, head-on, with 
the east-bound St. Joseph Express at Knobnoster, a flag- 
station 20 miles east of Sedalia, Mo. Seven persons are 
reported killed and 20 injured. The disaster was due, it 
is said, to the failure of the engineer of the Limited to 
observe the signals which had been set for him at Knob- 
noster ordering him to take the siding at that place. 
At Oakland, Cal., 6 men were killed and 30 injured in a 
grade crossing collision on a narrow-gage railway; a 
local train bound from the Alameda Mole to Oakland, 
running at 40 miles an hour, struck the smoking car of 
a barely moving Santa Cruz train on a crossing, cutting 
it out from between a Pullman and a baggage car and 
knocking it to slinters. A mile and a half east of Boon- 
ville, N. Y., a north-bound passenger train on the Rome, 
Watertown & Ogdensburg R. R. early on the morning of 
Juiy 4 met a freight train when both were running 
at high speed. So close were the trains when they 
sighted each other, that the engineers had time only to 
throw off the power and put on the brakes. Four men 
were killed and 9 injured. 

———___—_@—_ mM 

AN INLAND WATERWAY IN MEXICO, between 
Tuxpan and Tampico on the Gulf of Mexico, is now 
about half completed and in use. These two towns are 
about 104 miles apart and are both important ports in 
the gulf coasting trade, but the presence of bars in 
the harbors and the occasional high winds have pre- 
vented the free passage of boats between the two. The 
new canal is being built from two to four miles inland, 
making use for most of the distance of the lagoons which 
run up from the gulf. It is 75 ft. wide and 10% ft. deep 
and will cost when finished about $2,500,000 gold. In 


addition to its services as a means of connection be- 
tween its termini, the canal is expected to open up a 
fine agricultural country which is at present deficient 
in transportation facilities. 

— — — — 

SHIPBUILDING IN THE UNITED STATES during 
the fiscal year ending June 30, 1908, showed a consid- 
erable increase over previous records. The following 
report has just been given out by the U. S. Bureau of 
Navigation: 

During the year 1,506 vessels, of 588,627 gross tons, 
were built and numbered in the United States, of which 
75 steel steamers, of 304,379 gross tons, were built on 
the Great Lakes. 5 

The largest annual output heretofore was in 1855, 
when 2,024 vessels, of SN3,450 tons, were built. In that 
year the Great Lakes built only 26% vessels, of 45,405 
tons. This year steel vessels built numbered 142, of 
417,167 gross tons, compared witb 360,665 tons built last 
year. These two are the years of the largest steel con- 
struction in the United States. 

The tonnage is entirely for domestic transportation, 
ho vessels exclusively for foreign trade having been 
built in the United States. Of the 142 steel vcssels 
85 exceeded 1,000 gross tons each, 55 on the Great Lakes, 
the largest being the William M. Mills,” of 7,962 tons, 
and 30 on the seaboard, the largest being the ‘‘Colum- 
bian,” of 8,579 tons, built at San Francisco for trade to 
Hawail. 

Four wooden sailing vessels exceeding 1,000 tons each 
were built during the year. 


— 3393 

LEVEES ON THE LOWER MISSISSIPPI BROKE 
June 16, at Lucas, eleven miles below Shreveport, La., 
letting the water run over all the Bayou Pierre plan- 
tations. On June 18 the Prairie du Pont Levee, near 
Cahokia, Ill., the Chouteau cross levee between Mitchell 
and Granite City, and the Wageman levee in St. 
Charles Co., opposite Alton, IN., gave way, inundating 
10,000 acres of wheat land. On June 21 the river 
reached a height of 34.1 ft. at Cape Girardeau, Mo. 
A crevasse in a levee at the upper boundary of the 
Beka plantation near New Orleans, La., was success- 
fully repaired, June 16, by the construction of a mud 
box 45 ft. square. On June 19 the river from Alton to 
St. Louis, having reached a maximum height of 34.8 
ft., began to recede. Buildings at Nos. 216-18 North 
Commercial St., St. Louis, had been so weakened at 
their foundations that they fell over the elevated ter- 
minal tracks into the water. No persons were in them 
at the time. Heavy loss is entailed by these levee 
breaks, which are the result of the heavy floods of the 
week before. 

— Á 

THE PENNSYLVANIA R. R. HUDSON RIVER TUN- 
nels are not to have pile foundations as were origi- 
nally contemplated, according to a recent statement of 
Vice-President Samuel Rea, who is in general charge 
of the New York extension work. Apparently this de- 
cision is based partly on the stability shown by the con- 
tinuous survey records since the completion of the tun- 
nels, and partly on the successful operation of rapid- 
transit trains through the two tunnels of the Hudson 
Companies two miles farther south. 

— . —äU—j4—e 

THE DEER LODGE NATIONAL FOREST RESERVE 
is the chief source of timber supply fop the copper mines 
of Butte. Arrangements have just been made for the 
sale of the timber on about 8,000 acres for which the 
Government will receive some $250,000. 

The timber is almost wholly lodgepole pine—a tree 
of small size, at best, but large enough to supply stulls, 
lagging and converter poles. The trees form a dense 
forest of nearly even sized trees. This renders it im- 
possible to take out only the larger trees, and the gov- 
ernment foresters are allowing the cutting of narrow 
strips clean, while from the intervening strips of tim- 
ber left standing only the dead and diseased trees are 
taken. After a strip is cleared, it will be seeded up 
with young trees from the strips of timber left standing 
on either side, and only when this has been completed, 
probably ten or twenty years from now, will the re- 
maining timber be cut. When it is cut, the trees then 
growing on the strips which are now cut clean, will 
seed up the newly cut areas, and the whole forest will 
be started afresh. 

In this forest, as in every other, the greatest danger 
to the program planned by the foresters is fire, but 
in the present cutting every precaution is taken to 
lessen this risk. The brush from the tops of the 
trees is being piled, and later, when the ground is wet 
or covered with snow, the piles will be burned under 
the direction of a forest officer. Complete disposal of 
the brush leaves nothing on which a forest fire may 
gain headway, and, safe from this greatest danger, 
the forest is left to supply wood for the future and 
to regulate the flow of the streams which drain it, and 
meanwhile, the great mining industry of Butte is se- 
curing the timber it must have if it is to continue. 
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PERSONALS. 


Mr. J. L. Darnall has been appointed City Engineer of 
Kansas City, Mo., to succeed Mr. E. A. Harper, M. Am. 
So:. C. E., resigned. 

Mr. C. J. Hogue, Assoc. M. Am. Soc. C. E., Principal 
Assistant Engineer, Philippine Ry., has resigned. Mr. 


Hogue sailed for the United States from Hongkong on 
July 3. 

Mr. C. G. Frosel, M. Am. Soc. C. E., recently Engineer 
at the Pencoyd plant of the American Bridge Co., has 
resigned. Mr. F. L. Castleman has been appointed to 
the vacancy. 


Mr. G B. Ashcroft, C. E., formerly Superintendent of 
the Roman Stone Co, Toronto, Can., has been appointed 
Manager of the Cement Production Co., with office at 900 
Balboa Bldg., San Francisco, Cal. 


Mr. C. G. Wrentmore, Assoc. M. Am. Soc. C. E., Junior 
Professor of Civil Engincering at the University of 
Michigan, has been appointed Assistant Director of 
Public Works in the Philippine Islands, with headquar- 
ters at Manila. 


Mr. Thomas C. J. Baily, Jr., M. Am. Soc. C. E., for- 
merly Assistant Engineer of Bridges, District of Colum- 
bia, has been appointed Assistant Engineer, Sewer De- 
partment, District of Columbia, vice Mr. Asa E. Phillips, 
M. Am. Soc. C. E., who recently assumed the duties of 
superintendent of the department. 


Capt. Albert F. Dickson, Assistant Chief of the Bureau 
of Steam Engineering, U. S. N., has been appointed Chief 
Inspector of Machinery, with headquarters in New York 
City, succeeding Rear-Admiral J. A. B. Smith, retired. 
Commander R. S. Griffin, now in the bureau, will be- 
come Assistant Chief, succeeding Capt. Dickson. 


Mr. A. B. Jones, Engineer of Maintenance of Way on 
the Cleveland, Akron & Columbus Ry. has resigned to 
become identified with a rubber enterprise in Akron, 
Ohio. His successor is Mr. R. C. Harris. Mr. Guy 
Scott is advanced to engineer of maintenance of way on 
the Toledo division of the same road, to succeed Mr. 
Harris. Mr. F. N. Crowell is advanced to engineer of 
maintenance of way on the Richmond division to succeed 
Mr. Scott, and Mr. Scott is succeeded on the Marietta 
division by Mr. S. W. Hodgin. 


Obituary. 

George H. Daniels, formerly General Passenger Agent 
of the New York Central & Hudson River R. R., died 
at his summer home, at Lake Placid, N. Y., on July 1. 
He was born in Hampshire, III., Dec. 1, 1842, and 
sturted his railroad career as rodman in the engineering 
corps of the Northern Missouri R. R. He had been 
General Passenger and Freight Agent of the Chicago & 
Pacific R. R., of the Wabash, St. Louis & Pacific R. R. 
and of the New York Central. He retired from his 
position with the last-named road on May 1, 1907. 

— OH —h 


ENGINEERING SOCIETIES. 


COMING MEETINGS. 


AMERICAN SOCIETY OF HEATING AND VENTILAT- 
ING ENGINEERS. 

July 24-25. Summer meeting at Niagara Falls, N. Y. 

Secy., W. M. Mackay, P. O. Box 1818, New York City. 


OHIO ELECTRIC LIGHT ASSOCIATION.—The four- 
teenth annual convention will be held Aug. 25-27, at 
Put-in-Bay Island, Ohio. The topics to be presented at 
this meeting, in the form of papers, will be substantially 
as follows: Should Central Stations do Wiring?" “Why 
Municipal Ownership of Lighting Stations Has Not Been 
a Success; “How Can We Best Increase Our Business““? 
Experience With Luminous Are Lamps"; ‘‘Hlectric 
Signs and Other Special Uses of Electricity as an Adjunct 
to Profitable Station Work”; Gas and Gasoline Compe- 
tition and Best Ways to Meet It“; “Lecture on IJluminat- 
ing Engineering““; Best Ways and Means of Keeping Out 
and Getting Out Private Plants in Central Station Ter- 


ritory’’; The Gas Engine in Central Station Work’; 
“Gas Producing Plants and Oil Engines and Their Re- 
sults”; “Report Upon the Experience of a large number 


of Central Station Men on the Tungsten Lamp.”’ 


AMERICAN INSTITUTE OF CHEMICAL ENGINEERS. 
— The {inaugural meeting was held at the Engineers’ 
Club, Philadelphia, on June 22. Dr. C. F. McKenna de- 
livered an address on the recognition of the place of the 
chemical engineer with that accorded the mechanical or 
civil, The committee on a constitution brought in a 
draft of a proposed form defining the purposes of the in- 
stitute, qualifications for membership, etc. The proposed 
constitution was adopted by which the yearly dues were 
fixed at $15, with no initiation fee. The qualification for 
membership are an age of 30 years and ten years prac- 
tical experience. There is a reduction in the 10-year 
period for degrees received. 

The following officers were elected: President, S. P. 
Sadtler, Philadelphia; First Vice-President, C. F. Mc- 
Kenna, New York; Second Vice-President, A. Hunicke, 
St. Louis; Third Vice-President, E. G. Acheson, Niagara 
Falls; Treasurer, W. M. Booth, Syracuse; Secretary, J. 
C. Olsen, Brooklyn; Auditor, R. K. Meade, Nazareth, Pa.: 
Directors for one year, Ludwig Reuter, Berkeley, Cal.; 
Thorn Smith, Isabella, Tenn.; H. F. Brown, Wilmington, 
Del.; for two years, J. M. Camp, Duquesne, Pa.; C. A. 
Catlin, Providence, R. I.; Eugene Haanel, Ottawa, Can- 
ada; for three years, G. P. Adamson, Easton, Pa.: David 
Wesson, Wilmington, Del., and E. Gudeman, Chicago, 
III. 
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A MONUMENT TO A FAMOUS ENGINEER. 


We illustrate herewith the monument to the 
late John A. Roebling, erected at Trenton, N. J., 
by the Roebling Memorial Association and un- 
veiled with appropriate ceremonies on June 80. 
The cost of the statue was defrayed by con- 
tributions of the citizens of Trenton; and the 
afternoon of the cere- 
mony was observed as a 
general holiday in that 
city. Over 15,000 per- 
sons assembled in Cad- 
walader Park, in which 
the statue is placed. 
Preceding the unveiling 
there was a parade of 
the 6,000 men employed 
in the Roebling Works. 

A notable feature of 
the exercises was an 
Oration delivered by 
Henry D. Estabrook, 
General Counsel of the 
Western Union Telegraph 
Co., which gave so in- 
teresting an account of 
Roebling’s life and 
character that we print 
a large part of it be- 
low: 

Those who know him best 


affirm that the statue of 
John Augustus Roebling, 
which you, the citizens of 


Trenton, have here and now 
erected to his memory, is 
a true and faithful likeness. 
But it is more. Through 
some Promethean fire that 
flames once in a life-time in 
the heart of genius, the 
sculptor has in this rough 
work shaped out a man.” 

I am expected by those hav- 
ing these ceremonies in 
charge to translate into 
words what the sculptor has 
so admirably expressed in 
bronze, namely, the type and 
quality, the idiosyncrasy of 
your famous townsman. But 
words are all too plastic 
for such a task. As if his 
mature had been subdued 
to what it worked in, the 
Ironmaster of Trenton was 
aman of iron. Iron was 
in his blood and sometimes 
entered his very soul—a man 
ef iron, with the virtues of 
iron and the peccancies of 
iron to his account. 

John A. Roebling’s biog- 
raphy, written by the eldest 
son, is yet in manuscript 
and may mever be published; 
bet it is one of the most remarkable books I ever read. 
It is remarkable for its genuine literature which is 
Arcadian and original; remarkable for its naive phil- 
esephy, a trifle bilious, may be, but honest and un- 
lacquered; remarkable for its analysis of men and 
events and for an acidulous humor that is almost styp- 
tle: but chiefly is it remarkable for the frank revealment 
of the intima vitae, the qualities and inequalities of 
the extraordinary man sho was his father. 


John Augustus Roebling was born June, 1806, in 
Mulhausen, Germany, and the State of Thuringen. Mul- 
hausen is an old walled town, founded in the year 800. 
The wall was really built to keep people out, though 
why anybody should want to get into Mulhausen is a 
matter of wonderment, after reading a description of it. 
Mulhausen—in the words of Tennyson—is 


“A sleepy town, where under the same wheel 
The same old rut is deepened year by year.”’ 


THE ROEBLING STATUE AT TRENTON, N. J. 
(Unveiled June 30, 1908; Wm. Couper, Sculptor.) 


As for Thuringen, it is one of the poorest of the German 
States. The land is high and stony and cold. It was 
only by hard work and frugality to the utmost of 
self-denial that the people were able to eke out an 
existence. In those days there were no factories in 
Mulhausen, the mechanics and artisans doing their work 
in their own little houses, the whole family assisting, 
the women working quite as hard as the men. For 
more than a thousand years there had been hard work 


in Mulhausen, but no enterprise whatever, and work 
without enterprise is a kind of catalepsy. Life was stero- 
typed, society stratified. 

To a man like Polycarp Roebling, father of John 
Roebling, the prescriptive life of this old German vil- 
lage was by no means irksome. He kept a tobacco shop 
and managed to smoke as much tobacco as he sold. 
Smoking in Germany, you know, is a solace, whereas 
in America it is an employment. To the German, smoke 
is a nimbus and begets rev- 
ery and an introspective 
philosophy. 

So Polycarp Roebling loved 
Mulhausen and lived and 
died there, in spite of his 
son’s effort to lure him to 
America. His sainted name- 
sake had been burned at 
the stake for cherishing cer- 
tain opinions. Nothing of the 
kind was likely to happen 
in Mulhausen, but no telling 
what the wild Jndians might 
do in Pennsylvania or New 
Jersey, and Polycarp Roeb- 
ling held opinions on a variety 
of subjects for which he was 
willing to smoke, but by no 
means willing to burn. More- 
over he was accustomed 
to Mulhausen beer. It was 
not possible that beer like 
this could be found in all 
the world, and what was there 
in America to compensate for 
such a loss? It was also 
true that surprising things 
were happening in the United 
States. Nothing ever hap- 
pened in Mulhausen, and a 
surprise of any kind was as 
disturbing to the old gentle- 
man as a poke .in the ribs; 
it was a species of imper- 
tinence. The grandson as- 
sures us that under no cir- 
cumstances would his grand- 
father open a letter on the 
same day it was received, 
for no particular reason 
unless it were to tease the 
curiosity of his wife, whose 
temperament was of quite an- 
other sort. 

Yes, the mother differed 
greatly from the father in 
character and disposition, 
and John A. Roebling was 
the son of his mother. To 
her Mulhausen was a pent-up 
Utica. She was a woman of 
tremendous activity, mental 
and physical. Deep in her 
soul she nourished ambitions 
which became tragedies 
through very hopelessness. 
She had borne four children, 
three sons and a daughter, but 
it was not until her young- 
est child, John, had displayed 
mental qualities to distinguish him even in the eyes of 
strangers that there dawned upon her the full signifi- 
cance of motherhood—its doom, its glory, its sacrifice, 
its triumph. Thenceforth ambition had but one goal, life 
but one object—the education of her boy. Through her 
industry and economy it was that John Roebling was 
enabled to graduate from the Royal University of Berlin, 
after a course at the Pedagogium of Erfurt; and when, 
shortly thereafter, he sailed for America, he carried 
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with him a patrimony large enough to insure his estab- 
lishment, 

At the Royal University of Berlin he had studied archi- 
tecture and engineering with Steiler and Rabe; bridge 
construction with Dietleyn, hydraulics with Eytelwein: 
languages in regular course, and philosophy under the 
great Hegel, who openly avowed that John Roebling was 
his favorite pupil. 

Hegel is one of the epoch-makers of the world. In the 
realm of pure reason he ranks with Plato, Descartes, 
Spinoza and Kant. It is impossible to study him dili- 
gently and not be profoundly influenced by his teachings, 
and for a youth like John Roebling to hive been brought 
into intimate contact with his dominating personality 
was at once a privilege and a calamity. It was a privi- 
lege because it opened the boy's eyes to the spiritual 
reality back of the change and decay’ of material phe- 
nomena; it was a privilege because he was taught to 
think independently and to rely upon the validity of his 
own conclusions. It was a calamity because it begat 
a pride and arrogance of opinion, and a frigid intellect- 
uality that came near putting ‘he heart of him into cold 
storage. We never feel the heat of a heart in Hegel's 
writings—only the pulse of thought. A manual of the 
Differential Calculus will appear a warm and senti- 
mental treatise when compared with the merciless pages 
in which Hegel anatomizes the soul of man or the 
nature of the blessed God. Nothing that he has said 
will, by the manner of his saying it, make any one the 
braver for reading it, or the better for remembering it. 
The philosopher has almost if not altogether eaten out 
the man.” And John Roebling was the favorite of this 
prodigy! 

Hegel was a metaphysician; so was John Roebling— 
metapbysics was his dissipation. The time others spent 
in amusements, the reading of polite literature or im- 
polite newspapers, John Roebling devoted to metaphysics. 
His son and biographer has a manuscript volume of 
thousands of pages, written by his father, called Roeb- 
ling's Theory of the Universe.” I have not read this 
book—Heaven forfend that I should ever be asked to! 

Hegel was an idealist; so was John Roebling, who 
scouted the atomic theory. His son, Washington, had 
studied the chemistry of Dalton and attempted to combat 
his father’s arguments: but, says he: ‘‘Father would 
damn my atoms with loud and angry vociferation.”’ This 
was hardly a pious way to resolve matter into spirit, 
but it was strictly Hegelian. 

As a teacher Hegel differed utterly from the wise and 
gentle Froebel. He contended that it was dangerous to 
make education pleasant to children, and that they 
ought to be broken in. To me this seems a harsh and 
ugly doctrine, but John Roebling took stock in ft. 

The laws of his household were Draconian, and prompt 
retribution followed their infraction. Even to be sick 
was culpable, just as being a common scold was for- 
merly a misdemeanor, and the dereliction was remedied 
by like means, to wit, the ducking-stool; though it is 
fair to say that when guilty himself of being sick John 
Roebling took his own medicine. 

I know not if it is a peculiarity of idealists, but those 
of you who have read Berkeley will recall his addiction to 
tar-water. 
lence, the grand catholicon for the cure of everything. 
What tar-water was to Bishop Berkeley, cold water was 
to John Roebling. Every book ever published on Hydro- 
pathy John Roebling bought and studied, and applied its 
teachings according to his own notions—not with the 
cautious tentative methods of a physician, but in the 
large, generous, voluminous manner of an engineer. Af- 
ter all, what was hydropathy but a branch of hydraulics! 
With advacing years, however, Roebling's rigorous ac- 
tions underwent many displacements, Hegel himself 
being displaced by Emerson. 

John Roebling set sail for America in the ycar 1831, 
and landed on our shores a young man of 25, seemingly 
equipped for any battle that awaited him. He was a 
most accomplished gentleman. If a wiseacre had pre- 
dicted his failure it would have been on the very ground 
that he was too accomplished, that his learning -and 
talents were too various ever to focus in a particular 
yocation—especially the vocation of a farmer, which he 
had deliberately chosen. He had no knowledge of the 
science of farming; indeed, in his day, farming scarcely 
ranked as a science; nor had he any practical experience 
in the work itself. Nevertheless, he had chosen to be- 
come a farmer. He had graduated from the greatest 
university in the world as an architect and engineer—he 
was a scholar of wide reading; he was a philosopher of 
the transcendental sort, whom an American ‘‘hustler’’ 
would shy at as a crank; he was a musician of rare 
skill and temperament; he was the master of three lan- 
guages, German, French and English; but what had all 
this to do with farming? 

And yet he had chosen well, at least for the time being. 
In the first place, his choice had led to a thorough study 
of American history and geography. His knowledge of 
the topography, climatic and political conditions, the 
advantages and disadvantages of the differcnt sta‘es in 
our Union was as accurate as if he had personally vis- 
ited every one of them. The reasons set forth in his 
diary for locating as he did are most convincing. In the 


Tar-water was the lustral water par excel-. 


next place, he forthwith invested all his money in desir- 
able lands at cheap prices, thus preventing its dissipation 
in some visionary enterprise. And so owning good farm 
lands well located he had, from the very start, insured 
his living and his independence, 

The lands selected by him were in the western part 
of Pennsylvania, Butler County, about 25 miles from 
the new town of Pittsburg. Here be and a few of his 
compatriots purchased some 7,000 acres at an average 
price of $1.37 an acre, and founded the village of Ger- 
mania, afterward called Saxonburg. 

I may as well admit that John Roebling never became 
a first-class farmer. He made a living, to be sure, but 
it was a meagre living, and if by good luck he got a 
little money ahead he was sure to give it to some Ger- 
man emigrant in worse plight than himself. He even 
tried to supplement farming with other employments, 
such, for instance, as the breeding of canary birds. 
Fancy the engineer of Brooklyn Bridge raising canary 
birds for the profit in it! However, that peerless crea- 
tion was not suggested by the wire cage of a canary, and 
he soon abandoned the enterprise as unproductive. 

One day it occurred to Farmer Roebling that he might 
patch out his income if, between crops and during the 
winter he could obtain employment as an assis‘ant engi- 
neer in making surveys, building canals and dams for 
slack-water navigation, and such work that was going 
on in bis vicinity. His services were readily accepted. 
his real merits were soon recognized and It was not long 
before his knowledge and ski!l were In actual demand. 
Henceforth the farm was practically abindoned so far 
as John Roebling was concerned. 

The ropes used to haul canal boats over the portage 
railways in western Pennsylvania were clumsy affairs, 
several inches in diameter, made of Kentucky hemp. 
They were costly and short-lived and a considerable 
item of expense. John Roebling opined that if a rope 
could be made of wire flexible enough to be wound on 
a windlass, it ought to cost little more than a hempen 
cable and would possess greater tensile strength with 
one-fourth the diameter. Moreover, it would outlast a 
dozen ropes woven from vegetable fiber. 

No one in America had ever made a wire rope nor 
ever seen one. Roebling himself recalled an item in a 
periodical sent him from Mulhausen to the effect that 
some German inventor had produced a wire rope. and he 
concluded that what an indigenous German could do in 
the Fatherland, a transplanted German ought to do in 
America. At all events the idea was worth a trial. 

So he built a rope-walk on his farm at Saxonburg, 
purchased a quantity of wire deemed suitable for his 
purpose, instructed his friends and neighbors in the 
art of rope twisting, and actually fabricated a wire rope 
that surprised his most buoyant expectation. It was a 
remarkable achievement and almost made him famous. 

But he did not stop here. John Roebling’s inventive 
mind evolved another idea, having its origin in a mem- 
ory. 

While yet a student at the university, one of his vacation 
tramps through northern Bavaria had brought him to 
the town of Homburg. where he saw for the first time 
a bridge suspended by chains spanning a small stream 
called the Regnitz. He had studied this structure, sketched 
it, and made it the subject of a thesis. Now he recalled 
his youthful essay and bethought him that if a cross-river 
aqueduct were suspended from wire cables (so much 
stronger than chains) it would eliminate piers and 
posts and other obstructions and leave the river to flow 
at its own sweet will. 

He laid his plans and calculations before the engineers 
of a canal company about to cross the Alleghany River 
at Pittsburg, frankly admitting that what he proposed 
to do was without precedent, and in Germany would 
doubtless be frowned upon. But he insisted that his 
figures were correct and spoke for themselves, and that 
the advantages to be -gained justified some risk. In 
short, that his scheme ought to appeal to the American 
spirit of shrewd adventure and daring enterprise. 

He was ordered to do the work, and set about it know- 
ing that the outcome would either place him in the 
forefront of American engineers or ruin him forever. 

The undertaking was a success and led to many com- 
missions of like kind, several of these suspension aque- 
ducts being still in use, unimpaired, and seemingly good 
for all eternity. 

Now a layman can see that a suspension aqueduct is 
nothing less than a suspension bridge, carrying an enor- 
mous load. John Roebling recognized the fact and pon- 
dered it: the whole world knows the results of that 
cerebration! 

Before he had completed his first suspension bridge 
over the Monongahela, Mr. Roebling realized that he 
must have shops and machinery and possibly mills for 
drawing his own wire, and he further realized that 
Saxonburg was not a suitable location for such a plant. 
On the advice of his friend, Peter Cooper, whose iron 
foundries were at Trenton, he visited this Quaker city, 
studied its advantages, purchased a quantity of ground. 
and in 1849 removed his family from Saxonburg here, 
the journey requiring seven full days. Mr. Roebling was 
the architect of every building of his new plant, and 
the inventor and designer of nearly every piece of ma- 


chinery that went into those buildings; for it was not 
until years afterward that he could be persuaded to 
employ an assistant engineer or draftsman. 

How and where John Roebling found time to write all 
that he did—to attend scientific conventions and write 
voluminously for scientific journals; practice on the flute 
and piano; study metaphysics and pour forth his own 
lucubrations in thousands of pages of manuscript; invent 
tools and machinery and make his own drawings for the 
patent office; design bridges, canals and portage rail- 
roads and himself superintend their construction—how 
he achieved all this, I say, bewilders imagination. And 
yet, each night before retiring, his daily journal and 
ncte-books must be written up to the minutest detail 
if it took till morning! 

It is related that once during the Civil War General 
Fremont sent for him and kept him waiting in the ante- 
room, whereupon Mr. Roebling took a card and scribbled 
something to this effect: “Sir: You are keeping me 
waiting. John Roebling has not the leisure to wait 
upon any man.” His rule was to postpone a conference 
if the gentleman with whom he had an appointment 


` beppened to be five minutes late in keeping It. 


It was, of course, this egregious value given to the 
instant that enabled John Roebling to do the work of 
ten men; but to my thinking he overdid it. A man may 
become a miser of minutes as well as of pennies, and if 
we are immortal—why, what's the hurry? Time drives 
us all, I suppose, towards our chrysalis, the grave; some 
on the gallop ag though running to a fire, some on a jog- 
trot as though out for an airing. Well, let each one of 
us employ his time as may best conduce—not to his 
pleasure, but to his happiness, a word of highest mean- 
ing; remembering that John Roebling had no time to 
be really happy—he worked too hard! 

His planning of the Kentucky bridge, which was 
never built; the actual erection of the Wheeling bridge, 
the Cincinnati bridge, and even the wondrous bridge 
over Niagara Falls, were simply preliminary training for 
the monumental work that was to cost him his life while 
crowning it with glory. 

The Brooklyn Bridge, commonly so-called, though still 
often referred to as “The Roebling Bridge,” hyphenates 
Long Island and the island of Manhattan, and its con- 
struction made possible the Greater City of New York. 
When John Roebling presented his plans for this amaz- 
Ing structure the engineers of the whole world scoffed 
at them as audacious and absurd. If, said they, he 
should succeed in spinning his iron filaments over so 
vast a stretch, what useful purpose would he accom- 
plish? Poof! Roebling's tangle of wires was a web to 
catch flies—he was courting the fate of Arachne in the 
fable! Jt was, in sooth, a work of unexampled difficulty 
—looming, portentous, Titanic! He fought his detract- 
ors inch by inch for the right to try. defending his ideas 
with such vehemence and courage that finally this right 
was given him. The great work, begun by himself 
after his own designs, was completed by his son. It is 
called today, in the candid admiration of mankind, the 
Eighth Wonder of the World. 

Originally planned for a calculated load with a margin 
of safety, the exigencies of traffic have long since bur- 
dened this noble structure many times beyond its prom- 
ise; and yet, within the last few weeks the board of 
experts appointed to examine its condition report that 
it is safe and unhurt and, if possible, has grown 
stronger with use. Luckily for the people of New York, 
John Roebling's promise was always less than his per- 
formance, 

But Brooklyn Bridge is more than a crowded highway: 
it is a thing of art, beautiful in itself. From the bed- 
rock of a mighty river, one hundred feet below its sur- 
face, bastions of masonry leap towards the clouds and 
kindle in the distance like shafts of light. The tenuous 
festoon that seems to cling to them floats in the air— 
an incredible gossamer woven in a dream. Yes, Brook- 
lyn Bridge is beautiful! All the latent poetry of the 
mathematician—and in its highest reaches mathematics 
becomes divinest poetry; all the estheticism of the archi- 
tect; all the musician’s sensitiveness to harmony; all the 
mysticism of an idealist philosophy: whatever of faith, 
feeling, reverence John Roebling cherished in his heart, 
was here voiced like a ringing cry. As if conscious of 
his pending doom his genius stands embodied in this 
final form—an inspiration visible—a soul's bid for im- 
mortality! 


— 0 


THE LARGEST VERTICAL GAS ENGINE in the 
world was started June 6 at the works of the Castner- 
Kellner Alkali Co., Ltd., Runcorn, Eng. It is a 1,000 
B. HP. engine of standard vertical type, supplied by the 
British Westinghouse Co. and is connected to a direct- 
current generator made by the same firm. The cylin- 
ders are placed in pairs over four cranks, which ar- 
rangcment is said to give a most even turning moment. 
All valves are operated positively by straight push 
rods moved directly from the cam shaft. No water cool- 
ing is used for pistons, valves or cam shafts in order 
to avoid danger of frequent breakage, Forced lubrica- 
tion is employed throughout. : 
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SEWAGE PURIFICATION AT WASHINGTON, PA. 
By R. WINTHROP PRATT.” 


Tye borough of Washington, Pa., is located 
ave h miles southwest of Pittsburg. It is 
_tanving manufacturing community, as well as 
c important oil and coal center. The borough 
on the upper portion of the drainage area of 
waters Creck, which stream ultimately dis- 
-rezes into the Ohio River a few miles below 
pasar. The topography is representative of 
44 of southwestern Pennsylvania, being de- 
ot ty hly. 

Washingion at the present time has a popula- 
„af approximately 23,010, and this is rapidly 
«pong, The population five years hence is 
cuted at 31, %% ); and if the proposed annexa- 
‘ap af the borough of East Washington is ac- 
„n iied, this would add two or three thou- 
‘ein? more. l 

Tne public water supply of Washington is de- 
ried from a small stream, a few miles east of 
tan, and is purified by mechanical filters. 
Wit -1s furnished to nearly all the inhabitants, 
i: the approximate average daily consumption 
s. (ob gals. The works are owned by a 
traate company. 
PRESENT SEWERAGE SYSTEM. 

Washington has a fairly complete system of 
«vers, built in approximate conformity to a gen- 
+ pian drawn by the late Colonel Waring some 
‘years ago. The total length of sewers is at 
“sent about 18 miles. This includes some 12 
os of 6-in. laterals, 2 miles of S-in. laterals 
4: 4 miles of main sewer, ranging from 12 to 
-' ns. in diameter. 

“he sewerage system accommodates all the 
„ aly built up portions of the city, covering an 
~a of 112 sq. mi. There are at present 4,000 
‘vise connections. representing some 18,000 or 
%%% pople. The system is designed to be used 
or domestic sewage only; but the general prac- 
- in spite of an ordinance to the contrary, has 
to connect the down-spouts from roofs with 
This practice has resulted in sur- 
ag the sewers at every heavy storm, and 
‘ring the water out through certain manholes. 
vaty, however, provision has been made for 
r œ rigidly enforcing the ordinance forbidding 
r-f-water connections. Surface water is con- 
„ved to the creek principally by the gutters of 
paved streets, most of which have steep 
Pales. 
Tte sewers are not underdrained to prevent the 
fitration of ground water. Such underdrain- 
2. is not necessary with the lateral sewers, 
n are located on the steep hillsides, but 
dave been desirable with the main sewer, 
b Is located in the valley. The sewers are ven- 
‘+d through the manhole covers in the streets, 
-ti tirough the soil pipes in the houses. They 
«te fushed automatically and are inspected regu- 
dy the street department every two or three 
s. The principal difficulty in maintaining 
“= system has been due to stoppages caused by 
+ growth of roots. 

-te main sewer follows closely the course of 
“utters Creek, through the center of the town, 
‘ta distance of about two miles to a point near 
'* cortherly corporation line, where it formerly 
© targed into the creck. At this point it is 15 
*in diameter. Four years ago this 15-in. main 
~er was continued some two miles down the 
‘yoy means of an 18 and 20-in. pipe sewer, 
carg the creek, to an area of land near 
“br station, purchased at that time for sewage 
a purposes. [See general plan accompany- 
2 Me. R. F. Proctor’s article on contractors’ 
+“ Immediately following this article.— Ed.] 
rh plang had been prepared for construct- 
re its extended main sewer by a more direct 
t „. andj at a higher level, these plans were not 

=el by the officials in charge at the time. 
“> wesst was that the existing outlet was 
“i ta low to permit the sewage to be treated, 
t! Oty constructed filters, without pumping. 
A from this unfortunate procedure in re- 
.: % the main sewer, Washington is fortunate 
h ring adopted and carried out the present 
ban sewerage. By using the separate system 


he Sewers, 
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money has already been saved in construction, 
and the problem of purifying the sewage is now 
much simplified. 

OLD PURIFICATION PLANT. 

On the tract of land above mentioned, on the 
westerly side of the creek, near Arden Station, 
there was built, at the time of the extension of 
the main sewer, a plant to treat the sewage be- 
fore discharging it into the stream. This plant 
Was in use until a few months ago. It consists 
of a settling or septic tank 20 ft. wide, 200 ft. 
long and 7 or 8 ft. deep. thus holding 240.000 
gals., or 6 hours’ flow, based on the present daily 
vield of sewage. Cross walls were located at 50, 
100 and 150 ft. from the inlet end. The sewage, 
Without screening or previous treatment of any 
kind, entered the tank through a trapped inlet, 
2? ft. below the surface, and was drawn off at 
the opposite end through a similar trap. 

At the outlet of the tank there was a bed of 
broken limestone, 15 ft. wide, 100 ft. long and 3 
or Aft. deep. The plan was to have the effluent 


ently this material served as a sort of strainer 
or filtering medium, constantly increasing in 
bulk. 

There was but little accumulation of sludge ins, 
the bottom of the tank, indicating that it had 
filled from the top downward, rather than from 
the bottom upward, as is usually the case. This 
action was doubtless duc to the extremely putre- 
factive and gas-forming nature of the suspended 
matter in the sewage; which, as discussed be'ow, 
contained large amounts of slaughter-house 
refuse. The top of the scum contained what ap- 
peared to be brewery grain, which would indi- 
cate that some brewery refuse had been dis- 
charged into the sewers. The accumulations in 
the tank could have been largely prevented if the 
sewage had been subjected to preliminary screen- 
ing. 

The effluent from the tank, after the first few 
months, became very black and foul in appear- 
ance, and emitted excessive'y offensive odors. 
These were, undoubtedly, largely due to the de- 


from the tank filter continuously in a lateral caying animal matter from slaughter-houses. In 
spite of the foul effluent 
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direction through this broken stone. The stone, 
however, soon became clogged so that the sew- 
age simply flowed along the top and discharged 
into the creek unchanged. 

The action of the septic tank during the two or 
three years of operation of this plant is interest- 
ing. The effluent during the first two or three 
months, it is said, was clear and comparatively 
inoffensive. With continued use, however, the 
tank rapidly filled; so that its capacity after two 
years’ use, when inspected by the writer, had de- 
creased 50% or more. The inlet end of the tank 
was occupied by 8 ft. or more of solid matter. 
The scum at the inlet end extended considerably 
above the water level, and the upper 2 ft. was 
hard and tenacious, being sufficiently strong to 
bear the weight of a man. The scum at the 
middle and at the outlet end of the tank was of 
a more pasty consistency. The sewage passed 
through the scum and solid matter at the upper 
end of the tank in narrow channels, and appar- 
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DETAILS OF SCREEN CHAMBER, SEWAGE PURIFICATION 
WORKS, WASHINGTON, PA. 


the present sewer out- 
let, has a drainage area 
of sone 15 sq. mi. In 
the valley below Wash- 
ington are several bor- 
oughs and two public in- 
stitutions. Pasture land 
abuts the creek in many 
places. There are nu- 
merous coal mines along 
the stream, the drain- 
age from which some- 
times renders the lower 
portion acid and unfit 
for stock watering or for 
domestic use. For sev- 
eral miles, however, im- 
mediately below Wash- 
ington, the stream is 
probably never acid. 
From a series of 
charge 
made by 
and by 


Wall of Present 
Septic Tank 


dis- 
measurements 

the writer, 
comparison to 
similar streams which 
have been gaged by 
the U. X. Geological 
Survey, the average 
dry- weather flow of 
the stream below Wash- 
ington was estimated 
at 12 cu. ft. per sec. The minimum flow is prob- 
ably 3 cu. ft. per sec. It will be seen from this 
that the ability of the stream for disposing of 
sewage by dilution is not great. 

Chartiers Creek is the natural drainage chan- 
nel for Washington, and receives all the surface 
drainage from several miles of paved streets 
within the city limits. In addition, it receives 
more or less oil and manufacturing waste, as 
Well as the foul effluent from an inefficient sewage 
disposal plant at East Washington, located just 
above the city. The stream, in the lower part of 
and below the city, receives acid-iron waste from 
tin-plate mills, which has the effect of badly 
discoloring the water. Further down stream the 
sewage from an oil refinery causes more pollu- 
tion. 

It will be seen from the above that before the 
stream reaches the outlet from the present sew- 
age plant it is already somewhat polluted. The 
additional pollution, however, caused by the 


54 


ENGINEERING NEWS. 


Vol. 60. No. z. 


effluent from the septic tank above described, 
makes the stream very offensive, during its low 
stages, for several miles below Arden. Com- 
plaints to the State Health Department and law- 
suits brought against the city by property owners 
along this portion of the stream had their due 
.effect in causing the officials of Washington to 
provide for an adequate sewage purification 
plant. 
COMPOSITION OF THE SEWAGE. 

In connection with the preliminary investiga- 
tions of the problem, made by the writer in 1906, 
there was conducted a 24-hour test of the quan- 
tity and quality of the sewage as discharged from 
the main sewer. The effect of the septic tank on 
the sewage was also studied. 

During this test there were collected, at one- 
half hour intervals, samples of the crude sewage 
from the main sewer above the septic tank, and 
also from the outlet of this tank. These half- 
hourly samples were mixed proportionately to 
the flow of sewage, and from them were formed 
three composite samples: one representing the 
crude day sewage, one representing the crude 
night sewage, and one representing the effluent 
from the septic tank. These samples were col- 
lected and analyzed by or under the direction of 
Mr. A. Elliott Kfmberly, of Columbus, O. Most 
of the determinations were made in the field, 
thus eliminating any error due to change in com- 
position during shipment of samples. 

The analyses showed that the Washington sew- 
age may be classed as abnormal. It is not high 
in nitrogen, but is very strong in suspended mat- 
ters and fats, compared to the sewages of other 
cities. An especlally large quantity of suspended 
fatty material, presumably from slaughter- 
houses, was noted in the sample representing the 
night flow of sewage. This slaughter-house 
waste, and possibly to a certain extent other in- 
dustrial wastes, complicate the composition of 
the sewage and tend to make its treatment more 
difficult. As stated below, steps have been taken 
to control the use of the sewers by the slaughter- 
houses, 

Table I. gives the analyses of Washington sew- 
age as compared with the analyses of sewages 
from a number of other cities. Table II. gives 
the different constituents in the sewage of Wash- 
ington and other places, on the basis of grams 
daily per person contributing sewage, thus elimi- 
nating the variable factor of volume of sewage. 

In considering these tables it should be borne 
in mind that Washington sewage analyses rep- 
resent but 24 hours’ flow, while the figures for 
other places cover longer periods. Nevertheless, 
from occasional inspections of the character of 
the Washington sewage since the analyses were 
made, and from the action of the septic tank, 
discussed above, it would seem probable that the 
Washington analyses are fairly representative. 

FLOW OF SEWAGE. 

In order to gage the actual amount of sewage 
to be treated there was installed, during the 
above-mentioned test, at a point "090 ft. above 


the outlet, a large wooden box containing a 24-in. 
weir, through which the entire flow of sewage 
could be diverted by inserting a plug in the 
sewer and causing the flow to pass out through 
an opening in the side of a manhole. A number 
of flow observations were taken, both night and 
day, during the test. 

Later there was installed at the same 
point an automatic recording device, operated by 
a seven-day clock, simi- 
lar to the type used by 


the Massachusetts State 
Board of Health. The 
automatic device has 


been in continuous oper- 
ation to date, has re- 
quired attention but once 
a week and has given 
excellent results. 

The observations to 
date have shown that the 
average dry weather flow 
of sewage is approxi- 
mately 1,000,000 gals. per 
24 hours, which, inci- 
dentally, about equals 
the daily water consump- 
tion. During times of 
wet weather the average 
daily flow increases to 
3,000,000 gals. The day 4 
flow during dry periods E. 
is about twice as much i 
as the night flow. The 
dry weather flow per 
capita, based upon the 
total population, is 44 : 
gals. per day; and the ï 
flow per person contrib- 


State Health Department upon several condi- E 


tions, the principal of which were: 


That all storm and roof waters be excluded from the 
sewerage system, and that the local authorities study the 
problem of eliminating leakage into the sewer system, and 
submit a plan therefor to the Health Department before 
Jan. 1, 1909. 

That the borough council cause to be built upon each 
individual property, proper receptacles for the intercey. 
tion of all matters whatsoever prejudicial to the functions 
of the public sewerage system and disposal works. 

That the borough authorities place some one in respon- 
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uting sewage is 50 gals. l 
per day. An inspection B 
has shown that no large 
volume of water is con- 
tributed by any of the 
industrial establishments. 


PLANS FOR NEW 
WORKS. 


Considering the local 
conditions at Washing- 
ton, it was decided that 
a plant which would 
purify the sewage to 
the non-putrescible stage 
would be satisfactory. 
Accordingly, plans were 
drawn for a plant con- 
sisting of septic tanks, 
sprinkling or percolating filters and a final sedi- 
mentation basin. The sewage can be treated in 
the latter, with chemicals, if a higher degree of 
bacterial purification should be desired in the 
future. The plant includes a pumping station 
and machinery for raising the sewage to the new 
septic tanks. 


These plans were approved by the Pennsylvania 
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‘TABLE I. ANALxSEsS OF SEWAGE OF WASHINGTON, PA., AND OF OTHER MUNICIPALITIES, 
Parts per 1,000,000. 
Oxygen -——Nitrogen as 


con- 


Washington, Ppra˖aaaaͤaͤa˖ii.. . 
(Day sewage, 7 a. m.— 11 p. m., July 3-4, 


Washington, F..... 3 
(Night sewage, 11 p.m.— 7 a. m., July T- 9, 06) 
Washington, Pa... nn ewes 


(Average sample) 


SMansfleld, Ohio ..... cece cers ence ce nccces 
(Av. 4 12-hr. samples, July 7-9, ’05)....... 


Marion, . ⁵ðĩ ese eseis 
(Av. 3 12-hr. samples, May, 1906).......... 


eee © ee Mec eee saves „ „ „„ et „„ „„ „ „ 0 


Columbus, . cee See yee ewes 
(Sew. Purif. Rep. p. 28, av. 282 samples)... 


[Lawrence, Mass 
Framingham, Mass 
Marlboro, Mas cece eee cece 
INatick, ..... bnee th eesiwece sas 
Washington, PO osG os ERO See o 8 
(Septic Tank Pffluent)............-.e ce cnee 


Free Chlor- — Suspended matter. ——— 
sumed. Organic. Ammonia. ine. Total.. Volatile. Fats. 
ee 10.0 90 863 265 198 
10.4 . Hi a a re 
as 8.4 T4 4,175 2,064 2,022 
7.2 2 8 re es ke 
5 9.5 85 1,633 864 806 
9.4 oe = eee: te ee 
2.6 3.8 60 122 š swans 
0.3 eesee ee ese e e s. 2 » 
: : = 167 
23.0 2 2 2» ** ee @ees e = 
8 8 5 
8.6 eeso ees 2 2 „ o + 2 
12.0 43.9 101.2 189 60.8 
12.0 81.7 69.9 212.4 ere 
7.8 81.5 59.0 137.5 
6.0 14.8 59.5 55.6 Seta erase 
T 12.5 46 119 126 100 


Note—Washington sewage contained no nitrates in day sample and .02 part in night sample. 


*Dissolved. 
+Suspended. 
$Dissolved Oxygen 1.9 
11903 Annual Report Mass. State Board of Health. 
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sible charge of the disposal plant and that there sh | 


be continuous attendance at the pene night and day. 
That daily reports of the o opera ions at the works sh 
be et dy on forms to be provided 
Hea 


FIG. 2. PLAN AND SECTIONS OF SEPTIC TANKS, WASHINGTON, PA 


by the Commissioners — 


t 


That no pathogenic material from any laboratory sh— ' 


be discharged into the sewer system, and that the pre} 
authorities cause these wastes to be incinerated on 
premises. 

The contract for the new works was let 
November, 1906, and construction was co 
menced in March, 1907. It is expected that t 
plant will be completed in September, 1908. 


CONTROL OF MANUFACTURING WASTI 
—The State Health Department, with the assi` 
ance of the writer, carefully considered the m: 
ter of allowing slaughter-house wastes to en 
the sewers. The borough has been directed 
shown by one of the conditions of approval), a 
matter affecting the efficient operation of 
sewage plant, to forbid the further discharge 
such wastes unless first subjected to some 


proved process for removing the suspended m . 


ter and grease. This can be easily regulated 
means of an existing ordinance requiring the 
stallation of a grease trap of approved des 
when deemed necessary by the council or 
borough engineer. 


In the case of slaughter-houses, a grease t: 
to be efficient, would have to assume the pro! 
tions of a tank. The principle, however, is 
Same, as far as the ordinance is concerned; 
it is believed that a settling tank holding s. 
24 hours’ flow, with outlet at mid-depth and 
provision for using chemicals if necessary, wi 
serve to clarify the wastes sufficiently to pe! ` 
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TABLE I.-ESTIMATED QUANTITIES OF PRINCIPAL CONSTITUENTS OF SEWAGE OF WASHINGTON, PA., 
AND OTHER MUNICIPALITIES IN GRAMS PER CAPITA DAILY. 


Oxygen — Nitrogen as — 


con- Free -—Supended matter 
sumed. Organic. Ammonia. Total. Chlorine. Total. Volatile. Fats. 
* n . „„ „4 „4 15.4 4.0 2.4 6.4 21 386 215 200 
le 24 
ogy? aas 8 . 14.6 9.6 4.7 15.3 lg 41 20 11.8 
„Columbus, Ohllrro 30 6.2 8.2 14.4 32 98 47 19.1 
assachusetts cities (hav sepa- 

. 13.0 4.7 5.0 9.7 16 49 38 

*Taken from 


charge into sewers without detriment to sew- 
age purification. 

The brewery wastes were investigated; but 
were found to be so small in amount, and inoffen- 
«ve in character, that no restrictions were placed 
on their discharge into the sewers. 

CHOICE OF SITE.—Another feature studied 
by the writer in his preliminary report was the 
choice of a site for the new purification works. 
As discussed above, the borough had already 
porchased a large tract of land (some hundred 
acres), but only a few acres of this, immediately 
along the creek, could be utilized for sewage 
purification purposes, the remainder being too 
— ly, After investigating the three or four pos- 
de sites Which were available within reason- 
die distance of the city, it was decided that the 
most suitable one was the area immediately 
scross the creek from the land already owned by 


.' the borough. Accordingly, a tract of some 17 


ares was purchased. This area affords ample 
rom for increasing the plant two or three times, 
and also ample facilities for sludge disposal. 
The nearest dwelling is the County Children’s 
Home, located 1,000 ft. distant and 50 ft. above 
‘re location of the new filters. A few houses 
nar the Arden railroad station are located 
within nearly the same distance from the plant. 
An interurban electric car line forms, in part, the 
sutherly boundary of the area. The new site is 
very satisfactory in every way; especially so, 
ben the topography of the Chartiers Creek val- 
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SCREEN CHAMBER.— Just above the en- 
trance to the old septic tank, and adjacent there- 
to, a screen chamber (Fig. 1) is being con- 
structed. The sewage from the present main 
sewer will enter it at the upper end, and pass 
through it into the old septic tank, which is to 
be remodeled for use as a pump well. The screen 
chamber is a concrete structure about 20 ft. long, 
4 ft. deep and 7% ft. wide, a longitudinal wall 
dividing it into two channels each 8 ft. wide. 
Either one or both of these channels may be 
used, the sewage being diverted from one to the 
other by means of stop-planks. In each channel 
are two screens constructed of parallel steel bars; 
the first screen has openings of % in.; and the 
second, openings of 3⁄4 in. The screens are in- 
clined down stream at an angle of 60° with the 
horizontal. 

It will be noted that the open space of these 
screens is comparatively small, and that conse- 
quently they will require cleaning at frequent in- 
tervals. It is believed, however, that under 
Washington conditions this frequent cleaning of 
the screens will entail no great additional ex- 
pense, and that such screening will serve to re- 
move the coarser pieces of the slaughter-house 
refuse that now enters the sewers, in case the 
borough officials should fail to permanently con- 
trol such discharge at the slaughter-houses 
themselves. The screenings are to be conveyed 
in a wheelbarrow to an area reserved for their 
disposal, about 400 ft. from the screen chamber. 
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tom of the pump well is a 20-in. cast-iron pipe, 
which is continued by a 16-in. inverted siphon 
40 ft. long, passing under the creek. The differ- 
ence in level between the two ends of this siphon 
is 1 ft. The lower end discharges into a 20-in. 
vitrified pipe line, laid in concrete, and about 300 
ft. long, extending to the suction well, which is 
adjacent to the pumping station. This suction 
well is 28 x 514 ft. x 8 ft. deep below the level at 
which the sewage will flow into the creek through 
emergency overflow. 


PUMPING PLANT.—The pumping station is 
28 x 50 ft. in plan, of pressed brick with sand- 
Stone trimmings. It has steel roof trusses and 
Slate roofing. The brickwork rests on heavy con- 
crete foundation walls, which form the lower 
portion of the station in which the machinery is 
located. The engine floor is 4 or 5 ft. below the 
present ground level, and some 6 ft. below the 
flood level of the creek. The pumps are set in a 
pump pit about 3 ft. below the engine floor. 


The pumping machinery is to consist of one 
8-in. and three 5-in. horizontal Brooks Centri- 
fugal pumps, driven by three Gardner gas en- 
gines. One of the 5-in. pumps, known as the 
sludge pump, is reserved for pumping sludge 
from the final sedimentation basin, and for 
draining the pumping station if this should be 
necessary. Both of the 5-in. sewage pumps are 
of the slow-speed type. The sludge pump, tœ- 
gether with the 8-in. centrifugal sewage pump, 
are connected by belts to either side of a 25-HP. 
gas engine. (It is assumed that both of these 
pumps will never be needed at the same time.) 
The distance from the pump shaft to engine 
shaft is 14 ft. Either pump can be thrown in or 
out by means of a friction clutch. Each of the 
remaining 5-in. sewage pumps is connected by a 
belt to a 15-HP. gas engine. 

The sewage pumps wiil operate against an 
actual head of about 20 ft. It is expected that 
one of the 5-in. pumps will be sufficient to handle 
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* and the comparative scarcity of sites is con- 


CAPACITY.—The nominal capacity of the new 

tänt is 2000,000 gals. of sewage daily; or the 

de from about 30,000 people. The plant 

"ay be operated at double the nominal rate for 

thor, periods; and as the maximum carrying 

“vty of the present main sewer is only about 
« 30000 gals. per day, the plant will probably 
Senile all the sewage which will be brought to it 
Under present conditions. 


PUMP WELL.—The upper portion of the old 
septic tank, into which the screened sewage will 
discharge, will be converted, by means of a new 
cross wall, into a pump well, or equalizing basin, 
50 x 20 ft., by about 4 ft. deep. This basin will 
serve to equalize, to a certain extent, the varia- 
tions in flow of sewage, and will enable the 
pumps to operate at a more constant rate. The 
outlet of the old septic tank will now serve as an 
emergency overflow from the pump well. 

INVERTED SIPHON.—Leading out of the bot- 


the average dry weather flow of sewage, and 
these pumps will be used on alternate days. 
There is thus provided, in duplicate, pumping 
capacity enough to handle the dry weather flow, 
with ample reserve capacity for the storm flow, 
up to the carrying capacity of the main sewer. 

In addition to the machinery for handling the 
sewage, there is provided equipment necessary 
for securing a water supply from two Sin. driven 
wells, 100 ft. deep, located near the pumping sta- 
tion. This equipment consists of a vertical gas 
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FIG. 4. PLAN OF PERCOLATING FILTERS, WASHINGTON, PA. 


engine direct connected on one side to an air 
compressor having a capacity of 50 cu. ft. of 
free air against 50 lbs. pressure; and on the 
other side to a triplex pump having a capacity of 
150 gals. per min. against 60 Ibs. pressure. The 
water from the wells is to be forced by air lifts 
into the pump well, from which the triplex pump 
will raise it into a storage tank, holding 5,000 
gals., located on a hill about 20 ft. above the 
station floor. The water from this tank will 
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flow by gravity through the cooling jackets of 
the gas engines, and discharge back into the 
pump well. The storage tank can be filled in 
30 minutes, and will hold sufficient water for 
cooling purposes to last at least one day with 
three engines running. 

Valves are so placed that water for general 
purposes, such as flushing the septic tanks and 
cleaning out the underdrains of the filters, can 
be obtained direct from the pump well and de- 
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This basin contains three parallel dividing wals 
which form four separate tanks, each 25 x 109 
ft. A 12 x l-in. T and 12-in. gate valve is 
placed on the force main at the center of the 
upper end of each tank, and provision ig made 
for discharging the sewage into the tank through 
a 12-in. vitrified pipe embedded in the concrete 
wall, and terminating in two 12-in. openings, 
each 6 ft. from the side of the tank. When 
operating “in parallel” the sewage is drawn off 
near the surface of each tank through three 
12-in. outlets, controlled by shear gates, and 
passes into an open channel extending along the 
outside of the lower end of all four tanks. A de. 
flector or baffle wall is placed near the inlet and 
outlet of each tank. 

In order that the sewage may have a greater 
velocity, and greater distance to travel than 
would be the case if admitted in equal portions 
to each of the four tanks, there have been pro- 
vided necessary openings and gates so the sew- 
age passing forward through Tank 1 or Tank 2, 
or both, may be directed backward through Tank 
3 into an 18-in. vitrified pipe at the upper end of 
this tank, through which it may be passed to the 
upper end of Tank 4, and thence forward through 
this last tank. In other words, the tanks may be 
operated in parallel or in tandem, as may be 
found most desirable with reference to handling 
and disposing of the sludge. 

Each tank has a nominal capacity of 200,00 
gals. below the highest flow level, which means a 
total capacity of $00,000 gals. Based on a nomina 
capacity of 2,000,000 gals. per day for the entire 
plant, the tanks would thold about 10 hours 
flow, or 7144 hours with one tank out of service 
As will be discussed below, the flow line of th 
tanks will change continually between limit: 
which can be fixed by tha regulating device i 
the control chamber. The maximum limits cor 
respond to an average depth of from 8 to 10% ft 
in the tanks. Elasticity in operation may thu 
be secured. 

The tanks are to be covered by a flat rein 
forced-concrete roof. Each tank is to have te 
2-ft. manholes, with perforated covers. This ap 
parently large number of manholes is thought t 
be well worth while on account of the advantag 
which they afford, based on the writer’s experi 
ence, when the tanks are being cleaned or ir 
spected. The matter of using covered or uncov 
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FIG. 5. SECTIONS OF PERCOLATING FILTERS, WASHINGTON, PA. 


livered into the water system at 60 lbs. pressure. 
During direct pumping the storage reservoir is 
cut off from the pump so that no extra pressure 
is brought upon the cooling system. 

SEPTIC TANKS.—The septic tanks (Figs. 2 
and 3) are located upon high ground near the 
southerly boundary line of the disposal site, and 
the sewage is lifted to them through a 14-in. 
force main. The tanks are formed by a con- 
crete basin about 100 ft. square and 12 ft. deep. 


ered tanks was given considerable thought, ? 
it was decided that on account of the propo. 
scheme to make a park of the land adjacent 
the disposal works, and because the tanks 
not far from an electric car line, covered ta: 
would present a more attractive appearar 
Other probable advantages were also gi 
weight. 

SLUDGE DISPOSAL.—A cross wall, 6% 
high, extends across the center of each tank, t 
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forming, below the level of the top of this wall, 
eight separate compartments, each 50 x 25 ft., 
any one of which can be drained from the bottom 
without disturbing the contents of tue remaining 
compartments or tanks. The sludge chus drained 
out will be discharged through an 18-in. vitrified 
pipe to an area of about 1% acres bordering the 
creek, which has been graded for sludge dis- 
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Details of Sprinkler Nozzle. 


FIG. 6. 


posal purposes. This same area will be used for 
the disposal of the deposits from the bottom of 
the final sedimentation basin, such deposits being 
pumped to the area. The water system is ex- 
tended to the septic tanks so that a stream of 
water under 50 lbs. pressure will be available for 
flushing out the tanks and breaking up the scum 
if necessary. 

CONTROLLING DEVICE.—An important fea- 
ture in the use of septic tanks and sprinkling 
filters is the method of controlling the flow to the 
filters so that there will always be sufficient head 
to obtain proper distribution by the sprinkling 
nozzles. If the flow to the filters is subject to 
the same variations as the flow to the tanks 
there will be times when the nozzles will afford 
poor distribution. At Washington a device (Fig. 
3) has been installed which, when the head on 
the sprinklers becomes small, cuts off all flow 
from the septic tanks, allowing them to act as 
Storage tanks until the level rises approximately 
3, 6, 12 or 24 ins., as may be desired. When the 
desired level is reached a small stream of sewage 
is siphoned out through a 3-in. pipe into the float 
chamber. As this chamber fills, a float rises and 
opens a butterfly valve on the outlet from the 
tank. The surplus sewage then passes out in 
such increased quantities as to provide ample 
head for proper distribution for a period depend- 


Fig. 7. 


them with Concrete. 


ing on the rate of application. When the surplus 
Sewage has been drawn off, the float chamber 
drains, and the float is lowered and closes the 
atlet from the tanks. 

FILTERS.—The sprinkling filters (Figs. 4 to 
, are four in number, each being 100 x 150 ft. 
They are formed by concrete walls on all sides, 
and contain, om an average, 6 ft. 10 ins. of 
broken stone. At nominal capacity, the rate of 
filtration will be 1,400,000 gals. per acre per day. 


Laying Lateral Distributors and Covering 


The elevation of the surface of the filtering ma- 
terial is 6 ft. below the minimum flow line in the 
septic tank; and the bottom of the filters is 
slightly below the highest flood level in the creek. 
The septig tank effluent is conveyed through a 
20-in. cast-iron pipe and a 20-in. vitrified pipe, 
the latter being within one of the concrete 
dividing walls, to a central gate chamber located 
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DETAILS OF SEWAGE SPRINKLER NOZZLE AND RISER THERETO. 


at the intersection of the dividing walls of the 
four filters. 

From this gate chamber extend four 15-in. vit- 
rified main distributing pipes, one to each filter. 
Each of the main distributors is about 214 ft. 
above the filter floor, and is imbedded in the con- 
crete wall which forms the side of the filter. 
Branching from each, at intervals of 1004 ft., are 
lateral distributors of 5-in. vitrified sewer pipe, 
enclosed in small concrete walls. Located every 
12% ft. along each lateral distributor are 3-in. 
cast-iron risers, each extending to the surface of 
the filtering material, on the ends of which are 
p'aced the sprinkling nozzles. The risers are 
joined to the vitrified distributors by means of 
sulphur joints, these having been found more 
satisfactory for the purpose than lead joints. In 
general design the lateral distributors and risers 
are similar to those at Columbus, O.; and due 
acknowledgment is made to the designers of that 
plant. 

The bottoms of the filters are of concrete, 4 ins. 
thick, and slope at the rate of 1 in 60, to a 16-in. 
central semicircular collector, extending longi- 
tudinally through the center of each filter. The 
grade of this collector is 1 in 300. It is spanned 
by a concrete slab which supports the filtering 
material. 


The lateral collectors or drains lie at right 


angles to the central collector and discharge into 
it. The laterals are 1014 ins. c. to c. and consist 
of 2-ft. lengths of 5-in. half round tile, with 
bells. The upper ends of these lateral drains are 
accessible from the inside of the galleries, as ex- 
plained further on. The tile are placed in an 
inverted position on the finished floor and the 
edges are slotted to provide freer entrance for the 
liquid. <A total of 61,000 ft. of this tile is used 
for the 1% acres of filters. 


The main effluent pipe is placed beneath the 
main cross dividing wail and receives, at four 
points, the effluent from the central collectors of 
the four filters. A sluice gate placed in a gate 
chamber controls the discharge from each filter. 
This will permit the operator to flood the filters, 
with the idea of flushing out some of the depos- 
ited solid matter, and will enable the plant to be 
operated on the contact principle. 

Along both sides of the filters, extending longi- 
tudinally, are covered galleries 6 ft. high and 4 
ft. wide. The upper ends of the lateral under- 
drains extend into these galleries. This construc- 
tion affords an opportunity for flushing or clean- 
ing out the underdrainage system by forcing the 
clogging material into the central collector by 
means of a stream of water, or cleaning rod, 
without removing the filtering material. It also 
tends to admit air to the filtering material. In 
these galleries are located the water pipe lines 
for flushing. The gallery construction is some- 
what similar to that proposed by the board of 
consulting engineers, in a preliminary report, 
for Baltimore, Md. 

The sprinkling nozzles (Figs. 6, 8 and 9) used 
are of the type used at Columbus, O., but have a 
7/16-in, orifice instead of a 9/1G6-in. orifice, as 
at Columbus. They will be operated under a 
head varying from nearly 7 ft. down to 2 ft. The 
average rate of discharge of each will be ap- 
proximately 10 gals. per min. when operating. 
These nozzles have already been tested in place 
at Washington by pumping into the distribution 
system, and were found to produce a very satis- 
factory and finely divided spray, which, under 
the fluctuating head, appeared to thoroughly 
cover the surface of the filter. 

FILTERING MATERIAL.—The filtering ma- 
terial, with the exception of the upper 6 ins., is 
composed of a low-grade limestone taken from a 
quarry located on the borough property about 
1,000 ft. from the plant. The quarry was opened 
by the contractor especially for this work. The 
stone is crushed into two sizes, the larger grade 
being 214 to 4 ins., and the smaller 1 to 2% ins. 

A chemical analysis of the stone by Mr. L. V. 


Parker, of Columbus, O., gives the following 
results: 
Lime (Gë: COs) AA Aae Se 
Silica (Si O2) ‚JkH—Q HHB R — — 34% 
Carbonate of magnesum (Mg COs)........ „ 20% 
Iron (Fe Oa) Ce ee) —— 8% 


This stone is very close grained and hard, and 
upon comparative tests absorbed much less water 


Fig 8. Underdrains, Central Collectors and Sewage 
Sprinklers in Place. 


than other limestones of durable quality. It is, 
however, somewhat liable to crack and break up 
when exposed directly to snow and ice. For this 
reason it was thought better to have the upper 
6 ins. of the filter composed of a grade of stone 
which would not be affected by the weather. 
Such stone will probably be secured from some 
of the quarries in Ohio. When the contract was 
let, an alternate price of $1.60 per cu. yd. (in- 
stead of $1.20 for the local stone) was agreed 
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upon in case the borough found it desirable to 
have other stone shipped in. 

FINAL SEDIMENTATION BASIN.—tThe efflu- 
ent from the sprinkling filters is to be subjected 
to a final sedimentation by passing through a 
basin having a capacity of about 160,000 gals., 
or nearly two hours’ flow with the nominal ca- 
pacity of the plant. 

The basin is in excavation, with sloping sides, 
concrete floor, and is surrounded by a bank to 
protect it from floods. A dividing wall separates 
it into two distinct por- 
tions, so that one side 
can be drained for clean- | 
ing. Each side drains | 
into a central manhole, 
the opening to which is 
controlled by a 1Q-in. 


sluice gate. From this 
manhole the deposited 
material will pass 


through a 10-in. vitrified 
pipe to the sludge well 
at the pumping station 
and from thence be 
pumped to the sludge 
disposal area. The efflu- 
ent is drawn off at the 
lower end of the basin 

over a long weir. An 
18-in. pipe then conveys | 
this effluent to the out- | 

fall, which is protected E 
by a concrete head wall 
and which is provided 


It was also’ not feasible, as the cost of such a 
siding was not warranted by the size of the con- 
tract; therefore all materials received from the 
railroad have to be hauled to the site of the 
work. 

The location of the plant was formerly the site 
of Standard Oil tanks. 
cated on a knoll directly on one of these tank 
locations. The filters are located on the low land 
below, which is wet and marshy. The char- 
acter of the soil below the loam is hard clay, and 
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with a flap gate. 

COST OF PLANT.— 
The cost of the entire 
plant, exclusive of en- 
gineering, will amount to 
about $100,000, which may be approximately 
divided as follows: 


FIG. 9. 


and l§ö;ê⁊ A ⅛ am mt toe woes .. $14,000 
et ay station and machinery......... ...... 12,500 
ta „ % e „%% „„ „„ „% %% „% „% % „% % % „% % „% „% „ % „% 66 66 end @ 18,300 
pA %%% ade Soe eau a roia e 47, 500 
Final sedimentation basin e peut 1,700 
Water supply ...... 7 a Gee E ee 3,000 
Miscellaneous material E ere 8,000 
$100,000 


The principal unit prices and estimated quanti- 
ties of the principal items are as follows: 


Quantity. Unit price. 
Excavation ....ccscsseee .. . . 7,500 cu. yds. @ 28 
Concrete, Class AA.. 8253 “ “ 11.00 
Concrete, Class B.......... 1.200 “ 7.40 
Concrete, Class C......... - 1,300 “ “ 6.00 
Concrete, Class D.......... 1,525 ‘“ ‘ 7.00 
Steel rod 30.5 tons 45.00 
5-iIn. lateral collectors errr 61,000 lin. ft. 05% 
Cast-iron pile 47 tons 50.00 
Special castings, bell & spigot 5.5 85.00 
Special castings, flanged..... 4.5 105.00 
Cast-fron risers ........... 2.25 
Broken stone filter material. . 14,800 cu. yds. 1.20 


Sewage pumping machinery, lump sum........4,260.00 


The contract was let in November, 1906, but 
work was not commenced until March, 1907. It 
is expected the plant will be in operation by Sep- 
tember, 1908. The plant was designed by the 
writer, and is being built under his supervision, 
with Mr. Donald M. Belcher as resident engineer. 
Mr. O. K. Taylor, Jr., is the city engineer. The 
contractors are Williams, Proctor & Potts, Inc., 
New York City. 

— — — 


CONTRACTOR’S PLANT FOR THE SEWAGE PURIFICA- 
TION WORKS OF WASHINGTON, PA.* 
By R. F. PROCTOR,t Assoc. M. Am. Soc. C. E. 


The site chosen for the location of the sewage 
disposal plant for the borough of Washington, 
Pa. (see accompanying plan), is situated about 
three miles north of the borough and about 1,200 
ft. from Arden Station, on a branch of the Pan- 
Handle Railroad. Between the railroad tracks 
and the site of the disposal plant are located 
the tracks of the Washington & Canonsburg 
Electric Railway. At Arden Station there is a 
siding which will hold eight cars. To build a 
siding from the main track to the disposal plant 
was found to be impossible, because the electric 
car company would not allow a grade crossing. 

*See preceding article on the same works by Mr. R. 
Winthrop Pratt.—Ed 


tSecretary, Williams, Proctor & Potts, Engineers and 
Contractors, 17 Battery Place, New York City. 


TESTING SEWAGE 
COLATING FILTERS, 
(The filters are but partly Rar hy with filtering material. Wind is blowing across 


SPRINKLER NOZZLES FOR PER- 
WASHINGTON, PA. 


from left to right.) 


only in the excavation for the septic tank and 
the pipe line therefrom to the sludge bed has 
rock been encountered. The upper layers of this 
rock had been acted upon by the oil and were 
so rotten that they were taken out more easily 
with plow and scraper than the clay above them. 
Below this rotten rock is a hard sandstone. 

As will be seen on the plan of the layout of 
the contractor’s plant, on the northwestern side 
of the creek and about 1,000 ft. from the dis- 
posal plant, but on the borough farm, is a lime- 
stone quarry. The stone from this quarry has 
been carefully analyzed by the engineer and 
found to comply with 
the specifications. 

Before the bid was 
submitted, the stone was 
seen to be outcropping 
and the stripping seemed 
to be small. Indications 
were favorable as to 
supply necessary to com- 
plete the work, amount- 
ing to about 20,000 cu. 
yds. of crushed stone, 
and the bid for the con- 
tract was based upon 
obtaining all necessary 
rock from this quarry. 
Experience in develop- 
ing the quarry shows the 
quantity of stone to be 
more than ample and 
the stripping small, 
averaging about 1 ft. of 
stripping to 4 ft. face of 
rock. 

Sand for the concrete 
is washed Ohio River 
sand, shipped in from 
Steubenville, O. Analysis 
of samples of this sand 
show it to have an effect- 
ive size of 0.22 mm. and 
a uniformity coefficient 
of 2.1. The limestone 
dust from the crusher is 
mixed with the sand in 
the proportion of one to 
one for use in concrete. 
Analysis of this lime- 
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stone dust show it to have an effective size of 
0.09 mm. and a uniformity coefficient of 13.6. 
Analysis of the combination of limestone dust 
and sand mixed in equal parts gives an effective 
size of 0.15 mm. and a uniformity coefficient 
of 5. 

Water for the boilers, gas engines, concrete, 
etc., is obtained from a spring located on the 
hill near the quarry, and flows by gravity to all 
parts of the plant. 

A cement shed with the capacity of about 1,400 
bbls. is located on the siding at Arden Station. 
So close is this shed to the railroad siding that 
by laying a plank from the car to the floor of 
the shed the bags of cement can be easily and 
quickly wheeled on small trucks into the shed. 
Each carload of cement is unloaded and piled 
by itself. Samples are taken from each car and 
tested by the resident engineer in charge of the 
work, and a card nailed over the pile in the 
shed showing date of arrival, car number, num- 
ber of sacks and date of test. 

All vitrified pipe Is unloaded and piled on the 
ground near the cement shed. Sand is shoveled 
from the cars into a borrow pile by the side of 
the tracks. The vitrified pipe and sand are 
hauled by wagons as needed for the work. 

Cast-iron pipe, rails and a!l other heavy ma- 
terials are unloaded by a stiff-leg derrick and 
hauled directly to the plant. 

The stone crusher, concrete mixer plant and 
storage bins are all located in a group at the 
lower end to one side of the disposal plant, with 
reference to the location of the cableway. 

A service track of 2-ft. gage is laid from the 
quarry to the crusher. Over this track the 
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stone is hauled by horse in Western dump cars, 
each having a capacity of 1% cu. yds. 

An Acme stone crusher, with a rated capacity 
of 200 cu. yds. of crushed stone per day of ten 
hours, is used. This crusher is run by a 25-HP. 
Farquer portable engine and boiler. The crushed 
stone is raised by a bucket elevator to a screen 
over the stone bins. 

The screen, which is of the revolving cylin- 
drical type, is divided into five sections, each 
section being 3 ft. long. The first section is 
perforated with -in. holes, the second with %- 
in. holes, the third with 1%4-in. holes, the fourth 
with 3 in. holes and the fifth section with 4½- 
in holes. The first section of the screen re- 
moves the dust and finest particles. The stone 
coming from the second, third and fourth sec- 
tions of the screen is used as ballast for con- 
crete. That coming from the fourth and fifth 
sections is used for filtering material. The tail- 
ings which come out of the end of the screen 
are used for ballasting the road or are re- 
crushed. 

At the bottom of the bins under this screen on 
both sides are shutes. Those shutes facing the 
concrete mixing plant lead to a bucket elevator, 
which raises the stone for concrete and sand 
to the bins over the mixer. The shutes on the 
cpposite side carry the stone to a bucket ele- 
vator running up over two large storage bins 
and the stone for the filtering material is drawn 
fram the bottom of these bins as needed. The 
dimensions of these bins are 10 x 10 x 16 ft. 
and 10 x 10 x 6 ft. This last-named elevator is 
run by the same boiler and engine which runs 
the crusher, crusher elevator and the screen, be- 
ing connected to the gears of the screen by gears 
and sprocket chain. 

The mixer plant consists of three superimposed 
piatforms. The top platform carries four bins; 
one for sand, the remaining three for the three 
sizes of concrete ballast. Each of these bins is 
71x 8x 8 ft. A bucket elevator raises the ma- 
terial to shutes by which any one of the four 
bins may be filled as desired. The bucket ele- 
vator is operated by a 8-HP. vertical steam en- 
gine, located upon the first platform. It is run 
by steam piped from the crusher boiler. This 
same engine drives an inclined belt, fitted with 
cleats, 5 ft. c. to c., by means of which the cloth 
begs of cement are raised to the second plat- 
form. 

From the bottom of the sand and stone bins, 
and controlled by sliding gates, are shutes lead- 
ing to the measuring hopper, located upon the 
second platform. This measuring hopper has a 
capacity of %-cu. yd., and is divided by wooden 
partitions into four boxes; one for sand and ce- 
tent and the other three for the three sizes of 
stone ballast. Measuring sticks, which straddle 
the partitions and extend down into each box, 
indicate the level to which the box must be filled 
with sand or stone to make the proper propor- 
toned mix. 

The bottom of the measuring hopper is pro- 
vided with a drop shutter. When the hopper is 
fied with the proper proportions of sand, stone 
and cement, this shutter is dropped and the con- 
tents of the hopper precipitated into the mixer. At 
the same time the proper amount of water is 
aided to the mix through the snout of the mixer 
from a pipe leading from a barrel on the second 
platform. This barrel is filled by gravity from 
a storage tank on the hill near the quarry. On 
the inside of the barrel is nailed a scale, so that 
the quantity of water added to each batch of 
concrete may be accurately controlled. 

A No. 2% Smith .concrete mixer is located on 
the first platform. It is operated by its own 
engine, the steam being supplied from the 
crusher boiler. This mixer has a capacity of 
Z eu. yd. per mix. A snout has been added to 
e dumping end, which extends out and over 
‘ts buckets and cars which carry the concrete 
to the cableway. 

A 3-ft. gage service track extends from the 
z. rer plant and from under the filtering stone 
bas along the track of the head tower of the 
tableway. The flat cars which carry the filter 
stine and concrete to the cableway. are hauled 
back and forth on this track by an endless 


cable, operated by a drum on the front of the 
cableway engine. 

During the winter months the quarrying and 
placing of filter stone has been the chief work 
undertaken. Work in the quarry and at the 
crusher has proceeded day and night. A small 
electric lighting plant to furnish the necessary 
light for such night work was installed beside 
the crusher boiler. It consists of a 24-KW. 
generator, operated by a small vertical steam 
engine, steam for which is furnished from the 
crusher boiler. 

A Lidgerwood cableway is used to place ma- 
terial. It has a span of approximately 500 ft. 
and a lifting capacity of five tons and can cover 
the septic tank, filters, sedimentation basin and 
pumping station. The towers are mounted on 
wheels and can be moved on tracks from one end 
of the plant to the other. On the front of the 
cableway engine is geared a drum, used to move 
the towers. - 

For placing concrete 1%-yd. Hains buckets are 
used. These buckets are circular in shape, the 
bottoms being drawn down to a truncated cone, 
with an opening of 22 ins. in diameter. This 
opening in the bottom of the bucket is covered 
With a steel door, divided into two sections, each 
section having a handle on one end and being 
hinged to the bucket at the other, so that when 
the door is closed by pulling the doors apart 
the bottom of the bucket is opened and the con- 
tents discharged. It is evident that the size of 
this opening can be controlled, thereby con- 
trolling the volume and rapidity of discharge. 
In placing the concrete the bucket is carried by 
the cableway over the form to be filled and dis- 
charged directly into it. Even distribution of 
the concrete is obtained by running the bucket 
Out slowly, discharging it as it moves over the 
form. 

These buckets are also used in placing stone. 
They have a decided advantage over the bucket 
of the tipping type in this particular work, as 
the filtering material is placed directly on vitri- 
fied sewer pipe underdrains, laid on the con- 
crete floors of the filters, and the impact from 
the stone, which runs as large as 4 ins. in di- 
ameter, from a tipping bucket would break these 
tile. The Hains bucket can be lowered to within 
a few inches of the tile and the stone let out 
slowly and easily until the tile are covered suffi- 
ciently to protect them. 

After the tile are covered the upper layers of 
stone are placed by the use of 2-yd. stone skips, 
built of 1144-in. oak with a swinging door on one 
end. This skip is lowered into the filter, and 
the door and two of the lifting chains unfast- 
ened. The skip is then lifted out and emptied 
by the remaining lifting chain, fastened to the 
middle of the end of the skip opposite the door. 

A sawmill was built, containing a tipping-table 
saw, band saw, lathe and grindstone, all operated 
by a gas engine. For all the walls, form sheets were 
made in the mill. These sheets are each 16 ft. 
long and made of %-in. No. 4 tongued-and- 
grooved yellow pine lagging, 4 ins. wide, nailed 
to 2 x 6-in. studs, 20 ins. c. to c. Twenty-four 
of these sheets were made, six each 9 ft. high, 
7 ft., 3 ft. 10 ins. and 2 ft. 10 ins. high. There 
are 48 special sheets, 16 ft. long, made in the 
same manner for the small distributor walls. 
The cableway is a great assistance in removing 
all the forms and resetting them. So far some 
of these forms have been used over as many as 
15 times, with very little expense for repairing, 
and they will undoubtedly last throughout the 
entire job. : 

The faces of the wall sheets are oiled with a 
mixture of water white and petrolatum, mixed in 
about equal parts. As soon as the forms are 


struck, their surfaces are carefully cleaned with l 


shovels and brooms and they are reoiled about 
every third time they are used. 

The larger forms are all erected and braced 
from the ground against 4 x 4-in. wailing pieces, 
spaced from 3 to 4 ft. apart. The forms are 
wired together with No. 6 wire. The small dis- 
tributor forms are held together by %-in. rods, 
threaded on both ends to take a nut screwed up 
against the outside of the form. When the forms 
are struck the rods are easily removed. The 


holes remaining in the concrete are filled during 
the process of finishing the surface of the con- 
crete. 

During warm weather the forms are usually 
taken down in from 18 to 24 hours after being 
filled and the exposed surfaces of the concrete 
are then finished. This finishing consists of wet- 
ting the surface of the green concrete and rub- 
bing it with a wooden float, giving a pleasing, 
granular appearance. It has the advantage over 
the plaster finish in that it will not crack and 
Scale off. 

All concrete is mixed and placed very wet and 
is thoroughly spaded with flat spades having 
12-ft. handles. 

It is expected that the plant will be finished 
by Sept. 1, 1908. The contractors doing this 
work are Williams, Proctor & Potts, Inc., of 
New York City. Mr. G. R. Abbott is acting as 
superintendent. The plant was designed by Mr. 
R. Winthrop Pratt, of Columbus, O., and Mr. 
Donald M. Belcher is resident engineer. 
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THE CONVENTION OF THE AMERICAN INSTITUTE OF 
ELECTRICAL ENGINEERS. 


{Concluded from Engineering News of July 9, p. 44.] 


PAPERS ON ELECTRIC-MACHINE DESIGN. 

THE SPLIT-POLE CONVERTER.—The “split- 
pole converter,” so called, is a type of syn- 
chronous converter, recently designed, in which 
the voltage ratio between the alternating-cur- 
rent input and the direct-current output is not 
fixed as in the old design, but may be controlled 
within certain wide limits by the operator. This 
is done in brief by splitting the field poles into 
two or three sections whose excitations may be 
separately controlled. The theory of the action 
of this machine has been a topic much discussed 
by designing electrical engineers. Prof. Com- 
fort A. Adams, of Cambridge, Mass., in a paper 
entitled “Voltage Ratio in Synchronous Con- 
verters with Special Reference to the Split-Pole 
Converter’ gave a mathematical analysis of the 
action of the new machine. ~He started with 
the conception that the e. m. f. curve of a single 
armature conductor would have the same shape 
as a curve showing the distribution of flux 
throughout the air gap traveled by the conduc- 
tor. The resultant e. m. f. to be expected in 
an actual winding was determined by the vec- 
torial addition of e. m. f. values from the curve 
for a single conductor or from the flux dis- 
tribution. These proper values and the vector 
angles of their addition were determined by the 
pitch of the winding about the armature cir- 
cumference. By varying the excitation in one 
section of the split pole a harmonic variation 
in the flux distribution may be superimposed 
upon the primary variation and therefore upon 
the e. m. f. curve of the single conductors. By 
a proper selection of the pitch of the winding 
these harmonics may be so added as to balance 
at the alternating-current taps, although their 
effect remains in changing the direct-current 
voltage. All this, with many other related 
ideas, was shown entirely mathematically by 
many formidable equations. 

In the discussion, Mr. Paul M. Lincoln, of 
Pittsburg, said that while the value of such a 
paper was not to be minimized at all, he would 
like to call attention to the idea that e. m. f. 
wave form alone had been considered in the 
paper. The utility of such a machine depended 
on cost, efficiency, voltage regulation, floor space, 
noise, hunting, resonance action, etc., to a large 
degree, and that these characteristics would be 
brought out by use. 

Dr. C. P. Steinmetz said that the action of the 
old synchronous converters with fixed voltage 
ratios were not entirely understood as yet, al- 
though the study of this new design was shed- 
ding some light on actions of the older types. 
The general conditions for securing a variable 
ratio between alternating-current input and 
direct-current output were then sketched with- 
out recourse to mathematics. To give Dr. Stein- 
metz’s ideas very briefly, and therefore inade- 
quately, it may be said that the direct-current 
voltage could be changed in several ways with 
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a constantly alternating e. m. f. impressed. It 
could be done by shifting the brushes around the 
commutator or by mechanically shifting the 
poles. Both of these actions, however, would 
be accompanied by heavy sparking at the 
brushes. The poles might be subdivided and by 
regu'ating their excitation the resultant effective 
toles could be shifted electrically. The same ef- 
fect on the direct-current voltage can be pro- 
duced by imposing on the fundamental e. m. f. 
wave of the winding an upper harmonic varl- 
ation of e. m. f. by a variation in the magnetic 
flux of the air gap traversed. This flux vari- 
ation is obtained by regulating sections of the 
split-poles. The split-pole converter, as built 
at present, acts in the last two ways named. 
It actually shifts, electrica'ly, the position of its 
effective fleld and it also imposes a harmonic 
variation of voltage on the natural voltage in 
the windings. 

STORAGE BATTERY REGULATION OF AL- 
TERNATING-CURRENT SYSTEMS.—Mr. J. L. 
Woodbridge, Chief Engineer of the Electric 
Storage Battery Co., Philadelphia, classified the 
different alternating current systems where 
Storage-battery regulation was useful as follows: 


Generation Entirely Alternating-Current. 

(1) Load wholly direct-current. Distribution by alter- 
nating-current transmission lines to direct-current sub- 
stations. 

(2) Load wholly alternating-current, polyphase. 

(3) Load wholly alternating-current, single-phase. 
Generation and Load Partly Alternating-Current and 
Partly Direct-Current. 

(4) Direct-current fluctuations preponderating. 

(5) Alternating- current fluctuations preponderating. 

Mr. Woodbridge gave in considerable detail 
the ways in which it has been possible to use 
the storage battery as a reserve source of power 
for the alternating- current systems. Briefly, it 
may be stated that in each case the storage bat- 
tery was charged by a rotary converter which, 
under heavy load on the alternating-current sys- 
tem, was driven by the storage battery and fed 
alternating current out onto the line. Mr. 
Woodbridge also showed how, in many instances, 
use of the split-pole converter, on account of 
the possibility of changing the direct-current 
Voltage with a constant alternating-current volt- 
age, brought some simplification of the appa- 
ratus. Three important pieces of auxiliary ap- 
paratus were described. The first of these, the 
carbon regulating rheostat, is in the field cir- 
cuit of the booster or the converter, and is so 
operated by the alternating current that the 
fluctuations of the alternating-current load are 
relieved by the storage battery. The second 
piece of apparatus was the split-pole converter 
itself, the action of which was shown with the 
aid of diagrams. The third auxiliary described 
Was a special exciter for varying the fleld of a 
booster or split-pole converter. In this machine 
a bipolar armature revolves in a four-pole field 


frame which, however, is so wound as to be 
magnetically bipolar. The armature carries 
both armature and collector rings. The collector 


rings are connected to the three-phase line 
(through transformers). One pair of brushes 
(those between the two north and two south 
poles respectively) tap off current for the field 
of the booster or converter in series with a 
winding on the fields. The alternating-current 
connection of the armature would allow a ro- 
tating field in it, but as the armature is driven 
in reverse direction by a synchronous motor this 
field is stationary. The reaction of the three 
fields so regulates the exciter voltage and the 
current in the booster (or converter) field that 
the machine is very sensitive to slight changes 
in the a'ternating-current load. The machine 
may be used to regulate power factor and to re- 
spond to any particular phase component of the 
alternating current. 

A C., OOO KW. GENERATOR.—Mr. B. A. Beh- 
rend, Chief Electrical Engineer, Allis-Chalmers 
Co., Milwaukee, Wis., presented a descriptive 
paper on a new generator built for the Niagara 
Falls Hydraulic Power and Manufacturing Co. 
This machine is wound three-phase current at 
12,000 volts and 25 cycles. It is to be driven at 
800 r. p. m. by an 11,000-HP. horizontal water- 
wheel. The continuous overload capacity is ap- 
proximately 7,000 KW. A runaway speed of 


506 r. p. m. had to be provided against. Sev- 
eral views of the constructions used were ex- 
hibited and a complete assembly drawing was 
appended. 

The middle part of the rotor, carrying the 
fields, is a solid nickel-steel disk without a hole 
in the center. Therefore the shaft is not con- 
tinuous and the halves are bolted to the disk. 
This nickel steel has an ultimate strength of 
80.000 Ibs. per sq. in. and an elastic limit of 
50,000 Ibs. The magnetic qualities are very 
close to those of standard sheet steel. The stator 
weighs 116,700 lbs., the rotor 92,900 Ibs. and the 
entire machine 275,000 lbs. The full load effi- 
ciency under test was 97.7% at 90% power 
factor. The regulation was within 8.4% at 12,- 
0O00 volts, with 100% power factor, full load. 

DEVELOPMENT OF SINGLE-PHASE GEN- 
ERATORS.—A comparison of the old types of 
small, high-frequency, single-phase alternators, 
with small pole pitch and weak armature re- 
action, to the modern, large, low-frequency, 
single-phase machines was made by Mr. W. L. 
Waters, of Pittsburg. It was brought out that 
the present troubles in designing were due largely 
to the large pole-pitch necessary, to the result- 
ant mechanical stresses on the long end con- 
nections of the armature coils and to the strong 
pulsating armature reaction unavoidable. 

The stresses in the long end connections were 
carried by heavy bronze braces, holding the coils 
down. 

The effect of the armature current in the 
single-phase alternators is to produce pul- 
sating cross and back-magnetizing flux through 
Which the field magnets rotate with excessive 
loss in the iron due to hysteresis and eddy cur- 
rents. Tests of the actual value of these losses 
are difficult and only approximate values can be 
obtained. The use of heavy copper dampers on 
the pole faces allows heavy currents to circu- 
late, at small loss, and to produce a field that 
neutralizes the pulsating flux. Tests were re- 
ported on two two-pole, 25-cycle, 1,000-KW., 
single-phase machines wlth and without pole- 
face dampers. Without the dampers the losses 
were 3.0 and 3.8% of the rating and the tem- 
perature rise was 122° and 150° C. respectively. 
With proper dampers in place these figures be- 
came 0.5%, 0.38%; 37° and 18° C., respectively. 
On these grounds it was contended that the de- 
sign of single-phase generators for 15 and 25 
cycles, in units of 5,000 to 10,000-KW. capacity, 
was as successful as for standard slow-speed 
polyphase machines. 

In the discussion of Mr. Waters’ paper Dr. 
C. P. Steinmetz outlined a method of loading 
a three-phase generator with a single-phase 
power circuit so that the currents in the three 
phases of the generator were properly balanced. 
The generator is to have its armature star-con- 
nected with two leads supplying the single- 
phase circuit. A heavy reactance coil is con- 
nected between the remaining lead and one of 
the single-phase connections. Energy is stored 
in the reactance coil during one-half cycle and 
returned during the next half cycle, so that the 
engine torque is constant. This characteristic, 
it was claimed, would be valuable for low fre- 
quency alternators—10 or 15 cycles, if ever built. 

ELECTRIC TRACTION PAPERS. 

FROM STEAM TO ELECTRICITY ON A SIN- 
GLE TRACK ROAD.—Mr. J. B. Whitehead, of 
Baltimore, presented a study of the problems 
solved in the conversion of the Annapolis Short 
Line, a 25-mile, standard-gage single track line 
with a long steam history. This was held to 
be typical of a class of roads, intermediate be- 
tween the interurban and the trunk line, which 
when electrically operated should yield some 
indication of results to be expected with the 
heaviest projects. It was admitted that the 
change on the road in question was not made 
in expectation of greatly increased economy of 
operation. The change was made to secure in- 
creased car mileage, more frequent local ser- 
vice, fast, clean express service as well as the 
popular and sentimental attraction accompany- 
ing electric traction. To meet present needs it 
Was proposed to run single-car trains every half- 
hour in the busy periods and every hour at 


other times, with locals and expresses alternat- 
ing. The power was to be purchased. The study 
of what electrical system to install narrowed 
down to the 205-cyc'e single-phase alternating- 
current system and to the 600-volt direct-current. 
The basic comparisons were made on first cost 
and operating expenses. Some of the studies are 
summarized in what follows. 

Power Distribution.—Data on existing in- 
stallations show a wide difference in the rail- 
joint resistances allowed. In various cases this 
is 5%, 10%, 15% greater than continuous rail. 
After a study of all the data available the at- 
tainable resistance values with 12-in. bonds 
were taken as: bonded to 17% equivalent to cop- 
per, 15% over continuous rail; bonded to 34% 
equivalent to copper, 10% over continuous rall: 
bonded to full equivalent, 5% over. 

Equally variant assumptions were found gen- 
erally employed for the value of drop in rails 
and trolley on alternating-current circuits. The 
author presented a theoretical study of the cir- 
cuit and, applying certain local conditions, de- 
duced the voltage drop per 100 amperes at 25 
cycles in No. 000 single catenary trolley, 22 ft. 
above a track of 80-Ib. rails as between 65 and 
70 volts. 

Train Resistance.—A great diversity of data 
on train resistance was also found. It was 
held that, during the acceleration period, train 
resistance wasted only a slight proportion of the 
tractive effort and that errors in values selected 
were of no great importance. On this project 
Blood’s well-known formula was used for speeds 
of 20 mi. per hr. and over and 100 lbs. per ton 


tractive effort was assumed necessary for an 
acceleration of 1 mi. per hr. per sec. 
Comparison of Systems.—Proper motor ca- 


pacity for each system was first determined 
for 75, 100 and 125-HP., four-motor equipments 
by a study of typical speed-time, current-time 
and power-time curves. After suitable motor 
equipment for each system was selected 


speed-time, current-time, and power-time curves for 
each type of equipment were then plotted for every local 
run in each direction, due account being taken of curva- 
ture, grades, limited speed on bridges, etc. The value of 
this rather tedious process has been questioned. In the 
present case it not only afforded by comparison an indi- 
cation as to the value of the typical curves for the pur- 
pose of computing an entire project, but it also enabled 
a run sheet to be constructed which developed passing 
points at rather different places than would have been 
indicated by the usual straight lines of schedule speed. 
The latter point is of particular value in a single track 
problem as determining which sidings should be equipped 
with trolley. After fixing the regular schedule sidings, a 
drop-back siding was provided in each case so as to pre- 
vent a loss of time being communicated to opposite traffic. 
This resulted in the fixing of eleven sidings, one of which 
is one mile long and another a half mile long, and there 
are three miles of double track at the Baltimore end. 
The total length of track thus becomes about 33 miles. 
As a result of working out the complete series 
of curves for a 37-ton direct-current and a 42- 
ton single-phase car it appears that the average 
power required per car mile, direct-current sys- 
tem, for a complete run is 3.2% greater than the 
typical curves, while for the single-phase car 
the increase jis 3.5%. The typical run seems 
then to agree closely with the average of the 
comp'ete set. This is to be noted as the road is 
neither very straight nor very level. The aver- 
age values for power required finally accepted 
were: for 45-ton d. c.-car, 3.13 KW.-hr. per car 
mile at the car and for the 50-ton a. c.-ear, 3.32 


KW.-hr. 


Station Equipment.—Fer the alternating-cur- 
rent system with motor-generators on pur- 
chased power the study of the power-consump— 
tion worked out to be 4,350 KW.-hr. daily con- 
sumption under normal schedule. With direct 
current from rotary converters the power figures 
above quoted works to be 4,200 KW.-hr. 


Choice of System.—The choice was made 
on a comparison of first costs and operating ex- 
penses. The power consumptions were pre- 
viously shown about equal. Substation attend- 
ants cost $5,400 per year more with the direct- 
current. Cost of maintenance were not deeply 
analyzed in the paper, but stated at $5,565, in 
favor of single-phase equipment. The first cost 
of the direct-current and single-phase construc- 
tions were given as $397,300 and $344,300, re- 
spectively. The entire annual benefit through 
using the alternating-current instead of direct 
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was figured out as $5,865. The single-phase was 


accepted. 
In the discussion of this study Mr. W. I. 
Slichter, of Schenectady, said there was some 


disadvantage in the single-phase system in not 
having the rotary converters to fall back on. 
He claimed that it was generally conceded that 
for 25 eyeles and 80% power factor there was 
right times the direct-current impedence. The drop 
per ampere of the whole system was often con- 
sidered twice the direct-current value. On start- 
ing there was only 50% increase over running 
drop. 

Mr. C. F. Scott presented a discussion by Mr. 
A. W. Copley, of Mt. Vernon, N. Y., in which 
results were given of tests made on the New 
York, New Haven and Hartford R. R. These 
fave the total impedence drop, for 25 cycles, as 
19 volts per 100 amperes per mile, and for 10 
cycles at 20 volts. The “resistance” of SU-lb. 
rails with alternating current at 25 cycles was 
1. 16 ohm per mile. It had been found that 7047 
of the current leaving the car windings started 
back along the track and that 30% left in the 
other direction. In two miles this 30% had all 
leaked out. The 70% had decreased to 40% near 
the power-house. 

Mr. A. H. Babcock, of San Francisco, he'd that 
the method of determining the most suitable 
system as outlined could not be the only one. 
(i'n the mountain division of the Southern 
Pacific R. R. both single-phase and direct-cur- 
rent systems gave the same estimates for cost 
and the same for operating expenses. 


INDUCTION MOTORS FOR MULTI-SPEED 
SERNICE.— Mr. H. C. Specht, of Pittsburg, 
presented analytical study of the performance 
of two induction motors of a cascade set con- 
nected in direct and differential concatenation. 
These motors would have their rotors mounted 
on the same shaft. The primary of the first 
motor would be connected to the alternating- 
current line and its secondary would be con- 
nected to the primary winding of the second 
motor. The secondary of this motor finally is 
short circuited through a greater or less resist- 
ance. If the motors tend to start in the same 
direction they are said to be in direct con- 


caltenation, and if they tend to start in oppo- 
site ways they are connected differentia!ly. 
Differential concatenation results from revers- 


ing one phase connection between the secondary 
of the first motor and the secondary of the other. 
The author compared his theoretical discus- 
sions with results from tests; with two 60-cycle 
motors, one having ten poles and the other eight 
the following synchronous speeds were obtained: 


(1) Motor I. and II. in direct concatenation; 450 r. p. m. 

(2) Motor I. single; 720 r. p. m. 

4) Motor II. single; 1.200 r. p. m. 

(4) Motor I. and II. in differential concatenation; 1,800 
r. p. m. 


The change from one speed to another could 
be made without mechanical disturbance by 
changing the electrical connections through high 
resistances. The disadvantages of the cascade 
sets are their low power factor and efficiency 
compared with single motors. The advantages 
claimed lie in a flexible and simple speed control 
and a safer operation. 

In the discussion, Mr. W. I. Slichter, of Sche- 
nectady, said that for railway work when two 
motors were connected cascade the torque of the 
unit would always be less than the sum of the 
torques of the motors used alone. 


THE ECONOMIC LOCATION OF SURBSTA- 
TIONS FOR ELECTRIC RAILWAYS. —Mr. G. 
B. Werner, of the Railway Electrice Power Co., 
New York City, presented a mathematical 
analysis of the economic features of the various 
annual charges of an electric road as functions of 
a single variable—the number of substations 
Algebraic expressions were deduced for 


(1) Annual charges on substations. 

(2) Annual charges on overhead copper. 

) Annual cost of substation losses. 

(4) Annual cost of secondary conductor losses. 

By trial or graphically the number of sub- 
Stations and the economic distance between 
them for the minimum value of the charges, 
particular and combined, may be obtained. 

In the discussion of this paper the opinion 


Locomotive Co., 


was generally expressed that the use of such 
expressions could not take the place of personal 
experience, and that substations would be placed 
where simpler studies, based on previous work, 
dictated. It was admitted generally that such 
expressions might fairly well serve the younger 
engineers who had not great experience to fall 
back to. 


CONDUCTOR RAIL MEASUREMENTS.— 
The paper of Mr. S. B. Fortenbaugh dealt with 
some peculiar phenomena noted on the lines of 
the Underground Electric Railways Co., of Lon- 
don, England. The power supply for the trains 
on these lines is carried by insulated third and 
fourth rails independent of the running rails. 
In brief it may be said that many tests had 
shown that with 600 volts between third and 
fourth rails the potentials to earth were of the 
order of 550 for the positive and 50 for the 
negative, instead of 300 and 300 as might have 
been expected. This phenomenon was noted 
even after the polarity of the rails was changed, 
the statement applying always to that rail act- 
ing as the negative. The author expressed the 
belief that the action might be primarily simi- 
lar to the well-Known fact that a negatively 
charged (static) conductor leaks away its charge 
quicker than does a positive. It would then be 
expected that the negative rail conductor might 
ionize the air slightly and slowly increase the 
conductivity of the Surrounding gas as. well as 
assist in the deposition of moisture. The author's 
conclusions are appended. 


(1) The difference of potential between the posi- 
tive conductor and earth is always normally considerably 
greater than the potential existing between the negative 
conductor and earth. (2) This difference between 
the positive and negative insulation becomes more marked 
the longer the conductors are subjected continuously to a 
difference of potential in the same direction. (3) 
A reversal of the polarity is always instantly accom- 
panied by a considerable increase in the normal leakage 
current between the positive and negative conductor. 
(4) The above phenomena can be repeated indefinitely and 
are independent of the length of time that the pressure 
has been previously applied to the conductors in either 
direction. (5) The insulation of the negative conductor 
to earth cannot be proportionately maintained. 


POWER PLANT PAPERS. 

DOUBLE-DECK STEAM-TURBINE PLANTS. 
—An example of this comparatively new type 
of steam-power plants was described by Mr. J. 
R. Bibbins, of Pittsburg. This plant, located 
at West Point, Ind., serves several interurban 
railway lines. A few brief comparisons were 
made in the paper to a larger double-deck plant 
at Fort Wayne. The paper is summarized in 
another part of this issue. 

GAS-DRIVEN POWER PLANT.—The author 
of the preceding paper presented the results of 
a 30-day test on the plant of the American 
at Richmond, Va. This is a 
300-KW. plant with a horizontal, tandem, gas 
engine, operating on producer gas from a part 
engine, operating on producer gas from a pair 
15,00Q-cu. ft. holder. Throughout the plant, 
the construction is of the latest type. The re- 
sults of the test are summarized in the accom- 
panying table. 


GENERAL RESULTS OF TEST, RICHMOND GAS 
POWER PLANT. 


Three- 

Full quarters Half 

load. load. load. 
Length of run hours 22 125 136 
Average load, KW.........-. eee 812.3 228.3 159.6 
Load, per cent. engin? rating. 91.0 67.6 47.5 
Load, per cent. generator rating.. 104.0 77.2 53.2 
Coal gasifled per h᷑rkzkr—Z 517.0 4323.0 351.0 
Lbs. coal per KW. hr 1.654 1.607 2.20 
Lbs. coal per KW.-hr., guaranteed 1.93 2.10 2.64 
Avg. heat value of coal, B. T. U. 14.32 14,392 14,302 
B. T. U. per KW.- hr. 23,7% 27.280 31.650 
Per cent. thermal efficiency, brake 15.51 13.6 11.75 
Per. cent. thermal efficiency, elec, 14.35 12.65 10.78 


Coal.— Pocahontas Run-of-Mine; 
sample, 14,703, as fired, 14,392; 
ash 4.5%, sulphur 1%. 

Tist.—August 12. 7 a. m., to September 7, 12 m. 


avg. heat value, dry 
volatile matter, 22.8%, 


As the works were not operated Sundays there 
Were several days during which the plant was 
idle. The producer fires were kept at normal 
level in good condition. The producer operator 
estimated that an average of 1,700 lbs. of coal 
was required to compensate for standby losses 
from 6 p. m. Saturday to T a. m. Monday—37 


hours. This is a low rate for such losses, being 
46 Ibs. per hr., or 2.5% of weekly coal con- 
sumption. 


HY DRO-ELECTRIC SYSTEM 
SOUTHERN POWER CO.—Mr. 


OF THE 
J. W. Fraser, 


of Charlotte, N. C., presented an analysis of 
Some engineering features of the system of the 
Southern Power Co., under construction at 
various points along the Catawba River. These 
had to do mainly with the reasons for selecting 
certain voltages, frequency and types of con- 
Struction. A summary of this paper was printed 
in Engineering News, July 9, in connection with 
the high-tension transmission papers of this 
convention. 
MISCELLANEOUS PAPERS. 

THE GENERAL EQUATIONS OF THE 
ELECTRIC CIRCUIT.—Dr. C. P. Steinmetz 
presented a paper which was readily acknowl- 
edged as a classic too deep for the ready com- 
prehension of all the engineers present at the 
convention. This was to be expected after Dr. 
Steinmetz explained that he had been working 
on the investigation for two years and that it 
was still incomplete. As an abstract of the 
paper, the problem solved was outlined in gen- 
eral terms. 

Ohm’s law expressed for alternating currents 
has formerly been taken as the.most general ex- 
pression for the relations between voltage, cur- 
ent and impedence. Lightning and other tran- 
sient effects have necessarily been unaccounted 
for. Dr. Steinmetz has built up his equations 
for the whole electric circuits in terms that 
account for the voltages and currents in vari- 
ous parts of the circuit under direct or alter- 
nating current, lightning discharges, oscillatory 
surges and all transient electric phenomena. 
The only condition imposed in the study was 
that the natural constants of the circuit (re- 
sistance, inductance, conductance and capacity) 
remain constant for all values of time and dis- 
tance. 

It is impossible to present here the long mathe- 
matical deductions and a complete physical 
concept of the expressions was not given. This, 
it was stated, was reserved until the completion 
of the work. The whole study was essentially 
one of wave actions. 

There was little technical discussion on this 


paper, the comments being almost wholly 
laudatory. As one engineer expressed it, “this 


study might well be presented here and be dis- 
cussed two years hence,” or as another said, 
“the paper must be studied and discussed by the 
coming generation.” 

AN EASY METHOD FOR THE SOLUTION 
OF ALTERNATING CURRENT PROBLEMS.— 
Mr. Harold Pender, of New York City, in this 
paper simplified the formulas for use in many 
alternating-current problems where the long 
calculations arise from complex formulas for 
impedence and admittance. It will be remem- 
bered that Ohm’s law expresses the relations 
between current (I), voltage (V) and impedence 
(Z) as: 

E 

Z = —. 

I 
The impedence is made up of simple resistance 
(R) and magnetic reactance (X), by: 

Z = VNA. 

Where parallel parts of circuits are involved, 
impedence, resistance and reactance are not 
directly additive as are the reciprocal functions 
admittance, conductance and susceptance. Nec- 
cessarily the use of reciprocal functions is more 
direct!y applied. The simplification proposed by 
Mr. Pender is based on the employment of a 
reactance factor (7 = A/ Ie), of the ratio of 
resistance to impedence (R/X), of a power 
factor (K = R’Z). The relations of Z, X and R 
are evidently those of the hypotenuse and legs 
of a right-angle triangle. The author worked 
out the application of these simple relations to 
minimizing computations in simple circuits, 
transmission lines, transformers, transformers on 
transmission lines, induction motors, ete. 

In opening the discussion of this paper, Prof. 
Comfort A. Adams said that any work saved 
in an actual computation through this method 
was more because of an excellent tabulation 
than by mere short algebraic work. From the 
teachers’ standpoint these short cuts, even if 
effective and time-saving for repeated or rou- 
tine work, were disliked for the average man 
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in that they did not enforce their accompanying 
physical concept. 

PRIMARY STANDARD OF LIGHT.—Among 
the divers problems approached by Dr. C. P. 
Steinmetz, is that of a primary standard of 
light. In this paper it was proposed to com- 
bine on a photometric screen three mono- 
chromatic lights; a green, a blue and a red, from 
two ordinary mercury-vapor lamps and from one 
quartz-tube, high-temperature, mercury lamp, 
respectively. The selection of the proper wave 
lengths would be, by spectroscopic prisms, from 
equidistant points along the visible spectrum. 
The intensity of light flux would be measured 
separately before being combined on the screen 
and the accuracy of the determination would 
be limited only by that of the measurement of 
energy radiation. It would not be necessary 
that the intensity of the lamps should be ex- 
actly reproducible, as their relative intensities 
could be varied as desired and accurately de- 
termined by physical measurement 

Dr. C. H. Sharp, of the Electrical Test Labo- 
ratories, New York City, in the discussion, said 
that the standard proposed might prove a pos- 
sible or probable solution of the problem of a 
suitable primary standard. Before the time of 
electric lighting, flame standards were accurate 
enough, he said, if their variation was less than 
the variation of the commercial lamp. The 
later necessity for a better standard had led to 
Violle’s fused platinum standard which, while 
widely adopted, had not been found accurately 
reproducible. The speaker expressed some doubt 
as to whether the physiological effect of a mix- 
ture of three monochromatic lights would be the 
same as light from a length of continuous 
spectrum—a polychromatic light. 

Dr. E. B. Rosa, of the National Bureau of 
Standards, Washington, D. C., said that if a 
serious attempt were made to develop this stand- 
ard, enough valuable experience would result 
to reward the trouble even if the standard was 
not a success. Such a work as the study of 
this standard was held to be clearly a work for 
which the Bureau of Standards was well 
equipped. 

Prof. H. S. Carhart, University of Michigan, 
said that the selection of three groups of wave 
lengths might be traced to the presence, in 
persons, of three distinct primary color sensa- 
tions. The relative energy in three wave 
lengths should be determined with comparative 
ease, although the full realization of the stand- 
ard needed much time. 

Dr. Steinmetz in closing the discussion said 
that he had selected three points on the spec- 
trum for maximum accuracy in determination. 
These were all as far as possible from the out- 
side of the visible spectrum where the retinal- 
energy coefficient would be a minimum. The 
convention passed resolutions instructing the 
Board of Directors to ask that the practicability 
of the Steinmetz primary standard be investi- 
gated by the Bureau of Standards. 

THE ELECTRIC HEATING PLANT AT 
BILTMORE ESTATE.—Mr. C. E. Waddell, of 
Biltmore, N. C., presented a short descriptive 
paper on the electric-heating plant in the Van- 
derbilt “Biltmore House.” It does not appear 
from the paper that the heating of the great 
house itself is by electricity. The apparatus 
described provides the supply of hot water for 
the whole house and the steam for the laundry, 
besides heating a dry room and some ironing 
apparatus. . 

The hot-water supply is, through an ordinary 
loop system of piping, from 


the electric heater, a cylindrical steel tank, 3 ft. in di- 
ameter by 5 ft. long, containing 20 flues arranged in two 
concentric circles, and the whole closely resembling in 
appearance a miniature horizontal tubular boiler. Each 
of the 20 flues contains a heating element of 5 KW. ca- 
pacity; consequently the total capacity of the heater is 
100 KW. The connecting terminals are brought out at 
one end of the tubes; at the other end a nut holds the 
elements in place. The withdrawal of the element is ac- 
complished by simply removing the nut. The electric 
heater is installed beside the coal heater and the two are 
provided with valves so that either or both may be used 
as occasion demands. Electricity is supplied in the form 
of a three-phase, 60-cycle, alternating current at 230 
volts. A switchboard panel is installed immediately in 
front of the heater and the elements are grouped thereon 
in three banks, each bank connected to phase, a feature 
of great value in balancing the load on the transformers. 
The power-factor of the elements is unity. 


The cost of the fuel heater installed complete was about 
$350. The cost of the electric heater, installed complete, 
including switchboard, foundations and pipe connections, 
was approximately $1,200. 


To provide the necessary steam for the laun- 
dering, a flash boiler was used which 


consists of a group of five 3-in. vertical pipes. Around 
the pipes the heating elements are placed. The pipes are 
interconnected at both top and bottom; the top pro- 
vided with a steam dome; and the whole is equipped with 
water column, steam gage, pop valve and inlet water 
regulator. The function of the regulator is to keep the 
water level in the boiler constant. Feed water is taken 
from the hot water mains. At the base, and integral 
with the frame, are five switches, each controlling a 
7-KW. element. 

Steam at practically zero pressure is conducted to five 
tubs and there discharged through perforated pipes lo- 
cated in the bottoms. The tubs are made of porcelain 
and contain about 2 cu. ft. each. 

When new the generator was tested to determine its 
evaporative efficiency; this was found to be between 95 
and 100%. 


The dry room, of 640 cu. ft. contents, had 
three heating plates. When the electrical heat- 
ers were installed an 18-in. ventilation duct was 
run to a nearby chimney. Only enough heat 
was required to maintain an active circulation. 
The average performance of the dry room for 
a general wash was: 


Water expelled, lbs. per KW.-hr........cccccccces 0.68 
Fabric dried, Ibs. per KW. hhaiuir? ur 0.83 
Number pieces dried per KW.-hr...........ccccc0e: 2.73 


The mangles and similar pieces of apparatus 
were changed from steam to electric heat by the 
insertion of heating units in the rolls. 

A PORTABLE STROBOSCOPIC FORK.— 
Messrs. A. E. Kenelly and S. E. Whiting, of 
Cambridge, Mass., called attention to a portable 
arrangement of the well known “stroboscopic 
fork.” The apparatus consists essentially of 
an electrically operated tuning fork provided 
with slotted shutters and a slider for changing 
the frequency of vibration. By placing a pe- 
culiarly spaced target on any shaft, the speed 
of rotations may be measured, by peeping 
through the vibrating shutter and observing 
that part of the target which is stationary or 
apparently revolving so slowly that the appar- 
ent speed can be accurately counted. The actual 
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way only could the work of the states, in con- 


nection with the Conservation Commission, be. 


effectively advanced. The engineers should 
lead the movement and not merely trail in be- 
hind, and then “no Speaker could excuse con- 
gressional failure to pass an Appalachian Forest 
Bill with the statement that in all the engi- 
neers’ claims there was but one grain of wheat 
to a bushel of chaft.” 

Several papers presented during the different 
sessions can be mentioned in this report by title 
only. Among such are: 

“Critical Study of Lightning Records on Tay- 
lor’s Falls Transmission Line,” by P. H. Thomas, 
New York City. 

Three Phase Power Factor,” by A. H. Burt. 

“Fractional Pitch Windings for Alternating 
Current Generators,” by J. Bache-Wiig. 

“The Proportions of Copper and Iron in the 
Design of Alternators,” by C. J. Fechheimer. 

“Graphical Treatment of the Rotating Field,” 
by R. E. Hellmund. 


— — <2 — — 


A MACHINE FOR HANDLING COKE IN STORAGE. 


As coke is very friable, the use of a grab 
bucket, steam shovel or similar apparatus is 
commonly avoided in storage yards. It is essen- 
tial that the coke should be placed in the fur- 
naces in large pieces, and the devices named 
cause excessive breakage. The machine shown 
in Fig. 1 is a distinct departure from the ordi- 
nary storage-coal and coke-handling machinery, 
and moves the fuel much more gently. This 
arrangement is a development of the mine-car 
loader described and illustrated in Engineering 
News, October 31, 1907. To begin with, the 
scraper-conveyor is much larger, and the de- 
livering-conveyor arm is extended and supported 
from a latticed tower. The scraper-conveyor, 
moving slowly at 80 ft. per min., takes the coke 
from the base of the pile without great break- 
age. The fuel is screened at the outer end of 
the delivering-conveyor. The machine is elec- 
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FIG. 1. 


A COKE-HANDLING MACHINE AT THE STORAGE YARD OF THE ILLINOIS STEEL CO., 


STOCKTON, IND. . 
(Designed by Mr. W. E. Hamilton and Manufactured by The Hamilton Manufacturing Co., Columbus, Ohio.) 


speed of the target is then determined, from the 
known frequency of vibration of the fork, with 
an error of less than 1 part in 1,800. 

TECHNICAL EDUCATION.—Papers on the 
relation of the manufacturing concern to the 
student were given by Mr. M. W. Alexander, 
of the General Electric Co., Lynn, Mass., Mr. 
D. B. Rushmore, of the General Electric Co., 
Schenectady, and Mr. B. A. Behrend, of the 
Allis-Chalmers Co., Milwaukee. These papers 
and the long but interesting discussion will be 
summarized in a later issue. 

CONSERVATION OF NATURAL RE- 
SOURCES.—As the convention was about to ad- 
journ, Mr. J. H. Finney, of Atlanta, Ga., urged 
every section manager, director and influential 
member to go home and talk national conser- 
vation of resources. It was said that in this 


trically operated, power being supplied through 
a flexible connection which runs to a convenient 
contact post. 

Fig. 1 shows the machine at one end of a coke 
storage yard at Stockton, Indiana. It may be 
pertinent to note here that Stockton is the name 
given to the general storage yard of the Illinois 
Steel Co.’s plants and is midway between Gary 
and Buffington, Indiana, on the Chicago, Lake 
Shore and Eastern Ry. There is no town at 
Stockton, and the nearest railway station is at 
Pine. As the machine is shown in Fig. 1, coke 
is being loaded from a strip about 100 ft. wide 
into cars on a siding. An idea of the size of 
the coke storage yard is gained from Fig. 2, 
which shows some 100,000 tons in a pile a half 
mile long. Fig. 3 gives a general layout of the 


‘yard. 
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The coke is delivered into and out of storage 
in better condition than with grab-bucket or 
even good hand loading, and a saving of some 
5% in breeze loss is estimated by the makers 
and users in handling the coke from oven to 
furnace. In unloading for storage, the coke is 
dumped onto a platform from hopper-bottom 
cars on the trestle shown in Fig. 3. The nose 
of the machine is swung underneath the trestle 
and the delivering-conveyor lands the coke at 


A STEAM MOTOR CAR: CHICAGO, ROCK ISLAND & 
PACIFIC R. R. i 


A 250-HP., oil-burning, compound, steam motor 
car was recently completed at the Schenectady 
works of the American Locomotive Co., for the 
Chicago, Rock Island & Pacific R.R. The gen- 
eral appearance of the assembled car is shown 
by Fig. 4. The car body is of steel construction 
throughout, with the exception of the interior 


FIG. 2. COKE STORAGE PILE OF THE ILLINOIS STEEL CO., NEAR GARY, INDIANA. 


the apex of the pile, or where desired, which 
may be up to 40 ft. above ground level. It has 
been common practice in many places in putting 
coke into storage to empty a train load of side- 
dump cars on the yard, to level with an ordi- 
nary grader's spreader over the track, to jack 
up the track, using coke as ballast, and then 
to repeat the whole operation, extending the 
base of the pile and increasing the height until 
the track grade prohibited further storage. It 
is reported that such treatment results in less 
breeze than when grab buckets and cranes are 
used. There is an added value in having 
screen coke delivered to the cars, as is done with 
this machine. This lies in not having fine dust 
blowing out of the furnace with the blast. 

Among the other advantages claimed is the 
low investment for a given handling and stor- 
age capacity. When additional storage capacity 
is demanded it is merely necessary to extend 
the tracks and trestle. 

The machine is the invention of Mr. W. E. 
Hamilton, and is manufactured by the Hamil- 
ton Manufacturing Co., Columbus, Ohio. The ac- 
-companying table shows the machine in opera- 
tion at Stockton. 


DAILY REPORT OF COKE LOADED AT STOCKTON. 
Hamilton Loading Machine, April 27, 1908. 


Railwa Minutes Net 
cars. Received. Loaded. loading. weight. 
Looe bee E 8.05 8.18 13 60,620 
Dee 8 8.19 8.28 9 59,620 
S E uate 8.31 8.43 12 60,940 
FFF 8.45 9.00 15 62,380 
a en — 9.03 9.13 10 59, 
VV 9.15 9.25 10 58,340 
CCC 9.27 9.38 11 59.730 
F 9.39 9.54 15 58,740 
Dac wart paneer aes 9.56 10.08 12 56, 
77 (( 11.04 11.16 12 60,460 
6 eer rer er re 11.20 11.31 11 61,500 
7öͤöð 8 tet 1205 12 803 
C ene 11. ; : 
sE Set 12.54 1.06 12 62,240 
CC 1.08 1.20 12 62, 
1G ori u ad E 1.24 1.35 11 66,500 
i ir cco bce ͤ ee ean 1.38 1.49 11 64,710 
VS Gs bea peas no ecee's 1.51 2.05 14 53, 
s ee POTE 2.07 2.18 11 63,520 
JJ E 2.20 2.31 11 59,7 
OE E E 2.41 2.55 14 61,920 
P E E 2.59 3.10 11 67,100 
3» 8 3.12 3.24 12 61,900 
VVT 3.28 3.43 15 60,700 
Noa! oes na ‘ata be 288 1,464,100 
WORK PERFORMED. 
Number of cars loadee . 24 
Number of tons lo ade. 732 
Average tons per hour..........sesesecesereseneo 152.5 
COST OF LABOR. 83.50 h 
t a E A eee eee : : 
Helper. 2 %% A S 1.75 3.50 
Toca. 0 vera ea hr egal 8 87.00 


Running time of machine, 288 min., or 4 hrs. 48 min. 
Average tons per an 20.3 
tons per min, 2.5. 
Best ar 68.500 Ibs. in 11 min. = 3 tons coke per min; 
= 5 tons coal per min. 
Note: Weights given are of screened coke. 


finish; and is divided into three compartments; 
an engine room, baggage room and passenger 
compartment, the latter having a seating ca- 
pacity of 40. This last compartment also in- 
cludes toilet facilities. On test runs made on the 
experimental tracks of the New York Central 
R.R. the car has shown its capability for high 
speed. On several of the runs speeds of 60 mi. 
per hr. have been attained. 


In the design of the car body, built by the 
American Car and Foundry Co., the aim was to 
make it as light as possible consistent with great 
strength. With this object in view, therefore, a 
truss-rod construction was employed instead of 
following the more usual practice in the con- 
struction of steel cars of making the side frames 
below the window plates in the form of a girder 
or truss of sufficient strength to carry the whole 
weight of the car. The side posts are rolled steel 
angles riveted at the bottom to the side sills and 
at the top to the side plate angles, which extend 
in one continuous piece the entire length of the 
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DIMENSIONS OF STEAM MOTOR CAR: CHICAGO, 
ROCK ISLAND & PACIFIC R. R. 
Total ess 100,000 lbs. 
Weight on leading truekkk ggg 61.700 2 
Weight on drivers 32. 400 
Weight on leading wheels ; e 
Weight on rear trudckck n ` es 
Total wheel basses 45 ft. 10 ins 
Distance between truck centers. 38 ft. 3 ins 
Wheel base of driving truck.............. 8 ft. 4 ins 
Length of car body over sheathing........ 52 ft 
Length of car body over platform........ 55 ft. 9 ins 
High pressure 9% ins. 
Diameter of cylinders T pressure 1414 ins. 
SOKO: aga N 8 12 ins. 
VIVER a ttt Piston 
i // ⁰ydv ENa eo ane aaa Walschaert 
Wheels. 
Driving, number ................ccccccee 2 
Driving, diameter ......................38 ins. 
Leading, diameter ......................33 ins. 
Rear truck, dlamete rr 34 ins. 
Journals, driving ............. ccc cc ee uee 6 x 12 ins. 
Journals, trailing truck.................. 4% x 8 ins 
Boiler. 
Type. Horizontal, return-tubular. 


Working pressure .................. 250 lbs. per sq. in. 


Outside diameter at intermediate 
smoke-box enllaqaqdl eee 44 ins 

Fire-box, length ......cccccccccccccccecctece 33% ins 
Fire-box, ü...... bie oS Seo oe 43% ins. 
Tubes, diam eterrr rr 1% Ins. 
Tubes, number and length......... 214-3 ft. 9 ins. 

. EH ft. 1134 ins. 
Heating surface, tubes 527.8 sq. ft. 
Heating surface, fire-box .............c000. 37.6 sq. ft. 
Heating surface, super heater............. 59 sq. ft. 
Heating surface, total................000. 624.4 sq. ft. 
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surface for the floor of the engine room. The 
end sills are 8-in. steel channels securely fastened 
to the side sills by means of wrought-iron cor- 
ner plates and to the center sills by angle con- 
nections. A number of steel angles, fastened to 
the side sills and center sills by angle connec- 
tions, tie the center and side sills together be- 
tween the bolsters. These cross braces also 
serve as supports for the floor. 

The bolster at the trailer end of the car is of 
the built-up type, while that at the motor end 
is of cast steel, made in three sections so that 
the middle section may be readily removed to 
permit of the boiler and engine being drawn out 
from the end of the car. The middle section of 
the front end framing of the car body and the 
flooring ahead of the engine are also made re- 
movable for this same purpose. 

The floors of the passenger and baggage com- 
partments consist of two layers of wood, the 
upper layer being laid diagonally across the car: 
while the floor of the engine room is of steel 
with wood covering; the section ahead of the 
engine between the center sills being, as afore- 
mentioned, removable. The inside sheathing of 
the passenger and baggage compartments is of 
mahogany and the head 
lining is _ fireproofed 


Surtace Track for Teloading 


Storage - Machine Track 


See n g 


Tres tle 


FIG. 3. COKE STORAGE-YARD LAYOUT FOR THE HAMILTON LOAD- 
ING MACHINE, ILLINOIS STEEL CO., STOCKTON, IND. 


car on each side, and are bent at the ends to the 
Shape of the end of the car. The carlines are 
steel channels bent to conform to the contour of 
the round roof. The side sills consist of 6 x 4 x 
%-in. steel angles reinforced by 1%-in. truss 
rods and the center sills are 8-in. I-beams. For 
a distance of 20 ft. back from the front end, the 
side sills are reinforced by 6 x 4 x -in. angles, 
riveted to the sills in such a manner that the 
horizontal leg is uppermost, furnishing a bearing 


board. The car is light- 
ed by oil lamps hung 
from the center of the 
car, there being four 
pairs in the passenger 
compartment and one 
pair in the baggage room. 

The car is equipped 
with spring buffer and 
M. C. B., single-spring 
draft rigging, with a 
Major passenger coupler 
at the trailer end and 
with a tender coupler at 
the motor end. 

In the design of the 
boiler the problem of pro- 
viding the required 
amount of heating surface 
within the necessarily 
limited space available 
has been very satisfact- 
orily solved. The boiler 
is of the horizontal, return-tube type. The fire- 
box and smoke-box are at the front end and the 
gases of combustion pass through the fire tubes 
to an intermediate smoke box chamber at the 
back end, and thence forward through the re- 
turn tubes to the smoke box. The barrel of the 
boiler, which is in one sheet 61% ins. long, 
measures 49 ins., inside diameter, at the fire- 
box end and 44 ins., inside diameter, at the in- 
termediate smoke-box end. It contains 214 fire 
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tubes, 14% ins. in diameter and 3 ft. 9 ins. long. 
There are an equal number of return tubes of 
the same diameter, but 3 ft. 11% ins. long. The 
total heating surface of the boiler is 624.4 sq. 
ft., which gives 2.5 sq. ft. per HP. Of this heat- 
ing surface, 527.8 sq. ft. is in the tubes and 37.6 
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box-saddle casting, which in turn is bolted to the 
top of the boiler, and covers the opening cut in 
the sheet through which the superheater tubes 
extend down into the smoke-box chamber. The 
tee head is divided transversely into a front and 
rear compartment by means of a vertical parti- 
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flexible steam joints. The various parts of the 
complete motive-power unit are recognized in 
Figs. 1, 2 and 3. 

The engine is of the two-cylinder, cross-com- 
pound type, the high-pressure cylinder being 94% 
ins. in diameter by 12 ins. stroke and the low- 
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FIG. 1. STEAM MOTOR CAR OF THE CHICAGO, ROCK ISLAND & PACIFIC. R. R. 
(Built by The American Locomotive Co., at their Schenectady Works.) 


sq. ft. is in the fire-box and the remainder is in 
the superheater. 


The fire-box is 33 ins. long and 4344 ins. wide 


and is bricked for burning oil. The oil burner, 
which is located in the fire door, is of special 
design and is provided with a fan-shaped de- 
flector which throws the oil downward toward 
the hot fire bricks and also spreads it out over 
the fire-box, thereby helping to produce perfect 
combustion. 

The superheater is of the smoke-box type and 
is located in the intermediate smoke-box cham- 
ber where the temperature of the gases is high. 
The superheater tee head is bolted to a cast-steel, 


ee ee ee 53 350000 
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tion. There are sixteen superheater tubes bent 
into the shape of a double loop, one end of each 
loop being connected with the front or saturated 
steam compartment, and the other end with the 
rear or superheated steam compartment. Steam 
flows from the dome through a short dry pipe 
into the saturated steam compartment; and 
thence through the superheater loops into the 
superheated steam compartment; and from 


thence into the steam pipe to the high-pressure 
steam chest. The throttle valve controls the 
flow of saturated steam into the superheater. 
The boiler is rigidly connected to the motor 
truck frames, so as to eliminate the necessity of 


Side 


pressure cy.inder being 14% ins. in diameter by 
the same stroke. The Mellin system of com- 
rounding is used, the intercepting valve being 
located in the high-pressure cylinder casting. 
Both cylinders are equipped with piston valves 
actuated by a Walschaert valve gear. The 
cylinders are tn separate castings and are rigidly 
bolted to the side frames of the motor trucks. 
They drive on the rear wheels of the truck only. 
These are 38 ins. in diameter. With a boiler 
pressure of 250 Ibs. the engine will develop a 
theoretical maximum tractive effort, working 
compound, of 4,300 Ibs. 

The motor truck is of the four-wheel, swing- 


Elevation. 


FIG. 4. ELEVATIONS OF POWER UNIT. STEAM MOTOR CAR; CHICAGO, ROCK ISLAND &. PACIFIC R. R. 


(Built by The American Locomotive Co.) 
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Fig. 2. Front View. 
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Fig. 3. 
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Side View. 


FIGS. 2 AND 3. GENERAL APPEARANCE OF THE POWER UNIT, STEAM MOTOR CAR; CHICAGO, ROCK ISLAND & PACIFIC R. R. 


ng-bolster type. The side frames, which are of 
cast steel, are 3% ins. wide and are rigidly tied 
together by the cast-steel transoms and by cross- 
ties suitably placed. The bolster is carried on 
double elliptic springs. The weight on the rear 
or driving journals is carried by a semi-elliptic 
spring, suspended between two cross equalizers, 
whose ends rest on top of the journal boxes. 
The weight on the forward journals is carried by 
œil springs, ore on top of each journal, thus 
giving a three-point suspended truck. 

The trailer truck is of the four-wheel, two-bar, 
equalizer type having solid, wrought-iron, top- 
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frame swinging bolsters of the built-up type, 
channel-iron transoms and ecast-steel transom 
gussets. The wheels are 34 ins. in diameter and 


the journals are 4% x 8 ins. Both motor and 
trailer trucks are equipped with air brakes. 
There is the usual air-signal and car-heating 
equipment. 


The fuel oil is carried in a 100-gal. tank in the 
engine compartment. The water supply is car- 
ried in three tanks, having a total capacity of 
1,000 zallons, suspended beneath the car midway 
between the trucks, 

The principal dimensions of the car are given 
in the accompanying table. 

For the description, drawings and photographs 
of this motor car we are indebted to the Ameri- 
can Locomotive Co., 30 Church St., New York City. 

— — > 
AN INTERESTING ARCH FAILURE. 

A rather costly failure of masonry arch con- 

struction occurred last week at the new Police 


Headquarters building 
under construction in 
New York City. A porte- 


cochère projecting from 
the building. having 
arched openings in the 
three exterior walls and 
a brick arch roof, failed 
on July 2 in the way 
shown by the three views 
herewith. The roof arch 
collapsed completely, and 
the arches over the 
driveway openings in the 
side walls broke down 
and all but fell. 

This. building occupies 
the triangular block be- 
tween Center, Broome, 
Baxter and Grand Sts. 
At the narrow northern 
end it is extended to 
form a porte-cochére 
about 25 ft. square. This 
is a one-story structure 
of cut stone, covered by 
a brick arch. The arch 
was faced with tile laid 
flat. Its rise was about 
3 ft. Apparently there 


FIG. 1. 


were no tie-rods to take its thrust, and the sta- 
biity of the walls of the portico was relied on 
for the purpose. There were openings in the east 
and west walls, covered by flat arches spanning 
about 12 ft., whose thrust also came against the 
north wall. The corner piers of this north wall 
were not of full rectangular section but con- 
sisted only of the adjoining sections of end and 
side wall, as is suggested by Figs. 1 and 2. 

The effects of the arch trust are clearly ap- 
parent from the views, especially from Fig. 1. 
The lower part of the pier at the left is unin- 
jured and apparently still in vertical position. 
The upper half, however, is broken apart by 
ti ping and shearing and is shifted northward. 
Similarly in the east face, Fig. 2, it is seen that 
the upper part of the pier has been pushed over 
northward, dropping the arch stones and the cor- 
nice. Both side walls are bowed outward sev- 
eral inches at the middle of the cornice. The 
north wall itself shows no distortion east and 


VIEW FROM NORTHWEST. 
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FIG. 2. VIEW OF WEST FACE. 
COLLAPSE OF A PORTE-COCHERE AT THE NEW POLICE HEADQUARTERS BUILDING, NEW 
YORK CITY. 


west (see Fig. 1) but is bent outward in a north- 
erly direction. 

The accident was somewhat complicated by the 
fact that the excavation for the city’s bridge- 
loop subway, through Centre St., comes close to 
the westerly side of the building, the wall of 
the latter being some 6 ft. away from the sheet- 
ing of the trench. Further, there is a street- 
car line in Centre St., turning eastward into 
Broome. It was surmised that the subway ex- 
cavation work and the vibration of the car traf- 
fic might have affected the foundations of the 
porte-cochére, although the foundations were 
built some time after the subway trench had 
been excavated and sheeted. The engineers of 
the Public Service Commission took levels of the 
foundations and found no settlement whatever, 
thus disposing of the surmise. 

Aside from this, the appearance of the struc- 
ture in the views Figs. 2 and 3 is sufficient to 
destroy any claim as to influence of foundations. 
The failure of the piers is restricted to their 
upper part, and the picture of destruction by 
excess of thrust over resisting stability is con- 
vincing. 

The building was designed by Hoppin, Koen & 
Huntington, architects, of 244 Fifth Ave., New 
York City. It is being built by Thomas & Op- 


penheimer, lawyers, for a committee of creditors 


of the original contractor. 


eee re EEE — — 


AN EXPERIMENTAL STATION FOR THE INVESTIGATION 
OF COAL MINE EXPLOSIONS. 


A Congressional appropriation of $150,000 is 
now available for an investigation by the United 
States Geological Survey of the causes of and 
remedies for the mine disasters which resulted 
in the death of 3,200 coal workers during the 
last year. It is expected that by Aug. 1 a com- 
plete experimental station will be in operation 
on the grounds of the Arsenal in Pittsburg, Pa. 

*Here tests of the various dynamites and powders used 
in blasting coal will be made with a view to accurately 
determining their safety in the presence of fire damp 
and coal dust. Explosives of all sorts will be hurled 
by means of a mortar into a mammoth boiler-plate 
cylinder, which has previously been filled with gas, and 
the effects will be carefully noted. If ignition fails 
after severe tests the use of these explosives will be 
urged upon the mine owners of the country. 

That part of the experimental station in which the 


*New York Journal of Commerce, June 27. 


explosives are to be tested will be in the form of a 
cylinder, 100 ft. long and 6 ft. in diameter, lying on 
the ground. An explosive mixture of fire damp and air 
in one case or coal dust and air in another will be 
pumped into the cylinder and the explosive to be tested 
will be shot into it from one end by a big steel mortar, 
so that the flame and products of combustion will go 
right into the explosives. 

The cylinder in which the explosions are to occur are 
to be made of heavy boiler plate. Safety valves will 
be placed all along the top and will be left unfastened 
in such a manner that whenever there is an explosion 
the valves will fly open upon their hinges. A series of 
port holes on the sides, covered with -In. glass, will 
enable those conducting the experiments to witness the 
explosions from the observation house, 60 ft. away. The 
steel mortar which will hurl the explosives into the 


cylinder will be fired by electricity from the observation 
house which is to be parallel with the cylinder itself. 

In connection with the experimental station there will 
be a miniature mine with drifts, headings, rooms and 
ladders. This place will be filled with smoke or gas 
and experiments will be made with apparatus capable 
of sustaining life in these vapors. Miners will be 
taught how to wear this apparatus and how to save 
their comrades who may be unconscious in the mine 
after an explosion. 


tO — 

VARIATIONS IN AVERAGE PRICES during the 18 
years since 1890 are summarized in a table just issued 
by the Bureau of Commerce and Labor. The average 
price from 1890 to 1899 is taken as 100. The average is 
made up from the wholesale prices of 258 staple articles 
and the figures may be taken as representing the varia- 
tion in the cost of living or the changing value of the 
gold dollar, since the value of a dollar is really measured 
by the amount of goods it will purchase. 


Relative Relative 

price of all price of all 
com- com- 

Yea modities. Year modities 
1890..... Soke 112.9 1800635 ceewesaaees 101.7 
!! a 111.7 1900; eng ba Shee 110.5 
JEO? 2ee dt eee bes 106.1 1901. 108. 5 
1803. 3 105.6 1902 au kas ee eats 112.9 
1894... eile ba views 96.1 1900 88 . 118.6 
189 a ba Ga a rere sce 93.6 1900. U 1138.0 
II annann 90.4 1 E E 115.9 
IST 89.7 1000 eee Sales 122.5 
TSIS fale owes bees ho 03.4 WOOT fb Bases 129.5 
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WATER AND SEWAGE PURIFICATION PLANTS for 
Toronto, Ont., for which appropriations of $750,000 and 
$2,450,000, respectively, were voted by a large majority 


on June 27, will be proceeded with as soon as possible. 


The water filtration plant will be built on an island in 
Lake Ontario. It is expected that Mr. Allen Hazen, 
M. Am. Soc. C. E., of New York City, will prepare 
plans for the water filtration plant. A high and a low- 
level sewer will be built to carry the sewage of the 
eastern part of the city to a point near Ashbridge’s 
Bay. Here will be constructed a pumping station, a 
sedimentation basin and septic tanks. The effluent from 
the septic tanks will be discharged into deep water in 
the lake about four miles from the water-works intake 
pipe. The general scheme for sewage disposal has been 
approved by the Provincial Board of Health of Ontario, 
and plans are now being prepared under the direction 
of Mr. C. H. Rust, M. Am. Soc. C. B., City Engineer of 
Toronto. It is hoped that work on the sewage disposal 
schome will be begun this fall. These proposed im- 
provements are the outcome of a number of years of 
agitation and investigation, during which several re- 
ports have been made by Mr. Rust and others, includ- 
ing a report by Mr. G. R. Strachan, M. Inst. C. E., 
of London. (An abstract of Mr. Strachan’s report, with 
editorial comment, appeared in Eng. News, Sept. 6, 
1906.) During the investigations Br. Rust has made 
one or two trips abroad for the purpose of gaining in- 
formation on the latest sewage works practice there. 
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The Government report of internal commerce 
fur May indicates with great clearness the reason 
why some 300,000 freight cars were idle during 
that month. The falling off in traffic can be 
‘raced almost wholly to the lull in the building 
industry and in the.iron and steel business. The 
rew materials in these two industries make such 
en rmous demands on transportation facilities 
that a decrease in activity is at once refiected 
n railway traffic conditions. In other lines 
‘Transportation is practically at normal volume. 
The tonnage of anthracite coal moved during 
Mer. 6. . 116 gross tons, was the largest 
mnthly total ever recorded, and the five months 
ttal since Jan. 1, amounting to 26,963,590 tons, 
also the largest for that period. 

In contrast with this, coke production in the 
“nnelsville district for the four weeks ending 
Zy 30 was 669,217 net tons, which is almost 
amion tons below the output for that period 
a 11%. Less than half the number of cars has 
+n used in shipping coke that was used in 
The decline in the building industry is 
. eted in a heavy falling off in number of 
S. ments from Pacific coast points. 

— . — 

Anterican law makers who are seeking to solve 
'- knotty problem how the State may effect- 
„ control great corporations might with good 
-vantage study the innovation which on July 1 
zent into effect in Great Britain. This innova- 
in brief, is the division of corporations into 
„ Classes, private companies and public com- 
unes. In the United States all corporations 
rd on the same footing except as they may 
‘= affected by laws governing different lines of 
iness. Thus if two partners organize a cor- 
rattan. in order to avoid liability for each 
“t-ra debts incurred in the business, they are 

rolled by the same laws that govern a cor- 
dition with ten thousand stockholders doing 

“tress all over the country. 

Ween it is proposed to adopt some measure of 

rto or regulation or enforce publicity in the 

“act of “the Trusts” so-called, the objection 
~cused that the private business of the small 
“lems is being interfered with. 


14 


To meet this situation Parliament has now en- 
acted a law under which companies having not 
more than 50 stockholders, which do not issue 
any public invitation for subscriptions to their 
stock, and which restrict the right to transfer 
their shares, may be registered as private com- 
panies and are then freed of certain require- 
ments regarding publicity, the filing of reports, 
ete. 


It becomes increasingly evident that the same 


principle must be followed in the United States 
if really effective regulation of the great cor- 
porations is to be attained. Otherwise eminently 
proper and necessary measures for safeguarding 
public rights will bear so hardly on a multitude 
of small corporate enterprises that it will be 
impossible to secure their enactment. 
— — — — 

According to current press reports, the com- 
mittee on supplies of the New York City schools 
proposes to continue the enforcement of their 
previous instructions to firemen and janitors for 
“burning” ashes after sprinkling them with a So- 
lution of rock salt and oxalic acid. It is said 
that by the use of this solution 10,000 tons of 
coal have been saved this year; from 10 to 70% 
of the supply at the various buildings. 

As pointed out editorially in Engineering News, 
May 14, any benefit derived through the scheme 
employed is due to an indirect and unintentional 
improvement of combustion conditions or to the 
utilization of carbon most reprehensibly allowed 
to pass into the ashes. If, instead of buying 
oxalic acid and salt, the board would have an 
expert examination made of all local boiler-room 
conditions and a scrutiny of the firemen them- 
selves, a still greater economy shou'd result. In- 
cidentally the political sponsors of education in 
this metropolis would be saved the absurdity of 
teaching chemistry in the classrooms and prac- 
ticing alchemy in the boiler room. 

— m 

The results of the survey made by the Cana- 
dian Government for the Georgian Bay ship 
canal are set forth in this issue. Briefly sum- 
marized, the report states that a channel big 
enough to accommodate the largest lake steam- 
ers can be made from Georgian Bay to Mon- 
treal via the Ottawa River at a total cost just 
under $100,000,000, 

By this route a vessel could pass from Port 
Arthur to Montreal in 70 hours, or inside of 
three days. The distance would be 934 miles, 
Which compares with 1,216 miles distance be- 
tween the same points via Lake Erie, the 
Welland Canal, Lake Ontario and the St. Law- 
rence canals. If, however, a new Welland Canal 
were built and a new series of canals around 
the rapids of the St. Lawrence for the same 
capacity vessels as the Ottawa River route and 
With the reduced number of locks that would 
naturally be used, then it is probable that a 
steamer could make the passage by the lower 
route is as short a time as by the Ottawa. 

It would seem well worth while, therefore, to 
make a survey of the St. Lawrence route be- 
fore deciding definitely on the Georgian Ray 
project. The St. Lawrence route would be all 
located in a well inhabited and readily acces- 
sible region, and would be freer from troubles 
with ice than the route via the Ottawa River. 
It would, on the other hand, be difficult to con- 
struct new canals for 22-ft. navigation along 
the St. Lawrence without interfering with the 
present 1]4-ft. canals, and perhaps suspending 
navigation in them for several seasons. The 
balance of advantage, however, would secm to 
rest with the St. Lawrence route compared with 
that by the Ottawa if the cost were no greater. 

But the feature of greatest interest in the 
report is that it is now determined to be pos- 
sible by most thorough surveys and estimates 
to make a deep waterway from the Great Lakes 
to the Atlantic for less than a hundred million 
dollars which is less even that the State of New 
York is expending in building a waterway 
to Lake Erie of barely half the depth. This 
waterway would be large enough not only to 
bring the lake vessels down to the sea but to 
admit to the lake ports nine-tenths of the mer- 
chantmen doing business on the ocean. It opens 


up possibilities of cheap transportation from 
the interior of the continent to the seaboard 
that are of the greatest importance not only to 
Canada but to the United States. 


— . — 


CONCERNING PUBLIC DEBTS. 


There was a time—well within the memory of 
men stili iving—when people in general had a 
dread of debt. A debt unpaid at that day might 
mean a debtor's prison. The horrors of those 
old-time abodes of evil have been painted by 
Dickens and other great writers. No one could 
Wish for a moment to step backward toward the 
dark ages of which they represented a survival. 
Yet it is idle to deny that at the present day we 
have come to look too lightly on debt and its 
consequences, 

In business, of course, debt is a necessity of 
our modern commercial systems. We have come 
to hardly count as debts the current borrowings 
from banks. Almost every business carried on 
with its own capital alone will have at one time 
of the year a surplus of cash, at another a need 
for more ready money than current revenues sup- 
ply. The bank has become a reservoir into 
Which the surplus funds flow as deposits and 
out of which loans can be furnished, and the 
Same man who at one time of the year has a 
large surplus will at another season be a heavy 
borrower, 

But it is an easy step from debt incurred for 
business purposes to debt incurred for private 
purposes. Men light-heartedly mortgage their 
homes to buy automobiles. They cheerfully pay 
exorbitant prices for pianos or books to be paid 
for in instalments rather than deny themselves 
for a few months in order to save money enough 
to buy for cash at a much lower price. They 
merrily mortgage the future for the sake of the 
present and shut our eyes to the dangers and 
penalties and suffering and woe that often and 
often follows when the present becomes past and 
the future day of payment comes. 

When men regard lightly private debts, which 
bear on themselves, is it strange that public 
debt should likewise be a light matter? Rather 
the strange part is that the public, as a whole, 
retains so much as it does of regard for publie 


honor and honesty and sound finance. There 
are, however, all the time attacks upon this 
still remaining regard for public solvency. When 


a popular vote is had on any question which 
means the incurring of a large public debt, one 
sees always appeals to laboring men to vote in 
favor because it will giye them employment. 
Surely that way danger lies; grave danger. 

When the initiative and the referendum—with 
all their excellent and admirable features—open 
the way by which great public expenditures ean 
be ordered for the sake of giving employment ta 
present and shut their eyes to the dangers and 
labor, then burdens may be laid on property, 
upon production, upon the taxpayer and the rent- 
payer, of which we little dream now. 

We live in an era of vast public debts; and 
the public is growing accustomed to them and 
ceases to regard them with dread or opposition. 
Our national debt, which assumed such porten- 
tous size during the civil war, was rapidly paid 
off in the 70s, and ‘SOs; and had the same rate 
been continued would long since have been en- 
tirely extinguished. But the debt-paying policy 
Was suspended in the financial crisis of the early 
"Os. The debt was added to then for the sake 
of maintaining the currency system on a gold 
basis and later to meet the emergency of the war 
with Spain. The flood tide of prosperity of the 
present decade has not been taken advantage 
of to pay off the national debt. Instead the pub- 
lic policy has been gradually altered; long-term 
extensions at low rates of interest have been 
chosen rather than payment of bonds as thev 
become due. And no section or party has raised 
a protest. 

At the present time there appears much more 
likelihood that the national debt will be largely 
added to than reduced. If the publie does not 
object to a great national debt why should the 
politicians? Why should they not seck the popu- 
larity and the advertising to be gained by ad- 
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vocacy of great expenditures? So we see our 
Hobsons (would there were only one) advocating 
a vast naval establishment—requiring, of course, 
an issue of bonds for its creation, to say nothing 
of the enormous burdens involved in its main- 
tenance. Other eminent gentlemen besieged the 
recent national conventions with appeals for ap- 
proval of half a billion dollars in bonds to raise 
money for waterway improvement. Still others 
would have an equal or greater amount bor- 
rowed for the purpose of Federal aid to good 
roads construction. 

We shall refer to these schemes later; but let 
us now turn to our State governments. Except 
for the old debts of some of the Southern States, 
American commonwealths have, as a whole, been 
commendably free from the burden of debts; 
and when they have borrowed money for special 
purposes, they have made provision for its 
prompt payment. There is evidence, however, 
that the tide is turning. Large bond issues for 
road improvement have been made in New York 
and in Massachusetts. The former State is in- 
curring a hundred million dollars of debt in 
building a barge canal across its territory and 
Illinois is to vote this fall on a $20,000,000 bond 
issue for waterway improvement. New York 
has fortunately imbedded in its constitution a 
requirement that bond issues must be paid off 
by sinking fund contributions within a brief 
period of years. It is to be hoped that similar 
policies may be the rule in other States and that 
the day may be far distant when the taxpayers 
and voters of our commonwealths may look with 
equanimity on a State debt as a thing to exist 
permanently. 

Turning now to our municipalities, we find 
public debts increasing by leaps and bounds. 
The problems consequent on modern life in our 
centers of population have compelled the raising 
of money by borrowing. It would not have been 
possible to have built the sewers and systems of 
water supply and streets and parks and a dozen 
Other great public utilities which have been 
created in the past 30 years by other means 
than by borrowing the money. All this is true, 
and yet there has grown up out of this a popular 
callousness to public debt which has its danger- 
ous side. 

A public debt means a public obligation. It 
means borrowing money on which interest must 
be paid and eventually the principal returned. 
The private individual when he borrows money 
looks forward to the means whereby the inter- 
est and the principal will be forthcoming when 
due. Why should not the same sound rule be 
applied to a public debt? 

Undoubtedly public debts must be incurred and 
increased, particularly by our cities. Necessary 
expenditures in the next ten or twenty years are 
certain to enormously increase the aggregate of 
our municipal indebtedness. What safe rule can 
be followed as a guide to sound public 
finance? 

There is one very easy and simple rule which 
holds good for public debts as it does for private 
debts. It is the rule that debts incurred for the 
purchase of income-producing property stand on 
a different basis from debts incurred to pur- 
chase luxuries or in general anything which does 
not yield a direct return. A business man will 
not hesitate to borrow money at 5% or 6% to 
purchase property yielding double this return. A 
city may safely borrow money at 4% to build a 
system of water supply, the revenue from whose 
operation will not only provide for the interest 
on the bonds, but build up a sinking fund which 
will pay them at maturity. 

We do not join the chorus of alarmists who 
have taken the mere statistics of public debt in 
this country and in Great Britain and made out 
from them a diatribe against municipal owner- 
ship of public utilities. On the contrary, we 
would urge that the same rule be applied to cities 
or States that applies to private finances. A rich 
man may owe great sums of money, yet the 
debt gives him not the slightest concern, if it is 
all represented by valuable income-yielding prop- 
erty. So the cities of Great Britain, which have 
invested so heavily in such public utilities as gas 
works, street railways, docks and lighting plants, 


are often carrying no greater actual burdens of 
taxation than American cities whose debt repre- 
sents for the most part works that yield no 
direct income. 

This distinction has been officially recognized 
in New York City, where the debt incurred to 
provide a new system of water supply is not in- 
cluded in computing the debt limit or proportion 
of the assessed valuation beyond which the city 


may not go in the issue of bonds. 


And in our view of public debt it is important 
that we go a step farther. As one studies the 
subject finally, it becomes clear that the public 
debt of a city, for example, includes not only the 
bonds issued by the city itself, but the bonds 
issued by public utility companies, such as street 
railways, gas works, electric lighting plants, 
water companies, etc. It is true, of course, that 
the taxpayers are not directly holden for the 
payment of bonds Issued by franchise-holding 
companies. On the other hand, if the companies 
remain solvent, the money to pay the annual in- 
terest, and eventually the principal, must be col- 
lected from the citizens as part of the rates 
charged. This must be done just the same 
whether these utility plants are owned by the 
city or by private companies. 

What we seek to emphasize is a view of public 
debt as a burden to be borne in the future by 
the taxpayer and the rentpayer. The productive 
earnings of any man or community or nation 
must carry the burden of interest and principal 
payments on the public debts before any margin 
is left for profit. From this broad point of 
view, all debts incurred for public utilities, 
whether privately owned or publicly owned, 
stand on the same footing. 

Surely then, if we have regard for the pros- 
perity and well-being of the new generation, 
just coming on the stage, the creation and in- 
crease of public debt is a matter for serious con- 
sideration. 

By way of illustration, let us contrast the rail- 
way financial policy of two countries, Great 
Britain and France. In Great Britain the rail- 
ways, all owned by private companies, have in- 
creased their capitalization, year by year, almost 
from their inception, until the average capitali- 
zation per mile has reached the stupendous 
figure of nearly a quarter of a million dollars. 
Thus the users of the railway must pay fares 
and freights so adjusted as to yield a return on 
this capital, and this is to go on perpetually. 
France, on the other hand, in granting to private 
companies the franchises for construction and 
the privilege of exercising the right of eminent 
domain, stipulated that at the end of a long term 
of years, not only the franchise, but the rail- 
way itself, with all its appurtenances, should 
revert to and become the property of the State. 
During all this time, therefore, the French peo- 
ple have been unconsciously paying for their 
railway system and a few years hence the 
French railway system will be the property of 
the people of France free of debt or incum- 
brance. It may be operated directly by the State 
or leased to private companies; but in either case 
the French people and French productive in- 
dustry will be released from the burden of pay- 
ing “fixed charges” on the first cost of the rail- 
ways. 

We believe this coutrast between the railway 
finances of two nations carries a significant les- 
son. Perhaps we can make it more significant 
by drawing another contrast. Suppose two cities 
should adopt opposite policies in the matter of 
public debts. The one goes on in the rut which 
too many American cities are following, adding 
to its load of debt for each new public work that 
progress makes desirable and leaving unpaid 
debts incurred for improvements that were long 
ago worn out or rendered obsolete. 

The other city looks forward a long term of 
years to the time when debts must be paid and 
adopts the principles that public utilities should 
be made to pay for themselves and that it is as 
desirable for a city to some day reach the happy 
stage of owing no man anything as it is for a 
private individual. The city may, either by 
granting franchises for a limited term with re- 
version of property to the city, or by adopting 


municipal ownership, reach a time when the 
peop'e of the city will own, free of debt, their 
water-works, lighting plant, street railways, 
parks, sewers and all the other paraphernalia of 
municipal housekeeping. Property and produc- 
tion in such a city would be free from burdens 
carried in the other city struggling under a 
mountain of debt. 

We believe these things deserve the serious 
consideration of all who have the public welfare 
at heart. Are public debts meant to be a per- 
manent burden? Is it reasonable that money 
borrowed to build the public improvement of to- 
day shou!d be left for all succeeding generations, 
to pay interest time without end? Ought not the 
generation that has the benefit of a public works 
to pay for it, and not shirk the burden onto 
those who come after? Will not the people of 
1930 and 1950 and 1975 have their own public 
works, to make demands on the municipal and 
National treasuries? Has not the ease with 
which a solvent city can borrow money at low 
rates of interest fostered the tendency to in- 
crease public debts and build works on borrowed 
money that might have been paid for outright? 

As we have said above, we have no especial 
fear of public debts incurred for the creation of 
income-producing enterprises, provided, of 
course, such enterprises are judiciously planned 
and financed and operated. We do fear the 
creation of great public debts for the other class 
of improvements—those advocated merely on the 
score of general benefit. 

Good roads are good things when well located 
and well built; but we know of no reason to 
justify building roads on borrowed money and 
passing over to distant years the burden of re- 
payment. Waterways properly planned promise 
a large measure of usefulness; but the nation is 
rich enough to raise by taxation the money 
needed for waterways as fast as they can be 
properly constructed. 

A man is on very dangerous financial footing 
who borrows a large sum with no fixed plans for 
its use and sets him down to consider what he 
can do with it. The danger to the nation in a 
huge bond issue for waterways or for good roads 
is that many waterways and roads whose im- 
provement is wholly unwarranted would rush 
forward and claim a share in any such huge 
Slice of Uncle Sam’s pie. 


LETTERS TO THE EDITOR. 


Au Eagineer’s Chances in the Shipbailding lodastry. 


Sir: If your correspondent, signing himself “G” in 
issue of July 2, thinks an engineer’s chances of ad- 
vancement have reached their lowest point in railway 
work, I would advise him to talk with some of the pro- 
fession engaged in American shipbuilding under our pres- 
ent policy and he may change his views. 

T. J. Smith. 

Newburgh, N. Y., July 7, 1908. 


— —— — 


Flood Stages in the Lower Mississippi in 1968. 


Sir: Referring to the very interesting correspondence 
on the question of The Reservoir System of River Con- 
trol,” which has appeared in Engineering News of recent 
dates: it is not the present purpose of the writer to 
enter into the controversial phase of the question, either 
pro or con, as it has been ably handled on both sides. 

The object of this note is to call attention to the some- 
what remarkable exemplification this season, and by 
natural process of the effect upon Mississippi River 
floods of withholding the ‘‘crest of the flood’’ in the 
Ohio valley while the western tributaries are in flood, 
under which conditions we have had quite recently, the 
curious situation of very high and destructive river 
stages at both extremities of the Mississippi River drain- 
age system (west of the Ohio valley), with very mod- 
erate stages in the intermediate portions. 

Beginning early in February there was a prolonged 
series of floods in the Ohio valley, with six culminations 
at Cincinnati, covering a period of nearly four months, 
the western streams being all relatively low during 
that period. While a very large volume of water in 
the aggregate passed out of the Ohio, it was so dis- 
tributed as to produce comparatively moderate flood 
stages at and below Cairo, which were at no time during 
that period sufficiently high to create any strain on the 
levees that demanded attention; so that mone of the 
preparations for fighting high water, usual in dangerous 
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fools. were found necessary in this part of the river, and 
there was no “‘high-water fighting’’ to be done. 

When the last of the Ohio floods was exhausting itself 
there occurred a series of storms of phenominal magni- 
tude. covering the entire region of the drainage areas of 
the western tributaries, including the upper Mississippi 
itself. but which did not extend far enough eastward to 
Invoive the Ohio drainage system. During the prevalence 
of the series of Ohio floods the Cairo gage had four prin- 
cipal! culminations, beginning with Feb. 26 and ending 
with May 20, the maximum difference between them being 
only 06 of a foot, and the highest being about six and a 
half feet (6.67) below extreme high water. 

About the time of the last culmination at Cairo, the 
St. Louis gage began to assert {ts power on Cairo, reach- 
teg 24 ft. (a serious stage for St. Louis) on May 18, and 
with a slight subsequent decline going up to 34.9 (a very 
high stage for St. Louis) on June 20. This, however, 
dd not prevent a rapid fall at Cairo, which declined 8.5 
ft in S days, and under the influence of the St. Louis 
gage was held to approximately the same stage for 30 
davs, from May 28 to June 27, when a somewhat more 
rapid Cecline set in. The Ohio and tributaries had since 
May 13 been steadily falling until something like low 
water stages were reached. 

In the mean time the Red and Arkansas rivers, the 
principal lower western tributaries, were enormously 
engorged by a succession of extraordinary storms, re- 
exiting in very nearly the record stage at New Orleans on 
June 22. Extreme flood conditions prevailed from the 
mouth of Red River to the gulf, while the conditions 
were much modified between the Aransas and Red 
rivers, the flood stage at Vicksburg being 4.58 below ex- 
treme N. W., and still more moderate above the Arkan- 
sas, Helena o highest stage being 6.55 below the highest 
record. 

The general result has been an unusually prolonged 
moderately high stage of the Mississippi River, from 
Cairo to the mouth of Red River, sufficient to cause the 
suspension of nearly all levee work since early in Febru- 
erv, but not high enough to put the levees under dan- 
gerous strain: while since about June 1 all of the west- 
ern rivers, together with the Mississippi below Red River, 
have experienced extraordinary flood conditions. 

The situation is further illustrated by the following 
tebulation of culminating stages at various points: 


CULMINATING STAGES AND DATES. 


Stage. 
Date ft. Highest Record. 
Feb, 20....51.10 (1884) 71.06 (phenomenal) 


Gaze. 
Cern nati. 


March 11. . 53.20 (1907) 65.10 (very high) 
7 March 24. . 48.90 
: April 4....55.70 
8 April 14. . . 40.9 
25 May 9 44.10 
Cairo, Feb. 26...44.90 (1883) 52.17 
; March 18. . 45.30 
April 13...45 30 
May 29. . . 45. 10 
Helena, March 5..44.20 (1897) 51.75 
3 March 27.45.20 
hd April 22...44.60 
gi May 26....44.40 
Vicksburg, June 10. . . 47.90 (1897) 52.48 
New Orleans, June 22. . . 20.00 (1903) 20.30 
June 290. . . 34.90 (1844) 41.39 (phenomenal) 


Sr. Louis 


It is evident that if it is practicable by the Reservoir 
Srstem to restrain the ‘‘crest’’ of the Ohio floods, to the 
extent of 6 or 7 ft, as proposed, even maximum floods 
‘rom that stream, other conditions being the same, 
should result in a situation similar to that of the pres- 
ent season: and in the absence of such extraordinary 
fods in the lower western tributaries as have prevailed 
recently, we should have easy water” from Cairo to 
the Gulf. 

One reflection is here offered in relation to the proposed 
Reservoir system; if found to be practicable, and if it 
stould be embarked upon, its accomplishment would 
be the work of a generation. In the meantime the in- 
sitiable appetite of the Mississippi current for devouring 
ts own banks, must keep levee building and channel 
frecging under continuous high pressure, with cumula- 
tive difficulties and cost. 

The creating of stability of the banks of the Mississippi 
E. ver from Cairo to the mouth of Red River, with re- 
tutant fixedness of the channel line, is the sine qua non 
of any plan for the general control and rectification of 
the river, the cost of which has been liberally estimated 
a $10).000,000. Respectfully, 

T. G. Dabney, M. Am. Soc. C. E. 
"tiet Engineer Yazoo-Mississippi Delta Levee District. 

Cisrksdale, Miss., July 3, 1908. 

‘Gur correspondent’s letter brings out clearly 
tne intimate relation between flood heights in 
the lower Mississippi and the chances of coinci- 
dent Joods in its main tributaries. The water at 
New Orleans on June 22d reached nearly the 
t zheest mark ever recorded. This appears to 
Ae been the result of extraordinary floods in 
e Arkansas and Red Rivers, which reached 
New Orleans about the same time as the flood 
wave from the Ohio which passed Cincinnati on 
May 9. Had this flood wave from the Ohio been 


as great as those of February or March, the high 
water at New Orleans would doubtless have ex- 
ceeded all records. 

Engineering practice in predicting flood heights 
goes no farther at present than recording the 
high water marks of past floods. It is well to 
understand that in any stream of large size, with 
many tributaries, the flood height which may be 
reached is dependent on the chance of coinci- 
dent floods in all the main tributaries; and there 
is always a chance, therefore, that all past rec- 
ords may be far exceeded, as has happened many 
times at many localities in the United States 
during the past dozen years.—Ed.) 

— 521. —————— 


Notes and Queries. 

Mr. J. G. Palmer, 175 Fall St., Seneca Falls, N. Y., 
calls our attention to an error in the table of cost data 
in his article on ‘‘Cost of Shallow and Deep Sewer 
Trenches” published in our issue of June 25, 1908, p. 
691. The fifth from the last line of the table should 
read 

800 ft. of shallow 18-in. sewer, $1,619.44, per lin. ft., 
$2.024. 

The totals are correct as printed. 


“Subscriber” writes: 


Would you please let me know a method for meas- 
uring the cubic contents of scows where they are leaded 
with a dip in the middle? 

The usual method is to measure the dimensions of the 
sections at each change of bottom or side slope and from 
the areas, computed from such dimensions, compute the 
cubic contents according to any of the accepted volume 
formulas, preferably the ‘‘prismoidal formula” which is 
as follows: 


1 
V=-—L (AT A’ + 44) 
6 
Where V cubic contents. 
L perpendicular distance between sections. 


A} area of other right section. 


4 = area of one right section. 
A. = Area of section midway between. 


m 
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THE OFFICIAL REPORT ON THE GEORGIAN BAY SHIP 
CANAL. 

For several years past the Canadian Govern- 
ment has had a large force of engineers en- 
gaged on the surveys for a deep waterway large 
enough to permit the steamers on the Great 
Lakes to go down to the ocean. The route of 
this deep waterway is from Georgian Bay at 
the eastern side of Lake Huron to the head of 
the Ottawa River and down that stream to 
Montreal. The enterprise was promoted by a 
private company a dozen years ago and was 
afterward taken up for careful survey and ex- 
amination by the Dominion Government. 

On July 6 the Minister of Railways & Canals 
presented to Parliament a report upon the re- 
sults of the survey, which is the first official in- 
formation regarding it to be made public. We 
print below a summary of this report as pub- 
lished in the Ottawa “Evening Journal” of July 6. 

The estimates presented herewith are based on a pro- 
ject for a waterway at least 22 ft. in depth. 

The style of navigation proposed is known as the dam 
and lock system,” with slack water reaches between 
structures. The whole is designed on such lines as 
to enable boats of large size (600 x 60 x 20 ft. draft) to 
pass from Lake Huron, through pond after pond, to 
Montreal, the head of ocean navigation. 

The project is essentially a river and lake canalization 
scheme, taking advantage of natural channels which 
fortunately can be made to form 80% of the distance, 
from Georgian Bay to Montreal. 

ROUTE. 

Of the 400 miles of projected navigation between the 
above-mentioned points, from 410 to 420 miles follow the 
course of some river or lake. 

For that part of the route, from Georgian Bay to the 
height of land separating the water sheds of the Ottawa 


River and the Great Lakes, a distance of 81 miles, the 


French and Pickerel rivers and Lake Nipissing are 
utilized. From Lake Nipissing, through the height of 
land, for a distance of 3% miles, the route is an arti- 
ficial waterway, with the exception of a few small lakes 
through which it is located. 

This artificial cut leads into Trout Lake, thence into 
Turtle Lake, the Little Mattawa River and Talon Lake, 
which is utilized as far as Sand Bay at its southern 
end, a distance altogether of 21 miles, Trout and Talon 
lakes referred to above are very deep and fairly large 
bodies of water. 


From Sand Bay there is a canal for three miles to the 
Mattawa River, which is utilized as far as the town of 
Mattawa, a distance of 13 miles, where another canal 
cut of 3-4 miles in length makes an entrance into the 
Ottawa River. 

This river, which expands into large and deep lakes 
in many places, is followed all the way down to the foot 
of the Lake of Two Mountains, a distance of 293 miles. 

From the foot of Lake of Two Mountains to Montreal, 
a distance of 25 miles, either the St. Lawrence River or 
the Ottawa River, called Rivier des Prairies, flowing 
north of the Island of Montreal, may be utilized. The 
former route is. five miles of artificial waterway and 
the latter about eleven miles. 

By the first route the canal enters Montreal Harbor 
at its upper end. By the second route the St. Lawrence 
Ship Canal is joined at Bout de l'Ile, some eleven miles 
below the eastern boundary of Montreal harbor, or 
seventeen miles below the city Custom House. 


DISTANCES. 

Taking Port Arthur or Fort William as the starting 
point, the distance to Montreal via the proposed waterway 
is 034 miles, via Lake Erie and the Welland Canal 1,216 
miles, via Buffalo and the Erie Canal to New York 1,358 
miles, giving a difference in favor of the projected route 
of 282 miles, as compared with the present St. Lawrence 
route, and of 424 miles as compared with the Buffalo 
and New York route. 

Comparing the distance from Fort William to Liver- 
pool via New York we have: Fort William to Liverpool 
via Georgian Bay Canal, 4,123 miles; Fort William to 
Liverpool via New York, 4,929, giving a difference of 
806 miles in favor of the Georgian Bay Canal-Montreal 
route. 

TIME OF TRANSIT. 

This is affected by the length of restricted channels on 
the route where speed has to be reduced and by the 
number of lockages and consequent delays. A close com- 
putation of the speed allowable in the different stretches, 
with about three-quarters of an hour allowed for de- 
lay in the passage of each lock, gives about 70 hours as 
the time of transit from Georgian Bay to Montreal. 
With the advantage of shorter distance between ter- 
minal harbors it is computed that the route will be from 
one and three-fifths to two days faster than any other 
existing water route under present conditions from the 
head of the Great Lakes to an ocean port, apart from 
also having an enormous superiority as to carrying ca- 
pacity. But as compared with the possible improved 
system of St. Lawrence canals to a depth of 22 ft., as- 
suming that the number of locks would be greatly re- 
duced, probably no practical benefit in the time of 
transit could be claimed, the saving in distance being 
off-set by the longer stretches of lake and wide river 
navigation which exist through the Lake Erie and Lake 
Ontario route, where higher speed would be permissible. 

CHANNELS. 

The total length of what may be termed canal cutting 
for the entire route is about 28 miles, by the project 
connecting the St. Lawrence River above Montreal, 
through Lake St. Louis, and 34 miles should the Riviere 
des Prairie route be selected. ; 

The length of submerged channels to be excavated is 
about 60 miles in stretches of varying lengths. Apart 
from this there is an aggregate of 14% miles where ob- 
structions such as shoals, sharp bends, etc., have only 
to be removed to form very wide channels. 

Therefore, of the 440 miles constituting the waterway, 
108 miles will require excavation work for locks, ap- 
proaches, canals, submerged channels, etc., leaving 332 
miles of natural river or lake channels, which will not 
require any improvement beyond the raising of the water 
surface as recommended in connection with the project. 
Taking into account the 14% miles of obstructions which, 
after removal, will leave wide, free channels, the route 
may be subdivided as follows, in relation to width: 


Miles. 

Canal cuts, 200 to 300 ft. wide, including necessary 
restrictions at locks ....... e E eee ee . 28 
Improved channels, submerged sides, 300 ft. wide... 66 
Free channels, 300 to 1,000 ft. wide and over...... 346 
440 


Total 


The relative length of canals and submerged channels 
may be varied slightly as it is an open question as to 
the exact point where the one ends and the other begins. 

The sides of all submerged cuts will be shown by piers 
or clusters of piles at suitable distances to indicate the 
channel, and to aid the vessels in navigating. Along 
curves these piers will be provided and each different 
course will be defined by ranges. 

The restricted channels are widened at all ends, and 
conditions for navigation in these restricted parts will 
be as good, it is expected, as on the St. Mary's. River 
or the St. Clair and Detroit River channels. 

The depth of 22 ft. selected for the waterway will more 
than equal the conditions as they exist to-day in the 
channels connecting the waters of the Great Lakes, the 
St. Mary’s River, Hay Lake, St. Clair Flats Canal, and 
the Detroit River. 

The improvement carried out for these lake channels 
since 1892 contemplated a depth of 20 ft. below the mean 
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water surfaces, as determined up to that time. Since 
then, however, the prevailing water levels of Lake 
Huron, St. Clair and Erie have been almost continuously 
below the mean stage as formerly determined, and in 
consequence the actual draft available on account of lake 
fluctuations has been only from 17 to 19 ft. 

It has, therefore, been found necessary to extend this 
depth, and some of these channels are now being deep- 
ened to 21 and 22 ft. in order to obtain a safe 20-ft. 
draft at all times. The Georgian Bay Ship Waterway, 
therefore, with a minimum depth of 22 ft., will compare 
favorably with any of the channels above mentioned 
which govern the draft of boats on the Great Lakes. 

The mileage of excavation in canals and channels for 
the route may be subdivided as follows for each class 
of material encountered: 

Dry BExcavation—Rock, about 25 miles; earth, about 13 
miles; mixed earth and rock, about 20 miles; total, about 
58 miles. 

Wet Excavation—Rock, about 18 miles; earth, 16 
miles: mixed earth and rock, 16 miles; total, 50 miles; 
grand total, 108 miles. 

This mileage includes all points which are to be 
dredged or excavated, whether canal cuts, submerged 
ehannels or shoals. A small percentage of the excava- 
tiem given as submarine rock work might possibly be 
done in the dry, and the cost, therefore, reduced. In 
the estimates, when doubt existed. the rock excavation 
has been invariably classified as wet rock. 


TERMINAL HARBORS. 


As the harbor of Montreal forms the eastern terminus 
of the waterway, no special provision is made in the es- 
timates for increased terminal facilities. By the time 
the waterway is completed, with the works now under 
construction and the extensive improvements proposed, 
the harbor will no doubt afford sufficient dockage facili- 
ties to meet the requirements of the Increase in traffic 
contributed by the new route. As this traffic develops, 
facilities will be extended naturally as part of the 
harbor works. 

The western entrance to the waterway on the Geor- 
gian Bay is formed by French harbor. As this will de; 
only a transit point to and from terminal harbors already 
established, no terminal facilities are required other than 
improvements in certain parts of the entrance, and in- 
creased aids to navigation. These improvements are 
included in the estimate. 


SUMMIT. 

The summit level embraces Lake Talon, the Little Mat- 
tawan River, Turtle and Trout Lakes. their present sur- 
faces being raised to elevation 677. Talon Lake will be 
raised 41 ft. and Trout and Turtle about 15 ft. above 
their present level. The locks at both ends of the sum- 
mit are designed to allow of the large lake thus created, 
being lowered to elevation 671, without interfcring with 
Navigation. In fact, besides affording a wide and un- 
obstructed route for shipping in transit, the lake will 
have two important duties; to absorb part of the ex- 
cess in floods and to store the reserves for the months 
of deficient water supply. 

From the careful hydraulic investigations made, the 
available supply from the summit watershed, with the 
storage provided, will be 540 cu. ft. per second through- 
out the season of navigation, which will allow of an 
average of 24 passages per day or 0,040 passages for 
the navigation season. As the traffic develops, in the 
event of this supply being insufficient to meet the de- 
mand upon the summit, the supply can be augmented by 
700 cu. ft. per sec. by creating storage reserves at the 
head of the Amable du Fond River, and diverting it from 
the present outlet into the Summit Lake. This can be 
accomplished at an expenditure of $900,000, 

These two sources of supply will more than meet the 
requirements at the Summit, should the waterway ever 
be worked to its full commercial capacity. 


LENGTH OF NAVIGATION SEASON. 

From the investigations made. the opening and closing 
of navigation on the waterway would coincide closely 
with the opening and closing of ocean navigation for the 
harbor of Montreal, the length of the season being per- 
haps a few days shorter. 

This would be governcd by Lake Nipissing and con- 
ditions at the summit and the Mattawa reaches, and 
the indications are that an average of 210 days each year 
would be available. 

LOCKS. 


The difference in elevation of 659 ft. between Montreal 
and the summit level, and of 99 ft. between the summit 
and Georgian Bay is overcome by 27 locks ranging in 
lift from 5 to 50 ft. By the Riviere des Prairies route, 
however, this number is reduced to 26. 

All locks are designed to be built of concrete. 

Regarding their size, lake boats have attained a length 
of over 600 ft., and the minimum dimensions of lock 
chamber should not be less than 650 in length by 65 
ft. in width. The estimated cost of the locks is based 
on these dimensions, but in the final report the ad- 
ditional cost of building these locks 800 ft. in length by 
75 ft. in width, should it be found desirable, will be 


given. In all cases the depth of water on the sills will 
be 22 ft. at extreme low stage. 
DAMS. 

The navigation scheme requires the building of 45 
dams of various sizes, not including those which will be 
required in connection with the system of storage reser- 
voirs. 

Generally, where the quantity of water is much above 


-the canal requirements, the rock-filled type of dam has 


been adopted. Where, however, it is important to econ- 
omize water for lockages, concrete dams have been de- 
signed. The estimated cost is based on these two kinds 
of dams and the stop log system of regulation of sluices 
has been adopted throughout, with the exception of a 
few locations where Stoney sluices are deemed necessary. 


STORAGE. 

Intimately connected with the navigation scheme is the 
question of control of the flood waters of the Ottawa 
River. This would be of a great benefit to navigation 
as well as to industries along the river depending on 
water power. It is intended to effect this by creating 
large storage reservoirs so regulated that during flood 
season they will retain a portion of the surplus waters 
which will be gradually released during low water 
period. This question will be discussed in the report, 
but cannot be closed, as a complete solution of the 
problem will require more extended investigations than 
it has been possible to make so far. 

WATER POWRRS. 

The present plans for the construction of the canal en- 
tirely alter the general features of the river. For the 
purpose of lockage, the falls are concentrated, and all 
of the small rapids obliterated. The dams built for 
navigation purposes, by concentrating the fall at one 
point eliminates the greatest difficulty in the development 
of the water powers. In addition, the needs of naviga- 
tion require the elimination of extreme high water by 
the construction of a system of storage reservoirs at the 
upper reaches of the Ottawa River and its main tribu- 


tarics, the water stored to be released at low water 
period, thus increasing the average low flow for power 
purposes. 


The data collected up to date show that nearly one 
million horse-power can be secured along the Ottawa 
and French Rivers by the improved method of de- 
velopment. It is doubtful if more than 150,40 HP. at 
minimum flow could be developed under present con- 
ditions. 

This question of water power is still being investigated 
as more data has to be collected. 

It may be mentioned, however, that Chaudiere powers 
are not interfered with by the project. In the case of 
undeveloped water powers which are destroyed and 
which have been leased or sold by the Ontario or 
Quebec governments, a certain sum has been placed in 
the estimates to cover possible claims. No doubt in 
many cases it will be possible to compensate the claim- 
ants by giving them power privileges at some of the 
dams built in connection with the project. 

The final report will give all the information available 
regarding this question. 

DAMAGES. 

On several of the reaches considerable land will be 
flooded permanently. Most of this land is now every 
year inundated from four to six weeks. The area so 
flooded has been computed for each reach, and the 
amount to be paid included in the estimate at a fair 
value per acre. In the case of damage to buildings the 
cost of their removal to higher ground or purchase has 
been considered and provided for. 


TIME OF CONSTRUCTION. 

A careful analysis of the work to be performed, 
shows that it would take from three to five years to 
develop all contracts and place the whole route under 
active construction. Some of the sections where heavy 
submarine excavation is encountered would require at 
least five years to complete under the best conditons 
of labor and equipment. It may be fairly stated, there- 
fore, that a period of ten years from inception would be 
Necessary to open the waterway to navigation. This 
would mean an average expenditure of about ten million 


dollars per year. 
COST. 


The cost of the canal is estimated at $99,680,000 if 
the route via Ste. Anne de Bellevue, Lake St. Louis and 
the St. Lawrence River is followed to Montreal. If, 
however, the other mouth of the Ottawa River known 
as Riviere des Prairies is followed, the cost is estimated 
at $93,800,000. In either case $900,000) will have to be 
spent for a feeder at the summit of the canal, when 
this is required. 

The land damages are partly covered by the estimate 
and partly by contingencies. In most cases of unde- 
veloped water powers it has been assumed that owners 
could be compensated by being granted power privileges 
at the nearest dam. The cost of damages cannot, how- 
ever, be well defined. In ten years from now if is likely 
that the damages to pay would be much larger, as 
conditions on the river would be much more involved. 
This amount cannot be well foreseen. It might be larger 
than estimated by one or two millions, according to con- 


ditions at the time of construction and the legal view 
taken of some of the claims. 

The geology of the lower 200 miles of the Ottawa 
River creates seven main steps, at each one of which 
one or more locks are required. The estimated cost of 
the Montreal reach from the Custom House to Verdun 
is $3,859,000, including the lock, costing $1,000,700, op- 
posite the Custom House near the Mackay pier. The 
Lake St. Louis reach from Verdun to Ste. Anne's, a dis- 
tance of 19 miles, is estimated at $12,553,000, of which 
51.00 3,000 is set down at Verdun to gain the level of 
Lake St. Louis. The impounded basin from Point St. 
Charles westward afford an upper harbor five miles in 
length. The western part of Montreal above Victoria 
Bridge would be protected from high water by the Ver- 
dun dyke. The new lock would have to be built at 
Ste. Anne, costing $754,500. The cost of the section from 
Ste. Anne to Port Fortune, 25 miles, is estimated at 
$2,334,000. Locks at Port Fortune and Hawkesbury 
furnish the means of rising over the Vaudreuil ridge 
from Oka Lake to the long reach below Ottawa, a dis- 
tance of 60 miles. The ten-mile stretch past the Long 
Sault Rapids would cost with the locks $3,860,850. 


—— -O— 
DOUBLE-DECK STEAM-TURBINE PLANTS.* 


By J. R. BIBBINS,| M. Am. Soc. M. E. 
The double-deck station strikingly departs 
from long-established practice. It is hoped to 


herein present some of the engineering features 
of this new type which deserve careful atten- 
tion as standards for power sites of restricted 
area. The station at West Point, Ind., 


was designed to serve interurban railway lines 
through alternating-current substations, and its lo- 
cation is reasonably near the ultimate center of the 
system. It is but a short distance from some 
coal mines owned by the company, and the site 
chosen, at the foot of a hill, permits the use of the im- 
pounded waters of two passing streams for condensing 
purposes. With this site, coal-handling machinery was 
avoided and barometric condensers used, these several 
factors combining in the form of the double-deck ar- 
rangement. At the outset it will be well to review the 
most characteristic features of this station. 

(1) Generating machinery above boilers on second floor. 

(2) Weight of generating apparatus supported entirely 
by the steel building skeleton. All footings carried 
down to the same stratum—rock. Box columns 27 ft. 
high. 

(3) Floor structure continuous, tied in from wall to 
wall, thus reinforcing over entire structure. 

(4) Water-cooled floor column passing through the 
middle of the boiler setting to reduce weight and cost 
of beams spanning the battery; all other columns strad- 
dle boiler setting. 

(5) Barometric condenser hung from the floor girders 
directly under the turbine exhaust nozzle. Designed for 
moderate vacuum; no air pumps; adjustable cones; 
centrifugal type circulating pump. 

(6) Steam piping simple, with few bends, draining 
back from turbine throttle; no superheat; separators in 
each supply line to turbines. 

(7) All important steam-header and supply lines con- 
trolled by pedestal extension valves from the turbine 
floor; non-return valves in the delivery from each 
boiler to prevent back- flow. 

(8) Header serves largely as equalizer, hence small 
size (S-in.); sectioned by valves; operates practically on 
the unit system. 

(9) Designed for 200-lb. pressure, high steam veloci- 
ties: largest steam pipe in plant is S-in., hung from 
girders. 

(10) All auxiliaries steam-driven for feed heating; open 
type heater; feed taken from condenser hot well. 

(11) Circulating pumps {Interconnected for relay work- 
ing; primed by steam syphons or service pump. 

(12) Pump suctions submerged 8 ft. in intake bay to 
avoid surface air; no foot-valves. 

(13) Two-story side addition accommodating trans- 
formers; control and protective apparatus above; heat- 
ers and auxiliaries below; also serves as transmission 
tower. 

(14) Operating switchboard located in division wall, 
leaving a clear rectangular operating room, and separate 
switch room. 

(15) Generators air-cooled by positive blast piped from 
outside to reach cooler air and to avoid the possibility 
of steam from boiler room reaching insulation. 

(16) Turbine bedplate leveled on plate girders through- 
out its length with cast lead pad 1 in. thick. 
(17) Reserve exciter unit, steam-driven, 

heater. 

(18) Transformers mounted on trucks to facilitate re- 
placement by reserve unit provided. 


exhaust to 


sA summary of a paper presented before the convention 
of the American Institute of Electrical Engineers, At- 
lantic City, June 29-July 2, 1908, 

Mechanical Engineer, Westinghouse Machine Co., East 
Pittsburg, Pa. 
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(19) Ash hoist to be installed from level of ash tunnel 
to level of siding track. 

(ån Crane reaches basement through removable sec- 
tion of flooring. 

(21) Flue connections direct to stack; no bends. 

È) Self-supporting, brick lined, steel stack. 

(3) Elevated tank in turbine room to provide head 
for gland water and building service. 


The West Point station covers a floor area of 
2 sq. ft. per KW. capacity. The unusual con- 
struction has been used of a row of columns, 
supporting the floor, and coming in the division 
walls of the boiler settings. This materially re- 
duces the span above. Such columns must, of 
course, be cooled and air spaces have been pro- 
vided on both sides next the furnaces. In addi- 
tion, cold water passes from the top to the bot- 
tom with the result that these particular columns 
are the coolest in the structure. 

CONDENSERS.—The West Point station is an excellent 
example of the possibilities of a compact condensing 
plant. The barometric condensers are attached directly 
to the turbine exhaust. Here the condensers are ar- 
ranged in line with the boiler fronts, but with a passage 
of over 6 ft. between boiler settings, it is quite evident 
taat the condenser may be placed wherever most con- 
venient, irrespective of the position of the batteries, 
an? with a discharge tunnel conveniently located. 

The suspension at West Point permits of an atmos- 
vheric relief connection between the supporting girders, 
resulting in a distance of only about 2.5 ft. from the 
door level to the condenser head. Here the barometric 
condenser and horizontal turbine are evidently at their 
test advantage, both as regards compactness and effi- 
meney The high-speed centrifugal pump for condenser 
Dec ‘ion works well into the scheme at West Point, and 
with syphon or other means for priming is admirably 
scapted to the moderate head to be pumped against. 
Mcreover it is considerably more compact and delivers a 
constant injection. 

In the discussion of this paper before the Con- 
vention, Mr. C. W. Ricker, of Cleveland, gave 
the following table of cost, per KW. capacity on 
a basis of 3,000 KW. In considering these 
Sgures it should be remembered that cement and 
sand had to be hauled over mountain roads. On 
this account the steel work also cost $1.00 per ton 
extra. 


COST PER KILOWATT CAPACITY. WEST POINT 
PLANT. 


Buildings and all concrete work, coal trestle, etc. $21.40 
Boiler plant. including 1 pumps, pipes, pipe 


ee rin sss sedee apres „ ete. “dacoa 
Barometric condensing. plant.. ee ae wt .. 6.41 
Turbine generating plante ee ee wee 37.59 
Greaocral, miscellaneous, supervision erection, etc, 2.42 
$82.06 

— EO ———— Pͤ—‚— 

NOTES FROM ENGINEERING SCHOOLS. 

UNIVERSITY OF MINNESOTA.—It is re- 


ferted that the University of Minnesota will 
„ ngthen its engineering courses to five years. 
Some of the added time will be devoted to tech- 
tical subjects, but the most of the gain will be 
ziven up to general culture subjects such as 
mvdern languages and economics. The degree 
of B. S. will be given at the end of the fourth 
year and the engineering degree will be con- 
ferred at the close of the fifth year. 


e 


THE COST OF CANAL WORK on the Lower Yellow- 
stone Project, U. S. Reclamation Service, has been sum- 
marized by the Service as shown in the accompanying 
table. The cost to the contractor, given in the next to 
the hast column, includes interest on investment, prepar- 
atory expenses, plant depreciation, and all labor and 
material chargeable to the work. For the three con- 


COMPARATIVE DATA OF THE ASSUAN, ROOSEVELT, SHOSHONE AND PATHFINDER DAMS. 


Elements. 

Length, ft 25222 2 6 % „„ „„ „„ „ „„ „ „6 ' 2 „ „ „ „ W e ee „eee ee „ee „„ 
Maximum height, ft........... eaaa 7 
Maximum water depth, ft. e VVV 
Crest width, ft. Be ara an Ne ae E E rer eer st 
Down-stream batter 2 „ „„ „ „„ %% „ „ „„ „%„6„ e „% % „%% „% „% % „% % „% 6% % „„ „% eevee 
Up-stream batter 2 2 „ „6 „ „6 % „„ „%% „ „„ „ „ %%% „% % % „% „% „% % „ „„ „%% „%%% „%% „„ „%% 
Volume, cu. ydũ ss. F S 
Gates CEE S EE EE EE E EE E „ % „ „ „* „% „% „ „ „„ „ „ (EE Er SE SE EE E E E %%% ee 
Storage, dere kk 2 e 

% ³ĩ iu ⅛ a a ĩͤK 8 


*Rubble masonry for all except the Shoshone Dam, which is of concrete masonry. 


tracts Nos. 82, 167 and 198, the charges for executive 
control are also given. The cost to the United States, 
as shown by the last column, includes the bid of the 
contractor, engineering charges, and the cost of cement 
and reinforcing steel for concrete. Contract 49 extended 
over the three years 1905-06-07; 82, 1906-07; 167, 198 and 
211 were carried out in 1907. The men were paid $2.50 
and $2.75, and each team, including driver, $5 and $5.50 
per day of nine and ten hours, respectively. 
— ¢_____________. 


AN EXPLOSIVE WITH LOW FREEZING POINT has 
been put upon the market by the E. I. du Pont de Ne- 
mours Powder Co. under the name Red Cross Dyna- 
mite.” The manufacturers claim that by the use of in- 
gredients which in no way detract from the strength of 
the explosive, the freezing point of the nitroglycerin 
is lowered to 35° F.; moreover when the temperature 
continues to sink still lower, the Red Cross dynamite 
freezes with extreme slowness. When frozen it can be 
thawed with a small fraction of the time and expense 
experienced with ordinary dynamites. It is manufac- 
tured in strengths from 25% to 60% according to both 
the straight and ammonia dynamite formulas. 

ee ee ee 

USE OF CEMENT IN THE CANAL ZONE.—During 
the past four years, contracts have been placed for 
185,150 bbis. of cement for use on canal work, and all 
but about 200 bbls. of this was delivered in barrels. 
The loss by broken packages and deterioration during 
shipment has been about 3% for cement shipped in bags 
and about 0.1% for that shipped in barrels. Delivery 
has been made in small quantities, and it is seldom 
that the cement is allowed to stay long in storage, 80 
urgent is the demand for it. On this account little is 
known of the effect of the moist atmosphere on the 
cement, although it has been determined by test made 
by the Division of Building Construction that it suffers 
little or no deterioration on account of the sea voyage. 

Masonry! work in the Zone is practically confined to 
reinforced concrete and concrete blocks, on account of 
the cost of importing bricks and the limited amount of 
building stone to be found here. It is estimated that 
the cost of the Administration Building at Ancon, which 
is a large three-story structure of concrete blocks, was 
about half what it would have cost if made of stone or 
brick. Two large magazines for the storage of explo- 
sives are to be built of concrete blocks, and several 
powder houses have been constructed of this material. 
Tests recently made by firing steel-pointed bullets from 
a rifle at close range against several blocks show that 
they are absolutely bullet-proof, as in no case was even 
the outer wall penetrated or shattered. 

A plant for making concrete blocks was installed at 
Ancon in 1905, and has been maintained with a con- 
stant increase in effectiveness and decrease in the 
cost of its manufactured product. In the 11 months, 
ending May 31, this plant made 17,969 blocks, at a cost 
of 12% cts. a cu. ft. They were used in building eight 
powder and detonator houses, three fire walls, one drive- 
way, and eight office vaults. The mixture is 1 part 
cement, 3 parts sand, and 3 parts stone chips. When 
three months old, blocks made of this mixture have 
shown a tensile strength of 342 lbs.—‘'Canal Record,” 
July 1. 


JJ. ee as E E sien S a 
COST OF CANAL WORK ON FIVE RRR PROJECT. U. S. RECLAMATION 


Unit cost 
Feature. Spec. Contr. Total Price to to 
ia No. No. quantity. 8 05 ä 90.1 16 
on, Class 1424 Lateral N. Div. 7..... ae 60 82 44,399 cu. yds. 15 17: 17 
5 Class 15. . „Later als ˙·„p N 121 167 45,116 cu. yds. 0.25 0.183 0.267 
Excavation, Class 1.......Waste ae eos 3 A 121 167 46,796 cu. yds. .30 .178 317 
i .. . . . Culvert drains, Div. 5, 6, 
Excavation, Class 1b Sch. C, D, E, F, H...... Informal 1 05 pe cu. ae 3³ ae 233 
Exc avat io Class 1. . Culvert drains, Sch. K.... Informal 19 „642 cu. yds. 25 1 . 
et Class 1........ Div. 4, Schedule B....... å 31 49 25,829 cu. yds. 2 . 17 . 297 
Er- h embankment (canal) Nelson Slough Dam. Informal 211 4,469 cu. yds. 33 187 ot 
Zan embankment (dam)..Nelson Slough Dam. . . Informal 211 4. 950 cu. yds. wed .20 wot 
Lic vation, Class 3........Div. 4, Schedule . 1 31 49 65 cu. yds. 50 1.72 76 
II er Baul.... . . Nelson Slough Dam....... Informal 211 3,086 cu. yds. .03 917 031 
FFF bee cceaws .... . . . „ Nelson Slough Dam Informal 211 33 cu. yds. 3.00 1.81 . 3.09 
bearkAllimg ..... . . . Div. 4, Schedule . 3 31 49 5,319 cu. yds —³⁵ 258 —*8 
Cuarpete, Class 1. . . Div. 4, Schedule . 31 19 2,407 cu. yds 6.25 7.80 10.65 
“or rete, Class 2........ . Div. 4, Schedule . 31 49 136 cu. yds. 5.75 7.05 9.87 
Facing reinforcing steel...Div. 4, Schedule . 31 49 187.929 lbs. 01 007 Oe 
oe cral steel in place..Div. 4, Schedule B....... . 31 49 14,146 Ibs. 08 024 3 
iron in place.. . . . Div. 4, Schedule g. 8 31 49 1.642 lbs. oi i 084 
aber in place.. . . . . Div. 4, Schedule .. 31 49 4,860 ft. B. M. 45. 00 82. 54.41 
ATED: ceo de Sea seat scese se DIV: Schedule B........ 49 1, ‘056 cu. yds. 2.00 2. 38 2.36 


4. 
s Includes overhaul 1.455 cu. yds. 100 ft. 
Ta 8 s expense therefor. 


31 
for which $29.10 was paid, but no separate record kept for con- 


* 12 cu. yds. wet excavation included for which $1.00 per cu. yd. was paid, but no separate record of cost to 


eentrac’or Kept. 
c Includes coat of steel also. 


Assuan. Roosevelt. Shoshone. Pathfinder. 
6,562 1.080 175 220 
141 28 326 215 
107 242 243 195 
36 16 10 10 
3:2 i 4:1 4:1 
18:1 20:1 20:3 20:3 
790,000 340.000 69.000 53,000 
140-614’ x 23’ 3-414 x 10’ 3-3/2" xT 4-3'2" x7’ 
40-6 x 11 
1,860,000 1,284,000 456,000 1,025,000 
Granite Sandstone Concrete Granite 


COMPARATIVE DATA OF THE ASSUAN, ROOSE- 
velt, Shoshone and Pathfinder Dams have been prepared 
by the U. S. Reclamation Service as shown in the ac- 
companying table. The Assuan Dam is located on the 
Nile in Egypt at the First Cataract, some 590 miles 
above Cairo. It is now being raised from its original 
maximum height, 118 ft., to a proposed height of 141 ft., 
for the purpose of storing additional water for irriga- 
tion. The other three dams listed in the table are well- 
known structures now being built by the U. S. Reclama- 
tion Service. 

— 5122. 

FLOODS IN NEBRASKA, as reported from Lincoln, 
July 7, drowned 25 persons, while over two thousand 
refugees from the lowlands were being sheltered in 
the higher lying towns. 

— 2 

THH BREAK IN THE CORNWALL, ONT., CANAL 
was finally repaired on July 10 and navigation resumed 
the same day, just 17 days after the break. A descrip- 
tion of the collapse of the canal walls and the conse- 
quent repairs was given in our issue of July 9, 1908, 
p. 34. 

— © 

AN EXPLOSION ON THE TANK SHIP “SHENANGO,” 
a three-master, 208 ft. in length, as she lay in dry- 
dock at Philadelphia, Pa., July 4, killed two men and 
seriously injured two others. The “Shenango” is reg- 
ularly employed in bringing oil in bulk from Texas to 
Philadelphia and it is thought that as the vessel was 
full of gas from her recentiy discharged cargo, this 
must have become ignited. 

— —— — — 

A BOILER EXPLOSION wrecked the water-works at 
Monongahela, Pa., July 7. The engineer had presuma- 
bly allowed the water in Boiler No. 3 to run too low 
during the noon hour. He had just returned from lunch 
and was heard to blow off steam several times, when 
the accident followed. He was buried under the debris 
and his body has not, at last reports, been recovered. 
Some dwellings near the plant were also severely dam- 
aged. 


— s75P ꝓÜò4d1W/7 

AN EXTENSIVE PIER FIRE in Boston Harbor on 
July 9 caused the death of a watchman and did dam- 
age to an amount between one and two million dollars. 
The fire started in the outshore end of a passenger and 
freight pier of the Cunard Line, in East Boston, sup- 
posedly from spontancous combustion. The 800-ft. pier 
with its steel pier-shed, and two piers adjoining to the 
cast, a freight pier of the Boston & Albany R. R. and 
the pier of the Leyland Line, with a grain elevator on 
the middle pier, were destroyed. The directfon of the 
wind fortunately was such as to keep the fire from 
extending to the town of East Boston. Lack of water 
on the land side is charged with much of the blame for 
the large extent of the fire. 

— —ä— 

IN A MINE GAS EXPLOSION July 1, at the No. 9 
mine, property of the Mexican Coal & Coke Co., at Las 
Esperanzas, Coahuila, Mexico, 18 men were killed, sev- 
eral injured, and six are still missing. The gang, all 
Mexicans, with the exception of one Japanese, were 
leaving the works on board the mine cars when the 
explosion occurred and all were thrown off the cars and 
against the slope. 

— — eee 

A SERIOUS BRIDGE ACCIDENT IN GERMANY on 
July 9 killed 15 to 20 bridge erectors. Tne bridge is 
at Cologne, and crosses the Rhine. The falsework of 
one of the main spans broke down, carrying with it some 
of the adjoining work. The men killed were at work on 
the scaffolding. Apparently the structure in question is 
one of a set of three bridges which are to replace an old 
combined highway and railway lattice bridge. Four rail- 
way tracks and a highway are to be provided for, and 
for this purpose there will be three bridges close together, 
one tf them being on the site of the existing bridge. 
The main span is to be nearly 500 ft. in length. The 
construction of the new work will occupy four or five 
years, traffic being maintained at all times. The piers 
were begun last year, and during the present season the 
erection of the steelwork of the northerly bridge was 
to be started. 

— 
A RAIN STORM which broke with great violence over 


New York City late in the afternoon of July 14 demon- 
strated the imperfect protection still afforded electric 
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power apparatus from the effects of lightning. A dis- 
charge is reported to have entered the overhead system 
of the alternating-current traction installation of the 
New York, New Haven & Hartford R. R. and so disabled 
the line and power-house that the traffic on this road 
out of New York City was completely blocked until 
steam locomotives could be pressed into service. It will 
be remembered that no steam traction has been used on 
this road betwen Grand Central Station and the sub- 
urbs for several weeks and the reversion to steam under 
stress of this disablement was but slowly accomplished. 
The electric system was in working shape, however, 
after several hours’ work. The third-rail electric sys- 
tem of the New York Central R. R. was not affected by 
the lightning. On account of the suddenness of the 
downpour, the storm sewers at Sixth Ave. and Ninth 
St., New York City, failed to clear the streets of water 
and it poured into an opening made at that point for 
building a station on the Hudson River tunnel to New 
Jersey. It is reported that the water rose some 8 ins. 
above the third rail in the tunnel between Sixth 
and Fourteenth Sts. In this part, the tunnel drains away 
from the river section and shuttle trains were main- 
tained between Hoboken, N. J., and Christopher St. 
station, New York City. The flooded portion of the 
tracks was pumped out a few hours after the storm. 
— a 


PANAMA CANAL EXCAVATION maintained a satis- 
factory progress during the month of June. The total 
excavation was 3,006,956 cu. yds. for 26 working days, 
a daily average of 117,576 cu. yds., as against the 
maximum excavation of 3,487,287 cu. yds. in the month 
of March, 1908, a daily average of 133,857 cu. yds. 
for 26 working days. The rainfall during June was 
9.99 ins., a decrease from the May total of 14.64 ins. 
The detail figures for June and May in cubic yards place 
measurement are as follows: 


June May. 
Culebra Division ..... k eee. 1,099,068 930,179 
Gatun LOckks . 116,998 138,815 
Chagres Division, Mindi, Mira- 
flores Locks, Pedro Miguel 
Locks and Cardenas......... 444,320 362,404 
Colon DivIsib(to nn 572,749 664,386 
La Boca Division - 656,62 530, 406 
Total Canal prism......... b 889,756 2,526,250 
Accessory works outside Canal 
prism (by steam shovels)... 167,220 177,673 
Total Excavation .......... 3,056,976 2,703,923 
— v— — 


THE 909- FT. BUILDING for the Equitable Life As- 
surance Co., plans for which were submitted recently 
to the New York City Building Department, as noted 
in our issue of July 2, will not be built immediately. 
It is reported at the office of the company in New York 
that the plans as submitted are for some future con- 
struction, but that no time has been set for the starting 
of the work. It has been rumored that the design, in- 
volving some 70 drawings and costing many thousands 
of dollars, was prepared so prematurely in order to 
get the approval of the building department before the 
possible enactment of a law prohibiting so great a 
height in buildings. It would seem, however, that such 
a law, if passed, would be effective in prohibiting the 
erection of buildings of excessive height for which de- 
partmental permission had been granted, provided ac- 
tual construction had not been started. 

— . —E—ñ4ü1 

THE CUNARD LINER “LUSITANIA,” by her west- 
ward voyage, completed July 11, achieved the distinc- 
tion of being the first 25-knot steamer. She covered the 
long course from Daunt’s Rock to Sandy Hook, of 3,891 
miles, in 4 days, 19 hrs., 36 mins., an average speed of 
25.01 knots per hour. A new record for the longest 
day’s run was also made, 643 knots having been cov- 
ered during the first day of the voyage. 

A readjustment of her propellers, which was made in 
Liverpool, is considered to have aided the ship to at- 
tain this speed. Two new forward propellers of four 
blades replaced the former three-bladed ones. They 
are solid castings of manganese bronze. The two rear 
propellers remain as before, with three blades. It is 
said that this arrangement also did away with all vi- 
bration. 

— — — 

SIDE- DOOR CARS are to be trled in the New Tork 
subway to determine their value in accelerating the in- 
terchange of passengers at stations. A recent report of 
Mr. B. J. Arnold to the Public Service Commission (Eng. 
News, 1908) recommended cars with two side doors at 
either end on both sides, eight doors per car. At sub- 
sequent hearings before the Commission the Interbor- 
ough Rapid Transit Co. strongly opposed this recom- 
mondation. Mr. Frank Hedley, General Manager of the 
company, declared that side-door cars have proved a 
failure wherever tried and that they would cut down 
the traffic capacity rather than increase it. The ex- 
pense of changing all the cars on the system would 
amount to nearly $2,000,000. On July 10 the Commis- 
sion formally ordered the company to equip 16 cars 
with side doors as recommended. These cars are to be 
put in service by Oct. 15, and operated in two trains 
of cight cars during rush hours. These cars are also 


ordered to be fitted with automatic door-closure signals. 


The working of these trial cars will be the basis of the. 


Commission's further action in the matter. 
— ͤ bo 

A 28-MILE CUT-OFF on the main line of the Dela- 
ware, Lackawanna & Western R. R. has just been put 
under contract. The new track will extend from near 
Lake Hopatcong in Morris County, N. J., to Andover 
in Sussex County, and thence through Warren County 
‘and across the Delaware River to Slateford, Pa. There 
will be no tunnels nor grade crossings. The cut-off will 
effect a great reduction in curvature and grades. The 
present line has a maximum grade of 60 ft. to the mile, 
while that of the cut-off will not exceed 29 ft. The total 
saving in curvature will amount to 1,560°. The prin- 
cipal feature will be an embankment 2½ miles long with 
an average height of 90 ft. This embankment wili 
contain 6,625,000 cu. yds. of material and is claimed 
to be the largest railway embankment ever made. A 
cut requiring the excavation of 541,000 cu. yds. of solid 
rock will be made near Andover. This cut will be nearly 
-mile long and will attain a depth of 132 ft. The new 
route will require a total of 13,000,000 cu. yds. of em- 
bankment and 13,154,500 cu. yds. of excavation, of which 
4,293,500 cu. yds. is rock. Although only eleven miles 
shorter than the present line, the cut-off is expected to 
reduce the running time of passenger trains half an 
hour, through the more favorable grades and better 
alinement. 

— ... —— 

MECHANICAL REPAIRING UNDER DIFFICULTIES 
is instanced by the Mining and Scientific Press” of July 
4, with the following inspiring example: 


A party of mining men went 140 miles north of Tono- 
pah across the sage-brush plain in an automobile. The 
car hit a projecting rock, hidden in the brush; the 
front axle was bent almost double and a hole was torn 
in the crank-shaft case. These up-to-date explorers 
made a fire with sagebrush and straightened the axle 
by hammering it while hot with stones. The hole in 
the crank-shaft case was repaired with a piece of rub- 
ber, a part of a gunny-sack, the fragment of a coal-oil 
can, all of which was bound with bailing wire. They 
made their return serenely. If they had not been able 
to make these repairs, their plight would have been 
serious indeed. 

— — — — 


OIL FUEL will be used on ten torpedo boat destroy- 
ers whose construction was authorized by the last Con- 
gress. However, facilities for using coal will also be 
installed as a reserve in case the oil burning system 
should fail. These destroyers are to have a displace- 
ment of 700 tons with a length of 289 ft., 26-ft. beam and 
8-ft. draft. The contract speed called for is 28 knots. 
Five of the vessels are being equipped with turbine en- 


gines. 
a el 


PERSONALS. 


Mr. J. G. Gwyn, Assistant Chief Engineer of the Den- 
ver & Rio Grande R. R., has been appointed Chief En- 
gineer, with headquarters at Denver, Colo. 


Mr. F. F. Prendergast, Assistant Engineer on the Sho- 
shone Project of the U. S. Reclamation Service in Wy- 
oming, has, after four years’. work in the service, re- 
signed to engage in private work. 


Mr. Douglas W. Ross, M. Am. Soc. C. E., after five 
years’ service in the work of the U. S. Reclamation 
Service, resigned as Supervising Engineer, June 30. Mr. 
W. H. Sanders, M. Am. Soc. C. E., Consulting Engineer, 
U. S. Reclamation Service, has been appointed to fill 
the vacancy. 


Messrs. James N. Hazlehurst, M. Am. Soc. C. E., 
and Charles L. Anderson, Assoc. M. Am. Soc. C. E., 
announce an association as Hazlehurst & Anderson, for 
the practice of their profession as consulting municipal 
engineers. Their offices are in the Candler Building, 
Atlanta, Ga. 


Mr. W. R. McKeen has resigned as superintendent 
of motive power and machinery of the Union Pacific 
R. R. to assume management of the McKeen Motor 
Car Shops which will be established in Omaha, Neb. 
Mr. B. F. Fuller, who has been assistant to Mr. McKeen, 
succeeds him. 


Mr. J. W. Richardson, who for the past two years 
has been engineer in charge of the building of termi- 
nals at Jacksonville, Fla., for the Atlantic & East Coast 
Terminal Co., has completed this work, and has been 
appointed Chief Engineer of the Vera Cruz Terminal Co., 
Vera Cruz, Mexico. 


Mr. A. H. Horton, Assoc. M. Am. Soc. C. E., Assistant 
Engineer U. S. Geological Survey, formerly connected 
with the Washington office, has been assigned to take 
charge of the newly established stream-gagings district 
which comprises the Ohio River Valley and adjacent 
areas.. His headquarters will be at Newport, Ky. 


Mr. Geo. E. Goodwin, Assoc. M. Am. Soc. C. E., 
formerly construction engineer on the Huntley Project, 
U. S. Reclamation Service, at Huntley, Mont., has been 
designated to take charge of the reclamation work for 
the Indian Service, on the Blackfeet Two Medicine 
Project. His headquarters will be at Browning, Mont. 


Major James P. Jervey, Corps of Engineers, U. S. A., 
bas been relieved from duty at Pine Camp, Jeffcrson 


Co., N. Y., and will proceed at once to Washington Bar- 
racks, D. C., for temporary duty. He will then go to 
the Isthmus of Panama and report to Lieut.-Col. Goe- 
thals, Chairman of the Isthmian Canal Commission, for 
duty. 


Mr. E. F. Tabor, M. Am. Soc. C. E., formerly engineer 


on the U. 8. Reclamation Service project at Shoshone, 
Wyo., has been appointed Project Engineer in charge 
of the Flathead Indian Project, with headquarters at 
St. Ignatius, Mont. The work here is approaching 
completion. The engineering force as reorganized, in- 
cludes A. J. Fisk, Jr., C. E. Hewitt and F. Towles, as- 
sistant engineers. 


Lieut.-Col. Solomon W. Roessler, engineer officer at 
Portland, Ore., will take charge of the New York en- 
gineer district, succeeding Gen. Wm. L. Marshall, the 
new Chief of Engineers. Col. Roessler will supervise 
all the river and harbor improvement work about New 
York City excepting the new Ambrose Channel in New 
York Bay of whose completion Gen. Marshall will re- 
main in charge. 


Obituary. 


William T. Stewart, formerly active as a mechanical 
and civil engineer in Pittsburg, Pa., died July 7 at 
the age of 70 years, at his home in Pittsburg. He had 
retircd from the practice of his profession about 20 
years ago. Mr. Stewart is survived by his wife, three 
sons and nine daughters. 


Nicholas J. Kelly, Superintendent of the Lake Erie & 
Depew Water Co., and formerly Chief Engineer of the 
Buffalo General Electric Co., died at his home in Buffalo, 
N. Y., on July 8. His death resulted from injuries sus- 
tained about two months ago when he was thrown from 
his buggy by the breaking of a wheel. Mr. Kelly was 
born in Ireland in 1861 and came to Buffalo when he was 
22 years old. Under Mayor Diehl's administration he was 
a member of the City Civil Service Commission. 


—— — 


ENGINEERING SOCIETIES. 


COMING MEETINGS. 


AMERICAN SOCIETY OF HEATING AND VENTILAT- 
ING ENGINEERS. 

July 24-25. Summer meeting at Niagara Falls, N. Y. 

Secy., W. M. Mackay, P. O. Box 1818, New York City. 
NEW ENGLAND WATER-WORKS ASSOCIATION. 

Sept. 23-25. Annual convention at Atlantic City, N. 
J. Secy., Willard Kent, 715 Tremont Temple, Bos- 
ton, Mass. 

ILLUMINATING ENGINEERING SOCIETY. 

Oct. 6-7. Annual convention at Philadelphia, Pa. 
Secy., Van Renselaer Lansingh, Engineering Socie- 
ties Building, 33 W. 39th St., New York City. 

AMERICAN ELECTROCHEMICAL SOCIETY. 

Oct. 30-31. Fall meeting at New York City. 

Dr. J. W. Richards, Bethlehem, Pa. 


Secy., 


AMERICAN PUBLIC WORKS ASSOCIATION.—A meet- 
ing of this association will be held Sept. 29-30, at Ashe- 
ville, N. C. Papers on timely subjects will be pre- 
sented. l 


AMERICAN STREET AND INTERURBAN RAILWAY 
MANUFACTURERS’ ASSOCIATION.—The twenty-seventh 
annual convention will be held at Atlantic City, N. J., Oct. 
12-16. Young’s Million Dollar Pier has been secured 
by the association for exhibition purposes. Official head- 
quarters will be at the Marlborough-Blenheim Hotel. 


INDIANA SANITARY AND WATER SUPPLY ASSO- 
CIATION.—A Confcrence of Municipal and Private 
Owned Water Plants of Indiana with the State Board 
of Health” was held at Indianapolis, on July 8 and 9, 
under the auspices of the board named. It resulted in 
the formation of an association, as named at the head of 
this paragraph. . 

The object of the conference was ‘‘to study the sources 
of water supplies in Indiana, their preservation and puri- 
fication; and to establish standard and uniform methods 
of analysis.“ Ten papers on various phases of the 
subjects indicated were presented, mostly by Indiana 
men. Among outsiders, Mr. M. O. Leighton, Chief Hy- 
drographer of the U. S. Geological Survey, called at- 
tention to the marked lowering of the ground-water 
level in parts of the State, and urged conservation of 
the supply; Mr. Geo. W. Fuller, of New York, discussed 
the management of purification works; and F. W. With- 
erell, of Pittsburg, Pa., took up filtration plants for 
small cities. Mr. F. A. W. Davis, of Indianapolis, and 
several others, made strong pleas against stream pollu- 
tion. Particular stress was laid by Prof. R. L. Sackett, 
of Purdue University, on the need for diverting crude 
Sewage and manufacturing wastcs from the White River, 
which is the source of the water supply of Indianapolis 
and a number of other cities. Mr. Dow R. Gwinn, of 
Terre Haute, presented a system of bookkeeping. A 
public utilities commission was urged by Mr. A. H. 
Kennedy, of Rockport. | l 3 

The officers of the new association include the follow- 
ing: President, H. E. Barnard, State Pure Food Com- 
missioner; First Vice-President, Dow R. Gwinn, Terre 
Haute; Secretary, Frank Jordan, Indianapolis; Treas- 
urer, Geo. A. Fletcher, Brazil. 
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Steel Railway Bridges. 
Reviewed by ALBERT WELLS BUEL® 


THE DESIGN OF TYPICAL STEHL RAILWAY 
BRIDGES.—An Elementary Course for Engineering 
Students and Draftsmen. By W. Chase Thomson, M. 
Can. Soc. C. E., Assistant Engineer Dominion Bridge 


Co., Ltd., Montreal, Can., Author of “Bridge and 
Structural Design.” New York: The Engineering 
News Publishing Co. London, England: Archibald 


Constable & Co., Ltd. Cloth; 6 x 9% ins.; 
21 iliustrations, partly in the text. $2, net. 


For some years past the larger bridge com- 
panies have provided series of lectures for their 
drafting-room apprentices. The volume before 
us has been developed from such a series of 
lectures. It is a sequel to “Bridge and Structural 
Design” by the same author, which was devel- 
oped in the same way. 

The two volumes form an excellent basis from 
which an instructor can present the subject 
treated to a class, but put in the hands of the 
student or beginner, who lacks experience for 
discrimination, and without an instructor to 
point out the relative value of the details pre- 
sented, they are liable to convey some impres- 
sions that can hardly be called either good or 
typical 

The present volume is devoted chiefly to the 
presentation of six examples in design of steel 
superstructures. An introduction gives the nec- 
essary extracts from a specification, with some 
annotations, tables and a moment diagram; and 
there is a final chapter on latticing of compres- 
sign members. The examples are selected with 
good judgment and cover the range of average 
railway bridge superstructures in a way that 
may be called typical. The specifications given 
are extracts from the Dominion Government 
specifications of 1901, and this fact, to some ex- 
tent. detracts from the value of the work for 
use outside of Canada. Each of the six exam- 
ples given might have been worked out under a 
different specification, selecting those in most 
general use. This, in addition to increasing the 
practical value of the work, would have afforded 
an excellent opportunity to present some instruc- 
tive comparisons of specifications. But, on the 
other hand, the differences in specifications are 


pp. 178; 
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more apparent than real and are not so great as 
to materially change the work of an exampis 

The method of presenting the examples, and 
also the detailed work included, as well as that 
excluded, leave little to be desired. The re- 
viewer does not know of any other work cover- 
ing the same ground, and this book should prove 
of inestimable assistance to every beginner in 
structural] steel design. With it the time re- 
quired by the average man to become proficient 
Should be cut in half. 

A few minor points on which opinions differ 
are worth mentioning. - 

Under the heading “impact” no mention is 
made of the effect of unbalanced parts of loco- 
motives and impact is added for centrifugal 
force in the same ratio as for vertical live load. 
The author’s reasoning on impact formulas is 
correct and in accord with recent practice, but 
he overlooks the fact that several specifications 
now use an impact formula transposed from the 
old Launhardt (or Cain-Launhardt) formula, 
which is similar in all essentials to the one he 
adopts and which, in the opinion of some engi- 
neers, has advantages of its own. At least it 
avoids squaring the live load. 

The term “factor of safety” is one that ought 
to have been discarded long ago. 

The author’s views on column formulas can 
hardly be taken as representative on this side of 
the border. Within the practical range of the 
ratio, 1 divided by r, the straight-line formula is 
just as correct as the Rankine formula, as was 
shown by Mr. Thos. H. Johnson, in a paper on 
column formula (Trans. Am. Soc. C. E., No. 337, 
Vol. XV., July, 1886). 

The author fails to mention the danger of sec- 
ondary stresses in struts with riveted connec- 
tions, while arguing that they are stiffer than 
hinged struts. The square-ended posts in the 
testing machine are under quite different condi- 
tions from the posts in a riveted truss. 

The maximum depth of plate girders is fixed 
at one-tenth the span, which is hardly enough 
for economy under present-day heavy loadings. 
The minimum depth of one-twentieth the span 
will give rather large deflections unless other- 
wise provided for.’ 

Stringers are required to be braced when their 
length exceeds 15 times the width of flange, but 
otherwise no bracing is required when track is 
on a curve. 

While the author’s estimate of the compara- 
tive merits of the Moment Diagram and Moment 
Tables is doubtless correct, two additional pages 
devoted to the latter method would have per- 
haps made the work more generally useful. 
Many still use and prefer the tables, and their 
practice should be considered. 

The notation used is liable to cause some con- 
fusion. For instance, w = weight of metal on 
page 17 and w = dead load on page 18. 

Determining the length of girder flange plates 
by the graphical method takes too long, when 
one set of the slide rule gives the length of all 
the flange plates directly. 

The treatment of the web splice of plate gir- 
ders is quite different from that of the earlier 
book by this author, and many designers will 
consider it a step backward. 

Those who have had considerable to do with 
maintenance work will generally disapprove of 
the omission of bottom laterals in deck plate 
girders. 


Referring to the top lateral frame of the deck 
plate girder, it is stated that “the diagonals 
support one another at the center, so that their 
half length may be used in figuring their ca- 
pacity” (as compression members). The angles 
used have equal legs, 3 x 3 ins. They support 
one another in the horizontal plane, but not in 
the vertical plane. The End Brace Frame is 
lighter than is generally used on first-class work. 


The weight of the floor for the Deck Warren . 


Girder is assumed, whereas it should have been 
computed. 


220 Broadway, New York, July 16, 1908. 


The Dead Load formula used is indiscrimi- 
nately applied to Deck Plate and Deck Warren 
Girders and Through Pratt Trusses, etc., whereas 
it is a Deck Plate formula. A table of actual 
weights would add to the value of data given 
and several dead-load formulas might have been 
added to advantage. 

The designs of Top Chord sections used have 
excessive eccentricity, which, while not so im- 
portant in riveted as in pin-connected trusses, 
does not give the most economical section. 

It is not ciear why the top chords of riveted 
Warren trusses should not be spliced at panel 
points, to take full advantage of the panel point 
gusset plates. 

The method adopted for fixing the thickness of 
the webs of chords and of gusset plates involves 
the use of objectionably thin fillers. 

It is refreshing to see estimates worked out 
to the nearest ten pounds for each item. It is 
far within the limit of error and saves the time 
of adding up one column. 

The design illustrated in Chapter V. is not 
typical for spans of ‘175 ft. to 275 ft.” in the 
United States, where they would be pin con- 
nected. A sub-panel web system would be more 
economical. It is to be regretted that the author 
has not used the moment method for finding the 
Stresses in curved chord trusses and trestle 
bents, at least as an alternate to the graphical 
method. 

In the last chapter is given Prof. C. T. Morris’ 
method for designing the latticing of Compres- 
sion Members, in its modified form. This is the 
first time this question has been satisfactorily 
handled in a text-book. 

Notwithstanding these shortcomings, which are 
mostly non-essentials (and it must be stated that 
lack of space prevents any attempt at mention- 
ing all the good points) the book is a commend- 
able effort to fill a long-felt want. It should be 
in the possession of all the younger men engaged 
in structural steel work, and many older ones 


will find it useful. 


The paper, typographical work, cuts and plates 
are about the best that have yet appeared in a 
book of this class. 

—— m 
THE PRINCIPAL SPECIES OF WOOD.—Their Charac- 
teristic Properties. By Charles Henry Snow, Sc. D., 
M. Am. Soc. C. E., Dean of the School of Applied 


Science, New York University. Second Edition, re- 
vised and enlarged. New York: John Wiley & Sons. 


London, England: Chapman & Hall, Ltd. Cloth; 
64% x 10% ins.; pp. 212; numerous plates and text 
illustrations. $3.50. 


In its present revised and enlarged form the 
usefulness of Professor Snow’s unique book is 
materially increased. The first edition was noted 
briefly and favorably in our issue of May 14, 
1903, but for the convenience of our readers we 
give some idea of the scope of the book by 
quoting from the Preface: 

The following is a brief untechnical presentation of 
general features characterizing economically important 
species of wood. It is the result of notes originally 
brought together from many already existing sources 
and later augmented, and verificd so far as possible for 
the present use, by personal observation. The work 
of preparation has not been as simple as the result 
would indicate, and although great care has been taken 
to check each fact, errors do no doubt exist, although 
it is not believed that there are important ones. 

Engineers while writing upon woods have, save ex- 
Iceeptionally, emphasized strength beyond most other 
properties. Other works for expert foresters or botanists 
are of necessity too special, voluminous, fragmental, or 
technical for the casual student. Some popular books 
on trees, as distinct from woods, are available. The 
present form is distinct from these and is intended for 
those who are not foresters or botanists, but who use 
woods or desire knowledge of their distinguishing prop- 
erties. Allusions to trees, historical and other refer- 
ences, aside from those directly regarding woods, are 
made for completeness and in order to mark, distinguish 
or separate the species. 

Of the present edition Professor Snow states 
that corrections have been made in the original 
text, that some sections have been rewritten, and 
that over four hundred new names have been 
added to the index. 
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The Theory of the Francis Turbine. 
Reviewed by S. J. ZOWSKI.® © 


ZUR THEORIE DER FRANCIS-TURBINEN.—With Tests 
on a 300-HP. Turbine. By Fritz Oesterlen. Berlin, 
Germany: Julius Springer. Paper: 6% x 9% Iins.; 
pp. 106; 19 plates and 31 text illustrations. 7 marks; 
American price, $2.80. 


Turbines are always designed for a “‘shockless 
entrance” at normal head and load, but normal 
conditions seldom occur in practice. Most of 
the time the turbine is working with more or 
less shock, thus with an efficiency which is 
smaller than the best“ efficiency. 

In the book before us Mr. Oesterlen develops 
the laws of the variation of the efficiency with 
varying entrance conditions and derives for- 
mulag to determine the same. Since investiga- 
tions of this nature involve questions of hydro- 
dynamics that still are more or less obscure, 
some assumptions had to be made. Assump- 
tions naturally limit the preciseness of a theory, 
and for tnis reason Mr. Oesterlen’s book is to be 
considered especially valuable, because the 
autnor conscientiously tests his theory by ex- 
periments made on a commercial turbine. 

After an introduction in which the notation, 
used in the book is explained the author de- 
rives in the first chapter the known main tur- 
bine equations, valid for shockless entrance, 
following in general Zeuner’s methods. Thus 
the equation for the moment and work of re- 
action, the balance equation and a convenient 
discharge formula are derived. 

At tne beginning of the second chapter the 
shock of a stream of water in stationary and 
moving, open and closed channels is studied, and 
the uncertainty in regard to the assumption, 
that the entire shock component represents lost 
energy, is removed. Then the equations for the 
entire moment and work of reaction for the case 
of an entrance with shock are derived and the 
main turbine equations, valid for any working 
conditions. Finally, the general balance, power, 
efficiency and discharge equations are found. 
Special formulas for the turbine torque and 
discharge when the turbine is stopped or added. 
After a discussion and interpretation of these 
formulas the author proceeds to prepare the 
ground for a rational examination of the same 
by the results of actual tests. With this pur- 
pose in view he analyzes in the third chapter the 
flow of the water through the runner. 

With the comp'ex forms of modern runners, 
especially those of high speed, the determina- 
tion of the guide vane and bucket angles and 
the passage areas, which are the factors of the 
derived equations, is not simple. All speeds and 
diagrams have to be considered in the direction 
of the water-flow lines. These flaw lines in the 
modern runners of the so-called mixed-flow type 
are located on conical and ring surfaces. The 
generating curves of tnese surfaces vary in 
direction at each point of the entrance and dis- 
charge edge of the bucket. Since we are able 
to measure the guide vane and bucket angles 
and the passage areas only in plane and cylin- 
drical surfaces, the actual values, which are the 
projections of the measured values on the 
tangents to the last elements of the flow lines, 
must be calculated from the measured values. 
Methods of finding these values are fully ex- 
plained by the author. - 

Contrary to the opinion of several authors of 
recently published books on water turbines, Mr. 
Oesterlen regards as the entrance diameter of 
the runner the diameter of the circle going 
through the edges of the buckets—not that 
of the circle going through the centers of tne 
entrance areas. His reasoning in this respect 
is quite plausible. 


Because of the complex forms of the modern 
turbine runner we must subdivide the same for 
all accurate investigations into several “part 
runners” of heights small enough to allow for 
the assumption of constant diagrams, angles and 
areas. Each turbine part must be calculated 
separately and the results must be integrated 
properly to get the mean values for the whole 
runner. After the methods of tnis integration 
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have been explained, the author proceeds in the 
fourth and last chapter to test his theory by the 
results that were obtained from tests made on 
a J. M. Voith turbine. 

The runner is subdivided into six part run- 
ners. For each of these part runners the actual 
entrance diagram is calculated and designed 
corresponding to the speeds and discharges of 
the different tests. Then the efficiencies are 
found according to the given theory, and the 
mean values of these computed efficiencies are 
compared with those which have been found by 
test. All these computations are made for the 
18 different working conditions under whica the 
turbine was tested. All diagrams are designed 
to scale and all computations are tabulated. 

The result of this examination is quite satis- 
factory. In 12 cases the error is smaller than 
3%, in two cases smaller than 5%, in the re- 
maining three cases larger, reaching 10%. But 
these three cases are those where the speed of 
the turbine was about 30% larger than tne nor- 
mal speed. For such increased speeds the pres- 
sure head, which is the characteristic of the 
pressure turbine, is diminished so much that 
the flow and its continuity must become un- 
certain. With this tne basis for any theory 
fades away. 

For a simplification of the computation and for 
a lack of sufficient experiments with the tur- 
bine draft-tube, the author had to make the 
assumption that all hydraulic losses inside of 
the turbine minus the gain in the draft-tube 
remain constant for each speed and load. This 
assumption, apparently, is not correct, and is the 
main reason why the error in the 12 cases 
amounts to 3%. Nevertheless, this percent- 
age is so small that Mr. Oesterlen's theory can 
be adopted for practical calculations for all 
ranges of speed and load that usually occur, 
unless further experiments, embodying the study 
of the flow through the runner and draft-tube, 
will enable us to make the necessary corrections. 

Mr. Oesterlen's book is one of the best studies 
of water turbines ever published. It will stimu- 
late further research work in this direction for 
the benefit of science and practice. 

— ooo, 


A Short General Treatise on Hydro-Electric 
Power Development. 


DEVELOPMENT AND ELECTRICAL DISTRIBUTION 
OF WATER POWER.—By „Lamar Lyndon. New 
York: John Wiley & Sons. London, England: 
Chapman & Hall, Ltd. Cloth; 5% x 9% ins.; pp. 
317; 158 illustrations in the text. $3, net; English 
price, 12s. 6d., net. 

Mr. Lyndon's book possesses some features of 
novelty, and the work should be of particular 
interest to those engineers whose activities do 
not tend to give them knowledge and experience 
in the trend of hydraulic and electrical power 
developments. It seems to be the evident pur- 
pose of the book to reach such persons and there 
is little attempt made to make the volume a com- 
plete text on the design of dams, canals, flumes, 
pipe lines, hydraulic and electrical machinery, 
or of transmission lines. It rather presents in a 
sketchy and non-mathematical way the promi- 
nent and common lines of such hydraulic and 
electrical features as mentioned. 

The author has pointed out the wisdom of 
studying back numbers of the various engineer- 
ing journals to find what has been done up to 
date in these lines of work. To lessen the labor 
of such extended study as this Mr. Lyndon has 
selected descriptions of two foreign and seven 
American developments as typical of the results 
of such a study. These nine descriptions form 
nearly half the book. The particular installa- 
tions are: (1) Power-house, transmission line 
and transformer stations of the Tofweholt-West- 
ewik plant in Sweden; (2) the hydraulic develop- 
ment at West Buxton, Me.; (3) the dam, fiume, 
pipe-line and power-house of the Animas Power 
and Water Co., Animas, Colorado; (4) the hydro- 
electric plant of the City of Drammen, Norway; 
(5) the hydro-electric construction at Great Falls 
on the Catawba River, South Carolina; (6) an 
8,000-HP. development on West Canada Creek at 
Trenton Falls, N. T.; (7) the hydraulic construc- 
tion of the McCall Ferry Plant on the Susque- 


hanna River; (8) the Taylor’s Falls, Minn., trans- 

mission system with special regard to the elec- 

trical equipment and the lightning protection of 
the transmission line; (9) the Kern River station 

No. 1 of the Los Angeles Edison Electric Co. 

— — — — 

THE MANUAL OF STATISTICS.— Stock Exchange 
Handbook, 1908. 30th Annual Issue. New York: 
The Manual of Statistics Co. Cloth; 5% x 8 ins.; 
pp. 1080; folding maps. 

This desk handbook gives concisely such data 
and statistics as are most frequently desired by 
the investor and stock speculator. The volume 
is divided into three parts: The first 300 pages 
are devoted to the railway companies of America, 
giving their location, frequently illustrated with 
good maps, their mileage, prime circumstances of 
construction and operation, organization, finan- 
cial status and date of annual meeting. The 
major portion, over 500 pages, deals with indus- 
trial corporations according to the same plan of 
information; manufacturing, street railway, elec- 
trical, gas, mining, land, telegraph and miscel- 
laneous companies are described by statement of 
facts bearing upon the investment value of their 
paper. The last part of the book lists govern- 
ment securities, stocks, according to the main 
exchanges upon which they are dealt in, and 
gives the most important statistics of the cotton, 
produce and metal markets, of money and of 
this country’s banking institutions. It will be 
found a handy compendium of the subjects 
treated. 

— ＋－——3—̃ 

THE SLIDE RULE POCKET MANUAL.—A Treatise on 
the Structural Slide Rule. By John L. Hall, Author 
of Tables of Squares.’ New York: The Engineerisg 
News Publishing Co. Paper 5% x 3% ins.; pp. 
54; 4 folding plates and 11 text figures. 50 cts. 

While a good half of this little book deals with 
the ordinary slide-rule, its chief purpose is to 
explain the working of the Structural Slide- 
rule,” invented by the author. This rule has 
three slides, arranged on the three faces of a 
16—in. body of triangular cross-section, like the 
familiar three-edged scale but about twice as 
large. Of the three faces, one is just like the 
face of an ordinary slide-rule; the second has 
scales so graduated and marked as to solve the 
column formula p = 15,200 — 58 l/r, for steel 
columns; the third face, equipped with a double 
Slide, solves problems relating to the strength, 
Span, spacing, load per square foot of floor, of 
beams, and for this purpose has its upper scale 
made up of a series of gage-points for all the 
commercial sizes and weights of I-beams and 
channels. In the sample sent us, unfortunately, 
the rule is so crudely made that it can hardly 
be considered a commercial article as yet. 

— MM 


WASHING AND COKING TESTS OF COAL AND 
CUPOLA TESTS OF COKE.—Conducted by the U. S. 
Fuel-Testing Plant at St. Louis, Mo., Jan. 1, 1905, to 
June 30, 1907. By Richard Moldenke, A. W. Belden 
and G, R. Delamater; with Introduction by J. A. 
Holmes, In Charge of Technologic Branch. Bulletin 
No. 336, U. S. Geological Survey, George Otis Smith, 
Director. Washington, D. C.: Pub. Doc. Paper: 
58, x 9 ins.; pp. 76. 


The tests on the washing and coking of coals 
and on the resultant coke in cupola practice, as 
described in this bulletin, were made at the St. 
Louis fuel testing laboratories in 1905 and 1906. 
The work was a part of a general plan to de- 
termine the most economical manners of uti— 
lizing the coals of the country. 

The washing tests showed that it was possible 
to reduce the ash content of the slack 20 to 605. 
and to cut down the sulphur by 10 to 50% The 
tests on coking of coals are so varied in results 
that each individual sample needs to be studied 
alone; a broad generalization of results seems 
impossible. The cupola tests yielded many data 
on melting ratio of coke to fron, rate of melt— 
ing, iron recovered, chemical effect on iron of 
all of which are tabulated 


various cokes, etc., 
for easy comparison. 


CODFREY’S TABLES 
CODFREY’S CONCRETE 


Are you interested in Steel or Concrete design ? 
Send fur an interesting circular to 
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Baldwia’s Steam Heating Revi sed. 


Reviewed by WM. KENT,*® M. Am. Soc. M. E. 

BALDWIN ON HEATING.—Or, Steam Heating for Build- 

ings Revised. By William J. Baldwin, M. Am. Soc. 
c. E. M. Am. Soc. M. E. 16th Edition, revised and 
enlarged. New York: John Wiley & Sons. London, 
Exgiand: Chapman & Hall, Ltd. Cloth; 4% x 7% 
ins: pp. 4t4; 16 plates and 124 text illustrations. 
$u.50; English price, 10c. 6d., net. 

The first edition of Mr. Baldwin's well-known 
work appeared in 1879; the earlier editions were 
publisher's reprints without revision. The old 
book is now superseded by the present volume, 
which is in accord with modern practice. The 
author is a veteran in the steam-heating busi- 
ness, having made in 1869, with his own hands, 
the first cast-iron loop radiator. He has seen 
the warming of buildings grow from a “chaotic 
mass of pipes and principles” to its present posi- 
tlon of a branch of engineering, based on scien- 
tific laws as well as practical experience. Those 
who are familiar with his old book will find the 
present one like it in method of treatment and 
in style of writing, and will appreciate the new 
matter, which brings it down to date and makes 
i: a useful book for any one interested in the 
subject. It is an eminently practical book for 
the so-called “practical” man; that is, one whose 
work is with material things rather than with 
the laws of physics, and whose mathematical 
training has not included the use of algebraic 
furmulas, for there is not a formula in the whole 
beok. Rules for designing are given in words, 
involving often a great deal of repetition which 
might be avoided by a formula, and arithmetical 
calculations are often worked out in detail. 

The book begins with a good illustrated de- 
acription of the different systems of piping for 
steam heating; it then discusses forms and ar- 
rangements of radiators, both direct and indi- 
rect. Then follow chapters on boilers, boiler set- 
tngs, grates and chimneys, safety valves, draft 
regulators, automatic water feeders and air- 
valves on radiators, all containing good prac- 
tical information. There is a chapter on steam- 
Tipe, area, expansion, etc., which might be im- 
proved. The author shows that the areas of 
“pipes are to each other as the squares of their 
d:ameters,’’ and gives a full page table showing 
how many times the “area of one pipe will go 
into another,” for examp'e, that 16 1-in. pipes 
are equal to one +in., but he does not show that 
the carrying power of pipes, with the same 
“ngth and the same difference of pressure, is at 
the 2.5 power instead of at the square of the 
diameter, so that one 4-in. pipe is equal to 32 
instead of 16 l-in. pipes. Also, he gives the 
carrying capacity of a l-in. pipe as equal to the 
team required by 100 sq. ft. of radiating sur- 
‘sve, and for larger amounts of surface figures 
the pipe on this basis, that the capacity is at the 
suare of the diameter. This would make the 
capacity of a 4-in. pipe 1,600 sq. ft. and of a 
iin. pipe 10,000 sq. ft., while Wolff’s table, 
„Eich has been in use for over 10 years, gives 
3.0 and 39,000 sq. ft., respectively, for these 
tao sizes with steam of 5 lbs. pressure. 

In Fig. 79, page 78, two methods of providing 
far expansion are shown, a V loop, and two 
rizht-angled bends, but a more approved method 
for tong lines, two swinging joints, is omitted. 

The remaining chapters of the book are full of 
“ra tical information on such subjects as steam, 
zir, exhaust-steam heating, separation of grease 
t- m exhaust steam, boiling and cooking by 
ram, drying by steam and by air, condensa- 
73. L. in radiators, pipe-covering, etc. A chapter 
an “steam-heating data” gives brief approximate 
ies for rough preliminary calculations relating 
tə steam heating and ventilation, including quan- 
“ity of air, radiating surface, size of boiler, grate 
2r4 chimney, quantity of steam to be furnished 
zrd of coal to be burned, etc. These are ex- 
z- t as far as they go, but they might well be 
satpiemented by the more scientific rules given 
tr «ther authors, based on the heat unit. 

The style of the author is not always clear, 
aA there is sometimes difficulty in finding his 
hing. as in the following sentence, p. 5: 

zeem No. 2 is generally used in private houses, and 
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in buildings where extremely low pressure is employed, 
and with any of the first three systems can be made per- 
fectly noiseless when done with care, and there is rarely 
5 0 difficulty in expelling the air when radiators are 

Some good definitions of technical names are 
given in Chapter I., but that of a relay,“ “the 
jumping up of a main steam-pipe, with a main 
relief at the lower corner,” might be improved. 
The “dry-return pipe,“ p. 11, should be included 
in the definitions. A curious repetition of a pre- 
ceding sentence appears at the bottom of page 
15. On page 17 the word “friction” is used ap- 
parently to mean “loss of pressure due to fric- 
tion.“ 

On the whole, the book is a highly valuable 
one for the great amount of useful practical in- 
formation it contains, and while it cannot take 
the place of more theoretical treatises, such as 
Carpenter's, it is one that should have a place 
in every heating engineer's library. 
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MINES AND MINERALS OF THE BRITISH EMPIRE.— 
Being a Description of the Historical, Physical and 
Industrial Features of the Principal Centers of 
Mineral Production in the British Dominions beyond 
the Seas. By Ralph S. G. Stokes, Late Mining Edi- 
tor, Rand Daily Mail, Johannesburg, S. A. Lon- 
don, England: Edward Arnold. Cloth; 54% x &% 
ins.; pp. 403; 68 plates. $4.20, net. 

Embodying the observations made during a 
two years’ tour of the British Empire over sea, 
in the interest of certain mining papers, the 
author gives a review of the history and present 
situation of the mining industry in this wide ter- 
ritory. He presents the subject in a manner 
calculated to interest the non-technical seeker of 
general information, yet the data given have been 
Selected with such discernment and are brought 
so closely to date that the book will commend 
itself to those connected with the professional as 
well as the commercial branches of the industry. 
Its literary style is attractive and illustrations in 
half-tone are copious, though a slight criticism 
may be offered of the absolute lack of illustrative 
sketches accompanying necessarily numerous 
geological descriptions. The exposition of indus- 
trial conditions in the various districts will prove 
of high value to readers who are or expect to 
become financially interested in them. The mag- 
nitude of the subject precludes great detail of 
delineation, yet a very nice sense of the propor- 
tionate values of different matter has enabled 
the author to give more information than is 
usually contained in works of similar scope. The 
facts recorded result for the major part from 
personal investigation necessitating the widest 
latitude of research and contact in situ with 
conditions of racial predilection, financial re- 
quirements and professional ambitions, an experi- 
ence calculated to give a true perspective of the 
field’s industrial activities which is successfully 
made apparent to the reader. A sense of humor 
spices such statements as are worthy of repeti- 
tion, although not new; in example, we quote: 
“The fallacious precept of Barrier and Kalgoorlie 
unionism that skilled miners are born, not made, 
is discreetly ignored at Wallaroo, where the guid- 
ance of the inexperienced is not left to inspira- 
tion.” 

To give, within the limits of a review, even the 
merest résumé of the many subjectg treated, from 
India to Tasmania and from Cape Colony to the 
Yukon, is not practicable. The minerals, with 
descriptions of their occurrence, exploitation, re- 
duction and marketing, are regionally grouped. 
Questions of management, technical progress, 
labor and working costs and government influ- 
ences are discussed. The book will doubtless at- 
tain popularity. 

es 

THE STANDARD HANDBOOK FOR ELECTRICAL 
ENGINEERS.—Written and Compiled by a Staf and 
Specialists. Second Edition, corrected. New York: 
McGraw Publishing Co. Flexible leather; 4 x 7 ins.; 

1285; numerous text illustrations and tables. 
4, net. 

The first edition of this handbook was dated 
December 12, 1907; the new edition bears the 
date, “May, 1908.” An engineering book, espe- 
cially a handbook, which has its first six thou- 
sand sold out in four months certainly would be 
classed as a ‘“‘good-seller’’ and deserves attention. 
As there is little change from the first edition 
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the same specific criticisms and commendations 
made in the review of the first edition (Engineer- 
ing News, Feb. 20, 1908) apply equally to the 
second. The new volume is somewhat thinner 
than the old one, due to a lighter paper, and the 
binding is perhaps more flexible than before. The 
most noticeable addition is that of a thumb index 
to the group divisions. The division of the book 
into 20 sections, each with its own paragraph 
numbering, and the use of a general index refer- 
ring to these paragraph numbers and not to 
pages made this thumb index to the 20 sections 
advisable. The only evident addition of material 
is on resuscitation from electric shock. There 
are a few typographical and minor changes and 
corrections throughout the book. 
— . —U—äĩ—¾äb à . 


TESTS OF A LIQUID AIR PLANT. —By C. S. Hudson 
and C. M. Garland. Bulletin No. 21, University of 
Illinois Engineering Experiment Station. Urbana, 
ill.: The University. Paper; 6 x 9 ins.; pp. 20; 
six illustrations in the text. ; 

The plant on which these tests were made con- 
sists of a four-stage Norwalk air compressor and 
a Hampson liquefier of the laboratory type. The 
compressor was driven by a 15-HP. induction 
motor. The objects of the tests were to deter- 
mine: (1) the power required to liquefy the air; 
(2) the cost; and (3) the most favorable condi- 
tions for operating. The effect of the temperature 
and pressure upon the efficiency of the liquefier 
was determined; and incidentally, some data 
were obtained upon the keeping properties of 
liquid air in Dewar bulbs of different sizes, and 
under different conditions. 

An interesting paragraph relates to the effi- 
ciency of liquid air as a medium in the produc- 
tion of power. The ratio of the available energy 
of the liquid air to the work required to produce 
it was calculated under various conditions, and it 
was found that under the most favorable condi- 
tions, not more than 2%% of the work required 


‘to produce the liquid air can be recovered by 


using the air to drive a motor. 
— 71L4² 


PASSAIC VALLEY SEWERAGE COMMISSIONERS.— 
Report to the Municipalities Lying in Whole or in 
Part within the Passaic Valley Sewerage District, 
1908. Newark, N. J.: The Commissioners (Julius 
A. Lebkuecher, Chairman). Cloth; 13% x 11 ins.; 
pp. 26 + vi.; folding tables and 73 plates. 


This report presents a modified plan for the 
proposed Passaic Valley trunk sewer that has 
been under discussion for so many years. Be- 
sides the report of the Commissioners there is 
included a somewhat lengthy summary of a re- 
port by Messrs. Hering & Fuller, 170 Broadway, 
New York City. This report is accompanied by 
reproductions of numerous plans and profiles. 


A New Book on 


TUNNELLING 


The Setting Out of 


TUBE RAILWAYS 


G. M. HALDEN, A. M. Inst. C. E. 
EXTRACT FROM PREFACE 


“Nothing has been ineinded which has not a 
distinct bearing on the subject., and whieh has 
not been confirmed from time to time by actual 
experience on the works.” 


Numerous illustrations and large folding 
plates, 4mo, cloth, $4.00 net. 
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Rack Railways and Rack-Rail Sections for Steep 
Grades on Ordinary Railways. 


CHEMINS DE FER A CREMAILLERE.—By A. Lévy- 
Lambert, Principal Inspector of the Chemins de Fer 
du Nord. (Part of ‘‘Encyclopédie des Travaux Pub- 
lics,” begun by M. C. Lechalas.) Second Edition, re- 
vised and enlarged. Paris, France: Gauthier-Villars. 
Paper; 6% x 10 ins.; pp. 479; 137 illustrations in the 
text and numerous tables. 15 francs, American price, 
$4.50. 

The rack railway for steep grades is a special 
type of construction the literature of which is 
confined mainly to papers in the technical press 
and in the proceedings of engineering societies. 
This is shown by a bibliography appended to 
the book under review. The railways may be 
divided into two classes: (1) Lines operated 
entirely on the rack system; these are usually 
mountain lines for tourist purposes. (2) Lines 
having both rack and adhesion sections; these 
are usually for general traffic as well as for 
tourist traffic. Mr. Levy-Lambert states that 
in 1891, when the first edition of his book was 
written, there were 226.3 miles of rack railway 
in operation, and only one line (the Mount 
Saleve Ry.) had electric traction. In 1905, the 
aggregate length had increased to 803.5 miles 
and several lines were operated by electricity. 
The great majority are in Europe, but the 
United States, South America, Japan, India, 
Palestine, Sumatra, Africa ard Australia are 
all represented in the list. The maximum grades 
range from 10 to 48%, this last being on the 
Mount Pilatus Ry. 

The historical review begins with 1811, when 
Blenkinsop (in England) built a locomotive hav- 
ing cog wheels gearing with a rack laid along- 
side the track rails. This design was based 
on the erroneous idea that simple adhesion of 
iron wheels on iron rails would not be suffi- 
cient for traction purposes. This fallacy was 
soon exploded, and the rack system abandoned 
for ordinary service, but in 1836 a locomotive 
for steep grades was built in England (Wales) 
having a cog wheel which could be raised or 
lowered to engage with a rack between the rails. 
In 1847 (although the author says 1847 or 1852) 
a rack-rail was used in the United States on the 
incline of the Madison & Indianapolis Ry. [A 
full description of this line and its equipment 
was published in Engineering News of June 
10, 1897.] In 1866 the Mount Washington Ry. 
was built by Mr. Marsh. A rack-rail system 
antedating that of Mr. Marsh was patented in 
France in 1863 by Mr. Riggenbach, but the 
author admits that it was not until his return 
from a visit to America in 1869 that Riggenbach 
commenced his project for the Rigi Ry., which 
was the first of the many rack railways in the 
Alpine mountain region. ; 

A list is given of 50 rack railways built be- 
tween 1871 and 1904; 35 of these are operated 
on the rack system exclusively. The others are 
rack-rail sections for heavy grades on ordinary 
railways. The author appears to have included 
most of the important lines, but gives no de- 
scription of the Mount Washington Ry., the 
first rack-rail mountain railway. There is no 
mention of the Green Mountain Ry. (in Maine), 
but this is of little moment, as the line was 
abandoned some years ago on account of lack 
of patronage. It was copied after the Mount 
Washington Ry., and we believe the only de- 
tailed description published is that in Engineer- 
ing News of Jan. 22, 1887. The book gives gen- 
eral descriptions of a number of lines (mainly 
European), with maps and profiles. Some notes 
are also given of the engineering works, in- 
cluding bridges and viaducts on heavy grades. 

An interesting chapter is devoted to the rack 
and track construction, and the calculation of 
the forces to be resisted by the rack. The Marsh 
and the Riggenbach racks were of the ladder 
type, having cross bars carried between two 
longitudinal angles or channels. Mr. Abt (who 
had worked with Mr. Riggenbach) designed a 
rack composed of flat bars having teeth formed 
in the upper edge, and using one or more bars 
according to the grade. The special feature of 
this arrangement was that with two or more 
bars they were set with the teeth staggered. 
The engine cog wheels were built to correspond, 
and in this way several teeth would be in dif- 


ferent stages of engagement simultaneously, 
distributing the pressure and making a more 
steady motion. This was first used on the 
Hartz Ry., in Germany, in 1885, and is the 
system used on the Pike’s Peak Ry., in Colo- 
rado. The Strub rack, used on the Jungfrau 
Ry. in 1890, is a development of the Abt sys- 
tem; it resembles a tee rail with a very high 
head, the top of which is cut to form the rack. 
The Locher rack used on the Mount Pilatus 
Ry. is a flat bar like the Abt rack, but is laid 
flat and has both edges notched to engage with 
cog wheels in a horizontal plane. Other modi- 
fications are shown. The drawings illustrate 
various forms of joints and supports; also 
switches and turnouts, and the flexible section 
at the end of the rack to provide for the en- 
gine cog wheels entering smoothly into proper 
engagement with the race track. 

The steam and electric locomotives used on 
railways of this class are discussed at consid- 
erable length, and the same chapter also deals 
with the rolling stock equipment. The larger 
locomotives operating over both rail and adhe- 
sion sections of railways for general traffic 
usually resemble ordinary tank engines, but 
with the addition of independent cylinders and 
mechanism for the cog wheels. The shafts of 
these wheels are usually driven by spur gear- 
ing. On many lines, however, the engines are 
of special design, some with vertical boilers and 
others with small locomotive tubular boilers set 
transversely to the track. Particulars of cost 
for fuel, oil, wages and maintenance are given. 

Coming to electric traction, it is shown that 
independent locomotives (for both direct current 
and alternating current) are used by some lines, 
while others employ motor cars. The current is 
taken from overhead wires by trolley poles. 
While electric traction has many advantages, Mr. 
Levy-Lambert does not consider that it will re- 
place steam traction on lines of considerable 
length, which have both rail and adhesion sec- 
tions, and which operate a general passenger and 
freight traffic besides tourist traffic. The steam 
equipment is less costly and its operation is not 
dependent upon a single power plant; it can also 
be increased from time to time as required, while 
electric equipment must be designed with a 
view to future traffic and power capacity. The 
relative merits of direct and alternating current 
systems are not discussed. The weight of en- 
gines on different lines ranges from 213.4 Ibs. to 
343.2 lbs. per HP. for steam locomotives, and 
from 123 lbs. to 165 Ibs. per HP. for electric loco- 
motives, while the electric motor cars of the 
Mount Saleve Ry. weigh 220 lbs. per HP. Sev- 
eral styles of passenger and freight cars are 
shown; these have cog wheels whose axles are 
fitted with band brakes for the control of the 
train. 

The cost of construction is given for a number 
of lines, and one chapter is devoted to the methods 
of operation. This includes the rules and regula- 
tions as to maintenance, inspection, train service, 
train loads, speed, etc., and particulars as to 
traffic conditions and financial results. The cost 
of operation of rack and adhesion sections is also 
compared. Appendices give in full the specifica- 
tions and franchises, regulations, rates, financial 
statements, etc., of individual lines. The closing 
appendix describes tests made in regard to the 
“mountain sickness” experienced by many per- 
sons at high elevations. These indicate that the 
trouble is greatly accentuated by muscular ex- 
ertlon, and is therefore likely to be felt more 
severely by tourists and inexperienced persons 
who move about rapidly and exercise unneces- 
sary activity. 

The book is of general interest, but its practi- 
cal value is of course limited. This is especially 
the case in this country, where only two or three 
short lines have been built for tourist traffic, and 
where no railway has yet introduced rack-rail 
operation for heavy grades or mountain sections. 
Little (if any) consideration appears to have 
been given to the latter system in this country, 
nor does it appear that conditions are such as 
to make it either necessary or desirable to adopt 
such a system. The book brings together in con- 
venient form for reference much varied informa- 


tion which has not hitherto been easily available, 
and the information is of special value to the 
promoters and builders of railways of this class. 
In view of the special character of such lines 
(especially the shorter and steeper line for pas- 
senger and tourist traffic), the value of the book 
would have been increased if the author had in- 
cluded in it some descriptions of and comparisons 
with cable, grip-rail and other systems as ap- 
plied to incline railways for the same purpose. 
— 
Calculus. 


FIRST COURSE IN CALCULUS.—By E. J. To 
Ph. D., Professor of Mathematics, University of Tit 
nois, and G. A. Goodenough, M. E., Associate Pro- 
fessor of Mechanical Engineering, University of Ili- 
nois. New York: Henry Holt & Co. Cloth; 6 x 9% 
ins.; pp. 466; 150 figures in the text $2.50. 


The attempt to make Calculus more readily 
assimilable by the delicate mental digestive ap- 
paratus of the engineering student has been made 
repeatedly. Several text-books of greater or less 
currency embody such attempts. Professor 
Perry's “Calculus for Engineers” is undoubtedly 
the most noted of these, as it is also the most 
radical by long odds. The authors of the pres- 
ent text-book also worked in this direction, but 
they were not prepared to depart as far from the 
beaten path as Perry. Their text is correspond- 
ingly more orthodox in its method. A careless 
look into its pages might even convey the im- 
pression that it is exactly like other calculus 
texts used in colleges. But there are three fea- 
tures which individualize the treatment. The 
first is the sustained use of the method of limits 
for the entire basal demonstration; this is fur- 
ther carried out by deducing the differential no- 
tation as merely a modified way of writing ex- 
pressions containing derived functions. The sec- 
ond feature is the early introduction of “anti- 
derivatives” or integrals, in the attempt to carry 
along the development of differential and integral 
analysis side by side. The third feature is the 
specially large use made of mechanical and 
physical laws and calculations, in the examples 
or problems which supplement the text. In this 
third feature, more than elsewhere, is it apparent 
that the book follows an intermediate path be- 
tween the ordinary calculus text and Prof. 
Perry's work. There is good reason for follow- 
ing such a course, we believe, because, however 
refreshing and vital Perry’s method may be, it 
beclouds the mathematics of the subject with the 
dificulties and complexities of the physical iilus- 
trations. However, the authors of the new book 
have in one important section of their work erred 
somewhat in the opposite direction, by making 
their initial teachings too abstractly mathemati- 
cal. Simplicity and objective clearness have their 
maximum value right at this point, and if the 
concept of the derivative, or differential ratio, 


or rate of change, can be securely established by `. : 
the aid of some simple physical and geometrical = -. 


analogies, the engineering student may well be -. 


spared a lot of dreary mathematical argument. 
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CONTRIBUTIONS FROM THE SANITARY RESEARCH 15 : 


LABORATORY AND SEWAGE EXPERIMENT STA- 


TION.—Massachusetts Institute of Technology. Vol. 


IV. Boston, Mass.: The Institute. Paper; 6 x 
ins.; text illustrations and one folding plate. 


The papers here reprinted 
sources make up q valuable addition to the grow- 


ing literature on the newer methods of sewage ``: 
There is a brief introduction en- . 
titled The Present Status of the Sewage-Dis- 
posal Problem,” by Prof. Willlam T. Sedgwick, 


treatment. 


Director of the Sanitary Research Laboratory. 


The papers are seven in number, by Messrs — 


C.-E. A. Winslow, Earle B. Phelps, C. F. Story 
H. C. McRae, William T. Carpenter and Leylanc 
Whipple. 
Effluents from Filters and the Prevention 0 


Stream Pollution by Strawboard Waste ar : ey 


among the subjects discussed. 


multiplies and divides better than any means 
or machine. Particulars free. Address G. A. 
CHRISTENSEN, Civil Engineer, 235 Guerrero 
Street, San Francisco, California. 


from various 


The general subject of Sewage Disposal! . - 
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A Student's Book on Refrigeration. 


Reviewed by J. C. BERTSCH,* M. Am. Soc. M. E. 


REFRIGERATION.—An Elementary Text-Book. By J. 
Wemyss Anderson, M. Inst. C. E., M. Inst. M. E. 
Locdon and New York: Longmans, Green & Co. 
Cloth; 51 x 8% ins.; pp. 242; 87 illustrations, mostly 
in the text 32.25, net. 

Written especially for the student, this book 
differs and compares favorably with all other 
books on that subject, inasmuch as examples 
are used for explaining the fundamental prin- 
ciples. The author makes good his claim that 
his work is an “elementary text-book to con- 
sider general principles only,” and one follow- 
ing closely the plain and concise statements of 
facts with the examples given, and answering 
the questions asked after each of the intro- 
ductory chapters, cannot fail to understand the 
matter fully. The author being an Englishman, 
the Metric and British standards are used. This 
right be considered a handicap for the prac- 
tical engineer of this country, but for the student 
ft is an advantage because he becomes familiar 
with foreign standards, and to substitute the 
U. S. Standard in the practical application of 
the rules will be no hardship. The book is di- 
vided into twelve chapters, of which the first 
six are devoted to the fundamental laws, two to 
the general principles and the last four to ap- 
pied refrigeration. Many good illustrations and 
tables are used to make the subject perfectly 
clear. . 
In the introduction of his work the author ex- 
plains what refrigeration means, and in stating 
the function of a refrigerating apparatus, which 
he terms a “Heat Pump,” he gives a striking 
example by comparing the heat pump with an 
ordinary water pump, and with this example he 
furnishes the simplest proof for the Second Law 
of Thermodynamics. Chapter I. explains heat 
and its effects; the construction of thermome- 
ters and comparison of the different ther- 
mometer scales. A definition of the units of 
heat. specific and latent heat is given in Chap- 
ier II. Chapter III. treats the transfer of heat 
in the forms of radiation, conduction and con- 
vection, simrle experiments being cited for 
demonstrating the theory of exchange in each 
form. 


Chapters IV. and V. contain the properties of 
fuids and gases and the laws of Boyle, Charles 
and Joule. The isoth2rmal and adiabatic com- 
pression and expansion are illustrated and made 
clear by mumerical examples. 

Chapter VI. is devoted to the Laws of Ther- 
mady namics. Within the space of 14 pages, as- 
sisted by four illustrations, the second law as 
well as the Carnot and Rankine cycles are made 
rerfectly clear, and this chapter alone is suffi- 
cient to recommend this book to all interested 
in the art of refrigeration, the teacher, student 
and practical man. Chapter VI. includes the 
theoretical, and with Chapter VII. begins the 
vractical part of the book. In the general out- 
une of the refrigerating machines the author 
peints out why of the many known refrigerants 
ammonia and carbonic anhydride control the 
eld. The cycle of refrigerant is fully illustrated. 
After describing the principles of the cold air 
machine, the ammonia and carbonic anhydride 
compressors are described, using as typical 
compressors the Linde and De La Vergne for 
he former, and the Hall and Liverpool machines 
for the latter. Then follows a description of the 
condensers. For explaining the Evaporators 
(Refrigerators) the “flooded” coils are shown as 
typical examples. For the sizes of compression 
machines tables from the American and Eng- 
ish practice are given. The absorption system 
„f refrigeration is clearly described and illus- 
trated by a very good diagram. Chapter VIII. 
is devoted to Water, Hydrometers, Brine and 
Ar. In connection with the latter hygrometery 
and) liquid air are briefly explained. Chapter 
IX dea!s with Ice Making. 


The authors marked ability to make matters 
very plain and yet be very brief is fully demon- 
strated in this chapter. The formation of ice 
and the cause for opaque and clear ice are cov- 
ered by a few pages. An excellent rule for 
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calculating the time for freezing any thickness 
of can, coil or plate ice, as well as the best 
temperatures for ice making are given. The 
three principal systems of ice making are de- 
scribed, using reproductions of photographs from 
English practice as illustrations. The cell 
system, not practiced in this country, is of spe- 
cial interest. Then follows a description of the 
vacuum system, with short remarks on storing 
of ice and cost of ice making. Chapter X. gives 
much valuable information on the construction 
of storerooms, on insulation and methods of 
cooling. The remarks on the requirements of 
insulating material are of special interest, be- 
cause they are based on practical tests, and the 
latest installations on shipboard are described. 

Chapter XI. gives the various applications of 
refrigeration, including shaft sinking and air 
cooling for blast furnaces. 

Chapter XII. is devoted to the actual arrange- 
ments of refrigerating plants. The brewery, 
ice factory and marine refrigeration are described 
in detail. A fully il!ustrated description of a 
double tube absorption plant is of much interest, 
and the concluding paragraph, “Care of Re- 
frigerating Machinery,” contains many practical 
hints. 

The book as a whole is all that is claimed for 
it and can therefore be highly recommended. 
The publishers also deserve much credit for 
giving the book an outward appearance worthy 
its valuable contents. 

eee 


BEITRAG ZUR GESCHICHTE UND THBORIE DER 
SCHWEBEFAEHRBRUECKEN.—By Artur Speck. 
Leipzig, Germany: Wilhelm Engelmann. Paper: 
7% x 11 ins.; pp. 47; 36 illustrations in the text. 
1.60 marks; American price, 64 cts. 


As a monograph on a special type of structure 
this pamphlet on Ferry Bridges is peculiar be- 
cause less than a dozen such structures have 
been built. The type is by no means very new. 
As the historical and descriptive summary in the 
first part of the book shows, a design for a cable 
suspension ferry bridge over the East River at 
New York was proposed in 1869 by J. W. Morse 
as a substitute for the fixed bridge later built, 
the Brooklyn Bridge. The author credits Morse 
with the invention of the ferry bridge; designs 
for cableway ferries, however, are several cen- 
turies older, and the ferry bridge is only a s‘ight 
modification of the simple cableway. 

The main part of Mr. Speck’s monograph is 
given over to an exposition of the stress analysis 
of ferry bridges. This, of course, includes noth- 
ing new as concerns either the bridge (track) 
portion or the suspension and platform. In a 
discussion of the two types of susrension, i. e., 
flexible or rigid, the author supports the asser- 
tion that the former is preferable, because it is 
lighter, because it can never give rise to a ten- 
dency of the wheels to lift, and because it lacks 
the possibility of compressive stresses, as may 
occur in the rigid suspension, which are merely 
an added complication. As concerns stability he 
finds that the car with flexib’e suspension can 
be made as stable as desired, by proper inclina- 
tion of the suspenders. The Duluth, Minn., ferry 
bridge, by the way, is the only one having rigid 
Suspension. This structure, further, is repeat- 
edly criticized as being ugly (unschön). How- 
ever, an attempt of the author to produce a bet- 
ter design for a bridge of similar proportions 
(p. 44) impresses us as anything but an im- 
provement. 

Although a serious and capable attempt, the 
book hardly justifies its existence, since it con- 
tains nothing new and does not represent a con- 


densation of widely-scattered data. 
— . —— . 

HYDRAULIC CALCULATOR FOR CIRCULAR PIPES.— 
Based on Kutter’s Formula, with “n” the Coefficient 
for Skin Friction = 0.013. Designed by R. O. Wynne- 
Roberts, M. Inst. C. E., F. R. S. I. London, Eng- 
land: The St. Bride’s Press, Ltd. Cloth; 4% x 6% 
ins. 5s.; American price, $2. 


By means of this calculator—a series of five 
superposed concentric circular pasteboard disks, 
two of which are movable about the center and 
the alternate ones stationary—it is possible 


rapidly to ascertain the proper sizes and grades 


of circular pipe for a given full flow of water, 
assuming a Kutter coefficient of 0.013. Thus 
knowing any two of the four factors, viz., gal- 
lons of flow per minute, diameter of pipe in 
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inches, velocity of flow in feet per second, and 
grade of pipe, by simple manipulation of the 
circular slides, the two remaining factors may 
be arrived at. 
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CIRCULARS, FOREST SERVICE, U. S. DHPARTMENT 
OF AGRICULTURE.—Gifford Pinchot, Forester. (In 
Cooperation with the Department of the Interior, Geo- 
logical Survey, George Otis Smith, Director.) Wash- 
ington, D. C.: Pub. Doc. Paper; 5% x 9 ins. 

No. 143: The Relation of the Southern Appalachian 
Mountains to Inland Water Navigation. By M. O. 
Leighton and A. H. Horton, U. S. Geological Survey. 
Pp. 38; 22 tables. 

No. 144: The Relation of the Southern Appalachian 
Mountains to the Development of Water Power. By 
M. O. Leighton, M. R. Hall and R. H. Bolster, U. 8. 
Geological Survey. Pp. 54; 50 tables. 


In, these circulars, facts and statistics are 
collated to show that the improvement of many 
rivers requires both the retention of the soil’s 
forest covering and the use of storage reser- 
voirs. Data accumulated from observations of 
the rivers whose head-waters originate in the Ap- 
palachian range are adduced in proof of the 
economic advantages, especially of water power 
and inland waterway traffic, to be gained by 
systematic protection of the forests. 


Clark Publishes 
Six Books 
On Concrete 


The Myron C. Clark Publishing Co. has six 
new books on cement, concrete and reinforced 
concrete, which do not overlap to any great de- 
gree. They form the best obtainable library on 
the subject of concrete. The engineer who is 
interested in testing cements should have Tay- 
lor’s “Practical Cement Testing’ (330 pages, 
$3). The engineer who wishes a concise com- 
pendium of all the latest tests should have 
Falk's “Cements, Mortars and Concretes” (180 
pages, $2.50). The engineer who wants the 
most comprehensive treatise yet published on 
concrete and reinforced concrete design and 
construction should get Reid’s ‘‘Concrete and 
Reinforced Concrete Construction’ (900 pages, 
For the contractor or engineer who wants 


$5). 
descriptions of the methods of concrete con- 
struction and actual detailed costs of all kinds 
of concrete work, there is no book equal to 


Gillette and Hill’s “Concrete Construction— 
Methods and Costs” (700 pages, $5). The four 
preceding books are off the press. Two more 
of the Clark series of concrete publications are 
now on the press, namely Reuterdahl’s Theory 
and Design of Reinforced Concrete Arches” and 
Heidenreich’s “Pocketbook of Reinforced Con- 
crete.” The last-named book is full of tables, 
formulas and data for the use of the designer 
of reinforced concrete structures. The prices 
of these. books are all net, postpaid, and they 
can not be purchased anywhere at less than the 
prices above named. Send for tables of con- 
tents and sample pages of these books. 


The Myron C. Clark 
Publishing Co. 
357 Dearborn Street, Chicago, Iil. 
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A Treatise on Power Stations. 


STHAM-ELECTRIC POWER PLANTS.—A Practical 
Treatise on the Design of Central Light and Power 
Stations and Thelr Economical Construction and 
Operation. By Frank Koester, Assoc. M. Am. Inst. 

E. E., Consulting and Designing Engineer. 

York: D. Van Nostrand Co. Cloth; 7% x 10% ins.: 

pp. 455; folding and other plates, and numerous text 

illustrations. $5, net. 


The first two chapters consist of miscellaneous, 
heterogeneous, and to a considerable extent, un- 
related remarks on plant efficiency, costs, factors 
affecting location and the general layout of a 
generating station. In these preliminary chap- 
ters serving as a sort of a broad introduction to 
the details of design, there are a great many 
statements where the probable meaning of the 
author as a reputable engineer is misstated, or 
misinterpreted. Thus where he writes: 


Since the efficiency of a steam-electric plant is so 
low, every increase in percentage of economy, be it 
ever so small a fraction, will materially improve the 
general results. 

There are of course many other items to be taken 
into consideration to secure harmonious operation of 
the various machines, the ultimate object being to 
turn out a kilowatt for the least money. The econom- 
ical operation of a plant is due to a great extent, first 
to the dcsigner, who selects high efficiency machinery 
and combines the same properly, and secondly to the 
operator. 


The context fails to qualify these statements 
and their repetition is surprising. The “general 
results” must be the cost of electric current 
supply, and that is influenced by more than the 
theoretical efficiency of the machinery. Often it 
has transpired that a less expensive and less 
efficient arrangement would have reduced the 
cost of a KW-hr. It should always be made 
prominent that that station which gets the great- 
est amount of electrical energy from the least 
amount of coal may not furnish it cheap to con- 
sumers. The weight of investment charges, depre- 
ciation and increased repairs on complicated ma- 
chinery may be controlling factors of design at 
times. In another place we read: 


In the selection of auxiliary machinery, such as con- 
densers and pumps, the type of prime movers should be 
considered. With the use of turbines, surface con- 
densérs are usually of greater efficiency; while with 
reciprocating engines, jet condensers may be success- 
fully employed. 


One might infer from this broadly and gen- 
erally that the jet condenser was not to be used 
with the steam turbine. There are several not- 
able installations in this country where jet con 
densing apparatus has been used with horizontal 
turbines, and in such installation the desired 
vacuum has been obtained and the plant effi- 
ciency has been Kept comparatively very high. 

In Chapter II the author has treated the loca- 
tion and general layout. He states the factors 
affecting location as: (1) distributing system; 
(2) coal and water supply and ash removal; (3) 
space for future growth and for coal storage; (4) 
cost and character of real estate. It seems like 
a marked omission here to make no mention 
whatever of the “center-of-gravity’ methods of 
finding distributing or generating centers. While 
such centers are not necessarily controlling fac- 
tors in determining the actual location they are 
probably made in the majority of preliminary 
studies for stations to supply electrical energy 
for general purposes. 

In a section on “General Layout of Power 
Plants” the general and relative arrangement of 
boilers, coal handling plant, generating units, 
switchboards and auxilary machinery is dis- 
cussed, mainly by showing certain stations in 
America and Europe, such as those of the Inter- 
borough Rapid Transit Co. in New York City, the 
New York and Boston Edison companies, the 
Philadelphia Rapid Transit Co., the Common- 
wealth Electric Co., Chicago, the Manhattan Ele- 
vated R. R., the St. Denis Plant, Paris, the 
Chelsea Plant, London, the Rhenish-Westpnalian, 


Essen, Germany; the Tramways Corporation, 
Glasgow, Scotland, and the Vienna Municipal 
Plants. 


Chapter III, although entitled “Excavation and 
Foundation,” is a discussion of subjects con- 
nected with the building as a whole. Such topics 
deal with the nature of the soil, pile and concrete 
foundations, building materials, walls, windows, 
doors, etc., the use of structural steel and archi- 
tectural features. The advisability of good archi- 
tectural treatment of the station buildings Is dis- 


New 


cussed quite at length, and many illustrations 
are added showing elaborate foreign stations. 

Chapter IV, while given the title “Boilers,” 
nevertheless contains sections on mechanical 
Stokers, coal combustion, draft, flues, chimneys, 
feed water and superheated steam. In writing 
of boilers themselves the author merely mentions 
the most general conditions under which fire- 
tube or water-tube types are advisable. The very 
{mportant topic of grates is dismissed with the 
remark that 


grate surfaces should be proportioned to the kind of 
coal to be burned. 


The subdivision labeled “grates” is diverted to 
take up ash and soot hoppers. The only boilers 
specifically described are the Babcock and Wil- 
cox, the Stirling and the Wickes. Considering the 
number and merits of innumerable designs such 
an omission is remarkable. There is an equally 
surprising omission in the treatment of stokers. 
The Roney inclined and the chain grate stokers 
are the only ones adequately shown. There is a 
brief mention of the fact that underfed stokers 
exist. There is no discussion of the merits of 
standard grate bars and the fields for the use of 
prevalent designs. Nothing whatever is said of 
avery promising type of stoker—the strewing or 
mechanical shovel type which has appeared in 
Europe and gives promise of successful develop- 
ment in this country. Nothing whatever is added 
on the advisability of having combustion cham- 
bers or on the advisability of keeping gases, un- 
completely burned, from being chilled by contact 
with water-cooled iron. 

Considerable attention has been paid to super- 
heaters, but American readers will look in vain 
for some things they most want. For instance, 
no mention is made of the influence of super- 
heated steam is producing an apparently perma- 
nent extension in engine and piping parts. What 
is said about superheater design relates entirely 
to German practice—there is almost no word on 
English, French or American work. Indeed, some 
of the illustrations are reproduced with the orig- 
inal terms untranslated. 

Chapter V on “Piping” seems to be a compila- 
tion from a wide variety of sources on high and 
low-pressure piping systems and fittings. Num- 
erous tables and cuts are reproduced from cata- 
logs of makers of fittings. 

Chapter VI is entitled “Prime Movers” simply, 
but it includes remarks on engine auxiliaries— 
condensers, pumps and oiling systems. There is 
first a rather general comparison of reciprocating 
engine and turbine practice. There is a restate- 
ment of the familiar classification of engines— 
left and right hand, forward and backward run- 
ning, simple, compound, etc. The turbines are 
divided into impulse, reaction, impulse-reaction, 
Single impulse, “compound” impulse. Descrip- 
tions of well-known examples of the various 
types of prime movers are added. 

Under the sub-division of ‘‘condensers’” the 
author has included much about comparatively 
recent developments such as the Alberger baro- 
metric and the Koerting eductor condensers, 
cooling towers and ponds, roof-spraying systems, 
etc. 

In the chapter on “Electrical Equipment,” the 
matter is largely relative to switching systems 
and apparatus. There are a very few remarks 
on the general electrical machinery prefaced by 
an apologetic statement that the purely electric 
characteristics should be in the hands of the elec- 
trical engineer, who should work in conjunction 
with the mechanical. Following this chapter is 
one of some 25 pages on “The Design of Small 
Power Plants.” Here is an epitome of the pre- 
ceding chapters so far as they could be applied 
to a 1,500-KW. plant. 

In the chapter on “Testing Power Plants” the 
space is filled by the statements of results of a 
few tests on certain boilers, turbines and genera- 
tors. The many precautions which it has been 
necessary to throw around all such tests are 
hardly hinted at here. 

The final 100 pages of the volume contain de- 
scriptions of the several plants mentioned before 
as having been used in the author’s chapter on 
general layouts. 

The book is, on the whole, disappointing. The 


author has treated nearly everything in a most 
general way—general in the sense of being vague 
and indefinite and not in the sense of being broad 
and comprehensive. The author gives the im- 
pression of being a spectator who sees results 
rather being a designer of worldwide experience 
who is elucidating his own work. The problems 
that the multitude of engineers on smaller power 
work need light on are not reassuringly stated, 
for instance: 


The development of the electrical features of power 
plants has become so specialized in recent years 
that . . the power plant designer has less and less 
to do with this department. As reliability of 
service and economy of operation are both of prime im- 
portance it is necessary that the mechanical and elec- 
trical engineers work in perfect harmony. 


Such remarks may be perfectly true for plants 
large enough to have separate corps of mechan- 
ical and electrical engineers, but station designers 
under such conditions do not need much of what 
Is offered between the covers of this book. 

— . — 


BALKENBRUBCKEN IN EISENBETON.—By Max Foer- 
ster, Professor of Structural Engineering at the 
Dresden Technical College. (Fortschritte der Inge- 
nieurwissenschaften, Second Series, Part 15.) 
zig, Germany: Wilhelm Engelmann. Paper; 
11 ins.: pp. 204; 2 plates and 185 text illustrations. 
7 marks; American price, $2.80. 


A treatment of reinforced- concrete girder 
bridges at the present time is necessarily de- 
scriptive in the main. Accordingly we find that 
in Prof. Foerster's work—which includes not 
only full girder but also the small number of 
truss bridges hitherto constructed—description of 
finished work makes up more than half the con- 
tents. The remainder consists of specimen calcula- 
tions for design or stress-analysis, which is not 
of very much value as an addition to the litera- 
ture of concrete. The author brings ability and 
wide information to his task of compilation, and 
if not of high merit the book is at least sound. 
One regrets that the subject of forms and con- 
struction plant is practically unrepresented in the 
work. Surface finish also is accorded no special 
place. In fact, the author’s attention appears 
to have centered on general disposition, dimen- 
sioning and reinforcement, disregarding the 
numerous auxiliary matters on which the reader 
also demands information and comment. 

— 


PHARES ET SIGNAUX MARITIMBES.—By C. Ribière. 
Part of “Encyclopédie Scientifique,” Published under 
the Direction of Dr. Toulouse. Paris, France: Oc- 
tave Doin. Cloth; 4% x 7% ins.; pp. 400; 161 illus- 
trations in the text. 5 francs; American price, $1.50. 


The literature of lighthouses and maritime 
signals in the English language is probably amply 
sufficient for the limited uses to which it is put, 
but this small French work may prove of some 
value to lighthouse engineers, on account of its 
compact form. The following chapter headings 
will give some idea of the field treated: General 
Principles of the Lighting of Coasts; Theory of 
the Optical Apparatus of Lighthouses; Kinds of 
Lizht; Optical Lenses; Mechanical Apparatus in 
Lighthouses; Electrical Lighthouses; Auditory 
Signals; Floating Lights; and Construction of 


Lighthouses and Buoys. 
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A Traaslation of a German Work on Metallography. 


Reviewed by BRADLEY STOUGHTON.® 


INTRODUCTION TO METALLOGRAPHY.—By Paul 
Goerens, Docent in Physical Metallurgy at the Royal 
Technieal High School, Aachen. Translated by Fred. 
Ibbotson, A. R. C. Se. I., Lecturer in Metallurgy, The 
University, Sheffield. London and New York: Long- 
mans, Green & Co. Cloth; 5% x 9 Ins.; pp. 214; 158 
illustrations im the text. $2.50, net. 


For many years there has been badly needed a 
text-book of metallography (i. e., the study of 
the structure of metals) for the use of co!leges 
and scientific schools and for chemists and other 
scientists in metallurgical works who have de- 
sired a more profound knowledge of the subject 
than they already possessed, for practical use. 
In some respects the literature of the subject 
was actually behind its practice and many use- 
ful studies were being carried on in steel works 
and elsewhere whose results were not recorded 
for the benefit of others. Furthermore, there 
was quite an appreciable gap between the re- 
searches in physical chemistry, a knowledge of 
which is indispensable for one who expects to suc- 
cessfully interpret the results of experiments in 
metal'‘ography, and those of metallurgists in 
metallography, which might almost be considered 
as within the realm of physical chemistry. This 
gap was painfully evident to those who do not 
read the French and German languages easily, 
and we warrant that many such will obtain their 
first introduction to the masterly interpretations 
of Grube, MOnkemeyer, Mathewson and others, 
in the translation of this book. The literary ac- 
tivity of Howe, Sauveur, Le Chatelier, Osmond, 
Hern, Ledebur and others has done a great deal 
to bridge the gap, but much of the information 
was scattered among different tehchnical journals 
and was not readily available to a busy man. 
Goerens’ book is the most complete exposition of 
the subject published and therefore well chosen 
for translation. We believe it will find import- 
ant service as a text-book, and as side reading 
for practicing metallurgists. It is not as easy 
to understand as some of the translations of 
French works on physical chemistry, and this 
is the more unfortunate because the subject is 
very difficult of comprehension even with the 
ablest of presentations, but it has two advan- 
tages for metallographers over the physical 
chemistries: (1) it is written from the metal- 
lurgical, rather than the chemical, viewpoint, 
and (2) it contains data on pyrometry, micro- 
scopy, etc., which would not be found in the 
latter. The lack of lucidity is, we think, the fault 
tather of the form and substance of the original 
text than of the translator. 


For American students the book is particularly 
alapted, because it contains only a very small 
share of the work of American investigators, and 
therefore presents a correspondingly larger 
amount of information less easily available to 
mem. It is especially worthy of their attention. 

The volume begins with a section called the 
physical properties of matter, including 
alotrophy, cooling curves and pyrometry. Al- 
tough brief it is sufficiently complete and very 
serviceable. Instead of describing the graphical 
method of calibrating pyrometers, one involving 
mathematical calculations is given, but this omis- 
sion is probably because Dr. Goerens believed (and 
justifiably) that all metallographers were fami- 
Jar with the graphical method. The discussion 
of registering and differential pyrometers is very 
goed. a 

The second section, on the physical mixture, is 
che largest, occupying 95 pages with the theories 
ol solutions and freezing-point curves of aqueous 
«lutions, fused salts and alloys. The phase law 
is briefly considered and then the process of pro- 
dicing freezing-point curves of different systems 
3 described. A number of typical freezing-point 
‘trves are given under the following heads: 
Binary Alloys: 

A. No chemical compounds exist; 


L The two components form a continuous 
series of solid solutions: Antimony- 
bismuth; Gold-silver; Gold-platinum; 
Iron-manganese. 


“44'unet Professor, Department of Metallurgy, Colum- 
ts University, New York City. 


2. The two components form a mechanical 
mixture after solidification: Antimony- 
lead; Lead-tin; Cadmium-zine; Lead- 
silver; Silver-tin; Bismuth-tin; Zinc-tin; 
Gold-thallium; Gold-copper; Silver- 
copper. 

3. The two components are partly soluble in 
each other when solid: Aluminum-zinc; 
Gold-nickel. 

B. One or more chemical compounds exist; 

1. The compounds are completely insoluble, 
reciprocally as well as in the compon- 
ents: Lead-magnesium; Magnesium-tin; 
Nickel-tin; Antimony-zinc; Tellurium- 
bismuth; Sodium-tin; Lead-gold. 

2. The compounds are wholly or partly soluble 
in the components or in one another: 
Aluminum - magnesium; Iron - silicon; 
Aluminum - copper; Magnesium - thal- 
lium; and fifteen others, including brass 
and bronze. i 

Ternary Alloys: 

These are very briefly treated, even the bear- 
ing metals, and the amount of attention given 
to the basic principles and theories of this part 
of the subject is very small in relation to the 
rest of the book. 

The third section, on practical microscopy of 
metals, covers the preparation of specimens, the 
development, the examination and the micro- 
photographing of the structure. The principles 
underlying these processes are well explained; 
but the amount of space occupied (42 pages) does 
not give opportunity for much description of 
practice, or of types of practice. Several refer- 
ences are given, however, where different types 
of practice are described. 

The last section deals with the metallography 
of iron and its alloys, and this has been rewritten 
and brought up to date by Dr. Goerens for the 
benefit of this translation. It is very elementary 
in character and somewhat incomplete, but is 
presented in an interesting manner and includes 
much valuable information. 

— . — 


VERSUCHE MIT SAEULEN AUS EISENBEFTON UND 
MIT EINBETONIERTEN EISEN SAEULEN IN 
STUTTGART UND IN WIEN.— By Fritz v. Emper- 
ger. (Part VIII., Forscherarbeiten auf dem Gebiete 
des Ejisenbetons.’’) Berlin, Germany: Wilhelm Ernst 
& Sohn. Paper: 7% x 10% ins.; pp. 57; 7 plates and 
38 text illustrations. 5 marks; American price, $2. 


This is a discussion of tests, with the full re- 
port of some new ones, on reinforced-concrete 
columns. They are ambitiously qualified as fol- 
lows in the introduction: 


The executed test program embraces the entire domain 
of column strength, in that ft discusses and takes ac- 
count of all pertinent influences. 


A later more moderate statement is less un- 
acceptable: 

In this respect [full experimental investigation— Ed.] 
The present matter bears the character of preliminary 
tests, which serve not themselves to solve all problems 
but to present clearly the main questions. 

The author extracts the following general con- 
clusion from his test results: 

The tests furnish complete proof that the concrete- 
embedded steel column, as well as what we call steel- 
concrete {reinforced concrete], are statically to be re- 
garded as steel columns . . . Whose strength is in- 
creased by the strength of the concrete prisms between 
lattice points in proportion to the section of concrete 
surrounded by steel. 

. . Quite generally, even under the most unfavor- 
able conditions, the buckling strength of the steel of 
the entire column and the simple crushing strength of 
the concrete between lattice [or tie] points are summed 
in the breaking strength of the column. 

The increase of resistance in the concrete itself 
due to lateral confining action, he finds, is not 
obtained unless the spacing of the lateral ties is 
much smaller than is customary for columns 
other than pure hooped or banded columns. 

— ee 

MINISTER OF MINES (British Columbia).—Annual Re- 
port for the Year Ending 31st December, 1907. Being 
an Account of Mining Operations for Gold, Coal, ete., 
in the Province of British Columbia. (Richard Mc- 
Bride, Minister of Mines.) Victoria, B. C.: Pub. 
Doc. Paper; 7% x 10% ins.;-pp. 235; folding and 
other plates. 

The mining operations for gold, copper, coal 
and other minerals, in the Province during 1907, 
have been carefully investigated by the Bureau, 
and the results are submitted in this report for 
the benefit of all interested in the region. Statis- 
tical tables give its total mineral output to date 


and show in considerable detail the actual mineral 
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production of the past year, as based on smelter 
or mill returns. 
— aaa aa 


SLOW BURNING OR MILL CONSTRUCTION. Report 
No. 5, Insurance Engineering Experiment Station. 
Third Edition, revised and enlarged. Boston, Mass.: 
Insurance Engineering Experiment Station, 31 Milk 
St. Paper, 8½ x 11 ins.; 9 folding plates and numer- 
ous illustrations in the text. 


. the noted “mill construction” is still recom- 
mended in the strongest possible terms by the 
Associated Factory Mutual Fire Insurance Com- 
panies, in spite of the great development of con- 
struction in incombustible materials. Although 
this new edition of the association's pamphlet on 
Slow-burning construction makes due acknowl- 
edgment of both the increased cost of timber 
and the lessened cost of erection of “the so-called 
fireproof” types, yet the early statement that 


timber posts. offer more resistance to fire than either 
wrought-iron, steel, or cast-iron pillars, and {n mill 
construction are preferable in many respects 


together with some Striking pictures showing 
how, in a fire, steel work fai'ed earlier than 
heavy timber work, expresses the strong position 
accorded to wooden slow-burning or mill con- 
struction by the fire underwriters. The pamph- 
let is worth study and preservation. 


The New Edition of Prof. F. C. Allen’s 
« RAILROAD CURVES AND EARTHWORK ” 


and 


‘FIELD AND OFFICE TABLES” 


The feature of the Field and Office Tables which 
particularly commends them to Engineers and Stu- 
dents is that they contain in one volume not only 
the general Logarithmic, Trigonometrical and Rail- 
road Curve Tables, but in addition tables for Spiral 
Easement Curves, and also very complete tables for 
Earthwork Computation, including Prismoidal Cor- 
rection Tables. l 

We do not know of any other book of tables in 
general use which contains both Spiral and Earth- 
work Tables. 

Another very desirable feature is the table of Tan- 
gent Distances for a 1° Curve. which has results 
for every minute in Allen's Tables. Most of the 
Tables in use give results for every 10th minute 
or for every 5th minute only, rendering interpola- 
tion necessary. 

Other tables not found in many other books are 
those for Stadia Reductions and for Refractions: 
also new and convenient Tables of “Offsets from 
Tangents for a 10° Curve and ‘‘Angles Proportional 
to Squares of Distances,” the latter being very val- 
uable for Easement Curves. 

The ‘‘Field and Office Tables’’ sells for $2.00 as 
the regular retail price. 

The “Railroad Curves and Earthwork” as a text 
book, contains a very complete treatment of the 
Staking Out, and of the Computation of earthwork, 
including Computation both by Tables and by Dia- 
grams, also deals with Overhaul and Mass Diagrams. 

In the part devoted to Railroad Curves, the chap- 
ters on Turnouts and on “Y” tracks are new and 
deal directly with the Split Switch rather than with 
the Stub Switch, which is now nearly obsolete. 

The Spiral Basement Curve, treated in a special 
chapter, is simple to understand and casy of appli- 
cation. 

While the general subject of Railroad Curves is 
taken up in a way not radically different from that 
of other good text books, we believe that the matter 
contained has been well selected, and that the math- 
ematical treatment is especially clear. 

Both these books are bound separately in leather, 
are of pocket size and are printed in clear and easily 
read type. Price, $2.00 each. 

Some engineers prefer to have the two books 
bound together, and to meet this demand we fur- 
nish the ‘‘Curves and Earthwork” and the “Field 
and Office Tables“ bound together for $3.00 and the 
thickness is only % in. ; 
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Scotch Marine Boilers and Allied Subjects. 
Reviewed by D. W. TAYLOR.® 


MARINE BOILER MANAGEMENT AND CONSTRUC- 
TION.—Being a Treatise on Boiler Troubles and Re- 
pairs, Corrosion, Fuels and Heat, on the Properties 
of Iron and Steel, on Boiler Mechanics, Workshop 
Practices and Boiler Design. By C. E. Stromeyer, 
M. Inst. C. E., Chief Engineer of the Manchester 
Steam Users’ Association. Third Edition. New 
York, London and Bombay: Longmans, Green & Co. 
Cloth; 6 x 9% ins.; pp. xx. + 404; 452 illustrations 
in the text and many tables. $4, net; United King- 
dom, 12s. 2d., net. , 

This volume of over 400 pages is a third edi- 
tion, the first having been published in 1893. 
The principal new matter incorporated in this 
edition is in connection with materials and the 
analysis of smoke-stack gases. 

The scope of this work is fully indicated 
by its title. Only about a third of it is taken 
up by the portion dealing directly with the 
management and construction of boilers. The 
author also deals quite fully with questions of 
the properties of steam and water, boiler corro- 
sion, combustion and heat transmission, mate- 
rials, and applied mechanics as bearing upon 
boiler construction. 

While Mr. Stromeyer’s present position as chief 
engineer of the historic Manchester Steam Users’ 
Association does not bring him in contact with 
the marine boiler, he was formerly an engineer- 
surveyor of Lloyd’s Register, a position giving him 
access to extensive information upon the subject. 
His work is evidently a labor of love. The pre- 
liminary list of some 83 books and pamphlets 
and 90 periodicals and society transactions, as 
well as the very large number of other publica- 
tions quoted from or referred to in the text, af- 
fords an idea of the author’s research. 

A very large number of subjects are considered 
in brief and condensed form, results obtained by 
numerous experimenters being quoted and copious 
references given to the original authorities. 

While the portions dealing with the practical 
details of boiler construction and management 
are good, there are other works which well cover 
this field. But this work is unique in the amount 
of information it brings together upon subjects 
allied to the main theme; such diverse subjects, 
for instance, as the properties of steam, 
heat transmission, the manufacture and qualities 
of steel, the strength of flat plates and continuous 
beams and the qualities of fuel. i 

The last hundred pages of the book include a 
brief but excellent chapter on boiler design and 
boiler rules and tables, from the rules of Lloyd's 
Register and the British Board of Trade. 

The author confines himself entirely to the 
cylindrical return-tube type of boiler, or the 
Scotch boiler, as it is commonly called in the 
United States. About the only reference to 
water-tube boilers is a list of books and publica- 
tions on them. While water-tube boilers are 
largely used on vessels navigating the Great 
Lakes, they have been but little used to date on 
salt-water commercial vessels. But practically 
all naval vessels are now fitted with water-tube 
boilers. They have been fitted exclusively, for 
nearly fifteen years, on vessels of the British 
Navy, and it is to be hoped that Mr. Stromeyer, 
in future editions of this work, will at least touch 
upon this very large subject. 

— . —ä—4ä—üͤ——Ʒ᷑ 


MORTALITY STATISTICS, 1906.— Seventh Annual Re- 
port. Bureau of the Census, S. N. D. North, Di- 
rector. Washington, D. C.: Pub. Doc. Cloth; 9 x 
11% ins.; pp. 480. 


The benefits flowing from a permanent census 
bureau are shown with every report of this sort 
that is published. The volume before us is the 
second one dealing with the mortality statistics 
of a year In detail, supplemented by statistics for 
the preceding four years. 

Owing to the failure of a large number of the 
States of the Union to provide any reliable sys- 
tem of registering vital statistics, only a small 
portion of the States is included in these mor- 
tality volumes. It is a pleasure to note, how- 
ever, that in the present volume, 15 registration 
States are included, embracing 48.8% “of the 
total estimated population of Continental United 
States.“ The five States added are Pennsyl- 
vania, Maryland, South Dakota, Colorado and 


JJ ne eS ee 
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California. Those previously included were all 
the New England States, New York, New Jersey, 
Indiana and Michigan. 

After the introductory text, the general death 
rate and the deaths from the principal causes, 
such as typhoid fever and other communicable 
diseases, are reviewed by means of text and brief 
tables; these reviews, however, relate to regis- 
tration States and the larger registration cities, 
only. The bulk of the report is devoted to the 
detailed tables of deaths from various causes. 
They include the population of each registration 
area for each of the five years 1902 to 1906, in- 
clusive. These populations are estimated by the 
arithmetic method adopted by the Bureau of the 
Census. 

— on 


SAFE BUILDING CONSTRUCTION.—A Treatise Giving 
in Simplest Forms Possible Practical and Theoreti- 
cal Rules and Formulae Used itn Construction of 
Buildings and General Instruction. By Louis de 
Coppet Bergh, F. A. I. A., M. Am. Soc. C. E., Au- 
thor of “Safe Building,” etc. New Edition, thor- 
oughly revised throughout. New York: The Mac- 
millan Co. Cloth; 5 x 8 ins.; pp. 436; 289 tllustra- 
tions, mostly in the text, and 50 tables. $5, net. 


The Applied Mechanics” of the simpler struc- 
tural elements, together with rather fragmentary 
discussions of some special constructions, such as 
foundations, cellar walls, etc., form the contents 
of what the author entitles “Safe Building Con- 
struction.” The selection and arrangement of 
the text-matter, as also the author’s literary 
Style, hardly conduce to maximum clearness. In 
fact, were it not for some scattered practical sug“ 
gestions of more or less novelty, it would be nec- 
essary to say that the same field is covered in 
far better and more useful form elsewhere. It 
seems that the book is a re-edition of a work 
first printed over 20 years ago, and although ac- 
cording to the title-page statement it is ‘“‘thor- 
oughly revised throughout,” there is such unmis- 
takable flavor of its early origin as to arouse 
regret that the revision did not extend to scrap- 
ping the old text entire. 

— 

ELEMENTS OF WATER BACTERIOLOGY, WITH SPE- 
CIAL REFERENCE TO SANITARY WATER AN- 
ALYSIS.—By Samuel Cate Prescott, Assistant Pro- 
fessor of Industrial Biology, and Charles-Edward 
Amory Winslow, Assistant Professor of Sanitary 
Biology in the Massachusetts Institute of Tech- 
nology. Second Edition, rewritten. New York: John 
Wiley & Sons. London, England: Chapman & Hall, 
Ltd. Cloth; 4% x 714 Ins.; pp. 258. 51.25. 

The first edition of this excellent little work 
for advanced students in bacteriology was noticed 
in our issue of July 14, 1904. In the present edi- 
tion the authors state that they have endeavored 
to make necessary revisions to cover progress 
during the past four years. Particular mention 
is made of additions to the chapters on Self- 
Purification, on the Isolation of the Typhoid 
Bacillus, on Colon Tests, and a new chapter has 
been provided on the Bacteriology of Sewage and 
Sewage Effluents. A quite extended bibliography 
is provided. 

— . —ä — 


GRAPHISCHE HILFSTAFELN ZUR SCHNELLEN ER- 
MITTELUNG DER TRAEGHEITSMOMENTE GEN- 
IET ETER TRAEGER-JUERSCHNITTE.—Prepared by 
H. Nitzsche. Leipzig. Germany: Wilhelm Engel- 
mann. Boards: 11 x 15% ins.; pp. 6; 10 plates and 
5 text illustratioms. 12 marks; American price, $4.80. 


Ten full-page diagrams making up this book 
give values of moment of inertia for riveted gir- 
der sections, over a range of flange area from 
O to 150 square units, and distance between 
flange and neutral axis from 25 to 130 lineal 
units. The back of each plate, or rather the left- 
hand page opposite each diagram, gives tables of 
the following: moments of inertia of web-plates, 
and moments of inertia of two back-to-back 
angles around their own gravity axis, the latter 
for leg angles and for two shapes of unequal leg 
angles. These tables, metric, do not adapt them- 
selves to use with our measures, but the dia- 
grams can be used for inches just as well as cen- 
timeters, since the same unit is for flange area, 
for half-depth and for moment of inertia. The 
diagrams have variable abscissa spacing, so that 
the ordinates [J = fc?] are straight lines. The 
awkward size of the book makes its use on the 
office desk inconvenient. In any case only a very 
large amount of work of the same kind would 
make it a.time-saver. The occasions where slide- 
rule calculations would not be quicker and suf- 
ficiently accurate are few. : 


Just Published 


Telephone Construction 
Methods and Cost 


By C. MAYER 
Formerly Cost Statistician and Facilities En- 
gineer, Chicago Telephone Co. 


With additional data 
by J. C. SLIPPY and others 


The author of this book was for a number of 
years tho cost statistician and facilities engi- 
The best 


methods of doing telephone work and the cost 


neer of the Chicago Telephone Co. 


of such work in all its details are the subjects 
which he discusses in his book. Beginning with 
a convincing presentation of the advantage of 
cost records to telephone companies and to con- 
tractors for telephone work, Mr. Mayer presents 
a simple and comprehensive system for collect- 
ing, analyzing and recording telephone costs, 
showing forms and blanks for every division of 
the work and explaining the method of com- 
puting, proportioning and pro-rating costs of all 
kinds. 
construction for pole line, cable construction, 


Successive chapters describe methods of 


cable splicing, removing old line and renewal, 
underground conduit, and miscellaneous struc- 
tures. Costs are given for every part of the 
work, these costs being averaged from actual 
cost records kept on many hundreds of jobs. To 
illustrate, the costs on conduit work are aver- 
aged from actual costs kept on over 250,000 feet 
of underground main conduit and laterals and 
on over 550 vaults. 
of work are based on similarly extensive rec- 


The costs on other classes 


Moreover, these costs are itemized and 
Work in city streets, in suburban 


ords. 
classified. 
towns, on long distance toll line, and on farmer 
line is given separately. The costs of pole line 
construction are given separately for each kind 
of soil and each size of pole; the costs of con- 
duit work are separated for each kind of soil, 
each number of ducts and each class of streets; 
the costs of cable splicing are kept separate 
for each kind of splice. This careful classifica- 
tion and analysis is carried throughout every 
division of telephone construction. The costs 
are actual construction costs—not contract 
prices—and have been used for making hundreds 
of estimates. Moreover, the author in a con- 
cluding chapter tells how to use the costs as 
given in making estimates, taking an actual job 
of large size and working out the estimate in 
detail with clear explanations of all the con- 
siderations to be kept in mind. THIS BOOK IS 
BY ALL ODDS THE MOST COMPLETE AND. 
SYSTEMATIC RECORD OF COSTS FOR ANY 
ONE CLASS OF CONSTRUCTION WORK THAT 
HAS EVER BEEN PUBLISHED. 

This book contains some 300 pages, 


75 illustrations and 125 tables of cost data. 


Price $3.00 net, Postpaid 


THE MYRON C. CLARK 
PUBLISHING CO. 


357 Dearborn Street, Chicago, Ill. 


with 
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Vol. 60. No. 3. 


Two German Books en Transportiag asd cea: 


veying Appliances. 


DE FOERDERUNG VON MASSENGUETERN.—By 
Georg von Hanffstengel, Leipzig. Privatdozent in the 
Royal Technical College at Berlin. Vol. I. Contin- 
yous Conveyors. Berlin, Germany: Julius Springer. 
paper 6ly x i ins.; pp. 244; 414 illustrations in the 
text. 7 marks; American price, $2.80. 


WASESENTRANSPORT.—A Text-Book on Transportation 
aud Storage of Bulk Materials. By M. Buhle, Pro- 
txor of Machine Design, Hoisting and Conveying 
Wachinery, at the Royal Technical College., Dresden. 
Stuttgart and Leipzig, Germany: Deutsche Verlags- 
Acstal. Paper; (14 x 11 ins.; pp. 382; 856 illus- 
trations In the text, and 80 tables. 20 marks; 
bound, 22 marks; American price, $8. 

The present era is distinguished primarily by 

the employment of mechanical power—the steam 
engine—in the service of man. But as power it- 
sef ia useless until it is put to efficient appli- 
cxion, so the means by which and for which 
power is used are the real instruments of ad- 
vance. Manufacturing machines are therefore 
the one great characteristic af the power era; 
devices for lifting, transporting, digging, etc., 
which lighten the load of laborious routine oper- 
ations are another and perhaps equally import- 
and characteristic. The railway car, the power 
crane, and the steam shovel are three imple- 
ments of enormous influence on our daily life as 
individuals and as a race. 

The railway is the only one of these implements 
‘that has a literature of adequate volume. The 
ereat feld of other handling, lifting and trans- 
pirting devices is almost totally without a per- 
manent record. It is time this state of affairs 
were impreved. The Germans have in recent 
years made a beginning, by publishing articles 
and books on one or another part of the subject, 
but the English literature in this field is still 
rmarkably scanty. Two new German books, 
fust published, represent commendable efforts at 
‘urther supplying the missing record. 

The first volume of “Die Förderung von 
Messengiitern” deals with conveyors, that is 
datinudus transporting and elevating machines. 
I: is primarily descriptive, although there is 
interspersed some amount of theoretical analysis 
‘lowed by formulas and constants for friction, 
wer, etc. In view of the state of the art, the 
litter can probably claim no great definiteness 
or finality, however. The descriptive treatment 
lz excellent. Beginning with the description of 
tte varied forms of conveyor parts, such as links, 
buckets, driving devices, etc., the author takes 
Jp different types of conveyor under the follow- 
rg not entirely consistent classification: Scraper 
tonveyors; Belt conveyors; Metallic-belt or link- 
delt conveyors, including also the Seeberger 
moving stairway; Bucket conveyors with fixed 
buckets; Bucket conveyors with tipping buckets; 
ard lastly, Conveyors without belt, including 
live-roll beds, screw conveyors, shovel or recipro- 
cating scraper conveyors, reciprocating trough 
conveyors or Inertia conveyors, and pneumatic 
itd hydraulic conveyors. In a closing section 
auriliary devices are briefly considered, among 
nm chutes, gates, loaders and automatic scales. 
Abundant illustration throughout forms one of 
tze chief virtues of the work. 

Buhle's “Massentransport” is a compilation of 
"ich more pretentious scope. Conveying and 
sanding devices of all classes and kinds are in- 
ed, beginning with railway cars, leading on 
‘rough cableways and hoists to cranes and 
credges, and thence to conveying machinery 
sitly so-called. This makes up about two- 
rds of the book. The second part describes 
fein elevators and coal-storage plants. The 
‘rd and last section describes very sketchily 
3 tumber of types of plant which employ con- 
‘ying and handling devices: gas works, boiler 
tarts, ship and locomotive coaling plants, etc. 
“wH be evident from the extensive ground 
‘tered that an immense amount of material 
“ts be contained in the book, and that at the 
re time the treatment cannot be exhaustive. 

last is not subject to criticism, in view of 

+ necessary limitations of space, but the order 
“ arrangement of the matter is not quite as 
Tr as might be desired, and seems likely to 
+ cise to difficulty in referring to a specific 
“ail of the general subject. Criticisms may 
a be made in the matter of balance. The 
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relative amounts of space and detail study given 
to different sets of devices are not consistently in 
proportion to the needs of the subject, in the 
reviewer’s opinion. Some simple or well-known 
devices are talked about at great length, while 
devices which are in much greater need of dis- 
cussion are passed over more superficially. But 
opinion in this point is necessarily individual 
and variable. 

The ground for these criticisms lies undoubt- 
edly in the excessive extent of material included 
in the work. Three subjects so broad as rail- 
way cars, dredges and shovels, and conveyors, 
are here crowded together into less than 200 
pages of text, although for even reasonably satis- 
factory treatment each by itself requires at 
least the whole of this space. Similarly Cranes, 
and Cableways, demand each a separate work. 
The attempt to crowd all these fields into one 
book makes it unavoidably superficial and 
fragmentary. 

— 


THE PRINCIPLES OF MECHANICS.—For Students of 
Physics and Engineering. By Henry Crew, Ph. D., 
Fayerweather Professor of Physics in Northwestern 
University. New York, London and Bombay: Long- 
mans, Green & Co. Cloth; 5 x 84 ins.; pp. 295; 110 
illustrations in the text. $1.5 


The author follows a 1 of instruction 
which we believe can hardly commend itself for 
general use in teaching Mechanics, at least not 
to engineering students. Beginning with a dis- 
cussion of the elements of kinematics, all ex- 
pressed in the rather indigestible terminology 
and symbols of vectors, the treatment con- 
tinues in a style equally difficult for the learner. 
The method is no doubt logical, and in the sense 
that it seeks for precision and conciseness it is 
philosophical. But there is little to be said for 
a method which keeps the reader in ignorance 
of the term and concept “force” until the Sith 
page is reached, and even then gives him no 
better mental food than this: “The force acting 
upon any body is, therefore, defined as the rate 
at which the linear momentum of that body is 
changing.” Moreover, forces are not even digni- 
fied by the author to the extent of giving a 
separate treatment of equilibrium of forces. 
The author states in his preface that one of his 
efforts in working out the text was “to reduce 
the inherent difficulties of the subject to a mini- 
mum.” We beleve the method employed is not 
sufficient for the purpose, in engineering schools 
at any rate. 

— . — 

LES NOUVEAUX LIVRES SCIENTIFIQUBS ET IN- 
DUSTRIELS.—Vol. I. Bibliography of Works Pub- 
lished in France from July 1, 1902, to June 30, 1907. 
Paris, France: H. Dunod & E. Pinat. Cloth: 7 x 
10% ins.; pp. 416. 9 francs; American price, $2.70. 

For the past five years the firm of Dunod and 
Pinat have issued every three month a bibllog- 
raphy, classified alphabetically by authors under 
subject headings, of the scientific and industrial 
books which had been published in France dur- 
ing the preceding quarter year. The present vol- 
ume is a collection of all of these quarterly 
pamphlets, bound in one cover and preceded by 
a general subject and author index of the entire 
20 subdivisions, from July 1, 1902, to June 30, 
1907. Each of the 5,141 books published is no- 
ticed, in addition to the usual descriptive head, 
by a short résumé of the contained matter. 

— — pe 


ANALYTISCHE ERMITTELUNG UND ANWENDUNG 
VON EINFLUSSLINIEN EINIGER IM EISENBB- 
TONBAU HAEUFIG VORKOMMENDER STATISCH 
UNBESTIMMTER TRAEGER.—By Arthur Lederer. 
Published by Rud. Wolle, Concrete Building Con- 
tractor, Leipzig. Berlin, Germany: Wilhelm Ernst & 
Sohn. Boards; 7% x 10% ins.; pp. 88; 13 plates and 
113 text illustrations. 4.20 marks: American price, 
$1.68. Bound in cloth, 5 marks; American price, $2. 


The title, “Analytic Determination and Appli- 


. cation of Influence Lines,” requires one or two 
explanatory notes. 


The following cases are dis- 
cussed: the continuous beam of two spans, both 
equal and unequal; the continuous beam of three 
spans, both equal and unequal; the constrained 
(fixed-end) beam. The author apparently worked 
with special view to calculations of reinforced 
concrete, but he takes the product E I constant 
in each case. At the close of the text a serles 
of diagrams is given, each being a scale draw- 
ing (with ordinates also given numerically) of 
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figures. 


JOHN WILEY & SONS’ 
RECENT PUBLICATIONS 


HELLER — Stresses in Structures 
and the Accompanying Defor- 
mations. 


Second edition. Svo, xvi+324 pages, 217 
Cloth, $3.00. 


CHURCH—Mechanics of Engineer- 
ing. 


Revised edition, partly rewritten. 
xxvi 854 pages. Cloth, $6.00. 


CRANE—Gold and Silver. 


Comprising an Economic History of Mining 
in the United States, the Geographical and 
Geological Occurrence of the Precious Metals, 
with their Mineralogical Associations, History 
and Description of Methods of Mining and 
Extraction of Values, and a Detailed Dis- 
cussion of the Production of Gold and Silver 
in the World and the United States. 8vo, 
x+ 727 pages, illustrated. Cloth, $5.00 net. 


BACON—Elementary Forge Prac 
tice. 
12mo, x+ 299 pages, 272 figures. 
Second edition, enlarged. x+279 pages, 
335 figures. Cloth, $1.50. 


SINCLAIR — Locomotive Engine 
Running and Management. 
Twenty-second edition, enlarged. 12mo, 
xxxvi+ 442 pages, 52 figures, 11 plates. Cloth, 
$2.00. 
WEST—American Foundry Prac- 
tice. 


Eleventh edition, revised. 12mo, 
pages, fully illustrated. Cloth, $2.50. 


MOLITOR—Hydraulics of Rivers, 
. Weirs and Sluices. 


The Derivation of New and More Accurate 
Formulae for Discharge through Rivers and 
Canals Obstructed by Weirs, Sluices, etc., 
According to the Principles of Gustav Ritter 
von Wex. So, xii + 135 pages, 72 figures. 
Cloth, $2.00 net. 


BALDWIN—Baldwin on Heating; 
or, Steam Heating for Buildings, 
Revised. 


Sixteenth Edition, 
12mo, vili + 404 pages, 
plates. Cloth, $2.50. 


BASHORE—The Sanitation of Rec- 
reation Camps and Parks. 
12mo, xii + 109 pages, 19 full-page half-tone 
illustrations. Cloth, $1.00. 


WATERBURY — A Vest-pocket 
Handbook of Mathematics for 
Engineers. 

274 x 534 inches. 

Morocco, $1.00 net. 


SNOW—tThe Principal Species of 
Wood. Their Characteristic 
Properties. | 


Second Edition, Revised, with Additions. 
Large 8vo, xi + 203 pages, figures in the text, 
37 full-page half-tones. Cloth, $3.40. 


8vo, 


ix-+ 452 


Revised and Enlarged. 
143 figures and 15 


vi+ 91 pages, 61 figures. 
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An lutroduction to Mechanical Engineering. 


MECHANICAL ENGINEERING FOR BEGINNERS.—By 
R. 8. M’Laren. London, England: Charles Griffin 
& Co., Ltd. Philadelphia, Pa.: J. B. Lippincott Co. 
Cloth; 5 x 8 ins.; pp. 282; 106 illustrations in the 
text and 24 tables. $1.75, net. 

The author has aimed at giving a general in- 
troduction to the most important branches of 
mechanical engineering—strength of materials, 
steam-engine and boiler practice, gas and oil 
engines, hydraulic-power apparatus and hydrau- 
lic tools. The work is planned for engineering 
apprentices and young draftsmen, but recent 
technical graduates will find it profitable reading. 

The properties, methods of production, testing 
and use of the more familiar materials from 
which machinery is built are first taken up. 

In approaching steam engineering, the notable 
features of well-known types of boilers, such as 
the Lancashire, Cornish, locomotive, Scotch ma- 
rine, Babcock and Stirling are first set forth. 
After these descriptions are elementary discus- 
sions of strength and design. Evaporation of 
“water, combustion of coal and general boiler 
practice are explained as simply and briefly. 
Next the common steam power plant accessories 
are described, such as pumps, injectors, stokers, 
conveyors. Here no word is written on belt con- 
veyors, which to an American engineer seems a 
peculiar omission. In ‘‘Steam Pipes and Valves” 
great emphasis is placed on the evils of water in 
pipes and valves and the more common layouts 
to prevent this are explained. 

About a fifth of the book is on the steam en- 
gine, and this matter is in two parts. The first 
part does npt go into descriptive detail, but 
rather shows principles as applied to common 
slide-valve, Corliss, Willans, high and low- 
‘speed engines. The second part gives the basic 
features of engine design: flywheel calculations, 
thickness of cylinder walls, proportions of crank 
shafts, journals, piston rods, etc. The steam en- 
gineering division is completed by descriptive 
chapters on condensers and steam turbines. 

The sections on hydraulic machinery, gas and 
oil engines and on electrical matters are gen- 
erally descriptive rather than taking up elemen- 
tary principles of design. If the author had en- 
tirely left out his chapter on electrical things he 
would have an admirable book, but that one sec- 
tion is grossly misleading in important and ele- 
-mentary matters. What may be deduced here 
from some of Mr. McLaren’s words may require 
to be later unlearned and such a process is 
always difficult. Some of the passages to which 
objection may be made are given below: 


... « « in order to produce E. M. F. in a wire 
the latter must pass from a‘ weak field, or no field, into 
a strong field or vice versa or, if moved continuously in 
a field of the same strength the speed must be varied, 
otherwise no E. M. F. will be obtained. 

A 2,000 candle-power arc lamp of ordinary or open 
type absorbs about 500 watts so that in actual practice 
the engine driving the generator must indicate nearly 
1 HP. for every 2,000 candle-power arc lamp. 

If two conductors are placed side by side and an 
alternating current is sent through one of them, it will 
induce a current (having alternations in the opposite 
direction) in the other conductor, and the E. M. F. of 
the secondary or induced current can be made higher 
or lower than that of the primary current. Thus if a 
wire of large diameter, carrying a current of a good 
many amperes is placed alongside a smaller wire and 
having a greater resistance, the current induced in the 
latter will be of higher voltage, but of smaller amperage 
than in the primary wire. 

A compound-wound dynamo is one in which a few turns 
of series winding are placed over the shunt winding 
and arranged to act in opposition to it. Thus if the 
speed of the generator should fall and the main current 
be reduced, the opposing power of the series winding 
will be reduced and the shunt winding, freed from this 
opposition will more strongly excite the magnets. 


If one can pass by the electrical chapter the 
book is excellent for its intended purpose. It is 
brief by being concise and specific. One feature 
of the whole volume which should be of import- 
ance to young engineers is the arrangement of 
data. Thus the properties and costs of materials, 
usual dimension and constants of boilers, pumps, 
“pipes, engines and various machinery are in- 
serted where applicable. Such bits of informa- 
tion, while not absolutely accurate, give a good 
idea of the order of magnitude of the property in 
question. Thus the student learns that iron cast- 
ings will cost in the order of $50 per ton; steel 
castings in the nelghborhood of, say, $200 per 
ton. He will learn that a single-riveted lap joint 
‘In -In. plate has commonly, say, a -in. rivet 


with 2\-in. pitch and 258-In. lap; that a double- 
riveted butt joint with double straps for %-Iin. 
plate would have commonly 13/16 rivets pitched 
3% ins. He finds that the Parsons types of tur- 
bines have for, say 700 HP.., a speed of 1,500 
to 3,000 r. p. m., while the speeds drop off with 
increased size until in a 7,000 HP. machine the 
speed is down to 700 or 1,000. However, 
throughout the book the student needs to bear 
in mind that British practice is dealt with and 
that American ideas depart from this widely at 
times. ö 
— MM 

HANDBOOK OF MATHEMATICS FOR ENGINEERS.— 

By L. A. Waterbury, Professor of Civil Engineering, 

University of Arizona. New York: John Wiley & 

Sons. London, England: Chapman & Hall, Ltd. 


Flexible leather; 2% x 5% Ins.; pp. 91; 61 figures in 
the text. $1, net. 


A surprisingly large amount of mathematical 
notes and formulas crowded into vest-pocket 
compass, as here presented, should prove a very 
desirable addition to the engineer’s equipment. 
The chief formulas of simple algebra, tri- 
gonmetry, analytic geometry and calculus are 
given in serviceable shape. Incidentally tnere 
is a short table of integrals nearly as useful as 
Peirce’s “Short Table,“ and sufficient for prac- 
tically all needs within the range of appeal of 
the book. This purely mathematical part is fol- 
lowed by two sections dealing with pure me- 
chanics and mechanics of materials. The latter 
covers beams and columns, including contin- 


uous beams, beams loaded in a plane not pass- 


ing through a principal axis of the section, ec- 
centrically-loaded columns, and the considera- 
tion of normal column formulas as formulas for 
eccentric loading. r 

Good typography and substantial leatner bind- 
ing, and notched edges marking the several sub- 
divisions, supplement the contents in making the 
little book a useful tool. 

— . — 


COAST EROSION AND FORESHORE PROTECTION.— 
By John S. Owens, M. D., Assoc. M. Inst. C. E., and 
Gerald O. Case. London, England: The St. Bride’s 
Press, Ltd. Cloth; 5½ x 8% ins.; pp. 148; 34 illus- 
trations in the text. 7s. 6d., net; American price, $3. 

This summation of facts and theories of forces 
acting on coast and sea-bed, and of the best 

known means of protection against them, is a 

popular rather than scientific presentation of an 

as yet but slightly developed branch of engineer- 
ing science; a branch, however, which is of great 
importance to some localities. The agencies pro- 
ducing movement of coast materials resulting in 
erosion or accumulation are carefully investi- 
gated, the first 70 pages, or half of the book, 
being devoted to an exposition of sub-aerial, 
wave, wind-current and tidal-current effects. In 
the latter chapters protection works, divided into 
“passive resisters,” whose aim is to increase the 
strength and durability of natural sea barriers, 
and “active” means of defence, designed with 
the purpose of removing the causes of erosion, 
are described and fairly illustrated with half- 
tone and line engravings. Groynes, especially 
those of the “Case” type, are given prominence. 

The use of reinforced concrete is advocated for 

general subaqueous construction. The book 

promises to be valuable to all interested in its 
subject. 
— «521 — 5 

STATIONARY STEAM ENGINES. — Illustrated with Nu- 
merous Examples from Actual Practice. Edited by 
William H. Fowler. M. Inst. C. E., M. Inst. M. E., 
etc. Manchester, England: The Scientific Publish- 


ing Co. Cloth: 7½ x 10 ins.; pp. 299; 326 illustra- 
tions in the text. 12s., 6d., met; American price, $5. 


The material contained in this volume is stated 
to be in the main a collection of emended articles 
which have appeared at times in the (British) 
“Mechanical Engineer.” The author has broadly 
classified all engines as stationary, locomotive 
and marine, and in this treatise on design has 
considered only the first class. The book should 
be acceptable to American engineers, designers 
and draftsmen, as it contains a large amount of 
data and description of machines from the lead- 
ing European makers such as: Musgrave, Van 
den Kerchove, Robey, Borsig, Ferranti, Hicks- 
Hargreaves, Wallsend-Slipway, Galloways, J. and 
E. Wood, Escher Weiss, Gebruder Sulzer, Carels 


. Freres, Bollincks, Williams and Robinson, Bel- 


lis and Morcom, W. H. Allen Sons Cö., etc., etc. 


.cators, etc., 


As might be expected in a British book, less 
matter is made available on American design 
than on European, although a few prominent 
makes are described, such as the Westinghouse, 
Allis-Chalmers and McIntosh Seymour. 

The author’s method is to give methods of de- 
Signing and proportioning engine parts, and to 
supplement thesé with discussions and descrip- 
tions of prominent types of machines. In this 
way the practical considerations of engine 
frames, valve gears, governors, fly-wheels, lubri- 
are presented. The various valve 
gears are treated quite fully. The design and 
construction of fly-wheels forms one important 
chapter, in which the subject matter seems to 
be excellently presented, although there are some 
minor troubles with fly-wheels which are not 
treated. The final chapter deals in a general 
way with the various arrangements of condens- 
ing apparatus, and while this section may seem 
brief or superficial to some readers it is probably 
satisfactory as an appendix to a work on engine 


design. 


1000 Copies 


“Field System” 


By 
FRANK B. GILBRETH. 


Sold in 10 Days 


This bock was written by one of the largest 
general contractors in the world, and con- 
tains nearly 200 pages of rules and instruc- 
tions for the guidance of his foremen and 
‘superintendents. It is-the outgrowth of over 
20 years of experience in the contracting 
business and embodies scores of suggestions 
for economizing and for increasing the out- 
put of the men on the job. Mr. Gilbreth is 
the contractor who: made the “Cost-plus-a- 
fixed-sum-contract” famous; in doing so, he 
has likewise made famous Gilbreth’s “Field 
System,” only a few excerpts from which 
have heretofore appeared in print. 


In making public bis Field System,” Mr. Gilbreth 
is performing a service to the public that is compar- 
able with the action of a physician in disclosing 
the secret of his success in curing a disease. The 
disease that Gilbreth’s ‘‘Field System” alms to cure 
is the hit or miss method of doing contract work, 
System supplants slovenliness, and makes sloth an 
absolute impossibility. , w 


200 pages, with illustrations; bounā in 
“flexible leather, gilt edges; price $3 net, 
postpaid. | | . 


Circular telling all about Field System,“ or 
sample pages, circulars or catalogs covering any 
class of books for engineers, architects, contractors 
or railway men, will be mailed free upon receipt of 
a postal card stating where you saw this adver- 
tisement, l 
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Wireless Telephony. 


WIRELESS TELEPHONY.—In Theory and Practice. By 
Eru Rubmer. Translated from the German by 
Janes Erskine-Murray, D. Sc., M. Inst. E. E. With 
a Appendix by the Translator. New York: D. Van 
Jost rad Co. London, England: Crosby Lockwood 
é sot. Cloth: 512 x 8% ins.; pp. 224; 145 illustra- 
vogs in the text. $3.50, net. 

In 1007 Dr. Erskine-Murray issued a Hand- 
bok of Wireless Telegraphy”’ to which this book 
ig a companion volume. In size and binding the 
two are similar. : 

The solution of the problem of wireless trans- 
mission of speech over greater distances than the 
snd of voice alone will carry has been effected 
m wo general ways—by variations of light waves 
and by electrical waves. The first of these.is as 
oli as the telephone itself, and the second is per- 
As the most recent step of notable scientific 
jeeress. These two divisions of work are 
trated in the two divisions of Dr. Erskine's 
translation of Ruhmer’s German work. 

Tre methods of the first part of the book de- 
pnd on the alteration of the intensity of light 
rajistions, sent out by some lamp acting as a 
transmitter, and on their conversion into sound 
waves at a receiver, usually through the action 
wight on the electrical conductivity of selenium. 
T:..s section is historical, at least in the order of 
d-scriptions. Chapter III., on The Speaking Are, 
is one of the very interesting portions of the 
bok. Here the author describes the discovery 
ind development of the direct-current arc as a 
rproducer of speech and music through auxil- 

sry impulses of E. M. F. In another chapter 
a has given in detail his own interesting experi- 
ments with searchlight transmitters and 
S +nium-cell receivers, by which he was able to 
cet reliable communication up to some three 
muas - , 
The second part of the book is’ on wireless 
tepkony by purely electrical phenomena. The 
athor divides such communication into three 
dasses: (1) by currents in the earth or water; 
io by electromagnetic or electrostatic induction: 
“i by the propagation of electrical waves in the 
ther. The first two of these subdivisions are 
‘covered by relating the few somewhat success- 
fu attempts. through picking up currents caused 
t: fow in the earth and through the mutual ef- 
fs of long parallel circuits. = 

In taking up the third subdivision the author 
resents several early attempts -(failures) to 
Tansmit speech by apparatus, more or less suc- 
‘ssful in wireless telegraphy, and with which 
Erped trains of waves are produced by oscilla- 
‘ry spark discharges. A few methods are also 
bescribed in which a very high-frequency ma- 
thine was used to directly give rapidly alter- 

Ltng currents of appreciable magnitude from 
tich were developed undamped trains of ether 
Fives. Both the spark and high-frequency ma- 
“ne methods gave some promise of ultimate 
“:*ss, but were dropped when a solution of the 
mem was found in the “singing arc.” The 
1. ner, from this point, gives great attention to 
“= Methods proposed for developing undamped 
Fate trains from the phenomena of an oscillating 
drohe of a nature between a spark and an 
a~. In this field one encounters a mass of contra- 


ttry testimony which the author has at- 


'mpted to properly correlate as explaining vari- 
actions between arc and spark phenomena. 
T=: in spite of such evident. care, to a reader not 
t: versed in the investigations of Duddel, Paul- 
t, Elihu Thomson, Simon, etc., etc., there will 
a lack of that perspective in which the results 
‘fac such workers are properly to be viewed. 
iz an appendix the translator has added what 
* considers the real advances made from the 
tate of the German edition of this book up to 
‘vember, 1907. This part consists largely in 


i rəmorandum from Professor R. A. Fessenden > 


en ais work leading up to a test on a commer- 
ti system established between Brant Rock and 
ricouth, Mass., a distance of eleven miles, It 
k «prising that in this appendix there is- no: 
z uate mention made of the De Forest system, 
dach was adopted in 1907 for the United States 


Narr Whatever may be said of the originality ` 


d. employing certain phenomena in this system 
fF <i" seems as though the very evident com- 


mercial success of the convenient apparatus de- 
veloped would warrant giving here those details 
which were available before November, 1907. 
In general, the author and translator have 
avoided extremely technical details that would be 
of interest only to those few persons whose major 
lines of work lies in these fields. The result has 
been that the greater part of the matter can be 
easily grasped at a single reading and the rest 
can be understood by a little study. 
FF 


LEAD AND ZINC IN THE UNITED STATES. —Compris- 
ing an Economic History of the Mining and Smelting 
of the Metals and the Conditions Which Have Affected 
the Development of the Industries. By Walter Renton 
Ingalls, M. Am. Inst. M. E., Editor of the ‘‘Engi- 
neering and Mining Journal,” etc. New York and 
London: Hill Publishing Co. Cloth; 6 x 9% Ins.; 
pp. 398; plates, text illustrations and tables. $4, net. 


While intended as a part of the “Economic 
History of the United States,” to be published 
by the Carnegie Institution, this interesting 
work is now offered as an independent publi- 
cation by its well-known author. It attempts 
not so much to stimulate an antiquarian interest 
in the early discoveries and feeble attempts at 
exploitation of the lead and zinc deposits of this 
country, as to direct attention to the natural 
features, technical improvements and commercial 
issues which have contributed to the develop- 
ment of the industry. About two-thirds of the 
volume is devoted to lead as the more widely - 
distributed and economically important of the 
two metals, although their close interrelation 
prevents complete separation of treatment. Both 
subjects are taken up in a similar natural ar- 
rangement of chapters. After an introductory | 
statement of the principal mineralogical occur- 
rences, the systems of mining employed in 
various districts are touched upon. This por- 
tien of the history arouses a feeling of regret 
that the author has neglected to elucidate the 
text with illustrations: such statements as “the 
vein resembles a wire bent sharply in two legs 


-at an angle of 30°, one leg being short but of 


equal length to the other if its known exten- 
sion underground be plotted” present difficulty 
even to a trained mind, while the layman who 


can form a clear mental picture of such concepts 


must be extraordinarily gifted. 


The development of metallurgical processes 


from the primitive efforts which inaugurated the . 


industry, to the comparatively high efficiency of 
modern methods, is presented quite fully; what, 
with less skillful literary treatment, might have 
become an unreadable mass of antiquated and 
useless data is here woven into a resumé of in- 
teresting facts chosen with a discrimination 
which yields a direct benefit to the reader in 
knowledge gained from the failures as well as 
from the successful experiences of our pioneers. 

Completing the view of economic conditions 
under which lead and zinc have been and are 
produced in the United States, the commercial 
factors that have influenced the expansion of 
these resources are given. The business man’s 
‘point of view is successfully taken in the ex- 
planation of costs, labor conditions, and trade 
agreements, from the Joplin prospector’s and 
leaser’s partnership to the ramified interests of 
the American Smelting & Refining Co. The 
book, while seemingly compiled with some haste, 
is for the major part clear, and contains so 
much pertinent cost data that it will prove 
valuable for reference as well as for study. 

. — . — — 


RAILROAD AND CANAL COMPANIES OF THE 
STATE OF NEW JERSEY.—Annual Statements, to- 
gether with Report of the State Director of the 
United New Jersey Railroad and Canal Company 
for the Year 1907. (Joshua E. Borton, State 

Director.) Trenton, N. J.: Pub. Doc. Cloth; 5% 

x 9 ins.; pp. 387; one large folding table. 

This volume, well bound in cloth, is an excel- 
Jent example of how inefficient and routine work 
by an executive department can nullify the in- 
tent of legislation. So far as we can see, the 
volume is absolutely useless to any one. It is 
a direct reprint of the reports furnished by the 
various railroad companies and most of the space 
is taken up with the reports of accidents given 
seriatim. Thus, taken at random, on page 189 
we read: 


“November 3d—Minard, Clarence, Trainman, door shut 
on fingers, bruising same, Hoboken; November Oth— 
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SECOND THOUSAND NOW BEADY 


TURNEAURE and MAURER 


Principles of 
Reinforced Concrete 


Construction 
8vo, viii + 317 pages, 11 plates and 130 
figures. Cloth, $3.00. 


JOHN WILEY & SONS 
43 aad 45 East 19th St., New York City 


Trespasser, body found between tracks, Lyndhurst; No- 
ee ith—Passenger fell on crosswalk, bruising leg, 
ilburn.”’ 


This is a sample of the contents of the book 
for page after page. Why, oh, why, should good 
paper and ink be wasted in printing such use- 
less matter? We cannot imagine, unless there is 
a percentage of profit in the printing and the 
state printer needed the money. 

The State of New Jersey has made a belated 
beginning in attempting to supervise through 
state officials the operations of the railroad com- 
panies within its borders. Why should not these 
officials exert themselves enough to learn what 
other progressive states, like Massachusetts, 
Wisconsin and Texas, have been doing for many 
\years? One is tempted to wish that there could 
be a law against the printing of useless official 
reports and a severe penalty for the official who 
perpetrated one. It is such documents as this 
which give excuse for the common remark that 
state regulation of corporations is a farce. It 
can be made a farce by the executive officials, . 
or, in proportion as they are able and intelligent 
men, it can be made an instrument for real pro- 
tection to the public. 

Publicity is referred to again and again as a 
panacea for the evils of corporation mismanage- 
ment, but there is publicity that is effective and 
valuable, and there is a so-called publicity that 
complies with the law but buries facts deep 
in bulky reports where they are of no use to any 
one. 
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POOR'S MANUAL OF THE RAILROADS OF THB 
UNITED STATES.—Street Railway and Traction 
Companies, Industrial and Other Corporations. 
Forty-first Annual Number, 1908. New York: 
Poor's Railroad Manual Co. London, England: 
Effingham Wilson. Cloth: 5% x 9 ins.; pp. clxxviii. 
+ 2089; folding and other plates, and text illus- 
trations. $10. 


The 41st annual issue of Poor's “Manual” is 
notable for its departure from past precedent 
in including industrial corporations. The 
“Manual” has long been the standard work of 
reference in all financial offices, and the growing 
amount of investments in industrial corpora- 
tions has been recognized in previous years by 
including a certain number of the most import- 
ant and well-known industrial companies. In 
the present volume, however, the space is largely 
increased, and practically all the industrial 
companies whose securities are dealt in on the 
exchanges are included, as well as a very con- 
siderable number of concerns the stock of which 
is seldom quoted. A table of the dividends paid 
by industrial corporations and of their annual 
meetings and transfer agents !s also convenient, 
and there is a directory of the purchasing 
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The Principles of Railway Stores 


Management. 
By W. O. KEMPTHORNE 


Of Special Interest to Railroad Account- 
` ants, Chief Engineers, Managers, Super- 
intendents, Storekeepers and all intere 
' ested in Railroad Supplies. $4.00 net 


SPON & CHAMBERLAIN 


123 E.N. Liberty St., New York, N. Y. 


agents, master mechanics and chief engineers of 
all the railways of the United States and 


Canada. 


The publishers deserve much praise 


for fhe manner in which the figures in this long- 
time standard work are compiled and printed. 
There is probably no statistical publication, any- 
where, outside of those issued by the Govern- 
ment, which presents so vast an amount of mat- 
ter and which is in general so reliable. 
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Publications Received. 


ADDRESSES DELIVERED AT THE INSTALLATION 
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OF WILLIAM FREEIMAN MYRICK GOSS, D. ENG., 
AS DEAN OF THE COLLEGE OF ENGINERING, 
UNIVERSITY OF ILLINOIS.—Feb. 5, 1908. No. 1, 
College of Engineering Series, University of Illinois 
Bulletin. TUrbana, III.: The University.) Paper; 
6 x 9 ins.; pp. 59; illustrated. 


DIE ASANIERUNG VON DUESSELDORF.—(The Sani- 


tation of Düsseldorf.) Prepared by Messrs. Brix, 
Freihr, Engelhardt, Geusen,. Mangold, Schenk, 
Schrakamp and Tremus, under the supervision of 
Dr. Th. Weil. Part 17, Group H., Fortschritte der 
Ingenieurwissenschaften. Leipzig, Germany: Wil- 
elm Engelmann. Paper: 74% x 11 ins.; pp. 178; 8 
plates and 96 text illustrations. 14 marks; Ameri- 
can price, $5.60. 


BOARD OF RAILROAD COMMISSIONERS. —(Massachu- 


BULLETINS, 
Otis Smith, Director. 


setts.) 39th Annual Report, January, 1908. (Wal- 
ter Perley Hall, Chairman, 20 Beacon St., Boston, 
Mass.) Boston, Mass.: Pub. Doc. Cloth; 5% x 9 
ins.; pp. xlii. + 387 + 656; two large folding maps. 
U. S. GEOLOGICAL SURVEY.—George 
Washington, D. C.: Pub. Doc. 
Paper; o% x 9 ins. 


No. 328: The Gold Placers of Parts of Seward Penin- 


, sula, Alaska. 


Including the Nome, Council, Kouga- 
rok, Port Clarence, and Goodhope Precincts. By 
Arthur J. Collier, Frank L. Hess, Philip S. Smith, 
and Alfred H. Brooks. Pp. 343; 11 plates (4 in 
pocket) and 19 text figures. 


COMMIS TONER OF DAMS AND RESERVOIRS.—State 


of Rhode Island and Providence Plantations. An- 
nual Report made to His Excellency, James H. Hig- 
gins, Governor, January, 1908. (Walter C. Simmons, 


` Commissioner.) Providence, R. I.: Pub. Doc. Pa- 


per; 6 x 9 ins., 


pp. 34; folding plates and text 
illustrations. 


EXPERIMENTS WITH RAILWAY CROSS-TIES.—By 


— 


* 


H. B. Eastman, Forest Assistant. Circular 146. 
Forest Service, U. S. Department of Agriculture, 
Gifford Pinchot, Forester. Washington, D. C.: Pub. 
Doc. Paper; 5% x 9 ins.; pp. 22; two folding plates, 
one text figure and nine tables. 5 cts. 


THE FINAL DISPOSITION OF CITY REFUSE BY 


MIXED REFUSE DESTRUCTION, AND THE FINAL 
DISPOSITION OF REFUSE IN GRAAT BRITAIN.— 
By J. T. Fetherston, Assoc. M. Am. Soc. C. E. (Re- 


printed from the Journal of the Society of Chemical 


Industry, April 30, 1908.) (H. Schweitzer, Secretary 
New York Section, 66 Lafayette St., New York.) 


Paper; 4% x 7 ins.; pp. 11; four illustrations in the 


text. 


HOW TO BECOME A COMPETENT MOTORMAN.—A 


to Overcome Troubles on the Road. 


Practical Book on the Proper Method of Operating 
a Street Railway Motor-car; with Instructions How 
By Virgil B. 


Livermore, Inspector, N. Y. C. & H. R. R. R., and 


: James R. Williams, Mechanical Expert Department, 


Galena-Signal Oil Co. Second Edition, Revised. New 
York: D. Van Nostrand Co. Cloth: 4% x 6% ins.; 
pp. 247; 60 Illustrations, mostly in the text. „ net. 


HYDRAULICS OF RIVERS, WEIRS AND SLUICES.— 


Canal Commission. 


The Derivation of New and More Accurate Formulae, 
for Discharge through Rivers and Canals Obstructed 
by Weirs, Sluices, Etc., According to the Principles 
of Gustav Ritter von Wex. By David A. Molitor, 
M. Am. Soc. C. EB, Designing Engineer, Isthmian 
New York: John Wiley & Sons. 
London, England: Chapman & Hall, Ltd. Cloth; 
5 * OX. ins.; pp. 135; text illustrations and tables. 
92. net; English price, 8s. 6d., net. 


INTER-COLONIAL IRRIGATION COMMISSION.—Final 


~ mission.) 


Report, Presented to Both Houses of Parliament by 
-Command of His Excellency the Governor. (C. D. 
H. Braine, Assoc. M. Inst. C. E., Secretary of Com- 
Pretoria, Transvaal:. Pub. Doc. Paper; 
84 x 18 ins.; pp. 148; one plate and two folding 
maps. 


AN INVESTIGATION OF THE HYDRAULIC RAM.— 


By Leroy Francis Harza. Researches in Hydraulics, 


' Daniel W. Mead, Professor of Hydraulic and Sanl- 
. tary Engineering. Bulletin of the University of 
205 


Madison, Wis.: The Univer- 
pp. 111; one folding plate 
25 cts. 


Wisconsin, No. 
sity. Paper; 6 x 9% ins.; 
and numerous text illustrations. 


LABOR CONDITIONS IN THE PHILIPPINE ISLANDS. 


1 


—By J. W. Beardsley, Director of Public Works. 
(Reprinted from Engineering News of Nov. 23, 1905.) 
Manila, P. I.: Pub. Doc. Paper; 6 x 9% ins. ; pp. 
29; four illustrations in the text. 


LIST OF WORKS RELATING TO DEHP WATERWAYS 
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FROM THE GREAT LAKES TO THE ATLANTIC 
OCEAN.—With Some Other Related Works. Books, 
Articlos in Periodicals, United States Documents. 
Compiled under the Direction of Appleton Prentiss 
Clark Griffin, Chief Bibliographer, Library of Con- 
gress. Washington, D. C.: Pub. Doc. Paper; T x 
10 ins.; pp. 59. 10 cts. 


NORTHWESTERN CEMENT PRODUCTS ASSOCIA- 


1 
+ 
` 


7 
H 


TION.—Proceedings of the 4th Annual Convention, 
Chicago, Dec. 18-19, 1907. Edited by the President, 
Martin T. Roche (410 Pioneer Press Building, St. 
„ Paper; 5% x 8% ins.; pp. 164; illus- 
trate 


PRACTICAL IRRIGATION.—Its Value and Cost. With 
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. 


Tables of Comparative Cost, Relative Soll Produc- 
tion, Reservoir Dimensions and Capacities, and other 
Data of Value to the Practical Farmer. By Aug. J. 
Bowie, Jr. New York: McGraw Publishing Co. 
Cloth; 6 x 9% ins.; pp. 232; 53 illustrations in the 
text and 74 tables. $3, net. 


ENGINEERING LITERATURE. 


NEW BOOKS 


Just Published and In Press 


BALET.—Analysis of Elastic Arches 


This book has been prepared for the purpose of bringing to the aid of practicing 
engineers an exact, simple and reliable method for computing the stresses in arches, 
according to the elastic theory. 

Cloth; 6 x 9 ins.; 320 pages; 184 diagrams; 6 folding plates; 19 tables. ....$3.00 


BYERS.—Economics of Railway Operation 


The only publication explaining in detail the operative systems of American 
railways and a necessary book for every person engaged in railway work. It dis- 
cusses Organization; Employment, Education and Discipline of Forces; Accounts and 
Accounting; Reports; Economic Operation; Analysis and Betterments. 

Buckram; 6 x 9 ins.; 672 pages; many illustrations, diagrams and forms. ....$5.00 


GILBRETH.—Concrete System 


Contains the written ideas of the most successful men in the organization of the 
author, partaking of the nature of a set of specifications telling how to do the 
work, economically, expeditiously, systematically and safely. 

Flex. morocco; 8% x 11 ins.; 200 pages; over 200 illustrations and plates......$5.00 


JUDSON.—Road Preservation and Dast Prevention 


The preservation of surface and the prevention of dust on macadamized roads 
form a problem to be solved by engineers charged with the maintenance of the many 
thousands of miles of roads in the U. S. 

This book deals with the origin, control and prevention of dust, giving details of 
existing methods and results of their ugs . Ready soon. 


KETCHUM.—Design of Highway Bridges 


The most complete treatise on the subject yet published. Three Parts: Stresses 
in Truss Bridges; Design of Highway Bridges; Highway Bridge Detai's; with an 
Appendix giving General Specifications for Steel Highway Bridges. 

Cloth; 6 x 9 ins.; 300 illustrations; 50 tables; 8 folding plates. . . . Ready soon. 


THOMSON.— Design of Typical Steel Railway Bridges 


A book of great practical value for the instruction of Civil Engineering Students, 
and one which can be studied with profit by those in actual practice, as well as by 
draftsmen who desire to become familiar with the methods employed in designing 
offices. 


Cloth; 6 x 9 ins.; 185 pages; 21 diagrams and drawings; 5 plates.......... $2.00 


TRATMAN.—Railway Track and Trackwork (Third Edition) 


A new edition of this standard work, entirely rewritten and reset in type with 
much additional information and many new illustrations. 
Cloth; 6 x 9 ins.; 500 pages; over 200 illustrations; many tables. Laanen ę 3.50 


SMOLEY.—Smoley’s Tables (Fifth Edition — Revised and Enlarged) 


Parallel Tables of Logarithms and Squares from 0 to 100 feet, Angles and 
Logarithmic Functions Corresponding to Given Bevels, to which is added a Mul- 
tiplication Table of Rivet Spacing and a complete set of 5-Decimal Logarithmic- 
trigonometric Tables for Engineers, Architects and Students. 

Flexible Leather; 5 x 7 ins; x + 472 pPßPßʒʒ·ʒʒꝛʒꝛ . $3.50 

Log-trigonometric Tables, separate; iil + 131 ppPßꝛꝛꝛꝛꝛꝛ . . 51.50 


WADDELL and WAIT. — Specifications and Contracts 


Made up of lectures by Dr. Waddell, supplemented by two series of problems in 
specification writing and contract drawing, and Mr. Wait’s chapter on “ Notes on the 
Law of Contracts.” Both authors possess an excellent style and are thoroughly 
familiar with their respective subjects. l 

Cloth; 6 x 9 Ins.; 147 pages; Marginal Inde nnn 51.00 
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THE ERECTION OF LONG SPAN TRUSSES BY THE spectively, and fit, at their free ends, into the build falsework and erect the span in its proper place. 


END-LAUNCHING METHOD.— THE FRENCH RIVER 
BRIDGE, CANADIAN PACIFIC RY. 

In the construction of a branch line from 
Romford to Bolton Junction, Ont., the Canadian 
Pacific Ry. had occasion during the past year 
to construct a single-track bridge across the 
French River, about 43 miles south of Romford, 


at a point where the river is so deep (90 ft. for 


most of the width) that a 412 ft. 8 in. span was 
required for the main portion of the crossing. 
On account of the extreme depth and the con- 
sequent prohibition in the use of falsework, the 
matter of erection caused considerable study, 
but it was finally determined to make this main 
span a riveted through 
truss and to erect it by 
the little used protrusion 
method, supporting the 
outer end, as it moves 
across, by a floating 
scow. The erection of a 
large truss by such a 
method is a matter of 
considerable interest to 
the profession, and we 
reproduce here a portion 
of a paper“ upon the 
subject recently read be- 
fore the Canadian So- 
ciety of Civil Engineers 
by Mr. C. N. Monsarrat, 


Engineer of Bridges 
of the Canadian Pacific 
Ry. 

The French River 


Bridge, as shown in Fig. 3, 
consists of two approach 
plate-girder spans, each 
6) ft. long, and a main 
span of a riveted, sub- 
panelled, through War- 
ren truss with inclined 
top chords, weighing 1,- 
282 tons, the whole bridge 
being designed for the 
Canadian Pacific Ry. 1905 
specification, providing for a live load of two 
typical consolidation engines coupled together, 
weighing 337,000 lbs. each, followed by a uni- 
form train load of 4,000 Ibs. per lin. ft. There 
is but slight variation from standard practice in 
the design, except at the end bearings, where a 
novel device, patented by Mr. P. B. Motley, M. 
Can. Soc. C. E., has been used. This device was 
not described in the original paper, but we are 
indebted to Mr. Monsarrat for the following de- 
scription and accompanying cut. (Fig. 2.) 

The roller bearing consists of a cast-steel shoe 
with a spherical top into which the similarly 
curved bed plate fits and which is separated 
from the plane roller plate by a nest of nine cyl- 
indrical steel rollers. These latter are held in 
position by four pintles or dowels, two of which 
are screwed into the upper and lower plates, re- 


FIG. 1. 
412-Ft., 1,282-Ton Bridge Erected by the End Launching Method. Mr. C. N. Monsarrat, M. Can. 
Soc. C. E., Engineer of Bridges. 
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"Erection of the French River Bridge—Canadian Pacific 
Ry. By C. N. Monsarrat, M. Can. Soc. C. E. Paper read 
before the General Section, Canadian Society of Civil En- 
kineers, April 16, 1908. v 


opposite ends of a cylindrical hole drilled through 
the next to the outside rollers. The protruding 
end of each pintle is a surface of revolution, the 
generatrix of which is formed by compounded 
circles closely approximating two cycloids. When 
the bridge moves in or out under expansion this 
cycloidal surface allows a free movement of the 
bearing longitudinal with the bridge, but pre- 
vents the rollers from moving off the base or, 
what is more important, from getting out of a 
line truly transverse to the line of the bridge. 
The bearing is also provided with a dust guard, 
placed around the rollers, consisting of a frame 
of channels, planed to a trifle less height than 


ERECTION OF THE FRENCH RIVER BRIDGE ON THE CANADIAN PACIFIC RY. 


the diameter of the 6-in. rollers. These channels 
have vertically slotted holes to take the trun- 
nions at the end of the rollers, so that the frame 
bears hard upon the lower plates and against 
the ends of the rollers, making a practically dust- 
proof box, which, however, can readily be taken 
apart for inspection at any time. 


The steelwork rests on two wing-wall abut- 
ments and two slender battered piers, all founded 
on the solid rock, and made of mass concrete. 
Both river piers were constructed in open cais- 
sons sunk to the rock bottom and filled with con- 
crete deposited under water. On account of the 
remote location of the bridge site, the difficulties 
in construction were very pronounced. All ma- 
terial had to be brought from Georgian Bay, at 
the mouth of the French River, over rapids and 
by portages, through a virgin country. 

Probably the most interesting feature in connection with 


this work was the erection of the main truss span. On 
account of the great depth of water, it was not possible to 


so after due consideration of several possible schemes of 
ereetion it was decided to erect the span on the north 
approach embankment, on the center line of the bridge 
(produced) and launch it forward by supporting the for- 
ward end on a large scow, and sliding the rear, or north 
end, on a skidway of greased rails. [The current here 
is very slow, averaging about 3/10 mile per hour, 
so no danger was anticipated, nor finally encoun- 
tered, from that score.—Ed.] The embankment im- 
mediately north of the north abutment was a new fill 
consisting mainly of boulders, coarse gravel, and sand, 
with a maximum height of about 25 ft. against the abut- 
ment, running out to the natural surface of the ground 
about 100 ft. north. The width of the embankment at 
subgrade was 16 ft., and in order to provide a proper 
bearing for the skidway, it had to be widened to 26 ft. 
On this specially prepared 
roadbed two parallel skid- 
ways, about 316 ft. long, 
were built, 10 ft. center to 
center, each consisting of 
railway ties about 15 ins. on 
centers, with a 12 x 12 in. 
timber 16 ft. long, every 10 
ft., to tie the two skidways 
together. On these ties were 
laid five lines of 12 x 12 in. 
longitudinal timbers, over 
which was laid a flooring of 
3 x 12-in. planks, supporting 
seven lines of 80-lb. rails, 
laid with joints staggered and 
securely spiked and bolted to- 
gether. 
The steel work was accord- 
ingly erected on the embank- 
“ment, using a specially-de- 
signed traveler, consisting of 
two 60-ft. boom derricks of 
ten tons capacity each, 
mounted upon a timber 
framework designed to trav- 
el upon rails gaged 14 ft. 
centers, the platform of 
the traveler being placed 


12 ft. 7 ins. above top 
of rail 80 that lorry 
cars, loaded with bridge 
material, could readily 
pass underneath on stand- 
ard gage railway track, 
and the material be 


picked up by the traveler booms. Each of the 60-ft. 
boom derricks was handled by separate double-drum en- 
gines, placed at the rear end of the traveler and forming 
part of the 20 tons of counterweight on each side required 
to provide for the uplift due to loading the boom derricks. 
The assembling of the span on the embankment was, in 
itself, quite a difficult operation, on account of the large 
size of the members to be handled, some of them weighing 
as much as 40 tons. Before any work was started, the 
order in which each member was to be erected was fixed 
and clearly shown on the erection diagram. In order to 
permit of supporting the forward end of the span, by the 
scow, it was necessary to erect it with its south end 
projecting over the water about 103 ft. The bottom 
chords and floor system, excepting that portion overhang- 
ing the water, were first placed in position by means of a 
self-propelling derrick car, ties were then laid for tem- 
porary track on the steel stringers, and the traveler 
erected with which the balance of the span was assembled. 

In placing the two end bottom chord sections on top 
of the stiffening span, it was necessary to place the scow 
in the temporary position shown in dotted lines on the 
plant in Fig. 8, so that they could be placed by the 
traveler, the forward trucks of which could not be run 
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out beyond the panel point resting over the bridge seat 
on the abutment. To do this it was necessary to blast 
out some of the rock projecting out under the water, to 
clear the northeast corner of the scow. When these 
chords were placed the scow was returned to its correct 
position and the erection of the overhanging portion, as a 
cantilever, from the portion of the span previously erected 
upon the embankment, was proceeded with. 


Telas Details. 
FIG. 2. DETAILS OF END ROLLER BEARINGS, FRENCH RIVER BRIDGE. 


In order to place the scow at the proper elevation under 


1 


the projecting end of the large span, it was necessary to 
depress it about 4 ft. by pumping in water. As this water 
ballast would render the scow unstable transversely until 
it teok a bearing under the 415-ft. span, it was necessary 
to use a small balancing scow, which was placed at the 
north side of the large scow and secured to the latter and 
the stiffening span, by means of diagonal and horizontal 
struts, and was equipped with counterweight and adjust- 
ing screws to provide for any raising or lowering of the 
large scow. The general dimensions of the large scow, 
referred to, which was built at the site, were: Length, 
155 ft.: 33 ft. beam, and 12 ft. deep; made in two sec- 
tions for convenience in launching. It was built of 
12 x 12-in. timbers for the ends; bulkheads and inter- 
mediate frames, 6 x 12 ins. sheathing on the sides, 4 x 12 
ins. for the bottom, with joints staggered and secured to 
the framing with 5% x 12-in. lag screws. The bulkheads 
were spaced 22 ft. 1 in. center to center to conform with 
the panel points of the 150-ft. through riveted truss 
span, which was erected on the scow 
as a supporting span, each panel point 
being blocked on a cross bulkhead. All 
seams in the sheeting, up to about 2 ft. 
above load water line, were calked with 
oakum. : . 
On completion of the assembling of oN 
the large span, the traveler was taken l 
down, the ties used as temporary floor 
removed, and all field connections ex- 
cepting end portals and sway bracing, A 
were riveted before launching was gI 


AK 


This supporting truss was built to be 
erected at a crossing over the Wanapitae 
River, but was so designed that it could 


be used in the erection of the French Seu 
River Bridge.—Ed. T 


L “Single Trach Through Riveted 
Truss Spar, built for Wenapitee River 


Bridge, used first as Erection Truss 
for rench River Bridge (a 


End Elevation. 


Nest of Rollers. 


A 


started. The %-in. field rivets, of which there were ap- 
proximately 60,000, were driven by means of pneumatic 
riveting hammers, a compressed air plant having been 
installed for the purpose. 

The scow was equipped with boller and double-drum 
hoisting engine, as well as a centrifugal pump with 8-in. 
suction and 6-in. discharge pipes, and a sluice arrange- 
ment located over the double bulkhead forming the ends 
of the two component parts of the scow by which the 
water pumped in could be controlled, and directed into 
either half of the scow. Each intermediate bulkhead had 
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Top Casting Detuits. 


an 8 x 8 in. hole near the bottom so as to equalize the: 


water in each compartment. 

The load from the south end of the 415-ft. span, and the 
150-ft. stiffening truss supported by the scow, was about 
1,000 tons. The load from the north end of the span, 
amounting to about 640 tons, was transmitted to the 
skidway through two large fixed end cast-iron shoes (used 
temporarily for the purpose), placed 10 ft. c. to c., under 
the end floor beam, which had been designed with a 
special view to such use. This arrangement of the cast- 
ings left a clear space under the truss bearings for land- 
ing of the span on oak blocking over the bridge seats 
preparatory to its being jacked down to its bearings. The 
oak blocking was required for the temporary support of 
the span at an elevation about 8 ft. 5% ins. higher than 
its final position, this height being necessary to permit 
the skidway to pass over the parapet wall of the abut- 
ment. Between the aforementioned cast-iron shoes 
and the skidway rails was placed a %-in. steel plate, large 
enough to include both castings, with strips riveted to its 
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under side to form guides to engage the rails on the skid- 
way. 

When the scow was in position under the overhanging 
end of the main span, in front of the north abutment and 
transverse to the center line of the bridge, two guide 
anchors were located on the opposite shore at an angle of 
45°. Holes were drilled in the rock and 3%-in. steel bars 
were grouted in a vertical position. To each of these 
anchors was secured a two-sheave steel block carrying 
four lines of %-in. wire cable, forming the forward guy 
lines which were wound up simultaneously on the drums 
of the hoisting engine, on 
the scow, as the span 
moved forward, steadying 
the floating end from any 
effect of wind or current. 

The tackle used to haul 
the 415-ft. span into posi- 
tion consisted of two spe- 
cially-constructed steel pul- 
ley blocks, having 14 
sheaves each, through 
which was reeved a %-in. 
diameter steel wire cable 
1,000 ft. long, with a fall 
line leading back to the 
drum of a hoisting engine 
located on the land at the 
north end of the skidway. 
This engine was a 92-HP. 
double-drum hoisting en- 


Detail of Pintle. 
___ Sorted hole 24x25 ‘faad. 
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Section of End of Roller. gine, with two cylin- 
ders 8x12 ins., boiler 
41 ins. in diameter by 


108 ins. high, and capable of pulling 8,000 Ibs. on a single 
line. 

One of the large blocks was secured to the skidding 
plate under the castings, and the other to the rear end of 
a string of bottom laterals—belonging to a 250-ft. through 
span designed for the crossing of the Pickerel River, a 
short distance south of the French—consisting of two 
angles 6 x 4 x % in. each, used as pulling links. These 
were in turn secured by a pin to a box girder supported 
by struts in front of the north abutment. Each section 
of these laterals was about 30 ft. long, and when the two 
large blocks were brought together one or two sets of 
lateral links were removed and the blocks overhauled. 
When the last section was reached it was removed, and 
the forward block secured by the pin direct to the box 
girder. 

When everything was in readiness, on the evening of 
October 27, 1907, the scow was pumped out by means of 
the centrifugal pump, until the span was raised off the 
blocking. When this occurred it was found that there 
still remained a foot of water in the scow, showing that 
an ample margin of buoyancy had been allowed. At 8 
a.m. on the 28th, the engine was started, and with the 
assistance of a slight shove from two 40-ton hydraulic 
jacks, the large span started on its way, moving on the 
well greased skidding rails at the rate of 4 to 6 ft. per 
minute. Considerable time was lost owing to the inability 
of the small boiler of the hoisting engine to keep up a 
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FIG. 3. GENERAL LAYOUT OF ERECTION OF FRENCH RIVER BRIDGE. ii , 5 
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suficent steam pressure and also in the overhauling of 
the very heavy tackle, 

The actual time occupied in moving the span was 3 
hours, and im overhauling tackle, etc., 4 hours. The 
span was landed on its blocking at 4.05 p.m., without a 
pitch of any kind. 

Trouble had been anticipated with settlement of the 
cidway on the new dump in view of the 640-ton concen- 
ated moving load passing over it, but in no case was the 
sttiement over six inches, and it was uniform at both 
des, the greatest variation of the span from the level 
being about % in. in its width. So smoothly did the span 
pore that it was possible to set it in its final location 
with the engine alone, without the assistance of jacks, 
and by means of the steering control afforded by the for- 
van guy lines the span was within -in. of its proper 
alinement when landed on the main pier on the south side 
of the river. 

The lowering of the span to its final bearings on the 
bridge seats was accomplished by means of two specially- 
constructed 500-ton hydraulic jacks. After the span was 
landed on the wooden blocking, the skidway, castings, and 
skidding plate were removed and cast-steel, cap plates 
were bolted to the under side of the floor beam, these 
plates being turned out to fit over a cast-steel disk plate 
* ins. diameter by 3% ins. thick, placed on top of the 
plunger of each jack; between the bottom edges of these 
disks and the shoulders of the jack cylinders were placed 
a number of %-in. steel plate half-ring shims, as a 
safety precaution against accident should anything go 
wrong with the jacks; in which event the weight would 
de transferred to the massive jack cylinders. 


The jacks were each placed on blocking consisting of 
three super-imposed steel cylinders filled with concrete, 
over which were placed a number of cast-iron cellular 
blocks 2 ft. 10 ims. in diameter by 8% ins. thick. The 
\-in. shim plates were removed one at a time as the span 
was lowered so that in no case was there left a space 
greater than -N detween the under side of the disk 
and the jack shoulders. Before the last of these shims 
vas removed the span was landed on the oak blocking, 
(he jacks released and one or more sections of cast-iron 
vocking removed, the jacks pumped up, shims replaced, 
and the operation repeated until all the cast-iron blocking 
bad been removed, when one of the concrete-filled cylin- 
ders was taken out, the casting and shims replaced, and 
son until the span was landed on its permanent shoes. 
The oak blocking was also removed as the span was low- 
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ered, the top of it being kept high enough to free the 
jacks while shims were being adjusted. 

When the span had been lowered about 4 ft. at one 
end, the jacks were transferred to the other and similar 
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Company, of Walkerville, Ont. Mr. A. L. Colby was 
manager of construction, and Mr. C. Prettie was general 
foreman in charge of the steel erection. 

The writer believes that this is the longest and heaviest 
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FIG. 4. FRENCH RIVER BRIDGE HALF WAY ACROSS THE RIVER. 


operations carried out there. That end, however, was 
lowered right down to the shoes before the jacks were 
returned to the end first lowered. 

The bridge was designed by the Bridge Department of 


the Canadian Pacific Railway at Montreal, under the di- 


rection of C. N. Monsarrat, Engineer of Bridges. The 
substructure was built by the Toronto Construction Com- 
pany of Toronto, under supervision of Mr. F. S. Darling, 
Division Engineer of Construction, while the steel work 
was manufactured and erected by the Canadian Bridge 


Pac O" Total 3 of cane $ 
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single track fixed span yet built and erected in Canada, or 
ever erected by the end launching method. 

A very similar piece of work was carried out 
in Finland, during the year just passed, by a 
German bridge-building concern, the Brücken- 
bauanstalt Gustavsburg, according to a note in 
the Schweizerische Bauzeitung““ of April 4, 
1908. At Nyslott a simple truss bridge of 410 
ft. span, weighing 850 tons, was to be erected. 
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It was built on shore, in the landward prolonga- 
tion of its axis, in such a position that about 
a quarter of its length overhung the abutment. 
When the structure was completely riveted up, 
two scows lashed together were floated under the 
overhanging end, as close to the abutment as 
possible, and the bridge was jacked up on 
blocking on the scows. Under the inshore end 
of the truss were placed two eight-wheel trucks, 
running on tracks spaced about 25 ft. apart, the 


FIG. 6. BRIDGE IN PLACE BEFORE LOWERING ON BED PLATES. 


same as the spacing of the trusses. The position 
of trucks and scows was such that each truck 
took a load of about 180 tons, while each of the 
scows took about 242 tons of the total weight. 

The scows were set with their length parallel 
to the shore, to minimize the influence of the 
current, and they were anchored up and down 
stream by steel cables leading to capstans on 
the decks of the scows, which provided for exact 
guiding as they were pushed across the river. 
The bridge was pulled forward by cables handled 
by capstans and tackle blocks. The actual mov- 
ing occupied about seven hours. 
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REMINISCENCES OF EARLY DAYS IN AMERICAN ENGI- 
NEERING; RECOLLECTIONS OF THE LATE RANDOLPH 
BRANDT LATIMER. 


As our readers know, some of the most notable 
work of the first generation of American engi- 
neers was done in connection with the construc- 
tion of the Baltimore & Ohio R. R. One of the 
engineers prominently connected with the work 
was Randolph B. Latimer. He was born July 
26, 1821, and lived to advanced years, dying on 
Dec. 24, 1903. In 1898 he prepared at the re- 
quest of his son some brief reminiscences of his 
early experiences in engineering work. We are 
indebted to this son, Mr. James Brandt Latimer, 
an engineer, of 209 Adams St., Chicago, for the 
privilege of publishing the following extracts 
from this paper. 

We may preface them by referring to the fact 
that the late Chas. Latimer, of Cleveland, O., 
whose death occurred in 1888, was a relative of 
Randolph B. Latimer, both being great grand- 
sons of Jacob Latimer (born 1708, died 1784). 
Jacob Latimer’s father, James Latimer, emi- 
grated to Maryland from England about 1690 
and is said to have been of the same family as 
Hugh Latimer, the celebrated English prelate and 
reformer who suffered martyrdom at Oxford in 
1555. A portrait and biography of Charles Lati- 
mer were published in our issue of April 7, 1888. 
The letter is as follows: 


Bonnywood, Sept. 18, 1898. 
My Dear Son: 

In thinking over our conversation of last even- 
ing, and remembering your request that I write 
down my recollections of the early days of the 
Baltimore & Ohio Railroad, I have decided to do 
so to the best of my ability. You must remem- 
ber, however, that some of the occurrences to 
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which I shall allude, took place more than 60 
years ago, and as I have no written record I am 
in many cases unable to give exact dates. 

In Scharf’s History of Maryland, it is stated 
that my grandfather, for whom I was named, was 
the Secretary of the first meeting of the Chesa- 
peake & Ohio Canal, held in Annapolis In 1784, at 
which General Washington presided. My father 
was for many years manager of the stage coach 
line which operated between Baltimore and 
Washington, and at the 
time that the Baltimore 
& Ohio Railroad was 
projected, arrangements 
were being consummated 
to organize a through 
stage coach line from 
Baltimore to Charleston, 
S. C., with the object of 
ultimately extending it 
to New Orleans. 


As a small boy I recall 
having heard this sub- 
ject frequently discussed 
at my father’s table. 
The rapid growth of rail- 
rouds after the opening 
of the Baltimore and 
Ohlo very soon destroyed 
the business of stage 
coaching, and the pro- 
ject was abandoned. 


Taking into considera- 
tion my connection with 
the engineering depart- 
ment of the Baltimore and 
Ohio, which extended over a period of more than 
ten years, you represent the fourth generation of 
us which has been connected more or less closely 
with the transportation problems of the nation. 

My father frequently took one or two of us 
children with him to Washington on the stage 
coaches of the line of which, as before stated, he 
was manager. This line operated over the Wash- 
ington turnpike and was the only land connec- 
tion between the North and the national capital 
and was well patronized, well equipped and prof- 
itable. My father was considered an excellent 
judge of horse flesh, and gave special attention to 
the purchase of the very best horses. The dis- 
tance, 40 miles, was made in about four hours. 

The vehicles were luxurious in their appoint- 
ments, and I have often heard my father say that 
he had been told by foreigners and others who 
had traveled by it, that the whole line compared 
favorably with the best in England at that time. 

My first recollection of the Baltimore & Ohio 
Railroad is walking out with my father on Sun- 
day afternoons to watch the progress of the 
work on the Carrollton viaduct, so called from Its 
being on or near the Carrollton estate of Charles 
Carroll, the signer of the Declaration of Inde- 
pendence, where the original line of the railroad 
crosses Gwynn’s Falls. 


At this time almost all rough labor was done 
by Irishmen, of whom there were a great many 
in Baltimore. The negroes were nearly all slaves 
and could only be secured by contractors by 
hiring them from their owners. As their labor 
was needed for a large part of the year on the 
farms and tobacco plantations, their owners de- 
manded a good price for their hire, and as they, 
the negroes, were then, as now, incapable of 
performing the same amount of hard labor that 
may fairly be expected of a white man, it was 
more economical to employ the Irish. 


About seven miles from Baltimore the line of 
the railroad first strikes the Elk ridge and a deep 
cut and high fill is made there. Quite a large 
camp of laborers were gathered at this point 
and some trouble started with the contractor. 
This led to a strike being inaugurated, which in 
turn resulted in more or less rioting, and the 
militia of Baltimore was called out to quell the 
disturbance. 

Some wag promptly christened the place where 
the arrests were made “Vinegar Hill,” after the 
famous place of that name in Ireland, a name 
which it bears to this day, and 4 street song was 
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in everyone’s mouth with a chorus which rap 
something like this: 

“I'm all the way from Vinegar Hill, 

I never worked and I never will.” 

This, I believe, was the first railroad strike in 
America. 

My next recollection in connection with the rail- 
road is of being taken on it by my father to 
Ellicott’s City, then called Ellicott's Mils.” 
The railroad which had been completed that far 
(16 miles) was being operated by horsepower, 
the engine, which was ordered from England, not 
having been delivered at that time. Horses were 
then changed at the Relay House, which took its 
name from this fact, a name which it still bears. 

You have frequently heard your mother's . 
friend, Mrs. Lea, whose father, Dennis Smith, 
was one of the first directors of the Baltimore & 
Ohio, tell in her inimitable way of their experi- 
ence with a party which was taken to “Ellicott’s . 
Mills” and back behind the engine on its trial 
trip; how their clothes and umbrellas were ruined 
by sparks thrown from the smokestack, they be- 
ing seated in an open observation car, and how 
on the return trip when nearing Baltimore they 
overtook Mr. Jenifer driving a fine horse on the 
turnpike alongside of the railroad; how he, Mr. 


Jenifer, challenged them to a race into town, a 7 


race which he won owing to the slipping of a belt 
on the engine. 

The early promoters of the Baltimore & Ohio 
Railroad Company were for the most part so- 
called Quakers, of whom there were a good many 
in Baltimore at that time, and nearly all of whom 
were prosperous merchants. They were shrewd 
men of business, worked in harmony with each 
other and were ever watchful to promote the 
best interests of the company. 

Until 1838 I had attended private schools ir 
Baltimore. I was an industrious student and 
apt in my studies, and had taken much interest 
in mathematics and right line drawing. I hac 


drawn a large scale map of Maryland, for whict © 


I had been highly commended and which hac 
been hung up in the school room. 
Mr. Jonathan Knight, himself a Quaker, wa: 


at that time chief engineer of the Baltimore anc - 


Ohio. He was a friend of my father’s, and hear 
ing of my accomplishments at school, offered m: 
father a place for me in his office. 

My mother had died two years before and m 


father was thinking somewhat of removing fror 
Mr. Knight’s offer appeared tempt. 


Baltimore. 
ing as offering me an assured start in life in 
good and growing profession. So after sor 
family discussions it was decided that I shoul 
accept it, and in August, 1836, when I was a litt 
over fifteen years old, I went to work in M 
Knight’s office in the drafting room. 


The road was then being operated as far: 


Point of Rocks on the Maryland side of the P 


tomac, a short distance east of Harpers Ferr E 
and was under construction from there to Ha 
pers Ferry. You should bear in mind that th. | 


was the old main line through Ellicott’s City, M 
Airy and Frederick Junction, not the line throu) 
Washington to Washington Junction, now us 
as the main line. The line from the Relay Hou 
to Washington was then built and in operatic 
but there was no line from Washington west; tl 
was not built until early in the 70's. 


In the spring of 1837 I was sent to Harpe 
Ferry to assist Mr. John Small, who was re 
dent engineer there. I had had = drafting ro 
experience in Mr. Knight's offffe and at H: 
pers Ferry soon learned the use of the field 
struments—level, transit, theodolite and compa 


I recollect going with Mr. Knight and an off. 
of the Chesapeake & Ohio Canal Co. to Po 
of Rocks to arrange for building a fence to p 
vent horses and mules on the tow path of 
canal from falling into the Potomac River wł 
frightened by trains on the railroad. The i 
path was on tne embankment between the ca 
and river, so that when trains came along 
other bank of the canal, animals in shying av 
from them had frequently fallen into the rt 
This had led to complaints against the railr 
by the canal, which was none too friendly to 
railroad, as it was looking on it as a danger 


? 


— 


. Tint to Altamont over the 17-mile grade. 


July 23. 1908. 
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ria The question was finally settled by the 
„imads building a fence, as before described. 

Inegleted to mention that the bridge had been 
wrpeted across the Potomac River and that 
ying were running into Harpers Ferry at the 
rne I first went there. A railroad—now the 
vey Branch of the Baltimore & Ohio—had 
teen bulit for a few miles along the Shenandoah 
snd Harpers Ferry was the terminus for both 
rads. 

Tre first bridge was not a success and was 
iterwards replaced by another one, the con- 
strartion of which was under my charge. At 
+; time Harpers Ferry was a thriving, pros- 
prus town. The United States Government 
maintained a large arsenal and factory for small 
arms there, and it was the emporium for the 
rich valley of Virginia. Up to the time of the 
stening of the railroad and canal there had been 
considerable traffic in coal carried on the Po- 
romae River. The mountaineers were a sturdy, 
enerprising race. Timber was plentiful and 
cuite a business had grown up in building flat 
tats, called Gondolas, as a satire on the 
Venetian pleasure boats, which were loaded with 
cca] and floated down the river to Georgetown, 
sere the boat and its cargo were both sold and 
the boatmen returned generally on foot. The 
cars frst used on the railroad for the transpor- 
teton of coal were named after these boats 
“zendola cars.“ 

It was about this time that I first met Mr. 
B-tjamin H. Latrobe. He was then quite a 
young man, but had been in the engineering de- 
partment of the Baltimore & Ohio for some years. 
He had surveyed and built the Washington 
branch, the line from the Relay House to Wash- 
ington, Including the viaduct over the Patapsco 
zver at the Relay House. This work had been 
med to a successful conclusion and Mr. 
Latrabe was appointed to take charge of parties 
atich were to survey the line from Harpers 
Ferry west to the Ohio River. 

Mr. Small was put in charge of one of these 
terties and took me with him as an instrument 
tis. We first ran several lines between Har- 
bers Ferry and Cumberland and later west from 
Cumberland. 

We were out through the winter of 1837-8, liv- 
ag for the most part in camp. The country 
*tween Harpers Ferry and Cumberland was well 
sited and improved. Martinsburg, Va., and 
Hancock, Md., were thriving country towns, and 
tekeley Springs, Va., was a well known resort. 
West of Cumberland the country was sparsely 
sued. Deer and other game abounded and the 
c2jitants lived principally by hunting and 
‘mding in skins and ginseng which grew wild in 
tte woods and was easily transported. 

Dae party I was with ran the line from Pied- 
The 
zaient for this 17 miles was a steady ascent of 
liv ft to the mile. This part of the line was not 
but until after I had left the service of the 
Ealumore & Ohio, but I have always understood 


. ‘tacit was built on the location which our party 


zaj Selected. 


Tæ winter of 1838-9 I spent in Baltimore 


"sang up the field notes and preparing for 
construction of the line. There had been 
“x uncertainty as to whether the railroad 
aid be continued west from Harpers Ferry on 
* Maryland (North) bank of the Potomac or 
dir Virginia (South) bank of that river. The 


"inal plan had been to build the road entire- 


Jin Maryland, that State having subscribed 
ty to the stock of the company, as had the 
Baltimore. The Chesapeake & Ohio Canal 


k hich also had received aid from the State, 
„ antagonistic to the railroad company that 
- 543 decided to build from Harpers Ferry to 


'-<trland on the Virginia side. Remember 
=< was no State of West Virginia at this time. 


to 


40 not know whether any surveys had been 
“ais on the Maryland side further than obser- 
+38 with a view to location there, which I 
ere Mr. Jonathan Knight and Col. Long of 
* uted States Army, who had been detailed 
„de government when the idea of building the 
< ed was first projected to conduct a pre- 
Tcary survey, had made. I am quite sure that 


no work was done on the Maryland side after I 
first went to Harpers Ferry. 

In the spring of 1839 construction of the rail- 
road west from Harpers Ferry was commenced, 
and I returned there, having been appointed resi- 
dent engineer in charge of the building of the 
new bridge across the Potomac. This bridge 
remained there until it was destroyed during the 
early part of the civil war. 

Good stone for the piers was abundant in 
the vicinity and as there was a natural founda- 
tion of solid rock, the masonry work was easily 
accomplished. The superstructure was a wooden 
truss. i 

The years of 1839 and 1840 were years of 
financial distress and the construction of the 
railroad was not pushed very rapidly, although 
the work in the vicinity of Harpers Ferry went 
on steadily. My residency included, as well as 
the bridge, the construction of a long trestle 
to carry the railroad through the property of the 
United States Government occupied by the ar- 
senal and several miles of the railroad wes- 
terly. 

It was at this time, I believe, that I first met 
James L. Randolph, who had a residency ad- 
joining mine. 

Mr. Benjamin Latrobe, who had entire charge 
of the work at this time, so far as we were con- 
cerned, had profited by his experiences on the 
older parts of the road and the line from Har- 
pers Ferry west was built on much better lines 
of construction than had been pursued earlier. 
Our orders were to lay out no curve with a ra- 
dius of less than 1,000 ft., unless Mr. Latrobe 
had personally inspected the situation and had 
given orders to use a shorter radius. On the old 
line, curves of a very short radius had been 
used. There was one at Ilchester, between the 
Relay House and Ellicott's Mills, of little over 
300 ft. radius, which was operated over until 
very recently. 

The line was graded for double track. For a 
short distance west of Harpers Ferry the track 
was laid with two large timbers, hewed in the 
woods near by, laid longitudinally, then across 
ties on top of these, after which two smaller 
longitudinal timbers were laid on and spiked to 
the cross ties and the rails spiked to these last 
timbers. The whole thing was filled in with fine 
crushed stone. This was, I believe, experimental, 
as only a short distance was laid in this man- 
ner. 

When I was on construction from Harpers 
Ferry to Cumberland—1839 to 18438—the so- 
called “Grasshopper” locomotives were in uni- 
versal use. These as you no doubt remember 
(having seen two of them which were used as 
switch engines at Camden Station when you 
were a school boy), had vertical cylinders and 
boilers, the piston rods working on walking 
beams like a paddle wheel steam boat. 

Several sorts of rails were used, at this time, a 
“U” rail, so-called, as the “T” rail is now, from 
the similarity of its section to that of the letter 
U inverted, also an “H” rail, so-called from a 
supposed similarity of its section to the letter 
H. This rail was intended to be reversible, so 
that when one side was worn down it could be 
turned over, and what had been the bottom 
turned into the top and an equal amount of wear 
obtained from it. This was soon found to be im- 
practicable and the “T” rail adopted which is in 
service to the present time. 

The winter of 1840-41 I spent with headquar- 
ters at Sir John’s Run. James Randolph, who had 
the adjoining residency, and myself lived in a 
log cabin close to the railroad track where we 
kept house for ourselves. We each kept a horse 
and frequently rode over to Berkeley Springs. 
The hotel was closed for the winter, but a My. 
Strother, who conducted the hotel in the sea- 
son, and his family were living there, and Ran- 
dolph’s acquaintance with them finally led to 
his marrying one of the young ladies. 

The Doe Gully tunnel was on this residency, 
although special engineers were in charge of that 
work. This tunnel, if I am not mistaken, is 
about 7,000 ft. long. 

During the summer of 1841 the work was 
pushed faster and many more contracts were let. 


At that time money for purposes of exchange 
was very scarce in this region and contractors’ 
scrip was in common circulation; the railroad 
company, too, issued its own notes which cir- 
culated freely. 

In the winter of 1842-3 the road was completed 
into Cumberland. There was still a great deal of 
work to be done, and Randolph and I were kept 
on, though a great many of the engineers were 
discharged, through the summer of 1843 and 
winter of 1843-4. It was decided not to extend 
the road west from Cumberland at that time, and 
during the summer of 1844 I was advised that 
my services would be no longer required, though 
Mr. Latrobe was kind enough to promise me a 
position again as soon as the work was resumed. 

James Randolph was also out of employment, 
and we decided to invest our savings, which 
amounted to quite a little, in a stock of merchan- 
dise and to start a store at Patterson's Creek. 
This we thought would keep us in touch with 
the operations on the railroad and would afford 
a livelihood while we were waiting. This project 
was successful beyond our wildest expectations 
and the business soon grew to be very profitable 
—in a small way, of course, as our capital in- 
vested was comparatively small. We lived in 
the store and kept house for ourselves. 

In 1846, the business had grown so that we 
found we must have a Baltimore agency. I 
went there to arrange for this, and on making 
inquiries was recommended to Mr. Robert Gar- 
rett, who had a store on Howard St., between 
Fayette and Baltimore Sts., where he was in the 
business of stocking the “Conestoga” wagons, 
which in those days still plied between Balti- 
more and Pittsburg over the National Turnpike. 
His son, John W. Garrett, who was afterwards 
president of and virtually owned the Baltimore & 
Ohio, was conducting this business. They were very 
anxious to make arrangements with us, but af- 
ter talking it over with Randolph, we decided 
to establish a house in Baltimore ourselves, so I 
rented the building at 66 South St., where my 
Office remained until I gave up business, and we 
started up under the firm name of Randolph & 
Latimer. I removed to Baltimore while Ran- 
dolph stayed at Patterson’s Creek. In 1847 the 
construction of the railroad west from Cumber- 
land was resumed and true to the promise made 
to us by Mr. Latrobe, we were invited to return 
to the service of the railroad. 

Our business was doing so well, however, that 
we did not feel justified in abandoning It, so we 
decided to sell the Patterson Creek business, af- 
ter which I continued with the Baltimore house 
and Randolph returned to the railroad, where 
he eventually rose to be Chief Engineer and later 
Consulting Engineer. This ended my connec- 
tion with the Baltimore & Ohio. 

When I started with that company, no engi- 
neering work of any such magnitude had ever 
been attempted in this country. What private 
engineering had been done was on canals and 
highways. Harbor and fortification work nad 
been supervised by the officers of the engineer 
corps of the army. There was no school or col- 
lege in the country except the West Point Mil- 
itary Academy where engineering was taught, 
and that school had been opened only a dozen 
years when work on the Baltimore & Ohio was 


first started. We had no text books and no past 


experience to guide us. Each of us kept private 
notes and worked out his own formulas. The 
winter that James Randolph and myself spent at 
Sir John’s Run, he and I tabulated a vast quan- 
tity of such notes and formulas. It was from 
such work as this that Trautwine and Charles 
Latimer compiled text books for the use of 
young engineers. 

Much of our work probably was done by meth- 
ods that would be called crude to-day. Our 
curves, for instance, were laid out by offsets 
from a tangent, which I am told is not done now. 

All the men with whom I was associated were 
honorable, conscientious and hard-working, and 
some of them blessed with brilllant minds. When 
your mother’s brother, Mr. James Preble Worme- 
ley, who had studied engineering in the office of 
the famous Isambard Kingdom Brunel—the 
greatest English engineer then Iiving—and had 


go 


ENGINEERING NEWS. 


Vol. 60. No. 4. 


had several years’ experience in building Eng- 
lish railroads, came to this country, he was ap- 
pointed for a short time chief engineer of the 
Baltimore & Ohio, and on leaving made the 
statement that the engineer corps of that rail- 
road was the finest body of engineers then in 


the world. 
— — . — — 


REINFORCED-CONCRETE CONDUITS FOR ELECTRIC 
CABLES; LONG ISLAND R. R. 
By FREDERICK AE N Assoc. M. Am. Soc. 


A unique example of conduit construction is 
afforded in a length of about 1,150 ft. of vitrified 
duct conduit on concrete piles, recently built for 
the Long Island R. R. under its tracks in the new 
North Shore Freight Yard at Long Island City, 
the rearrangement of tracks necessitating the re- 
construction of this section of conduit. The area 
occupied by this yard was, until last year, a salt 
marsh, and except where filling had been done 
for city streets or to support railroad tracks, the 
soft quaking muck was about 30 ft. deep. The 
original conduit line, which was of 18 ducts, in six 
horizontal rows of three eacn, and enclosed by a 
4-in. plain concrete casing, was built in this muck 
on a thin bed of concrete and no troubles had ever 
ensued from the instability of the foundation; but 
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it was considered unwise to reconstruct the line 
across this treacherous spot without taking ade- 
quate measures to secure its stability and perma- 
nency; for the operation of the electric zone of 
the L. I. R. R. depends entirely upon the 11,000 
volt current transmitted through this conduit line 
from the power-house at Long Island City. 
Various supports were suggested, but the choice 
finally lay between a support of plain concrete 
upon closely spaced wooden piles, and one of rein- 
forced concrete upon widely spaced concrete piles. 
The former would have required a trench 10 to 13 
ft. deep in very wet muck in order to Keep the 
tops of the piles below the probable permanent 
ground water level, and as it was desirable to 


The point of departure of the new line from the 
o'd is at the intersection of the old line and a 
new wing wall on Sixth Street, about 200 ft. north 
of the proposed new viaduct which is to carry 
Van Alst Ave. over the North Snore Yard tracks. 
(Fig. 1.) From a new manhole at this point, the 
conduit is carried on a shelf on the back of the 
wing and abutment walls for about 250 ft., where 
the concrete pile support begins; as a transition 
from solid abutment to long reinforced beam 
Spans, the first two spaces are about 14 ft.; then 
come four standard spaces of 20 ft. to manhole 
12. The beam section between manholes 12 and 
16 contains an 8-in. drain pipe, which leads to a 
sump near manhole 16, whence the water is 
Pumped into an adjacent sewer. During con- 
struction, and for some time after the completion 
of the conduit, there was a large flow of ground 
water through this drain pipe, but it had almost 
ceased early in April. Each manhole is supported 
by four concrete piles, which are bonded to the 
tloor of the manhole by six rods, bent as shown. 


The reinforced-concrete beam which supports 
the conduit is 26 ins. wide and 28 ins. deep, and 
is designed to sustain (with a safety factor of 
four), a uniform dead load, including its own 
weight, of 2,040 lbs. per lin. ft., and a live load 
of 6,000 Ibs. concentrated at the center. It is 
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assumed as continuous over supports, the maxi- 
mum bending moment being taken at % of that 
existing in a 20-ft. simple span. The reinforce- 
ment consists of %-in. square twisted rods, which, 
for the sake of uniformity, are of the same num- 
ber and arrangement for all spans. In the bottom 
of the beam there are eleven rods, of which five 
are straight and six are bent up at 45°, passing 
over the piles as top reinforcement; there are also 
three straight rods in the top of the beam. In 
addition to the six main bent rods the web is rein- 
forced by U-stirrups 2 ft. apart, which pass under 
the bottom rods and extend 11% ft. above the top 
of the beam in order to connect the beam to the 
4-in. concrete sheath. In the top of the latter 
are three longitudinal rods and inverted U-stir- 
rups are placed midway between the beam stir- 
rups. The additional strength secured by bonding 
together tne beam and conduit sheath was not 
considered in the design. Typical beams are 
shown in Fig. 2 and a typical manhole in Fig. 3. 

The concrete is a 1:2:4 mixture with %-in. 
broken stone, and was laid very wet, the sheet 
piling taking the place of forms. Seventy-six 
unreinforced Raymond concrete piles with 6-in. 
points and 20-in. butts and about 21 ft. long were 
used; the cores were driven until the penetration 
for the last four blows was not over % in., or 
practically to refusal. 

The design was made and the details were de- 
veloped by tne Engineering Department of the 
Long Island R. R., under the direction of Mr. J. 
R. Savage, M. Am. Soc. C. E., Chief Engineer. 
The Abbot-Gamble Co. were the contractors for 
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shown to be $3,107, and that of the median 
man—i. e., the 76th man in a class of 151—to be 
$2,500. In the case of the later class five years 
after graduation the figures are respectively 
$2,115 and $1,800. In detail the results are as 
follows: 


Grad- Non- 
uates. Graduates. 
Below $1,000 per year 1 4 
Between 1,000 and DOS ios: octets tore 9 2 
Between 1,200 and 1,309. 15 11 
Between 1,400 and 1,599........... 20 10 
Between 1,600 and 1,7999. 15 4 
Between 1,800 and 1,999........... 20 6 
Between 2,000 and 2,2499 17 6 
Between 2,250 and 2,4099. 7 0 
Between 2,500 and 2,9000 10 
Between 3,000 and = 3,999........... 12 5 
Between 4,000 and 4,909........... 2 3 
( A 3 2 
Above hh; ðO Gees hates 1 1 
128 64 
A general summary shows: 
Grads. Non-Grads. Total. 
Gross Salary ........ $273,000 $134,080 $407,080 
Average Salary ...... 2, 2, 005 2.115 
Least Salary ........ 900 750 9 
zreatest Salary ...... 7,500 6,500 


It is shown that a man getting 56.000 or $7,000 
a year tends to raise the average much more 
than it is lowered by a man who receives only 
$800 or $1,000. A fair average seems to be that 
received by the 96th man—half way between No. 
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GENERAL LAYOUT OF THE CONDUIT SYSTEM. 


1 and No. 192. This gives $1,800, which is the 
amount reported by 24 men. 

The non-graduates represent exactly one-third 
of the total number from which reports were 
received. While the average received by indi- 
viduals in each group varies but little, it is no- 
ticeable that the graduates group near the aver- 
age point, while the non-graduates group lower. 
The fact of non-graduation may mean merely 
that a man specialized, but that his scholarship 
standing was fully equal to that of the gradu- 
ates, or that he failed to secure his degree, or 
pursued but a portion of the course and left to 
enter business before the balance of the class 
graduated. Under the latter condition he would 
have the advantage of an earlier start upon his 
career as against a possible deficiency in tech- 
nical knowledge. 

Reports of smaller local groups in the same 
class ranging from 18 to 60 men which have 
been collected annually indicate the following: 


Time after Average 
graduation. salary 
Sehr; a aes ae wees . . . $793 
I/ JV Baw 1.073 
ß G(mnſdGdGGGF'i!.!.!. ae has Se a 200 
S ⁵ðò 7 y ³ðVA/ y 1.343 
FJ) ⁰y y ͤ ease 1.571 


The difference between the figures received 


(only 30 men) and those from the more videly 


spread group of 192 men secured five years af ter 
may tend to show that the men who scatter, as 
a whole, make better salaries than those who 


remain near the home institution in the East. 


four years after graduation from the small group 


This appears to be roughly confirmed by the 
fact that the later returns received through the 
mail—those from distant polnts—averaged bet- 
ter than the ones first tabulated. 

The returns cast an interesting side light upon 
permanency of position in the case of recent 
technical graduates. The following facts appear: 


locate the ducts as high above the present ground the work. 
water level as possible, in order to avoid the diffi- 
culty and expense of drainage during construc- 
tion, a large and expensive intermediate mass of 
concrete would have been required,—tne wooden 
piles being of course permanent construction only 


when immersed. On the other hand, by the use 
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SALARIES OF TECHNICAL GRADUATES. 
By WALTER B. SNOW, M. Am. Soc. M. E.“ 


In Engineering News, Feb. 6, 08, the writer 
presented an analysis of the salaries of certain 


of concrete piles the trench had to be but 6 ft. technical graduates. This was based upon re- Number of men who have held but a — — 52 
deep; the most difficult part of the excavation was turns received from members of a single class T “o a u U— 33 aH 
thus avoided, the quantity of concrete reduced to from one of our leading technical schools ten i „ een 5 5 „5 28 
a minimum, and the progress of the work was years after graduation. Similar returns have “ “ou u T 6666 6—é⁰* v.:ãꝛ· Ü E 
nence facilitated accordingly, a highly important just been made available by a class which gradu- 5 „ a a a l re | 
factor in the middle of December, 1907, when the ated five years ago from the same institution. “u “u ua u T 99 ⁰* A 
work began. It was completed Feb. 25, 1908. A comparison of results is interesting. The av- Only 26 men, or one in seven, have changed 


*Assistant Bridge Engineer, Long Island R. R., Ja- 
maica, N : 


erage salary of the class ten years out was 


*Publicity Engineer, 170 Summer St., Boston, Mass. 


more than three times, while 52 men still 
main where they first started, their average sal- 
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ary being 52.051 —slightly lower than the gen- 
eral average. When there are deducted from 
this group those who receive somewhat abnor- 
mal salaries, the average drops to $1,800, con- 
siderably below that of the class. On the other 
hand, unusual frequency of change in position 
appears to result in a drop below the average— 
26 men who have held five or more positions 
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or School of good standing; said standing to be deter- 
mined by the Board, or shall pass a satisfactory examin- 
ation before the Board upon the following, to wit: 

For Surveying.—Geometry, Trigonometry, Land Sur- 
veying, Practical Use of Instruments. 


For Civil Engineering.—Same as Surveying, in addition 
thereto Natura] Philosophy or Physics. 

The person shall also satisfy the Board that he is 21 
years of age, of good moral character, and possesses at 
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recordation thereof in a book to be kept for this pur- 
pose only, and who shall certify to said recordation by 
endorsement on original certificate which the holder 
shal] then deliver or transmit to the Board of Engineer- 
ing Examiners. The fee which the Clerk is entitled to 
charge for such recordation shall be one dollar. Said 
certificate entitles the holder to be placed on the list of 
regular Civil Engineers and Surveyors, the publication of 
which is hereinafter provided for. The Board of Engi- 
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FIG. 2. TYPICAL CONSTRUCTION OF BEAMS ON LONG ISLAND R. R. CONDUITS. 


averaging $1,922, only two of the number earn- 
ing over $2,500. 

Out of the total of 192 men, 111 are follow- 
ing the lines of their course, 53 are in work re- 
lated to their course and 28—less than 15%—re- 
port that they are making no use of their pro- 
fessional studies. 

As class statistics the preceding appear to be 
unusually reliable. Coming as they do from men 
graduating from a dozen or more courses, and 
scattered the world over, they present a fair 
average of the financial returns secured in varied 
industries and professions by the technical 
trained men five years after leaving college. 
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CIVIL ENGINEERING A CLOSE PROFESSION 
LOUISIANA. 


The first State in the Union to limit by law 
the practice of civil engineering is Louisiana. 
The Legislature of that State has just enacted a 
law establishing a State Board of Engineering 
Examiners, authorized to issue certificates of 
competency to persons desiring to practice as 
civil engineers. We reprint the law in full be- 
low and note especially that all who were actu- 
ally practicing civil engineering or surveying 
prior to the passage of the law are exempt from 
its provisions. It is of interest to note also that 
the applicant for a certificate of competency as 
a civil engineer is to be examined in “Geometry, 
Trigonometry, Land Surveying, Use of Instru- 
ments and Physics.” 

We are informed that the law had the endorse- 
ment of the Louisiana Engineering Society, and 
that a committee of that society was instrumental 
in securing the passage of the law by the Legis- 
lature. The text of the law is as follows: 


An Act to regulate the practice of Civil Engineering 
and Surveying; to create a State Board of Engineering 
Examiners, and regulate the fees and emoluments 
thereof; to prevent the practice of the said callings or 
professions by unauthorized persons; and to provide for 
the trial and punishment of violators of the provisions 
of this act by fine or imprisonment; and to repeal all 
laws or parts of laws in conflict or inconsistent with this 
fact: 

Section 1. Be it enacted by the General Assembly of 
the State of Louisiana, that, from and after the pro- 
mulgation of this act, no person excepting those already 
engaged under existing laws in the practice of Civil En- 
gineering and Surveying, shall practice the said callings 
or professions within the State of Louisiana, unless such 
person shall possess al] the qualifications required by 
this act. 

See. 2. Be it further enacted, etc., that after the pro- 
mulgation of this act, any person, before entering upon 
the practice of Civil Engineering or Surveying, shall pre- 
sent to the Board of Engineering Examiners, as herein- 
after constituted, a diploma from an Engineering College 


IN 


least a fair primary education. If said diploma or exam- 
ination are satisfactory to the Board they shall issue to 
such person a certificate in accordance with the facts. 
Sec. 3. Be it further enacted, etc., that the Engineer- 
ing Examiners shall consist of a Board of five members, 


three of whom shall constitute a quorum for the purpose 


of holding examinations and granting certificates. All 
members shall be practicing Civil Engineers or Sur- 
veyors of good standing. The certificate of the Board 
shall be conclusive proof of the efficiency of the appli- 
cant. All examinations held by the Board and answers 


of applicants shall be in writing and shall be filed and 


kept as records. All members shall be appointed by the 
Governor of the State from a list presented by the 
Louisiana Engineering Society, and the Governor shall 
have the right to remove any 
or all members thereof 
for inefficiency or neglect of 
duty, and to fill all vacan- 
cies occurring in the Board 
from names recommended 
by the Louisiana Engineer- 
ing Society. 

Sec. 4. Be it further en- 
acted, etc., that the first 
Board of Engineering Exam- 
iners appointed under this act 
shall meet and organize with- 
in thirty days from the date 
of their appointment, and 
shall name one member to 
serve two years, one to serve 
three years, one to serve four 
years, one to serve five years 
and one to serve six years, 
to be decided by lot or agree- 
ment among themselves as 
to their respective terms. 

At the expiration of the 
above terms, each member 
shall be appointed by the 
Governor for a term of six 
years from names recommended by the Louisiana Engi- 
neering Society. 

Sec. 5. Be it further enacted, etc., that all persons 
practicing Civil Engineering or Surveying in the State 
of Louisiana before the passage of this act, shall within 
ninety days after its promulgation, register as such prac- 
titioners with the Clerk of the District Court of the 
Parish within which they reside, and upon the appoint- 
ment of the Board of Engineering Examiners, shall 
notify the said Board of such registration. 

Sec. 6. Be it further enacted, etc., that to prevent 
delay and inconvenience any one member of the Board 
may grant a permit to practice after a satisfactory ex- 
amination of any applicant, and shall report thereon to 
the next regular meeting of the Board. Said temporary 
permit shall not continue in force longer than until the 
next regular meeting, and shall in no case be granted 
less than six months after the applicant has been re- 
fused a permit by the Board. 

Sec. 7. Be it further enacted, etc., that all certificates 
issued under Section 2 of this act must be recorded in 
the office of the Clerk of the District Court of the 
Parish in which the applicant resides, who shall make 
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neering Examiners shall preserve the certificates, and a 
copy signed by its secretary shall be received as evi- 
dence in courts. Until recordation of said certificates, 
the holder shall not practice Civil Engineering or Sur- 
veying in the State of Louisiana. 

Sec. 8. Be it further enacted, etc., that the Board of 
Engineering Examiners shall publish annually a com- 
plete list of registered civil engineers and surveyors, 
with their residences, in a daily paper of the City of 
New Orleans, and such published list shall be received 
as evidence in court that the names it contains are duly 
registered. 

Sec. 9. Be it further enacted, etc., that the members 
of the Board of Engineering Examiners shall receive in 
compensation for their duties, Ten dollars per day dur- 
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MANHOLE ON REINFORCED-CONCRETE 
CONDUITS FOR LONG ISLAND R. R. 


FIG. 3. 


ing the session of the Board, together with their hotel 
bills and their traveling expenses by the most direct 
route to and from their respective residences. The same 
to be paid out of any moneys in the treasury of the 
Board, upon the certificate of the president and the sec- 
retary. The Board is empowered to demand a fee of 
One dollar for issuing a certificate, and of Ten dollars 
for examination; if the applicant fails to pass, and no 
certificate is issued, Five dollars of his fee is to be re- 
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tained. The fee for a temporary permit shall be Five 
dollars, and is to be credited to the applicant when he 
applies for a permanent permit. 

Sec. 10. Be it further enacted, etc., that any person 
who shall practice or attempt to practice the profession 
or calling of a Civil Engineer or Surveyor, without hav- 
ing complied with the provisions of this act, shall be 
fined not less than Twenty-five dollars, nor more than 
One Hundred dollars, or shall be imprisoned not less than 
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a new double-track bridge alongside. In order 
to prevent disturbing the foundations of the old 
bridge by tne new work, the latter was so lo- 
cated as to leave a clear space of 6 to 8 ft. be- 
tween the adjoining piers (Fig. 1). 

The span lengths of the new bridge were made 
the same as the existing spans, and the super- 
structure follows closely to the old one in gen- 
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FIG. 1. CROSS SECTION THROUGH OLD AND NEW BRIDGE OVER THE SEINE, ASNIERES, 
: FRANCE. 


thirty nor more than ninety days, for each offense by 
any court of competent jurisdiction. 

Sec. 11. Be it further enacted, etc., that the Board 
may revoke any permit it has issued, when its holder 
has been convicted of immoral conduct before’ a compe- 
tent court, 

Sec. 12. Be it further enacted, etc., that this act shall 
not apply to the Engineering Departments of the United 
States, nor to the Civil Engineers and Surveyors of 
other States and Territories, when in actual consultation 
with registered Civil Engineers or Surveyors of this 
State, nor to any Civil Engineer or Surveyor of this 
State actually practicing such profession or calling be- 
fore the passage of this act. 

Sec. 13. Be it further enacted, etc., that the Board of 
Engineering Examiners shall make annual report to the 
Governor of its transactions, with such recommenda- 
tions for the advancement of the service as it may think 
best. ö 

Sec. 14. Be it further enacted, etc., that all laws or 
parts of laws in conflict with this act be and the same 
are hereby repealed. 
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CONCRETE PILE FOUNDATIONS FOR A PARIS RAIL- 
WAY BRIDGE. 


An interesting variation of an ordinary type of 
bridge pier was used in founding a new bridge 
built by the Compagnie des Chemins de Fer de 
L’Ouest of France at Asniéres, where four of 
the company’s lines diverge from the trunk leav- 
ing Paris. The railway crosses the Seine at this 
point on a four-track deck girder bridge of five 
102-ft. to 107-ft. spans, built in 1851. Increas- 
ing traffic made this number of tracks inadequate 
in recent years, and six tracks became necessary. 


Whether to build a new six-track bridge or to 
retain the old bridge supplemented by two new 


tracks on an added structure was the first ques- . 


tion to be decided. The old bridge was not de- 
signed for present-day loads, but it had been de- 
signed with much care, under Mr. Eugene 
Flachat, then Chief Engineer of the company, 
and it showed no weakness. Extensometer tests 
made on various parts of the structure in 1893, 
by Mr. Rabut, showed that the actual stresses 
were much below those shown by calculation. 
The successive spans are continuous, but this 
was doubtless considered in the design. On the 
other nand the reinforcement of the upper flange 
of the girders by the floor-plating riveted to 
them, and the reinforcement of the bottom flange 
by the crossed diagonals of the wind-bracing, un- 
doubtedly had much to do with the discrepancy 
between calculated and observed stresses. More- 
over the four tracks of the bridge (on five gird- 
ers) would probably never receive their live-load 
simultaneously, and the sway-bracing between 
the girders would make tnen deflect together 
sufficiently to relieve the loaded girders and thus 
make the actual stresses smaller than the cal- 
culated. At any rate the observations indicated 
that the bridge was strong enough, and in fact 
Should be classed as one of the strongest bridges 
on the company’s lines. It was therefore de- 
cided to retain the four-track bridge and build 


eral arrangement. The four girders, one under 
each rail, are deck girders of the same depth, 86 
ins., but they are of I-section instead of the box 
section of the old girders; the flanges are 25% 
ins. wide across the cover-plates. They ‘nave 
very stiff sway-bracing, to take full advantage 
of the relieving action of adjacent girders upon 
each other. The lower lateral system is designed 
with diagonals of increased section, to fit them 
for sharing proportionately in the bottom-flange 
tension. A “*/ie-in. floor-plate is riveted con- 
tinuously over the girders, taking the place of 
the inner cover-plate. A width of 39 ins. of this 
floor-plate is included in the calculations as top 
flange area. 


The girders rest on fixed bearings at both ends, 
as the observations of the company’s engineers 
indicate that roller bearings lose their mobility 
in a very short time. 

The piers, whose foundation is the most dis- 
tinctive feature of the structure, are repre- 
sented typically in Fig. 2. They are of concrete 
faced with cut-stone masonry from a point 20 
ins. below low water. The under-water part is 
of mass concrete deposited in water inside a re- 
inforced-concrete box or caisson serving as form. 
The base rests on a foundation of reinforced- 
concrete piles. 


Tne piles, designed to carry 55 tons each, are 
octagonal in section and are not tapered but 
straight; they measure 12 ins. in diameter across 
fiats and are 20 ft. long. The reinforcement is 
a spiral of -in. round iron 1% ins. in pitch, 
surrounding eight longitudinal ‘/-in. rods wired 
to the spiral. Fig. 3 illustrates the process of 
assembling the reinforcement. The spiral was 
first wound with close turns on a wooden man- 


drel 10 ins. in diameter—the interior diameter 
of the reinforcement. When stripped of the 
mandrel, it was slipped over the longitudinal 
rods and the turns were then spread to tne proper 
spacing by wooden wedges. The longitudinal 
rods were fina'ly wired to the spiral at every 
intersection, which made the reinforcement a 
solidly assembled unit. A pile-shoe as may be 
seen in Fig. 3 was wired to the bottom ends of 
the longitudinal rods. 


The piles were molded in wooden forms, hori- 
zontally, and were stored for a month before 
driving. In driving, the hammer was dropped 
on the pile direct, without cap or cusnion. The 
soil of the river bottom is sand and gravel, over- 
lying strata of shale on which the piles rest. 
The piles were proportioned for a load of 570 lbs. 
per sq. in. on the concrete, plus 11 (ratio of 
moduli) times the oblique section of the spiral 
multiplied by 2.40, the assumed efficiency-ratio 
as compared with longitudinal steel. 


The piles were driven, in the proper locations, 
flush with tne river bottom, and then the re- 
inforced-concrete pier forms, previously molded 
on shore, were floated over them and sunk in 
position with the help of guide timbers. 

Fig. 4 shows the construction of these pier- 
forms or caissons so fully that no further de- 
scription is required. 
They were made of 
a 1:2:4 mixture, 
while the piles were 
of a mixture 
slightly richer in 
cement. The view, 
Fig. 5, shows one of 
these forms com- 
pleted and another 
in course of concret- 
ing. In floating the = 
form to place, a tem- = 
porary wooden bot- 
tom was put on. 
When the form was 
properly sunk over 
the piles, resting on 
the river bottom by 
the broad ledge at 
the lower edge of the 
form, its top edge 
was about 8 ins. be- 
low water - level. F 
The interior was 
then filled with 
concrete deposited 
in water, up 
to a level 20 ins. below water. The remainder 
of the pier was built up in tne dry, the top edge 
of the form being fitted with wooden sheeting 
rising above water-level, for this purpose. 

We are indebted for the information and the 
illustrations used for this article to Mr. Réné 
Bonnin, of Paris, France. 
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ig. 2. Cross-Section 
Through Pier for New 
Asnieres Bridge, 
Showing Reinforced- 
Concrete Piles and 
Pier Forms. 
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FIG. 3. ASSEMBLING THE REINFORCEMENT FOR HOOPED PILES FOR NEW BRIDGE AT 
ASNIERES. 
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COAL DUST AS A FACTOR IN MINE EXPLOSIONS. 


A paper with the above title was read before 
the Coal Mining Institute of America at 
Greensburg, Pa., on June 8, by Henry M. 
Payne, Professor of Mining Engineering at West 
Virginia University, Morgantown, W. Va. We 
reprint the summary of conclusions given by 
Mr. Payne as follows:“ 


1. Granting that secondary explosions may be propa- 
gated indefinitely by the larger sizes, only coal dust which 
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this course follows the return airways, the conversion 
of the carbon monoxide to carbon dioxide renders the air 
extinctive, and prohibits further propagation. Evidence 
of such a condition will be found in the coke splashing, 
er crusts, formed by the deposit of red-hot cinders, car- 
ried by the air wave, and testifying to the incomplete 
combustion. 

8. The initial explosion may and generally does, distil 
so large an amount of gas that complete combustion is 
impossible at the site of distillation, and this mass of 
gas and dust, in varying stages of ignition and com- 
bustion at a temperature greatly in excess of the point 
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DETAILS OF REINFORCED-CONCRETE PIER FORMS, NEW BRIDGE OVER THE SEINE 


AT ASNIERES. 


will pass through a No. 100 screen is capable of initial, 
or primary, explosion. 

2 Such dust after having been subjected to ordinary 
atmospheric air for only a few hours, becomes largely 
decomposed, and exists as a bubble of constituent gases, 
wiese film is composed of undisintegrated carbon and 
impurities, which after combustion are known as ash. 

3 Such dust, when suspended in a homogeneous cloud, 
with a moderate air velocity, is susceptible of ignition 
either through shock, compression, or sufficient heat to 
le augurate combustion. 

4. Sach results will be classified as combustion or ex- 
plosion, depending upon the volume of dust ignited, its 
supply of oxygen, and the space within which combustion 
takes place. 

3. Where gas alone is ignited, and the mine is free 
from dust, a high explosive” effect is obtained, and the 
explosion may be strictly local, due to the cooling effects 
of the walls. 

& The chief product of a dust explosion is carbon 
monoxide, whose expansion under combustion is greater 
than that of methane, and which receives its continuous 
supply of oxygen by feeding toward the intake. 

7. A dust explosion, while assisted by the intake air, 
must nevertheless follow those entries or airways furnish- 
ing the most material upon which to feed, and when 


The complete paper is published in the Engineering 
and Mining Journal” of July 4, 1908. i 


of ignition were sufficient oxygen present, will develop 
into local explosions at irregular intervals, wherever 
adequate atmospheric oxygen is available, such as at 
junctions of airways, widened passages for siđe tracks, 
or cavities where falls of roof rock have occurred, and 
are frequently called ‘‘flame areas.” 

9. When such an explosion, either primary or sec- 
ondary, travels toward a dead end of an entry or 
passage, the compression generated by its expansion 
and momentum causes an almost incredible rise in 
temperature, sufficient to distil the various hydro- 
carbons from even the ribs of the coal itself, and sup- 
plementing it with a heat potential far in excess of its 
losses through radiation and expansion. 

10. The liability of any coal dust to explosion in- 
creases almost directly with its percentage of volatile 
combustible matter, i. e., the quotient of its percentage 
of volatile matter divided by the sum of the percentages 
of volatile matter and fixed carbon. 

11. While coal dust alone, under the conditions 
enumerated, is distinctively explosive, the presence 01 
even the smallest amount of methane augments ma- 
terially the susceptibility to ignition. 

12. On account of the great elasticity of air, it is 
highly probable that no proper conception has yet been 
attained, of the almost incredible speed with which a 
dust explosion, through its gaseous products, may be 
extended to far distant portions of a mine, under the 
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FIG. 5. TWO REINFORCED-CONCRETE PIER FORMS FOR NEW RAILWAY BRIDGE AT ASNIERES. 


force of initial expansion, properly called the per- 
cussive theory.” 

13. Changes in barometric pressure only affect the 
liability to explosion in so far as they allow, when the 
barometer is falling, a settling of any possible ac- 
cumulation of methane from a dome in the roof rock, 
into the ventilating current; but such small quantities 
of gas are infinitely safer when diffused in the current 
of air than when concentrated in one place. 

Moreover, even if we grant that a low barometer al- 
lows greater occlusion it also allows easier ventilation 
for the diffusion of such occlusion. 

14. A mine may be overventilated until the air- 
current has such a velocity that it stirs up dust, and 
would feed any slight ignition which might take place 
and otherwise die out. 

15. The difference in the amount of real dust made 
by either air punchers or electric-chain machines is so 
slight, and so variable, depending on the nature of the 
coal and the skill of the machine man, that it cannot 
be said that either machine, as a class, creates more 
dust, one than the other. 

16. The results of experiments with electric ignition 
of dust show that the danger from electric wiring is no 
greater than that of stirring up a cloud of dust from 
a broken air pipe or a loose connection. 

17. Coal dust cannot be made wet, in the usual 
sense. The method used by superintendent Butler is 
indicative of the best results, but even then it is hypo- 
thetical if the most careful system of watering is not 
merely an infinitesimal portion of the “ounce of preven- 
tion,” and it is an open question whether it is not pos- 
itively detrimental. 

18 While the abolition of all explosives, as recom- 
mended by the Belgian authorities, appears unneces- 
sary and impracticable in this country, yet the greatest 
field of investigation now lies along that line, and only 
those explosives carefully tested, and known to be 
uniformly prepared, by well known and responsible 
manufacturers, should be used. The maintenance of a 
testing laboratory even though on a smali scale, and the 
employment of a competent chemical engineer, should 
be undertaken at every coal operation of commercial 
importance. 

— a D 

THE AVAILABLE SUPPLY OF UNMINED COAL IN 
Pennsylvania is discussed as follows in a press bulletin 
issued by the U. 8. Geological Survey: 


Mr. M. R. Campbell, of the U. 8. Geological Survey, 
estimates the amount of coal originally in the anthra- 
cite fields of Pennsylvania at 21, 000, O00, 000 short tons 
and that in the bituminous fields at 112,574,000,000 short 
tons. It is said that, by the methods of mining an- 
thracite coal in former years, for every ton of coal 
mined and marketed 1% tons were either wasted or 
left in the ground as pillars for the protection of the 
workings, so that the actual yield of the beds was only 
about 40% of the contents. This percentage of waste 
has now been materialiy reduced, but the exhaustion to 
the close of 1907 has probably amounted to about double 
the production, or 4, 00, O00, O00 short tons. This would 
leave still in the ground approximately 17, 000, 000, 000 
tons, which would be capable of yielding, at the rate of 
one ton of coal lost for each ton mined, 8,500,000,000 
tons, or approximately 100 times the quantity of an- 
thracite produced in 1907. 

If we estimate for the bituminous production 1 ton 
of coal lost for every 2 tons mined, the exhaustion to 
the close of 1907 has been 2,760,000,000 tons, which 
would leave still in the ground in Pennsylvania a little 
less than 110,000,0000,000 short tons of bituminous coal. 
The annual production and consumption of coal will no 
doubt continue to increase, but at the rate of produc- 
tion reached in 1907 the available supply in Pennsyl- 
vania would last about 490 years. 
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A STOPE DRILL COMPETITION will be held in the 
Transvaal during 1900 with the object of finding a 
small drill capable of economic use in the narrow stopes 
on the Witwatersrand. After the elimination by pre- 
liminary trial of such machines as are obviously out- 
classed or unsuited to the local mining conditions, the 
balance, reduced to manageable number, will undergo a 
test of 300 consecutive shifts, excepting Sundays and 
legal holidays, under conditions which in every way 
conform to regular mining practice in the district. They 
will be set up in stopes varying in width from 20 ins. 
to 48 ins., and with a dip of from 20° to 90°. About 

% of the holes will be down-holes. It is anticipated - 
that most of the machines entered will use compressed 
air, but drills with any other form of motive powcr 
will be eligible. Air pressure may range only between 
60 and 75 lbs. per sq. in. at the end of the pipe line 
as shown by recording gages. As the need of the local 
mining industry is for a one-man machine, no entry 
weighing over 100 lbs. will be accepted and even lighter 
ones are most desirable. All holcs must reach 42 ins. in 
depth to be counted, except under such circumstances as 
may be specially authorized by the managing commit- 
tee. The last bit used shall gage at least 15/16 in. 

Two prizes, a first, of $20,000 and a second, of $5,000, 
will be awarded according to the minimum figures ob- 
tained by dividing the total cost (composed of first 
cost of machines and rigging less valuation at end of 
competition, wages, air, water, drill sharpening, main- 
tenance and stores) by the footage drilled. All machines 
with accessory parts must be delivered at Johannesburg, 
free of charge, on or before Jan. 31, 1909. 
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A MICROSCOPIC INVESTIGATION OF BROKEN STEEL 
RAILS: MANGANESE SULPHIDE AS A SOURCE OF 


DANGER.* 
By HENRY FAY.t 


During the past few years there has been much talk 
about the quality of steel rails. On looking over the 
literature of the subject the writer was not completely 
satisfied with the reasons advanced for the breakage 
of rails, and it was decided to make a collection of 
broken rails from various sources for the purpose of 
further study. The results herewith reported are only 
a small part of the work, dealing particularly with those 
rails in which considerable amounts of manganese sul- 
phide were found. Incidentally, other material than rail 
steel in which manganese sulphide was found will be 
mentioned. The results reported have been obtained 
to a very large extent from personal work conducted 
at the Watertown Arsenal in collaboration with Mr. 
J. E. Howard. Mr. Wint, working for the degree of 
S. B. at the Massachusetts Institute of Technology 


Fig. 1. 


under the author's direction, has obtained some im- 
portant results, which will later be published in full 
and from which some abstracts will be made. The two 
investigations have been going on simultaneously, and 
the results obtained in each have served to confirm 
the other in many ways. 

The causes variously assigned to rail breakages may 
be classified under the following heads: (1) Improper 
chemical composition; (2) segregation; (3) improper 
heat treatment; (4) rolling flaws. 

Under the first of these heads the most frequent 
sources of trouble are: carbon, which may be too 
high or too low, and about which personal opinion is 
liable to differ; phosphorous, which will produce brit- 
tleness when in excessive amounts; and sulphur, which, 
if present as iron sulphide, will make rolling difficult ; 


and slag, which is an indefinite term, embracing oxides . 


or silicates, or both. Sulphur, when present as man- 
ganese sulphide, has been declared to be harmless, but 
that it is an extremely brittle and perhaps dangerous 
material will be demonstrated. It must be stated at 
once that all manganese sulphide is not injurious; in 
fact, most of it is harmless. The conditions under 
which it becomes harmful will be shown. 


Fig. 2 


So much has been said of segregation, heat treat- 
ment and rolling flaws that they will only be referred 
to incidentally in discussing breakages in general. 

In beginning the work the first piece examined was 
a small section broken out of the foot of a rail and 
in which there was a good-sized check. The fracture 
was fine-grained, but showed at one point a distinctly 
fibrous appearance. This is } 
in the upper left-hand corner. The metal was cut 
through just beyond the check and polished to a mirror 
surface. The surface began to pit badly on a line 
with the check. Microscopic examination before etch- 
ing showed manganese sulphide where the pitting had 
taken place. Fig. 2 shows the manganese sulphide at 
the point of the check. Pitting of the surface on 
polishing, which can readily be seen with the eye, 
invariably reveals the presence of manganese sulphide. 
Slag may also cause pitting, but the appearance of the 
pits is usually quite different. Etching the sample with 
picric acid revealed a structure which was fine and 
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well shown in Fig. 1. 


all that could be desired, showing evidence of good heat 
treatment. Fig. 3 shows the appearance of the etched 
specimen. Evidently, then, the fibrous part of the 


fracture was due to the presence of manganese sulphide. 
since the check 


This view seemed entirely probable, 
and the sulphide area coin- 
cided in position exactly, 
and, further, it seemed high- 
ly probable that manganese 
sulphide might be a brittle 
substance. This latter as- 
sumption has since been 
confirmed and will be dis- 
cussed in detail later. 

The next examinations were 
made upon a number of 
rails which had broken 
in the foot in the crescent 
form. The samples showed in every case all of the 
characteristics of the crescent break. Near the top 
surface of the fractured piece the metal in nearly every 
case showed a thin layer of apparently more brittle 
material, and in many cases fine checks, extending in 
the direction of rolling, similar to the one just de- 
scribed. Sections were cut out of these crescent breaks, 
polished, transversely and longitudinally, and examined. 
In each one, manganese sulphide was found in con- 
siderable quantities in the polished specimen. It was 
present in the form of long threads, extending in the 
direction of rolling, as shown in Fig. 4. The etched 
specimens showed a fine structure, as may be seen in 
Figs. 5-7. It will be noticed that the manganese sul- 
phide is extended in the direction of rolling, and in 
some cases, as in Figs. 6-8, there are streaks of ferrite 
running parallel to the manganese sulphide. Whether 
or not these streaks originally held manganese sul- 
phide in place is not definitely known. It is possible 
that the sulphide was torn out in polishing. Streaks 
of this character and also surface streaks deserve 
further study. There can be no doubt, however, of the 
intimate association of the streak and manganese sul- 


phide. The essential point 
in the case is this: All 
rails which have broken 
out in the foot in the 
form of a crescent con- 
tain manganese sulphide 
alone or manganese sul- 
phide and ferrite drawn 
out in the direction of 
rolling. With the structure 


fine in every case and 
very little lamellar per- 
lite the cause for break- 
age cannot be placed on Fig. 4 
the heat treatment which 9. 

the rail received. The large amount of manganese 
sulphide seems to be the cause of these fractures, and 
that this is true will be shown by further evidence 
which, I believe, will refute the statement made by 
Snow that crescent breaks are due to gas seams and 
rolling flaws. The evidence obtained thus far pointed 
suspiciously toward manganese sulphide, and this sus- 
picion was confirmed in the examination of a rail which 
showed a considerable number of streaks. In cutting 
out the head of the rail in steps, each step showed 
streaks on machining, and these were emphasized by 
etching. The top of the head of this rail was polished, 
and like the crescent breaks it showed considerable pit- 
ting running in the direction of the rolling. On etch- 
ing with picric acid the streaks appeared bright and 
were of varying widths, running in parallel lines in 
the direction of rolling. Throughout each streak was 
found a considerable amount of manganese sulphide, 
associated in some cases with a small amount of sili- 
cate, and both lying in the ferrite areas. In Fig. 9 
is seen one of the narrow streaks, with its manganese 
sulphide embedded in ferrite. A broad streak is seen in 
Fig. 10. That the light appearance of the streak is due 
to ferrite is shown ly an examination of Figs. 10 and 11. 
The latter photograph was taken at a spot immediately 


adjacent to Fig. 10. On 
etching the ferrite areas 
remain bright, while the 
perlite is darkened. The 
distribution of perlite in- 
variably takes place in 
this way. This distribu- 


tion, together with a wide 
and a narrow streak with 
the embedded sulphide, are 
all well shown in Fig. 
12. That rails in which 
streaks of this charac- 
ter were found were broken 
along these lines was 
known, but the mechanism of the break was not known. 
Having found thesé streaks with the associated man- 
ganese sulphide on both the top of the head and the 
bottom of the foot of the rail, it was considered de- 
sirable to know whether or not they penetrated through 


Fig. 6. 


sulphide. 


Transverse sections of 


the head and foot were then polished and etched. This 
showed that the penetration of the streak took place 
only to a limited extent at the top and bottom. Con- 
siderable manganese sulphide was found throughout the 
cross section, but the ferrite streak was apparently a 
surface phenomenon, extending in only a very short dis- 
tance. An examination of the transverse section of the 
foot at a point where the streak penetrated into the foot 
showed manganese sulphide extending in from the sur- 
face toward the web. A photograph taken at one of 
these spots is shown in Fig. 13. 

Having conceived a suspicion of the brittleness of 
Manganese sulphide, it was decided to test this by 
subjecting the rail to strain such as it might get in 
service. The foot was blocked on either side and 
pressure applied vertically downward. Examination of 
the middle edge of the foot at the point of greatest 
strain was made from time to time to see if any 
cracks had started. Fig. 14 shows the beginning of 
a crack which extends alongside of and through the 
manganese sulphide. It will thus be seen that the 
brittleness of the material itself has been demonstrated, 
and also that it is cemented only weakly to the steel 
in which it is embedded. On applying further pressure 
this crack widened, as shown in Fig. 15, and developed 
in similar areas, as shown in Fig. 16. 

The whole edge was examined to see whether cracks 
had started at any other point, but absolutely none 
were found. The specimen was further subjected to 
strain, and it finally broke before it had taken any 
appreciable permanent set. The fracture did not take 
place at either of the points of which photographs are 
shown, but through a streak adjacent to these two. 
The metal of the fracture showed a check on the lower 
side of the foot similar to the one shown in Fig. 1, 
and extending throughout the fracture. The fractured 
surface was polished, and the long check was found 
full of manganese sulphide. This observation, then, 
not only confirms the suspicion of brittleness of man- 
ganese sulphide, but also confirms the relationship be- 
tween checks and manganese sulphide. 


Fig. 5 
The next logical step in the investigation was to 


‘extend this method of attack to other material. Accord- 
ingly, sections were cut out of some crescent breaks, 
polished, etched and examined for manganese sulphide. 
Instead of straining so that the crack might be devel- 
oped along the length of a sulphide area, the force 
was applied in such a way that the strain would be 
across the direction of rolling of the rail. In this 
way numerous cracks were developed across the man- 
ganese sulphide areas, as is shown in Figs. 17 and 18. 
The fracture of the metal took place after it had taken 
a slight permanent set. Extreme brittleness was shown 
here, and greater brittleness possibly would have been 
shown if the force had been applied so that the cracke 
could have been developed along the direction of roll- 
ing. Fig. 19 shows the fracture of one of the pieces 
cut out of a crescent break. Its brittle nature is 
clearly indicated., 

Further evidence was procured from a piece of metal 
cut out of a 12-in. rifle which had broken in service. 
This metal had shown streaks on machining, and an 
examination showed a large amount of manganese sul- 
phide in the streaks. The structure was distinctly 
sorbitic and indicated excellent heat treatment, but, 
unfortunately, the metal was filled with manganese 


Fig. 7. 


The structure and the sulphide are shown 
in Fig. 20. An examination of the various sulphide 
areas was made before and after straining. It was 
found that cracks developed not only through, but 
around, the manganese sulphide. In Figs. 21 and 22 
are shown the same area before and after straining, 
with the crack developed and running into a large 
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island of sulphide. In the same specimen the cracks 
followed the outlines of some of the islands. In Fig. 23 
is shown a piece of manganese sulphide which had been 
cracked around its outline where it had been cemented 
to the metal, and which has been pushed by means of 
a needle at right angles to its original position. The 


Fig. 8. 


significance of the beginnings of cracks in metal of this 
character is evident now, but it will be made more 
evident later. 

With the evidence thus developed I was prepared to 
find some connection between many fractures beside 
the crescent breaks and the presence of manganese sul- 
phide and in this I have not been disappointed. In the 
beginning of this paper, rolling flaws were spoken of as 
one of the chief causes of fractures. Only two frac- 


Fig. 9. Fig. 10. 


tures of this kind have been examined and from the 
evidence presented by these cases it would be unfair to 
draw any definite conclusions, but it is significant that 
the crack developed in each case followed a streak in 
which manganese sulphide was embedded. In one case 
metal examined was cut out of the foot of a rail 
which had broken in service. The top of the foot was 
crimped in the process of rolling and the fracture took 
place at this point. A cross-section at the crimped 
portion showed a crack fairly wide at the surface and 
narrowing as it proceeded inward. There was con- 
siderable flow of metal at the beginning of the crack, 
but diminishing as it proceeded. Following the crack 
inward, manganese sulphide was found on the walls 
of the narrowest end and extending beyond the point 
where the crack stopped was a streak in which man- 
ganese sulphide was embedded. This is well shown 
in Figs. 24-26, which show the beginning and middle 
portion of the crack and the streak along which it 
would have followed. That this crack began in a 
manganese sulphide area seems highly probable. In 
the same specimens where the metal was crimped in 
rolling there was found a large mass of sulphide which 
extended in a short distance from the surface of the 
rail, and then extended fur- 
ther in two narrow streaks. 
With such brittle material 
it can easily be conceived 
as the starting-point for a 
crack, and the crack once 
formed would extend along 
the two narrow branches. 


This area is shown in 
Fig. 27. 

In another rail there was 
a minute crack following 


a streak in the extreme edge 
of the foot. Microscopic 
examination showed manganese sulphide on the walls 
of the crack and disseminated throughout the ferrite 
which lay only on one side of it. On the other side 
was the normal ferrite and perlite areas. Compari- 
son of this photograph, Fig. 28, with Fig. 12, will 
show a decided similarity, except for the crack. In 
each case manganese sulphide is found with an ex- 
cess of ferrite on one side and the normal structure on 
the other. 

When manganese sulphide is found in combination 
with a hardened surface the result is decidedly bad, 
for then cracks are likely to develop not only through 


Fig. 12. 


the sulphide, but also through the hard metal on the 


surface. Such a combination has come under the 
author's attention. The walls of the cracks were lined 
with manganese sulphide, and the cracks extended from 
the hard surface down into the softer metal of the 
head. Etching with picric acid had little or no effect 
upon the hard surface, while Kourbatoff’s reagent dark- 
ened it in a very few minutes. In this piece of metal 


of steel rails. 
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the hardened surface was filled with cracks, and along 
each crack manganese sulphide was found on the 
walls. In speaking of Figs. 21, 22 and 2, it was 
stated then that the significance of the beginnings of 
cracks in manganese sulphide was evident, but that 
it would be more evident later. It will be well to 
point out the fact here that the rifled surface of our 
large guns are hardened by 
the high temperature pro- 
duced by firing. In that 
case, if manganese sulphide 
be present in considerable 
amounts, it is not at all 
surprising that the gun has 
a very short life, for with 
such brittle material as hard 
steel and manganese sul- 
phide cracks will inevitably 
begin and extend until 
fracture results. The con- Fig. 13. 
ditions in a rifle, then, if 

the sulphur be high, are almost identical to this par- 
ticular case. 

Another interesting application of the same idea is 
to be found in a rail head which showed a distinct 
center of radiation of the fracture, as shown in Fig. 
29. Mr. Howard called my attention to this and 
suggested that there might be some connection between 
the beginning of the fracture and some brittle mate- 
rial. 
pitting 


On polishing a cross-section of the head distinct 
place at 


took a point corresponding to the 
center of radiation. This 
pitted spot was found to be 
filled with manganese sul- 
phide, and the unetched sur- 

face is shown in Fig. 30. 

Etching with picric acid 

showed segregation and also 

marked the same spot as 
is shown in Fig. 31. In two 
cases only has the center 
of radiation of a fracture 
been connected with the 
presence of manganese sul- 
phide, but it will undoubt- 
edly be found in other cases, and the study of this 
Phenomenon will lead to interesting results. 
PREVIOUS INVESTIGATIONS. 

As there has been expressed to me at times some 
doubt as to the identity of manganese sulphide, it 
seems to be well to review briefly the literature on 
the subject before discussing the effect upon the steel 
industry of the foregoing results. 

By purely chemical means Osmond and Werth,’ in 
1885, discovered that sulphur in steels which contain 
manganese exists in the 
form of manganese sul- 
phide. In 1888 Osmond? 
described experiments which 
showed that steels which 
are partially dissolved in 
hydrochloric acid have 


less sulphur and manga- 
nese in the part dis- 
solved than the part 


which has gone into solu- 
tion. Stead,’ independently, 
confirmed this same ob- 
servation. As a microscopic 
constituent it was iden- 
tified by Prof. Arnold as a dove-gray substance, and 
this was confirmed by Andrews in his various studies 
Le Chatelier and Ziegler,* using the 
Goldschmidt process, prepared and studied steels con- 
taining manganese and sulphur and confirmed the state- 
ments of Arnold, Arnold and Waterhouse and Stead; 
Law! has subsequently confirmed this. 

To make certain that manganese sulphide appears 
as described by Arnold and others, the author had 
some pure manganese sulphide prepared by precipita- 


Fig. ids 


Fig. 20. 


tion, using the method of Olsen’ for its preparation. 
This was melted in an electrically heated vacuum 


1Theorie Cellulaire des proprietes de l’Acier. Ann des 
Mines (8), 1885. 

2Ann. des Mines (8), 1888. 

The Iron & Steel Mag., 9, 105. 

‘Bull. Societe d’Encouragement, Sept., 1902. 

5 Journal Iron & Steel Inst., 1903. 

Journal Iron & Steel Inst., 1907, 94. 

TJournal Amer. Soc., 26, 1625. 
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furnace with some pure fron. The two substances were 
mixed so as to have about 0.08% sulphur in the re- 
sulting 100 gram button. This button was cut through 
from top to bottom, polished.and examined, and it 
showed the characteristic dove-gray spots of manganese 
sulphide. It is proposed to roll this material at vari- 
ous temperatures to see if the sulphide can be elon- 


Fig. 14. Fig. 15. 


gated. The identity of the dove-gray particles can no 
longer be doubted, since nothing but pure iron and 
manganese sulphide were used in the experiment. 

That iron sulphide is harmful there can be no doubt, 
but that manganese sulphide is harmless there is much 
doubt. Le Chatelier and Ziegler state: 

The manganese will absorb all the sulphur, and in 
this way remove the bulk of ft from the metal. It is 


indeed what has been observed in practice. The other 
part of the sulphide which remains imprisoned in the 


Fig. 19. 


metal during its solidification is disseminated in the 
condition of small grains, whose influence cannot be 
more harmful than that of small bubbles similarly 
distributed. 

Arnold and Waterhouse, in a microscopic study of 
some of Brinell and Wahlberg’s steels have shown the 
harmful influence of iron sulphide, and further have 
shown that some steels with 0.55% sulphur in the 
form of manganese sulphide have forged perfectly. 
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Fig. 18. 


Stead casts suspicion on both manganese silicate and 
sulphide, and suggests that their influence be further 
studied. 

The form in which manganese sulphide exists de- 
termines whether or not it is harmful.’ Arnold points 
out that the appearance depends upon which way the 
section of metal be cut, i. e., whether it be cut trans- 
versely to the direction of rolling, paralled horizontally, 
or parallel vertically. By an examination of this 
kind we can get an idea of the shape and dimensions 
of the sulphide areas. In 
the crescent breaks which 
are cut parallel to the di- 
rection of rolling there is 
found usually an elongated 
ellipsoid, such as that shown 
in Figs. 4 or 5. The trans- 
k ' verse section of this same 
R. 9 ‘ material will show round 

ers A BS dots, as in Fig. 2. Such elon- 

— tf E gated masses are, I believe, 

l — distinctly harmful. 

Fig. 21 Similar forms are found 
g. n 
in the steels which show 
streaks, although here there is a tendency toward a 
shortening and a flattening of the ellipsoid, as in Figs. 
12, 20 and 21. 

In other cases the sulphide may be caught near the 

surface, as shown in the figures showing rolling flaws, 


or in large masses, such as shown in Fig. 32, which 


is a so-called “‘wrought-iron’’ rivet, which was one of 
a lot which gave bad results in service. 
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In one case the author has seen a piece cut out of 
an axle broken in service, about one-half of an inch 
square. All of these forms are believed to be exceed- 
ingly harmful. 

On the other hand, if the section cut in three direc- 
tions shows an appearance such as shown in Fig. 33, 
there can be no appreciable danger from it, except that 
the ductility of the metal is lower than it ought to be. 

The form in which the sulphide is finally found de- 
pends very largely upon the treatment which the metal 


Fig. 22. 


Fig. 23. 


has received. If the metal has merely been forged it 
will then appear in small spherical masses. If, on the 
other hand, rolling has been begun at a high tempera- 
ture the sulphide areas will be elongated as in the 
crescent breaks. 

In his work on sulphide of iron, Le Chatelier makes 
tho statement that, fõasmuch as sulphide of man- 
ganese often appears crystallized, it has a higher freez- 
ing-point than any of the other constituénts present. 
This statement has been granted by Arnold and Water- 
house', but has been questioned by Law. 

It seemed highly desirable to determine the melting- 
point of manganese sulphide in order to establish the 
conditions under which it might be elongated as found 
in the crescent breaks. For this pQrpose pure green 
manganese sulphide was prepared and dried in such 
a way as to prevent oxidation. It was then melted in 
an electrically heated fur- 
nace while a current of dry 
hydrogen sulphide was passed 
in to prevent oxidation. 
A thermo-couple, consisting 
of a platinum, platinum- 
iridium junction was inserted 
into the liquid mass and 
readings of the galvanome- 
ter were taken at intervals 
during the cooling. The 
freezing-point was fairly 
sharp at 1,162° C. This 
was checked by a melting- 
point on the same sample. Below the melting-point 
the mass was decidedly plastic through a considerable 
temperature interval. This melting temperature will 
be influenced to some degree by the amount of man- 
ganese in the steel. Manganese sulphide is probably 
capable of dissolving a certain amount of manganese, 
and this would lower the freezing-point to some extent. 
It would require a study of the equilibrium between 
Manganese and manganese sulphide to definitely decide 
this. Inasmuch as the color of the sulphide varies with 
the amount of manganese present, the above assumption 
seems to be warranted. The specific gravity of this 
sample was 3.966. 

This experiment definitely refutes Le Chatelier’s 
statement quoted above, and further explains the elon- 
gated masses of the sulphide. Rail steel solidifies at 
about 1,450° C. If rolling begins at any temperature 
above 1,162° the manganese sulphide will still be liquid 
from the temperature at which“ rolling began to 1,162° 


Fig. 29. 


C., and below this temperature being, in a plastic con- 
dition, it is elongated in the direction of rolling. Where 
rolling pressure is exerted on three sides it would 
appear in elongated threads. If, however, rolling 
pressure is exerted on only two sides it might be ex- 
pected to be found in flattened elongated masses. This 
latter conclusion has not been verified, but examination 
of sections of flat bars will soon be made. Steels which 
are high in sulphur should not for this reason be 
rolled at too high a temperature, for if much man- 
ganese sulphide has been entrapped it will surely be 
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Fig. 31. 


rolled out into a form which will ultimately lead to 
trouble. 

That manganese sulphide, when existing in certaln 
forms, is a harmful constituent of steels can no longer 
be doubted. The remedy seems to be very simple, and 
on this account there should be no anxiety. 

Specifications should be so drawn as to limit the 
amount of sulphur in the steel. At the present time 
some of the specifications do not even mention sulphur. 
Having done this, the next step is to allow the metal 


Fig. 25. 


to stand a longer time after the addition of the ferro- 


manganese. With the specific gravity of manganese 
sulphide 3.966 and steel 6.82, it should rise to the 
surface and be skimmed off with the slag if given 
sufficient time. Usually this time interval between 
charging of the ferro-manganese and the pouring of 
the ingot is very short. The desire of the manufac- 
turer to increase his output has led him to cut down 
this interval to the shortest possible limit, with the 
natural consequence of a large number of broken rails. 
A longer time interval will allow the metal to purify 
itself. 

If, on the other hand, it is not permissible to start 
with a low sulphur ore, or to allow a sufficient time 
interval for the removal of the manganese sulphide, 
resort must be had to electric refining of the molten 
metal by means of a basic slag. 


Fig. 30. 

In conclusion, I wish to express my indebtedness to 
Dr. P. H. Dudley, Dr. C. B. Dudley and Mr. J. W. 
Snow for samples of broken rails; to Mr. Wint for 
devoted service, and to Mr. G. R. Norton for his skillful 
photographic help. 

. a TLD 
GRADE-CROSSING REMOVAL ON THE PHILADELPHIA & 
READING R. R. IN THE CITY OF PHILADELPHIA. 
Work is in progress on extensive track eleva- 
tion in the city of Philadelphia for the Phila- 
delphia & Reading R. R., involving a total ex- 
penditure of about ten million dollars. The 
lines affected are the Philadelphia, Germantown 
& Norristown R. R., extending from Broad St. 
to the crossing of the Richmond Branch near 
Wayne Junction, a distance of 3.7 miles, and 
the section of the Richmond Branch between 


Fig. 33. 


the Philadelphia & Reading Ry. Co. to elevate 
certain portions of the lines of railroads oper- 
ated by it within the city of Philadelphia. 

The work naturally divides itself into three 
sections; 

Ist. The Philadelphia, Germantown & Norris- 
town R. R., between Green St. and Broad St. 
From Green St. to Brown St. the tracks, four 
in number, are carried upon a solid fill with 


Fig. 26. 


Fig. 27. 


walls of masonry and steel bridges with solid 
steel floors, waterproofed, over the streets. 
From Brown St. to Jefferon St. the four tracks 
are carried on a steel viaduct resting upon 
three lines of columns, two on the curb lines and 
one in the center of the street. The viaduct 
consists of eight lines of longitudinal girders, 
with space generally 50 ft. in length, supported 
upon transverse girders carrying a solid steel 
waterproofed floor. Between Jefferson St. and 
Broad St. the tracks, which are five in number 
north from Columbia Ave., are generally carried 
by solid fill with masonry walls and steel bridges 
with steel waterproofed floors over the streets; 
concrete arches will be erected at Berks, and 
Norris streets. At Broad St. the grade is un- 
changed. 

2d. On the line of the Philadelphia, German- 
town & Norristown R. R. from a point north 
of Broad St. to the crossing of the Richmond 
Branch just south of Wayne Junction. The 
entire extent of this work is carried upon a solid 
fill, with masonry walls between the streets and 
with steel bridges with solid waterproofed floors 
over same. There are four tracks in this sec- 
tion. 

3d. On the Richmond Branch the tracks are to 
be elevated between the bridge at Somerset St. 
and Richmond St. The railroad at this point 
has a large yard and is raised from 5 to 6 ft. 
Kensington and Frankford aves. are to be de- 
pressed and carried beneath the tracks. Ara- 
mingo Ave. is to be opened in place of Cedar St., 
and Belgrade and Thompson sts., neither of 
which were formerly opened over the railroad, 
are to be opened and carried beneath it. The 
changes in grade of the streets are very con- 
siderable, 


SEWERS.—On account of the depression of 
some of the streets below the general drainage 
level, a considerable amount of revision of sew- 
ers has been made necessary, and nearly all of 
this work is under contract and well advanced. 
The total cost of the sewer changes now under 
contract will approximate $335,000. Work 
was started on most of the contracts in 
September, 1907. 

At the present time the work of ele- 
vating the tracks is under way between 
Columbia Ave. and Broad St. At Berks 
St. a temporary grade will be constructed 
to connect the present level with the new 
elevation. Fig. 1 shows how the work is 
being carried on. The railway travel, 
which is very heavy, amounting to 


Fig. 32. 


Somerset St. and Richmond st., 13 miles. There 
will be 32 grade crossings abolished, and the 
sections to be elevated include several large 
yards which add much to the cost of the work. 

From information furnished us by Mr. W. 
Hunter, Chief Engineer of the Philadelphia & 
Reading Ry. Co., we take the following in- 
formation: 

The work in question was made possible by 
an ordinance enacted October 13, 1906, author- 
izing the Mayor to enter into a contract with 


467 train movements per day of 24 
hours, is all carried on two tem- 
porary tracks on the west side of the 
line within the limits above given; and the 
eastern wall, a temporary trestle to carry two 
tracks, a crib and half of the bridges over the 
Streets, are being built. Upon this being com- 
pleted, travel will be placed on the new high 
level, and the western wall and the western 
portion of the bridges finished and the fill com- 
pleted. At the present time the eastern retain- 
ing wall and the eastern portion of the bridge 
abutments with the temporary trestle is well 
under way. 
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A temporary freight yard has been constructed 
on property of the railway company at 19th 
and Indiana Sts. for the purpose of taking 
care of the business which will be thrown out 
by the reconstruction of the yards to the new 
level, and providing means for the industrial 
establishments that will be temporarily deprived 
of connection with means of receiving and ship- 
ping freight. 

At Wayne Junction, a temporary yard for 
storage and care of engines has been constructed 
with coal dock, engine shelter, water tanks and 
ashes pit to take the place of the engine yard 
at Green St. during construction. 

The yards between York and Cumberland Sts., 
formerly used for car-cleaning purposes, are 
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railroad character. All contract plans are ap- 
proved by both parties. 

PERSONNEL.—Under the ordinance, the Di- 
rector of the Department of Public Works repre- 
sents the city and the Chief Engineer of the 
railway company represents the railway com- 
pany. Mr. George R. Stearns is the Director 
of the Department of Public Works and Mr. 
William Hunter, M. Am. Soc. C. E., the Chief 
Engineer of the railway company. All general 
plans are also signed by Mr. Theodore Voor- 
hees, M. Am. Soc. C. E., First Vice-President of 
the railway company, and Mr. George S. Web- 
ster, M. Am. Soc. C. E., Chief Engineer, Bur- 
eau of Surveys, who has charge of the work for 
the city of Philadelphia. Mr. Samuel Tobias 
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but without much success in preventing the 
wear. A method sometimes practiced on foreign 
railways is to put in a bolt washer or a thin 
strip of iron as a filler when the bars have be- 
come badly worn or distorted. 

In the “Bulletin” of the International Railway 
Congress for April, 1908, is a paper by Mr. Leon 
Edelstein (taken from the “Zeitschrift des Oester- 
reichischen Ingenieur und Architeckten Ve- 
reines”) describing his new type of steel pack- 
ing piece for this purpose. This is shown in the 
accompanying cut. The packing piece, A, is a 
strip of steel 0.04-in. thick, with one side bent to 
fit under the rail head, and this side is doubled 
in order to form a channel for the adjustable 
steel filler strips, B and C. These are of unequal 
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TYPICAL CONSTRUCTION DETAILS ON TRACK ELEVATION WORK OF PHILADELPHIA & READING R. R. IN PHILADELPHIA. 


being reconstructed at a new elevation for 
freight use, and all the car cleaning transferred 
to the yard between Cumberland St. and Le- 
high Ave. Two other freight yards are to be 
elevated, with driveway ramps leading to them. 
These are located at 10th and Berks Sts., and 
goth and Master Sts. The present engine yard 
at 9th and Green Sts. is to be entirely recon- 
structed, and the coaling station arrangements 
entirely changed. 

DIVISION OF COST AND CONSTRUCTION. 
—Under the terms of the ordinance, the cost of 
the work, including all damages for change of 
grades of streets, etc., is to be evenly divided 
between the city and the railway company, ex- 
cept that the railway company is to pay the 
entire cost of two tracks between Green St. and 
Girard Ave., where four tracks are planned and 
but two tracks exist at the present time. The 
railway company is also to pay for any in- 
creased facilities which may be required. 

Generally speaking, the work of construction 
is divided; the city making contracts for all 
changes of grade in streets, moving and re- 
building municipal structures, etc., and the rail- 
way company raising its tracks, constructing the 
bridges and doing all the necessary work of a 


Wagner, M. Am. Soc. C. E., represents the rail- 
way company in the field; Mr. James W. Phil- 
lips represents the city in a similar capacity. 
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PACKING STRIPS FOR WORN RAIL JOINTS. 


One of the numerous difficulties attendant 
upon the maintenance of rail joints in good con- 
dition is the wear of the contact surfaces of the 
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Packing Strips for Worn Rail Joints. 


rail head and splice bars. The use of packing 
strips of metal, or of such elastic material as 
tarred felt, has been tried to a limited extent, 


length, and are both shorter than the channel in 
which they lie. They are tapered at the ends. 
The doubled portion of the strip A is longer 
than the straight fillers B and C, but does not 
extend the full length of the strip. In this way 
the combined thickness is greatest at the middle 
(where the wear is always greater), and tapers 
off towards the ends of the splice bars. The 
strip A is the full length of the bars and has 
riveted to the middle a leg D, which holds it 
in place when the joint is being assembled. 
The fillers B and C may vary from 0.04-in. to 
0.08-in. in thickness, and can be used in such 
number as to adjust the packing to fit the con- 
dition of a worn joint. The total thickness re- 
quired is usually 0.12 to 0.16-in. 

The device is said to have an important effect 
in improving the condition of the track and in 
increasing the life of the rails and splice bars. 
When applied to a worn joint it fills the space 
caused by wear of the contact surfaces near the 
ends of the rails, and so makes an easy-riding 
track, when otherwise it would be necessary to 
put on new bars or even to lay new rails. The 
pounding and wear due to low joints is also 
avoided. Service trials are said to have given 
very satisfactory results. 
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A PROPOSED LAND RECLAMATION AND DOCK SCHEME 
FOR NEWARK, N. J. 


Extensive schemes of municipal dock and 
harbor construction are common enough abroad 
but have been rarely entered upon in this coun- 
try. The city of Newark N. J., has had under 
consideration for some time past a combination 
of municipal docks, or what might be termed a 
canal harbor, and the reclamation of a portion 
of the large area of meadow lands within the 
city limits. 


More than 4,000 acres of undeveloped meadow 
land now lie within the city limits of Newark, 
and in the past have given rise to great nuisance 
through the mosquito breeding which their stag- 
nant waters at times afford. Recently this land 
has been ditched, with reported good results so 
far as mosquito extermination is concerned, but 
still lies idle. 

The city has recently secured legislative au- 
thority to expend $1,000,000 in the reclamation 
of this land and the construction of improved 
shipping facilities. In our issue of Dec. 5, 1907 
(p. 618), we published a note outlining plans for 
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proper level. It estimates that filling the lands 
by usual methods would cost 50 cts. per cu. yd., 
whereas if they are filled by hydraulic dredging, 
utilizing the earth removed from the canal 
which would form an important part of the pro- 
posed dock scheme, the cost of filling would be 
only 16 cts. per cu. yd. For the area involved, 
the saving in favor of reclamation by canal con- 
struction would be nearly $4,000,000. 

The Commission assumes that one acre of 
canal excavation would fill and reclaim approxi- 
mately four acres of meadow land. It recom- 
mends that territory be acquired by the city, 
as indicated by the accompanying plan, and that 
the acquired ared be added to by extending the 
existing pier-head line as shown. This new 
pier-head line has already been recommended 
by the New Jersey Riparian Commission. It 
follows approximately the 6-ft. (water depth) 
contour. The Riparian Commission has secured 
deeds of the land which would be required by the 
new pier line, but before the line can be actually 
effective the approval of the United States Gov- 
ernment must be obtained. The Commission 
notes that if the present pier line is maintained, 
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LAND RECLAMATION AND DOCK SCHEME RECOMMENDED FOR MUNICIPAL CONSTRUCTION BY THE CITY OF NEWARK, N. J. 


depth of 30 ft. at low water. 
itself piers and slips are suggested for the bay frontage 
north of the canal and two piers and three slips on tbe 
north side of the canal to the west of those fronting on 
the bay. 


estimated foreign tonnage for the port of New- 
ark. There is to be considered, in addition to 
this, tonnage for coastwise, canal and river 
traffic, but specific figures of this traffic are not 
given in the report. 

The area required for manufacturing purposes 
in Newark in 1950 is roughly estimated by the 
Commission at from 45,000,000 to 90,000,000 sq. 
ft., the latter being about one-half the full area 
of meadows now idle. 


Coming now to the proposed canal and dock 


scheme, the report from this point on may be 
quoted substantially in full: 


The area of the territory proposed to be acquired is 


12,500 ft. long by 4,000 ft. wide, or 1,150 acres in all, 
which will make possible a reclamation of 40,000,000 
sq. ft. of land, exclusive of water surface. The riparian 
rights should be acquired for the full 4,000 ft. frontage 
on the Bay. 
scheme.—Ed. ] 


{See accompanying map for the general 


First is the canal 700 ft. wide designed for an ultimate 
In addition to the canal 


This layout, it is thought, will cover all the 
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(Only a portion of this improvement is proposed for immediate construction.) 


docks and for filling a portion of the land, the 
plans having then recently been submitted by 
Mr. James Owen, M. Am. Soc. C. E., to Mr. 
Morris Sherred, M. Am. Soc. C. E., Chief Engi- 
neer of the Board of Water Commissioners. In 
February, 1908, the Board just named appointed 
an Advisory Dock and Meadow Reclamation 
Commission, which, besides Messrs. Owen and 
Sherrerd, included Mr. Henry Dickson as Presi- 
dent, and Messrs. Isaac F. Roe, E. P. Goodrich 
and George T. Hand. Mr. Joseph G. Wolber 
serves as Secretary of the Commission. 

Under date of June 25, 1908, the Commission 
submitted a report to the Board in which it dis- 
cussed the general problem, reviewed at some 
length the probable manufacturing development 
and shipping needs of the city and submitted 
recommendations for reclaiming, eventually, 1,150 
acres of meadow land, together with a more 
limited scheme for immediate execution. 

In opening its report, the Commission states 
that in the ordinary course of events the im- 
provement of the meadows would be effected by 
the usual process of opening and grading the 
streets and filling in the adjacent lots to the 


and at the same time a project for a 30-ft. water 
depth in the bay is executed, some 40,000,000 
cu. yds. of material would have to be dredged, 
which at 16 cts. per cu. yd. would cost $6,400,000 
—and all to no valuable end, as compared with 
filling. 

In its review of the future manufacturing in- 
dustries and shipping needs of the city, the Ad- 
visory Commission estimates that by 1950 New- 
ark will have a population of 1,500,000. By 1950 
it is estimated that the Newark factories would 
require crude materials to the value of $414,- 
000,000, of which $80,000,000 worth would be 
imported. Exports at that time are estimated at 
$94,000,000. In using these figures to predict 
dockage needs, it is assumed by the Commis- 
sion that the imports have a value of $40 per 
ton and the exports $60 per ton, and from these 
figures it is estimated that the tonnage to be 
handled in 1950 would be 2,000,000 tons of im- 
ports and 1,570 tons of export. It is further 
assumed that wharfage room at the rate of 150 
tons per lin. ft. per annum would be required, 
thus making necessary by 1950 about 24,000 lin. 
ft. of piers and bulkheads to accommodate the 


probable ocean and coastwise trade that can be induced 
to come to Newark in a reasonable period. A somewhat 
similar layout is suggested for the south side of the 
canal, but its necessity is somewhat far in the future. 

To the west of the piers and slips, extending to the 
westerly end of the canal, it is proposed to erect a plain 
substantial bulkhead of permanent construction. This 
can be used for any purpose, either for manufactures 
or transportation, as the necessities of the future may 
disclose. At the extreme end of the canal, a basin is 
proposed, 2,000 x 600 ft., to facilitate navigation and 
to be used as a public dock. Two other public docks 
are also suggested on each side of the canal. Such 
docks will be of great material advantage, especially the 
one at the westerly end of the canal, as it will practically 
be in the heart of the city. 

The dock frontage as here outlined, will, it is con- 
ceived, supply all the water transportation wants of the 
territory affected and further elaboration in the line of 
piers and slips is not of immediate necessity. With the 
water transportation facilities defined, the land trans- 
portation must be designed in accord. The land trans- 
portation can be classed under three heads, namely, rail- 
roads, highways and trolleys. There are three main 
railroads that are contiguous to the territory suggested, 
and access to and from them can be easily attained. 

These railroads are the Pennsylvania, Lehigh Valley 
and Central Railroad of New Jersey. The plans show 
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completed connections with these three roads, with a lay- 
cut of storage yards and incidental switches for local 
service in different sections. Such a layout is, of course, 
tentative and is dependent entirely on the future devel- 
opment and requirements. It is designed, however, with 
the idea of eliminating as much as possible grade cross- 
ings, both between the highways and railroads and be- 
tween the railroads themselves. One railroad crosses 
the territory proposed to be taken, viz., New Jersey 
Central. It is now a surface road. For proper pro- 
tection of the land transportation and for facilitating 
water carriage it is necessary, that the tracks of this 
road be raised to allow surface travel to pass beneath, 
and also to obviate the constant opening of the draw. 
The Lehigh Valley Railroad being on the north side 
of the Pennsylvania, a direct connection is shown cross- 
ing the Pennsylvania overhead, west of the bridge over 
the main line of the Pennsylvania. The Pennsylvania 
being on the surface easy connection with that road 
can be made. Highway communication is to be ar- 
ranged for by having six main entrances: One on Ped- 
die St. at the extreme west end of the canal with an 
overhead bridge over the main line of the Pennsylvania 
Railroad: one at Ave. D; one at Ave. H, to connect with 
South St.; one at Bay Ave.; one at Ave. R; and a sixth 
to be an extension of the proposed street on the southerly 
side of the layout up to Frelinghuysen Ave. 

For local use there will be two main highways, par- 
allel with the canal on each side, one 800 ft. from the 
canal, 100 ft. wide, and the other 1,650 ft. from the 
canal, 150 ft. wide, being the main thoroughfare. The 
latter is to be the boundary of the acquired tract and 
it is recommended that the cost of opening and grading 
this thoroughfare be assessed on the property benefited. 
These highways will give longitudinal connections, and 
cross streets are designed running north and south. The 
exact location of all the latter is hard to determine, but 
certainly they should run to the public docks as outlined. 

A complete trolley service should be arranged for; 
tracks could be laid on any or all highways as built, 
and should be used for both passenger and freight ser- 
vice, under proper regulations and restrictions. A lim- 
ned zone, including this district, might be established by 
tbe city for the use of the trolley tracks by ordinary 
freight cars with electric haulage. This would enable 
the manufacturers of the city to compete on equal 
terms with others who are located where such facilities 
are obtainable. The construction of docks and manu- 
facturing plants would, however, bring a large passenger 
travel requiring trolley tracks in any case. The main 
principles of the project thus being outlined, detailed 
rugzestions of development are now in order, but to that 
end it will be necessary first to consider the financial 
s.atus of the case and what means are available. Three 
Frimary factors enter here to properly arrange a pro- 
gram: (1) A canal to improve the land; (2) docks to 
produce a revenue; (3) $1,000,000 of allowable expendi- 
ture The first two must of necessity be of variable 
quantities in their relation to the third, but it will prob- 
atiy be wiser to keep the dock and canal quantities con- 
sant to themselves. If the million dollars is used the 
following items are constant and must be used to arrive 
at a definite amount of docks and canal to construct. 


ß d haa Oe ead $300,000 
Dredging approximately from bay channel to shore 
Pl ð² ä ð ͤ eae Ones WOW eaeoe A 52,000 
Temporary bridge over Central Railroad...... 16,000 
Ligging open ditch outlet for low level sewer.. 6,000 
itp proving Bay AvenunneMeu ,000 
Engineering and contingencies........... ‘ieee 70,000 
Total ..... ;ͤ ow wate eee ee $579,000 


This leaves the sum of $421,000 for use in the con- 
struction of canal and bulkhead, and the proposed dis- 
position of this money is now a matter of consideration, 
subject, however, to its enlargement by the assumption 
yy the United States Government of the cost of dredging 
the Bay channel. This work properly belongs to the 
Federal Government, but in view of contingencies that 
might arise it is deemed safer to assume the cost as a 
cty affair in order to insure immediate use of the city 
canal proper. 

Taking the balance of $421,000 as above stated it is 
recommended to excavate by hydraulic pumps one-half 
of che width of the canal, namely, 350 ft., 22 ft. deep at 
low water, and fill the abutting front to the north to the 
extreme 2,000 ft. limit of the right-of-way. On the north 
side of this excavated canal, recommendation is made for 
the erection of a bulkhead or dock wall. This is a 
permanent structure of acceptable design and is in the 
end the cheapest. Estimating the excavation for channel 
250 ft wide and 22 ft. deep at 16 cts. per cu. yd. or 
D per lin. ft, and the construction of the bulkhead at 
* per lin. ft, makes a total cost of canal and 
bulkhead of $125 per lin. ft. Dividing $421,000 by $125 
wil give approximately 38,400 lin. ft. of canal and dock 
eocstruction that can be completed within the appropria- 
tion II. however, the outer channel is dredged by 
de Government leaving that amount for use by the city 
and the cost of this channel be added to the amount 
avilable the construction of canal and docks would 

tLea amount to about 4,000 lin. ft. 

lt is predicted that this amount of available frontage 


will be absorbed in the market in a few years, and by 
that time a good revenue will accrue to the city and the 
enterprise can be further extended. 

The specific recommendation is: 

To excavate a channel 16 ft. deep at low water and 
350 ft. wide from the bay to the shore line. 

To excavate the canal 350 ft. wide, 22 ft. deep and 
3,400 or 4,000 ft. long, dredged material to be used for 
filling. ‘ 

To build bulkhead for 30 ft. of water 3,400 or 4,000 ft. 
long. 

To extend Bay Ave. from present terminus at pumping 
station to the canal, with temporary trestle crossing 
over the New Jersey Central Railroad, including grading 
and paving 20 ft. wide; and i 

To construct an open ditch for the discharge of sew- 
age from the pumping station to the bay. 

The commission is advised of the hearty cooperation of 
the railroad companies, now crossing the Newark mead- 
ows, namely, Pennsylvania, Lehigh Valley and Central 
Railroad of New Jersey, and a suggestion is made that 
for a more perfect arrangement of freight transfer be- 
tween cars and vessels, a terminal operating company 
be formed composed of all the railroads running into the 
port of New York. f l 

By such a method a great saving can be made in the 
handling of all the freight destined to and from New- 
ark, but with the peculiar facilities that exist in this 
particular locality, i. e., vacant land, water and rail- 
roads all conjoined, facilities that exist nowhere else in 
New York harbor, it is not presumptuous to suggest that 
the future development of this locality may be due as 
much to a general port business as to the more par- 
ticular wants of what is now Newark. 
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THE WATER RESOURCES OF THE OHIO VALLEY 
will be the subject of continued investigations by the 
U. S. Geological Survey in 1908-9, and will include 
special researches. A special district has been formed, 
with picked men, and with headquarters at Newport, 
Ky. The work is further outlined in a press bulletin 
issued by the Survey, as follows: 


For a long time it has been evident that more minute 
studies of stream flow should be made in the tributaries 
of the Ohio, that run off the Appalachian Mountains. 
With the funds at the command of the Survey it is not 
possible to undertake all of this work at the present 
time, but a beginning has been made by selecting the 
Kanawha drainage basin for special study, and during 
the next year, if the appropriations to be made by 
Congress will permit, the work will be extended to ad- 
jacent basins, such as the Monongahela, Kentucky, 
Green, and Cumberland. 

The Ohio Valley is commercially the most important 
of all the interior river countries, and as this valley 
has been visited by extremely destructive floods, the 
work of the Survey will be of great value. It is also 
becoming evident that the enormous amount of water 
power available in this area has not been generally 
realized, and a part of the Survey’s work will be to 
determine more accurately the extent of this power and 
the points at which it may be advantageously utilized. 
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THE NATAL GOVERNMENT RAILWAYS had a total 
mileage of 1,065 miles at the end of 1907, according to 
the annual report of the General Manager. The main 
lines are of 34% ft. gage, but secondary lines of 24% and 
2-ft. gage have been built. One of the most important 
lines now under construction runs south to connect with 
an east coast extension of the Cape Government Rail- 
ways. The only existing communication is an indirect 
route through Central South Africa. The old 45-Ib. rails 
are gradually being replaced with 78-lb. and 60-Ib. rails 
on the open line and second-hand 78-lb. rails in station 
yards. At the up-country water stations the water is 
heavily charged with sediment in the rainy seasons, and 
treatment of the water would tend to reduce boiler re- 
pairs and increase the engine mileage between periods of 
washing out the boilers. A Kennicott water-softening 
plant has been installed at the Sundays River station for 
experimental work in this direction. 

Grade reductions are being made at several points in 
order to permit of increased train loads.’ Some of these 
grades were reduced from 3% to 2%, and the loads in- 
creased from 325 tons to 390 tons. At other points the 
reductions have been made to enable train loads of 580 
tons to be handled. In order to reduce expenses, the 
section lengths have been increased. An experiment has 
been made with maintenance by a floating gang of 47 
men on a stretch of 78 miles. This system was intro- 
duced with success in the United States on the Ohio 
River Ry. a few years ago by Mr. C. E. Bryan. Imported 
creosoted pine ties are preferred to creosoted hardwood 
ties, and the experiments with ties made from colonial 
timbers have proved entire failures. 

There are 336 locomotives, only 57 of which have ten- 
ders. The types are various, ranging from 2:6:0 and 
4:6:0 to 4:8:0 and 4:8:2. The number of passengers 
carried was 3,030,100, and the freight traffic amounted 
to 2,577,879 tons. The train miles numbered 4,855,764. 
The receipts per train mile were $1.82, and the expendi- 
tures per train mile were $1.26. The operating ex- 
penses represented 70% of the gross revenue. Mr. Ed- 
ward R. Ross is General Manager; Mr. John W. Shores, 
Engineer-in-Chief, and Mr. D. A. Hendrie, Locomotive 
Superintendent. 


THE EFFECT OF ALKALI SOILS ON CONCRETE. 


Within the past year the attention of engi- 
neers in those regions of the West where the 
so-called alkali soil is found have noticed a 
marked disintegration in many structures of con- 
crete and of brick with cement mortar, which 
have been exposed to the action of water filtering 
through the alkali soil. In Great Falls, Mont., 
particularly, the City Engineer, Mr. C. W. 
Swearingen, was so impressed with the condition 
of the concrete in certain sewers in the city that 
he called in to investigate the matter the authori- 
ties at the Montana State Agricultural College. 
These experts started an investigation, the first 
report“ of which has just been published, which 
assigns as the cause of the disintegration, the 
harmful effect of the alkali soil on a cement con- 
crete. While the report is practically only a pre- 
liminary statement, the widespread use of con- 
crete in the alkali regions of the West, makes 
this deduction regarding the probable effect of 
alkali soil on concrete a matter of considerable 
concern. 

The two sewers wich were investigated are 
described as follows: 

The Third St. main sewer was constructed in the year 
1890, the material used being Portland cement pipe of 
home manufacture, made in molds and put in place af- 
ter the cement had hardened. The sewer is oval in 
shape, dimensions 26 x 32 ins. Afte” a comparatively 
short term of service, it showed defects of so serious a 
character as to necessitate rebuilding portions. The 
remaining portion has disintegrated in many places and 
occasionally portions of the pipe are gone; the cement 
in places has the appearance and consistency of fresh 
lime mortar. 

The Sixth St. main was constructed in the year 1892, 
the material being the best grade of common brick of 
home manufacture. The sewer is circular in form, 4 ft. 
inside diameter, two rings of brick laid on edge in im- 
ported Portland cement mortar, outside plaster coat - 
in. thick, not plastered on inside; all cement mortar one 
part cement and three parts sand. The masonry in the 
invert in this sewer is disintegrating throughout its 
entire length, thè defects being confined almost entirely 
to the invert and lower sections of the manholes; the 
arch is apparently in good condition. 

There is no subdrain under, nor on the sides of the 
sewer. As stated before, the disintegration in the Third 
St. main, where cement pipe was used, commenced soon 
after its construction, whereas the Sixth St. main gave 
no evidences of defect for about seven years after its 
construction, and it is only during the past four years 
that decomposition has been rapid. 

The Investigating authorities, after a complete 
examination of the location and condition of the 
sewers and the composition of the effluent, con- 
cluded that the decomposition was not due to any 
fault in the quality of the materials or the con- 
struction of the sewers or to the possible harmful 
attacks of the sewage. However, as the de- 
composition seemed greatest on the top and sides 
of the arch and asa white efflorescence was pres- 
ent at the most markedly affected places, it was 
thought advisable to look into the composition 
of the soil to determine the amount of alkali 
there present. Samples of the soll were there- 
fore taken and chemical analyses made. It was 
found that as high as 1.3% alkali was present in 
the ground immediately surrounding tne sewers, 
and furthermore that the amount of deterioration 
increased in just about the same proportion as 
the adjoining soil contained alkali. 

This is as far as the investigation has pro- 
gressed at present, but the work is being carried 
on and additional information is expected in the 
near future. The authors of the bulletin have 
not yet determined in what manner the alkali 
in tne soil attacks a finished and hardened con- 
crete, but suggest that the same general re- 
actions may take place as occur in the attacking 
of concrete by sea water, which contains salts 
that interchange their elements with those of 
concrete, forming other salts that swell and ex- 
pand to the ultimate destruction of the concrete. 
But just as the nature of this action in sea water 
is variously explained by different experts, so the 
effect of tne alkali must be a matter of uncertain 
determination. A second explanation assumes 
that as the alkali is carried by water to and 
»The Effect of Alkali on Portland Cement, by E. T. 
Tannatt, Rural Engineer, and Edmund Burke, Chemist. 


Bulletin No. 69, Montana Agricultural College Experiment 
Station. 
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through the cement concrete walls of the sewer. 
one or more bases in the alkali replace the 
calcium in the cement. This chemical reaction 
naturally would produce compounds which could 
be more easily carried away by the further in- 
filtration of the ground waters. 

The report furtner notes similar decomposing 
action on certain cement sidewalks and concrete 
foundations, and recommends a proper sort of 
construction in various kinds of concrete work 
to avoid the deteriorating effect of these alkali- 
bearing soils. 

At practically the same time the attention of 
the U. S. Reclamation Service was called to a 
similar condition of affairs on the Sun River pro- 
ject, located near Great Falls, Mont., and on 
the Shoshone project in Northern Wyoming. The 
Service immediately instituted an investigation, 
which at present has not reached such a stage 
that its report would be valuable, but Mr. J. Y. 
Jewett, cement expert of the Service, read a 
paper on the present stage of the investigation 
before the June meeting of the American Society 
for Testing Materials, extracts from which will 
be given here. 


Although a good many of the projects of the 
Reclamation Service are located in alkali re- 
gions, decomposition has been noticed in only the 
two localities mentioned above, thus showing that 
the peculiarities of the local soil are largely re- 
sponsible for the trouble. The investigation so 
far as it has proceeded up to the present, is de- 
scribed by Mr. Jewett as follows: 


On the Sun River project the effect has been seen in 
the disintegration of a number of small structures such 
as pipe culverts, which are partially submerged in the 
small streams carrying the drainage of the surrounding 
country. The effect of this water in causing the disin- 
tegration of the concrete is noticed, both in the soften- 
ing of the material where constantly submerged for a 
period of three or four months, and also more particu- 
larly in the breaking up of the structure at the line 
where the water rises and falis or, in other words, 
where there is a submersion followed by a drying out, 
followed by another submersion, etc., which process 
brings about a breaking up of the structure, similar in 
appearance to that of the effect of freezing, only much 
more severe. This process is described by the engineer 
in charge of this work as follows: 

On examination of some of the concrete culverts which 
have been in place in alkali water for three or four 
months, the part under water is much softer than the 
part above water, but the greatest effect of the alkali 
seems to be at the water surface. Have examined pieces 
of these culverts taken. from below water level and 
found, by microscopic examination, minute crystals 
which disintegrate on being exposed to the air and be- 
come a fine powder. This process of crystallization has 
an enormous expansive force, the same as freezing, and 
this undoubtedly has an enormous disintegrating effect. 
One culvert which had been in alkali water several 
months had no strength at all and was like so much 
sand and mud at the water level. 

Of course, in this case, as in any other case of con- 
crete failure, the question of poor workmanship is one 
of the first to be considered and it should be noted that 
the work in question was carried on by force account 
undcr direct supervision of employees of the service and 
not by contract and was done in the usual thorough 
and substantial manner in which all of the construction 
work of the service is carried on, and after taking all 
the evidence into account there seemed to be no other 
conclusion to reach but that the action of the alkali 
water was directly responsible for the results noticed. 

In studying the cause of this disintegration it seemed 
that a chemical analysis of the water producing these 
results would be the first step of importance to take 
and the results obtained from an analysis of this water 
are herewith presented as follows: 


MILLIGRAMS PER LITER. 


Calcium Sulphate is ccck.e set eee ce tee ea . 1.690 
Magnesium Sulphatene . . 6,870 
Basic Magnesium Carbonater . 305 
Magnesium Chloride 192 
Potassium Chlorilllndedw 20 
Total solldds s . . . 9,077 

Welght after ignition 8,855 
Loss on ignition e Wee 


From this analysis it will be seen that the principal 
mineral ingredient of this water is magnesium sulphate 
and this leads to the conclusion that the effect of this 
water in causing disintegration of concrete is similar in 
its action to that of sea-water in which magnesium sul- 
phate is stated to be the principal substance acting to 
bring about the disintegration of concrete with which 
it comes in contact. 


The next portion of the paper consists of a 


résumé of the well-known theories of the causes 
of the decomposition of concrete by sea-water 


as advanced by Le Chatelier, Michaelis and 


others. It then continues: 


In connection with this matter of preventative meas- 
ures to be used, the question of the materials used as 
concrete aggregates, and especially that of the sand 
used, is also of importance as having a possible bearing 
on the matter. 

In the case of the sand used on the Reclamation Ser- 
vice project above mentioned, the engineers reported that 
there were evidences that this sand, which was the only 
supply readily available, contained alkali or some sub- 
stance making it chemically active and assisting in the 
disintegration of the concrete. A chemical analysis was 
therefore obtained on this sand which resulted as fol- 
lows: 


Per Cent. 

Silica (Si , ⅛ ] Ä HK ⁊ĩð ĩ rods 67.03 
Alumina (Al o)) 0 2 6.85 
Ferric Oxide (Fez Oasas)))ʒr cece 2.00 
Manganese Oxide (MnO) õ))ũ:: eeeee 02 
Lime (Cå O). sisao ⁰¶⁰ðAd doe H ae a 10.72 
Magnesia (M&O) )))ʒ hõũt᷑ sc ac cccescens 1.72 
Sulphuric Anhydride (S0Sùh ⁸̈õ⁸’· .. i Tr. 
Soda (Nad .. 8 1.74 

Alkali | 
Potassa (K,O) h asds4Gas 1.51 
Water at 100" ò dl 14 
Ignition . ⁵ oe FS COR Ke 8.16 
ß ² cae na wee eee ea 100.39 


This sand gives excellent results from physical tests 
but, as from the above analysis, it will be seen that 
the alkali content is about 3%, which would correspond 
to about 15 to 20% of feldspathic material and that it 
also contains a considerable percentage of limestone, 
it is altogether possible that this sand would be more 
readily acted on by the influences tending to disintegrate 
the concrete than a sand of a more highly siliceous na- 
ture. 


As an appendix to Mr. Jewett’s paper there 
is the following discussion of the subject, from 
the point of view of the cement manufacturer, 
by Mr. F. W. Brown, Superintendent of the Port- 
land Cement Co., Portland, Colo.: 


The matter of cement in connection with ‘‘alkali’’ 
waters has not been gone into thoroughly in any ex- 
perimental way and there is much to be learned. It is 
perfectly safe to say that in the ordinary use of cement 
concrete the work is so carelessly done that there is 
always danger of the work being seriously injured from 
the infiltration of ‘ʻ“ʻalkali”’ solutions. The alkali salts 
are contained in small percentages in many of the 
Western clays, and are dissolved out by seepage water, 
which is usually strongly impregnated, varying from 
50 grains per gal. to over 1,000 grains per gal. These 
salts vary in character according to the nature of the 
clay, the more common being sulphate of soda and sul- 
phate of magnesia. There are many sulphates and 
carbonates present in small amounts, but these two are 
the only ones that have thus far been demonstrated to 
be injurious in practice. The sulphate of lime is in- 
jurious if the percentage is carried too high in the con- 
crete, but this salt is so sparingly soluble that water 
containing it can seldom become so concentrated as to 
injure the concrete work, although it is possible that 
it might do so. 

The basic cause of the injurious action is supposed 
to reside in the sulphuric acid, but whether or not this 
is the case is open to question, as the sulphates of mag- 
nesia and soda appear to be much more injurious than 
the sulphate of lime for a given amount of sulphuric 
acid. The evidence, so far as I have observed the prac- 
tical condition, would indicate that it is the nature of 
the salt itself that causes the injary, while the per- 
centage of salt present is readily indicated by a de- 
termination of the sulphuric acid. It is certain that 
the sulphates are far more injurious than the carbonates, 
or chlorides, but I attribute this more to the water of 
crystallization than to any other feature of the salts, 
since the sulphates alone carry very large quantities of 
water of crystallization, and the quantity that they carry 
is easily affected by their conditions, whether in solu- 
tion or as dry salts, or whether acted upon by heat or 
atmospheric agencies, and I think in this peculiar char- 
acteristic is to be found the cause of their disastrous 
action. 

In the case of sulphate of lime—so far as my experi- 
ments have gone—the amorphous state is the most in- 
jurious, while the uncalcined rock is very much less 
injurious when added to cement in large quantities than 
is the calcined products of the same rock. This is some 
evidence of the cause of injury. 

There is another peculiarity of the sulphates which is 
believed to contribute to their disintegration of con- 
crete; the sulphates very readily form double salts, 
that is, a simple sulphate will substitute a portion of its 
magnesia or soda for lime, iron or alumina, thus re- 
moving some constituent of the cement from the crys- 
taline body, and substituting in its place a soluble al- 
kali. These salts have been termed su!lpho-aluminates, 
and it certainly is possible to obtain such a salt from 
the lixivation of the mortar made from a mixture of 


sulphates and cement, and it certainly is true that where 
such cement mortar would be subjected to atmospheric 
evaporation of its water such crystals would be formed 
and be found in the mortar, but I do not consider that 
it is finally settled that this is the original action or 
the original cause, as it may be more in the nature of 
a result. 2 

But the fact remains that when cement concrete be- 
comes a depository of sulphates from infiltrating waters 
which are evaporated in any way from the concrete so 
as to leave the salts behind, the percentage of sulphate 
in the concrete will continue to increase until it de- 
stroys the concrete. 

There are only two ways that I can see to avoid this 
result in soils that contain such water: One is to fur- 
nish a natural drainage which will cut off the water from 
permeating the concrete; and the other is to so prepare 
the concrete that it is impermeable to water. Danger 
is not to be anticipated where the concrete is contin- 
uously above or below the high and low water marks of 
such water in the soil. I have seen the concrete in an 
embankment where the upper portion of the apron was 
above high water mark of the alkali water, and the 
lower portion of the apron was below the low water 
mark, and was standing in alkali water which contained 
over 1,000 grains to the gallon of magnesia suiphate. 
This concrete had been in this condition for some 3 
years, the upper portion as well as the submerged por- 
tion were practically sound and solid, while the inter- 
mediate, on which atmospheric evaporation had acted 
had absolutely disintegrated into a plastic mortar, ap- 
parently such as ordinary lime mortar when ready for 
plastering. This intermediate portion was a 1 to 5 mix- 
ture of sand and cement and contained over 3% of sul- 
phuric acid in the concrete itself, which would be equiva- 
lent to about 40% as much sulphuric acid salts as there 
was of Portland cement present. We have concrete work 
of 1 to 6 mixture in cisterns and wells at our plant here 
at Portland which have stood in alkali water for over six 
years without a particle of injury, and yet wherever con- 
crete or ordinary character has been acted on part of the 
time by water and part of the time by the air it has shown 
signs of disintegration in a small way, so that the actual 
danger resides in the action of the atmosphere upon 
the sulphuric acid salts, which causes them in turn to 
act upon the Hime of the cement changing it from the 
crystalline lime to the amorphous form, which not only 
swells but dissolves and is thus removed from the ce- 
ment causing its disintegration. The practical remedy 
in such a case would seem to be in the use of cement . 
containing a very low percentage of lime, as this in- 
jurious action appears to increase rapidly with the in- 
crease of the excess lime of the Portland cement, and 
it has been found that any provision in the manufac- 
ture of Portland cement which assists in making the 
excess lime a permanent chemical component of a min- - 
eral will overcome this action of the sulphate salts. 

The state of burning in the kiln, the fusibility of the 
clinker, the sluggish activity of the cement, all are 
accompanying characteristics of the cement which has 
large power in resisting the action of these sulphates, 
so that it is not to be doubted that when the demand 
shall arise the Portland cement manufacturers will fnd. 
means of providing cement which will withstand the! 
action of these alkalies in concrete if the cement is only. 
given a fair show in the construction of the concrete. 
This is a matter which will require much painstaking, . 
thorough, and unprejudiced experimenting before the, 
whole proposition is made clear, and the means of ob- 
taining the desired result is made positive. 

a a a 

GREASE FROM THE SEWAGE OF BUXTON, BNG-, 
land, is utilized as a lubricant for the crusher which 
breaks refuse-destructor clinker for use in filling the 
sewage filter beds. The grease is collected from thé 
sewage tanks and subsequently rendered. Mr. W. H.“ 
Grieves is town surveyor of Buxton. The foregoing in 
formation is taken from a brief description of the Bux+ 
ton works, in the Proceedings of the Association ofi 
Managers of Sewage Disposal Works for 1907 (Chas. H. 
Ball, Secretary, Charlton-cum-Hardy, Manchester, Eng- 
land). ; 

— . — — 

VACUUM CLEANERS of a great variety of arrang 
ments have appeared in the comparatively short tim 
since the appearance of the first. The majority appear- 
ing on the market seem to have some form of rotary 
pump or high-pressure blower. One of the latest and 
most novel types, and, it is claimed, one of the simples 
and cheapest, is that put out by the Palm Engineering 
Co., of Detroit, Michigan. The pump is a plunger type 
with a loose piston. Vacuum is held by this pistos 
with water packing which also eliminates the frictios 
and wear of a close-fitting piston. No dust separatort 
are used to prevent the dirt reaching the working part 
as in other systems, thereby increasing the efficiency q 
operation. The apparatus is operated by a direct 
geared (Westinghouse) motor of %-HP. capacity u 
ward, depending on the size of the apparatus. T 
motor is easily controlled at a distance. 
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The active discussion some years ago over the 


proposal to make engineering a ‘‘close’’ profes- 
sion, is called to mind by the announcement that 
the State of Louisiana has actually passed a 
‘aw requiring the registration of all civil en- 
Anybody practicing be- 
fore the law was passed can go on the registry 
ist regardless of his qualifications or lack of 
malifications. 
tature the incompetents and dishonest hangers 
am of the profession have the goodness to die or 
move from the state, the public will still have 
to be on its guard in employing engineering 
‘alent. 


Hence until in the course of 


The law is intended, we suppose, to protect the 


ubie against the results of incompetent engi- 
ring work. 
broad in the South and that Southern towns and 
"es are being mulcted of vast amounts of 


It is said that the charlatan is 


' Trey through badly planned water-works, sew- 


i i 
a r 


— 


N 
i 
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«Warde of Health 
“iy and sewerage systems and by some state 
‘Trneerg in the inspection of highway bridge 


‘ts lighting plants, streets, etc. 


Mmitting this to be true, we do not see how 


n Louisiana law—or any other law of this sort 
“ach we have ever seen—is going to protect 
the public by preventing the employment of in- 


petent engineers. We call to mind two or 


“ræ specimens of the sort that get cities into 
“ube, and each of them we are sure would 
"ss any examination the state board would 
“ve and come off with flying colors. 


If Southern towns and cities need some assur- 


ince that their money laid out on public im- 
rements 
Nast go at the task in a different way. Some- 
dig corresponding to Great Britain’s Local 
Sovernment Board” is needed in every state of 
' Union, north as well as south, to prevent 
des from wasting money on poorly planned 
pnie works. 
` Toying incompetent engineers is to require 
ars to be submitted to a state board author- 
9.1 to reject plans that in the public interest 


is spent to good purpose, they 


The way to prevent cities from 


let to be rejected. 
A bezinning has been made by the State 
in the supervision of water 


plans; but there is room and need for a vast in- 
crease in this state supervision. We believe 
that engineering societies will benefit the public 
and the profession far more by seeking legisla- 
tion to this end than by attempting to make the 
profession a “‘close’’ one. 

———___—_—_ g—___—_—__ 


An examination of the superficial evidence of 
the wreck of the Cazadero hydro-electric plant 
on the Clackmas River, near Portland, Ore., 
brings out the evident partial responsibility of 
the designers of the plant, and brings to mind 
Some recent protests from the designers of elec- 
trical machinery that the limits of speed were 
being neglected by engineers engaged in the 
development of power projects. 

In this particular case it may be argued by 
some that the turbine governor was primarily 
to blame for going out of action. No manu- 
facturing concern, however, can be expected to 
make a regulating apparatus absolutely reliable 
under all conditions in the hands of unknown 
operators. Then, the designers of the power 
plant should not place implicit confidence 
in the complete infallibility of regulation 
by any governor. Instead they should 
predetermine the maximum speed possible 
under the most unfavorable conditions with 
the existing turbine design. That this maxi- 
mum speed was known and provided for, in the 
Cazadero turbines, is evident from the state- 
ment in the account of the accident given else- 
where, that the turbines themselves were prac- 
tically uninjured. The stresses in the generators 
from such maximum speeds can be successfully 
carried if such limits are demanded by the 
plant designers. With such provision against 
the explosion of the rotor the station units can 
withstand a bombardment of missiles without 
great danger of explosion. 

The Cazadero station has been generally con- 
sidered a well-designed one, and this accident 
may well serve as a warning to designing and 
operating engineers generally to make a few 
computations and enquirles as to the ability of 
their own apparatus to withstand such excess 
speeds. In many cases it will be found that the 
maximum or runaway speed provided for in the 
turbine design was not furnished to the elec- 
trical manufacturer as one of the conditions 
under which his machines might have to operate 
successfully. It is reported that the specifica- 
tions for the new generators of the Cazadero 
plant require the ability to withstand the maxi- 
mum theoretical turbine speed for one hour. 
No designer likes to have his machines 
explode merely that new ones may be de- 
signed and built, yet under stress of competition 
the manufacturer also “may take a chance” to 
better secure a sale. In the end it is the in- 
vestor who loses—the one who relies on the 
ability and foresight of the designing engineer 
to provide against such improbable but not im- 
possible troubles. 

—_——_——__ ¢—__—__—__— 

In our issue of July 2 we commented on the 
Strength clause in the standard cement speci- 
fication of the American Society for Testing 
Materials. We print in our correspondence 
column an explanation of the “reasons why” 
that governed the framers of the specification, 
which will doubtless serve to make clear what 
was not clear to us and very likely has not been 
to many engineers who have read the specifica- 
tion. 

As stated in the letter, the specification as 
framed by the committee was not meant to be 
a cast iron rule to be copied verbatim by the 
engineer. Instead it was deemed wise to leave 
some latitude to the discretion of the engineer, 
and so instead of stating a standard minimum 
strength to which the test briquettes must con- 
form, limits were given between which the en- 
gineer could make his choice according to his 
preferences for a high test cement or a low 
test and according to the facilities and ex- 
perience of his cement tester. 

We believe this specified range of minimum 
strengths has been at times misunderstood to 
mean that cement shall not test above the 


maximum limit named or below the minimum. 
The specification says plainly, however, that 
“The minimum requirements for tensile strength 
for briquettes 1 in. square in section shall be 
within the following limits.” 

The footnote added appears to be for the 
benefit of those who adopt a specification on its 
reputation without even reading it over to see 
whether it is actually a complete specification 
or a form upon which the engineer can impress 
the results of his own knowledge and experi- 
ence. Viewed with this understanding there 
seems no reason for objecting to the addition of 
the footnote, which is the amendment proposed. 


— 8 


Optimistic people when urged to lend their in- 
fluence for forest preservation and restoration 
sometimes say that cement and concrete are go- 
ing to take the place of lumber and so reduce 
the drain on the forests. Perhaps the prediction 
may be realized, but the figures for lumber pro- 
duction in 1907 give no hint of such relief. Lum- 
ber production is growing instead of falling off. 
The total of 1907 was 3,000.000 M. ft. greater than 
in 1906, and exceeded 40 billion ft. B. M. 


EE Or 


THE EPPECT OF ALKALI SOILS ON CONCRETE. 


During the past three months the western part 
of this country has been flooded with literature 
attacking the integrity of concrete as a building 
material, especially in sewers and drain pipes 
subjected to ground water. The main conten- 
tion of these attacks has been that in the course 
of time, fifteen years at the most, all the cement 
in the concrete would become separated from the 
aggregate and blow away, leaving a mere non- 
cohesive mass of stones and sand; a statement 
so fanciful, in the light of our past knowledge 
of the behavior of concrete, that it seemed even 
more malicious than the usual biased utterances 
of both sides of the publicity campaign now be- 
ing carried on by the cement and clay interests. 
However, the recent investigations of the 
Montana State Agricultural College and the 
U. S. Reclamation Service into the effect of 
alkali soil on concrete, reveal the basis of the 
widely circulated attacks and show that, though 
greatly exaggerated, they have some foundation 
on facts which will bear the most thorough 
study, both in search of a cause and of a 
remedy. 

Briefly, the published investigations show that, 
in some localities, concrete subjected to the in- 
filtration of water through an alkali soil de- 
composes, principally between high and low 
ground water, somewhat after the fashion so 
often noted in similar structures in sea water. 
While such action can affect but a small field 
of construction, the great amount of concrete 
work now being carried on in the west by both 
federal and private interests make further in- 
vestigation imperative. At present we have 
only two reports on the matter, neither of which 
c'aim to be very thorough, but it is understood 
that in addition to the continuance of the in- 
vestigations of the Montana authorities, the 
United States government is making an ex- 
haustive study of the whole subject through its 
experts in the various technologic branches of 
the service. Until these reports are published, 
no adequate explanation of the source and 
remedy for the deterioration can be made, but 
it may be well to look into the similarity of the 
conditions existing in sea-water and alkali 
washed structures and to the theories advanced 
for their protection. 

As most of our readers know, the behavior of 
concrete in sea water is hardly uniform and nota 
matter of exact explanation. In many places 
where concrete has been exposed to the ocean 
water for long periods the structure is in just as 
good condition as though it were in air, while 
elsewhere the deterioration, especially between 
the high and low water marks, has been most 
marked. Aside from the convenient theory that 
poorly made concrete is to blame, always of- 
fered in explanation of every accident where 
concrete is involved, this erratic behavior has 
never been explained, though the general theory 
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of the decomposition is that certain salts of the 
sea water, magnesium sulphate particularly, en- 
ter into combination with the calcium and 
aluminum in the concrete to form a calcium 
sulpho-aluminate, which crystallizes in the at- 
mosphere, swelling and cracking the concrete. 

The conditions in concrete exposed to alkali 
water and that exposed to sea water are alike in 
two things; the chemical makeup of the water 
and the alternate wetting and drying of a cer- 
tain portion of the face. Sea water consists of 
about 3% total solids, principally the sulphates 
of sodium, magnesium and calcium; alkali water, 
as shown in the two analyses given in the article 
on another page, consists of from 1 to 2% solid 
matter, principally the sulphates and carbonates 
of the same elements noted above. The chemical 
action then should be about the same, with per- 
haps a less intensity in the alkali waters. The 
second similarity, the alternate wetting and dry- 
ing of the space between high and low ground 
waters or tides, is responsible for the crystal- 
lization, by exposure to the drying effects of 
the atmosphere, of the salts which cause the 
swelling and cracking of the concrete. 

There is one difference between the two con- 
ditions, however, that is very important. That 
is the absence in concrete in the alkali country 
of any physical action against the face of the 
wall which would tend to break up the external 
structure and allow the decomposing water to 
attack the more porous and hence more vulner- 
able interior. This breaking up of the inter- 
tidal space in ocean structures, by the batter of 
the waves, the movement of ice and other floating 
objects, has been thought to be largely respon- 
sible for the deterioration so often observed in 
such cases. In the alkali-exposed concrete, on 
the other hand, there is nothing but the gentle 
infiltration of water, and whatsoever action takes 
place must be purely chemical at the start, with 
no physical aid. In this fact partly Hes the hope 
of future protection for the concrete in the alkali 
lands. It is probable that in the past no great 
effort has been made to build the ordinary con- 
crete non-porous or waterproof, so that the usual 
hard surface found in well tamped faces and the 
dense mass resulting from well mixed and laid 
interiors were not present and the attacking 
water readily formed its crystals in the many 
pores of the concrete. In future, in addition to 
a probable use of iron ore cement or included 
clay or pozzulana, a more careful attention will 
be paid to the forming of an impervious concrete 
which, with its dense face, should be able to 
prevent the intrusion of any of the salts which 
combine to form the destructive crystals. 

It should be noted, too, that concrete in an 
alkali country is generally made of alkali-bearing 
materials. The report of the Reclamation Service 
shows a sand high in soluble salts and doubtless 
the mixing water was of like composition. This 
is a real source of danger because thereby the 
attacking salts are introduced into the interior 
of the mass and, although the action of setting 
concrete is at best an unsettled question, it is 
quite certain that chemically active elements 
have a much more pronounced effect upon a set- 
ting concrete than upon one which has not 
reached a final set. In addition to a dense mix- 
ture, therefore, care should be taken to avoid 
alkali-bearing material in the concrete. 

The present status of the situation is that in at 
least two localities having an alkali soil some 
peculiar condition of the soil or the concrete has 
brought about a pronounced deterioration in cer- 
tain concrete structures; that the indications are 
that the causative action is of a like nature to 
that observed in mass concrete partially sub- 
merged in sea water, but that in the present 
state of knowledge, no definite cause can be as- 
signed or absolute remedy prescribed. Mean- 
while the profession will look with considerable 
interest for the reports of the government ex- 
perts on the subject, for if a hardened concrete 
not exposed to any pronounced physical wear 
can be completely destroyed by the gentle infil- 
tration of water through a not uncommon soil 
it is high time that we were certain of our facts 
and that some definite study be made to prevent 
such an occurrence. 


LETTERS TO THE EDITOR. 


Comparing Tunnel Driving Records. 


Sir: Some discussion having occurred recently con- 
cerning rock tunnel driving records, my attention was 
called to the letter concerning ‘‘Rapld Work on the 
Raton Tunnel’’ on p. 489 of your volume 59. 

It is well to have as many reliable records as possi- 
ble of work actually done, but when the records are to 
be compared the conditions must be similar. The real 
records in rock tunnel work have been made with rock 
drills working in hard rock. In the Raton tunnel I 
find that the material was soft sandstone, shale and. 
coal, and the perforating instrument principally em- 
ployed was a coal auger. There were six headings, but 
at only one of these was it possible at any time to work 
without following up closely with timber. 

“The timbering consisted of a six-segmented arch 
made of 12 x 12-in. timbers 3 ft. c. to c. Lagging con- 
sisting of 3 x 10-in. and 4 x 10-in. native pine, was 
used over the segments, which rested on a 12-in. sill 
at the spring line. All the timbers from the 12 x 12- 
in. upward were placed as fast as the excavation in the 
heading permitted, and the spaces over the lagging were 
packed solidly with rock. 48 fast as the steam shovel 
took out the bench, posts were set under the 12 x 12-in. 
sills.” 

The above is quoted (italics mine) from the published 
account of Joseph Weidel, assistant engineer. Could 
this properly be called a rock tunnel at all? It was 
lined with concrete 2 ft. thick and the rock'“ taken 
out was not even suitable as a constituent of the con- 
crete, this having been separately quarried elsewhere. 
The work was good engineering, but the record of it 
does not belong in the line of true rock tunneling. 

Frank Richards. 
July 10, 1908. 


11 Broadway, New York City, 


[In this connection we have just received in- 
formation of the progress made in the month 
of June by Winston Bros. & Co. on the Chicago, 
Milwaukee & St. Paul Ry. tunnel through the 
Bitter Root Mountains in Idaho and Montana. 
The record is as follows: 


Heading. Bench. Tunnel. 

East End . 203 ft. 327 ft. 265 ft. 
West Ende.. . 333 ft. 304 ft. 318% ft. 
536 ft. 631 ft. 58314 ft. 


Complete Tunnel for four months............2,082% ft. 

Owing to bad rock the East End heading made only 
40 ft. in 12 days. 

The progress made in March, April and May 
on this tunnel was reported in detail in our 
issue of July 2, p. 9. The record above given of 
333 ft. for the west heading is probably the 
record rate of progress on American railway 
tunnels driven the full width of the arch in hard 
rock.—Ed.] 


— —äꝛ—— 
The Strength Clause In the Cement Specificatioa. 


Sir: In your issue of July 2 there appears an editorial 
on the proposed change in the standard cement specifica- 
tions of the American Society for Testing Materials, 
which may tend to confuse your readers. 

When the specifications were first adopted it was sup- 
posed that the engineer or architect using them would 
specify, within the maximum and minimum range of 
strengths given, that which must be developed by the 
cement to meet his particular requirements. With this 
thought the minimum was fixed as low as could be 
safely uscd and yet secure the furnishing of a true 
Portland cement. On the other hand, the maximum 
was placed at as high a point as was considered safe 
to ask without imposing hardships on the manufacturers, 
whose product must test above the maximum if this 
maximum was used by the engineer in writing his speci- 
fications. The figures given indicate the range con- 
sidered allowable in specifications for the strength of 
cement. 

In practice it was found that many engineers and 
architects did not insert in their specifications any 
definite requirements as to strength, but simply stated 
that the cement was to be tested im accordance with the 
standard methods and must pass the standard require- 
ments and it was to meet such cases that the footnote 
was added. 

If this should be adopted, the engineer or architect 
would still have the same liberty as heretofore in spe- 
cifying the strength requirement that best suited his 
purpose, but if he neglected to do so the footnete auto- 
matically fixes the strength required of the cement to 
pass the specifications and the manufacturer cannot with 
the proposed change insist that the minimum was meant 
or the engineer or architect insist that the maximum 
was required. 

While the writer fully agrees with you on the advis- 
ability of “definiteness of specification,” it would hardly 


seem possible to prepare a standard specification for 
cement that would meet all conditions without allowing 
some variation in the requirements as to strength to 
meet each special case. 

Very respectfully, 


Henry S. Spackman. 
Philadelphia, Pa., July 7, 1908. 


[We have referred to this matter in our 
editorial columns.— Ed.] 


—— —A—— d 
Moments In Grillage Beams and Projecting Feotings. 


Sir: In your issue of June 18, 1908, your correspondent 
“R. F.” goes to great length to prove“ the falsity 
of some methods of designing grillage beams. His proof 
would be more forceful if he used a correct method him- 
self. My purpose in writing this is not to point out a 
correct method, but to show that such a method is not 
possible, and that a close approximation based on rea- 
sonable assumptions is all that can be attained. 

“R. F.” quotes from Structural Steel” of the Bethle- 
hem Steel Co. what he claims is the correct statement 
of the case, as follows: “Loading is uniformly distrib- 
uted over the length on which it is applied and the beam 
is uniformly supported from below over its entire 


length. Maximum bending occurs at the center of 
length of the beam.” The first part of this statement is 
wrong. The loading is not uniformly distributed and 


cannot possibly be. A rigid block, such as a stone or 
concrete wall, might distribute its pressure in approxi- 
mately uniform manner over a welding base, such as the 
soil of a foundation; but a deflecting needle beam yields 
or deflects and changes the uniform distribution of 
bearing. 


Ku- 
l | l 1! 
A. B. 


As illustrated at A in the accompanying sketch, the 
deflection of the beam relieves the middie of the wall 
from pressure, and, instead of the load of the wall being 
uniform for its width, that load is thrown near the 
edges. Of course it would not be correct to take the 
extreme edge of the wall as the point of application of the 
load, as this would give no width for bearing. In my 
book Concrete,“ pages 224, 345 and 355, I recommend on 
a 24-in. wall that the sections for moments be 18 ins. 
apart, the span being } for a cantilever taking the up- 
ward reaction of the soil. [See sketch at B.] I also 
recommend that where there is an upper tier of beams, 
as at C, the center of the outer beam be used as the 
center of moments. Under a cast base or a built shoe a 
similar allowance can be made. 

An analogous condition occurs in pins having extra 
wide bearings. For example, a pin in a cast-steel shoe 
may have a bearing over 6 ins. or more, when an inch 
or two would be sufficient. It would be unreasonable 
and incorrect to say that the load of this rigid shoe, 
sometimes much more rigid than the pin itself, is uni- 
formly distributed over the full length of pin embedded 
in it. It is sufficiently accurate and quite safe, though, 
only an approximation, to count out the surplus bear- | 
ing area on the pin in computing the bending moment. , 
In the same way the surplus width of the wall resting, 
on needle beams can be counted out. i 

Yours very truly, 
Edward Godfrey. 

Monongahela Bank Bldg., Pittsburg, Pa., June 20, 1908. 
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Notes and Queries. 
C. H. M., Seattle, Washington, writes: 


Do you know of any records concerning existing reser- 
voirs of considcrable age, showing what the tendency is 
to fill up with silt? I do not recall having seen any 
data upon that subject, but I am curious to get hold 
of some if they are in existence. i 


We know of no such published records aaywhere and 
refer the inquiry to our readers. 1 


— — — — 


G. H. N. writes: 


We have a very pretty bullding, built of logs an 
bark. I find that worms or borers are in the arborvit 
logs and I believe it will be only a question of tim 
when they will commence on the yellow pine logs an 
rafters. Do you know of any practical way of killi 
the insects that could be applied to the logs in th 
building? Would the treatment discolor the bark so 
to spoil the effect we now have in the natural color 


the bark? 7 

The only two insecticides that would seem to promisi 
any success are hydrocyanic acid gas and carbon bis 
sulphide. Both would require extreme caution in hands 
ling, the first because it is deadly poisonous to breathy 
and the second because of the danger of fire or expl 
sion from any chance spark. 


July 23. 1908. 


THE PLACE OF SHOP TRAINING IN ENGINEERING 
EDUCATION; PAPERS AND DISCUSSIONS AT THE 
RECENT CONVENTION OF THE AMERICAN INSTI- 
TUTE OF ELECTRICAL ENGINEERS. 


“three papers were presented, at one session 
at the recent convention of the American Insti- 
rie of Electrical Engineers, bearing on the 
pace shop training should have in the engineer's 
„riy education. The first of these, “A New 
Method of Training Engineers,” was by Mr. M. 

t W. Alexander, of the General Electric Co., Lynn, 
Mass. The scheme proposed was simply the fa- 
maar cooperative scheme with the alternative 
prods beginning with a length of one month 
and increasing to five. 

Mr. D. B. Rushmbre, of the General Electric 
Ca, Schenectady, N. Y., presented a very gen- 
eal dissertation on the place occupied by col- 
wee graduates in the organization of a large 
manufacturing concern. His remarks were on 
topics like the- variety of men needed, additions 
t an organization, initiative and development 
ja individuals, influence of college activities in 
after life, bringing students and instructors into 
tuch with actual commercial conditions, etc. 

Tze third paper was by Mr. B. A. Behrend, 
Chief Electrical Engineer, Allis-Chalmers Co., 
Mlwaukee. Mr. Behrend emphasized the fact 
that it was the aim of every great concern to fill 
its responsible positions with men of exceptional 
ah.uty—whether the times were “hard” or not. 
Such men aS were desired needed be men of in- 
verity, of moral courage and of intellect. Men 
ath one or two such qualities could be obtained, 
int those possessed of all three were scarce. 

— “naracter and intellect were to be cultivated by 

af ranufacturers and colleges by any cooperation 
russible. The discussions on these three papers 
were given on them as a whole, and indeed sur- 
rassed in interest and practical value the papers 
themselves. The discussions soon left the com- 
raratively narrow limits indicated by the titles 
the papers. The ideas of shop training, how- 
iver, formed the starting point about which the 
a.scussions spiralled. 

Professor J. P. Jackson, Pennsylvania State 
C:llege, opened the battle by stating that if col- 
ge graduates were being put out into work not 
“dipped as the practicing engineers would have 
tem, that these engineers were to blame, for no 
‘acher could hold his job against the criticism 
ef the practicing engineers. If these men would 
zake their demands known methods and curri- 
cula would soon shape themselves as desired. 
The fault was laid to the practicing engineer for 
saving the colleges too severely alone, and all 
rrominent engineers were to be reminded that 
“iy should constitute themselves consulting 
mefassorg and instructors” to such technical 
kals as they chose. 

This speaker paid his respects to those who 
xould have the engineers study more history 
ard demanded that they first reform the study 
history. At present “the student could learn 
1] about Henry the Seventh’s breakfast, or 
Wien Elizabeth's toilette,“ but could learn noth- 
te of the influence of the greatest scientists and 
fo momists in shaping the destinies of the races. 
Mr. B. A. Behrend in the discussion urged the 
“isileration of facts and conditions in seeking 
n inplant "cooperative courses.” The very ob- 
“wis state of affairs at such institutions as 
trell, Stamford, Pennsylvania State was ex- 
„ed, where such close access to large manu- 
z uting concerns positively could not be ob- 
‘ured. Indeed there were only a half-dozen 
(<8 Where the men could get a _ sufficient 
‘arety of work to serve them for more than 
re handicraft apprenticeship. Mr. Behrend 
ortended that moreover Mr. Alexander's 
netnad prevented continuous and concentrated 
echt. A real problem requires more than a 
xk or a month of careful thought and close 
abetegtlon to theoretical work. Where shop in- 
Nriction so greatly breaks into the presentation 
nf theory the whole time, he claimed, would be 
‘rtered away. The co-operative plan was held 
sp as excellent for trade schools, but as a most 
71 %s one for universities whose function 
+ “la be for the highest phases of instruction. 


bring it into four years. 
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Professor Morgan Brooks, University of Illi- 
nois, maintained that the boys entering the tech- 
nical schools were too young to take up shop 
work as thoroughly as the cooperative scheme 
implied. He also held that such alternations at 
School and in the shop would make it impossible 
for any student to take part in the student ac- 
tivities and that such life was a great factor in 
the development of the individual. So many 
students, moreover, required such a widely dif- 
ferent range of elective culture studies, that in 
an ordinary school these courses would be com- 
pletely broken up. Two or three cooperative 
students in each course would require special 
instructors in such courses. 

Mr. Ralph W. Pope, Secretary of the Institute, 
described one of the tribulations of his positlion— 
the frequent appeals for advice. Parents asked 
whether their boys 'should study electrical engi- 
neering or medicine. One bookkeeper wrote ask- 
ing whether law or electrical engineering was 
the more crowded field. The point he made was 
that technical education should begin with the 
parents, who did not know what to do with their 
children. 

Professor H. H. Norris, Cornell University, 
said that it should be remembered that educators 
had to plan for average men. The brilliant ones 
and the dullards were taken care of auto- 
matically. He claimed that, from observation, 
(1) the average man takes more interest in 
using his hands than his brains; (2) there is 
always a time lag in starting up after a mental 
change such as a vacation; (3) with the knowl- 
edge that work is to stop at a certain time the 
interest drops as the time approaches; (4) as stu- 
dents prefer practice to theory, just enough facts 
to serve as mental tools should be provided; (5) 
the principles of manufacturing can be taught 
better in a college shop than in a commercial 
plant. 

Dr. C. P. Steinmetz said he could discuss the 
question from both points of view—as a manu- 
facturer and as a professor. As @ professor, he 
realized that there were innumerable things 
which it would be fine to teach if there were a 
ten-year course. The school should teach only 
what the students cannot learn in practical life. 
It would be necessary to so limit the course to 
Such subjects would be 
general culture, mathematics, mechanics, 
physics and chemistry. 


He said, as a user of men, that, if a young man 


could immediately drop into a place and com- 
pletely handle the work of the position, he would 
regard with great suspicion the college that sent 
out the man for fear they were teaching on'y 
what the man could learn outside. 

Another serious defect claimed was of the in- 
cficiency of the education through trying to 
work up into engineers the whole available num- 
ber of boys dumped into schools without re- 
gard to their inherent fitness for the work. This 
was likened to a manufacturer who might try 
to work up all the iron received in a shipment 
into transformers—with no waste from cutting or 
punching. Such a condition did not obtain in other 
professions. This wasted the educator's time, which 
might better go to the proper men, and in addi- 
tion spoiled the character and ruined the 
ability of the student by keeping him where 
he did not belong. The born engineer was thus 
kept back by teachers who attended to the lazy 
and the incompetent. In Germany, it was said, 
the students were allowed, and assisted, to go to 
the height of any possible knowledge as their 
inclination directed. That condition did not ob- 
tain in this country, it was claimed, and ex- 
plained why so few great men graduated from 
American schools. 

Professor D. C. Jackson, Massachusetts Insti- 
tute of Technology, said that as far as education 
was concerned—progress was a physiological and 
a psychological question. He held that there was no 
need for pessimism; that there was as good basis 
to-day for the development of great engineers 
as there had been for the development of New- 
comen, Watt or any great inventor. The greater 
engineering schools were to produce the great 
engineers. Engineering education was held to be 
primarily a professional education and was to be 
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regarded in the same light as courses in law and 
medicine. Through the efforts of the various 
law and medical associations these courses are 
now maintained as fully professional schools. 
Along with the study of the philosophy of law 
there was the study of cases, and along with the 
theory of scientific healing practical experience 
in clinics was necessary. The cooperative plan, 
it was claimed, was a strong argument for the 
professional school, and its promulgation would 
do as much for engineering schools as similar 
agitation has done for law and medical schools. 
To this end it would not be necessary to have 
the engineering school near a large shop. The 
isolated institutions could work this out in their 
own shops. 

Professor Comfort A. Adams, Harvard Univer- 
sity, spoke to refute much that Professor D. C. 
Jackson said. He claimed that the analogies 
quoted were not at all parallel. The law stu- 
dents did not go into the courts and argue the 
cases; they studied the results. The M. D.’s 
must necessarily go out sufficiently equipped to 
hold a man’s life in their hands and no engineer 
had such responsibility thrust on him on gradua- 
tion. The prosperity of a concern or the lives 
of employees did not rest on him. 

A course to be followed at Harvard was de- 
Scribed briefly. This was somewhat after the 
ideas of Dr. Steinmetz. The student comes to 
college, but does not enter a professional course 
immediately. He takes a preliminary under- 
graduate course leading to a degree of B. S. or 
A. B. (general), in three years. If his tastes 
develop in the right direction some of his pre 
liminary studies may be directed along engineer- 
ing lines and at the beginning of the fourth year 
he enters the graduate school of applied science 
where he registers to begin or to extend his real 
engineering work. 

Professor A. F. Ganz, Stevens Institute of 
Technology, said that the plan of Mr. Alexander 
would cut the theoretical work of the colleges to 
three years by the elimination of laboratory 
work. This laboratory work could not be cut out 
without great detriment, for the men were com- 
petent to seriously take up real engineering work 
only during the third year, after they had ob- 
tained some foundation knowledge of science and 
culture. It was said that alternate weeks of 
theoretical and laboratory instruction had been 
tried at Stevens Institute, but the time lag at 
transition periods had proved too great. 

Mr. C. F. Scott, of Pittsburg, made a plea for 
a broader view of technical training. He held 
the view that the most of the discussions on en- 
gineering education tended only to produce a 
better human slide rule. The companies wanted 
a man improved for their own ends and purposes 
rather than for his benefit. They would have 
him developed into the highest type of engineer, 
for their own service, and to this énd they asked 
for certain studies and certain periods of other 
training. This speaker hoped to see the class of 
education developed that would give ‘“‘soul-pur-— 
pose, consciousness of life and object of effort.” 
This training could be obtained only from a real 
teacher and cou'd be had with such whether 
there was a great shop nearby or not; whether 
there was a great or a small laboratory equip- 
ment. He also claimed that the average col- 
lege student, under present methods, asked that 
the theory be crammed down him; that the stu- 
dent’s attitude was one of passive absorption; 
that the shop training was regarded by the stu- 
dent as an opportunity where the company was 
glad to have experience plastered onto him with 
a minimum effort on his part. 

Mr. G. S. Dunn, Chief Engineer of the Crocker- 
Wheeler Co., Ampere, N. J., speaking from a 
manufacturer’s standpoint, believed that the 
most successful man was one who had had some 
taste of practical work, during his course, such 
as summer experience. This preliminary touch 
between the manufacturer was essential perhaps, 
but it was held not to be necessarily as intimate 
ag Mr. Alexander’s plan required. Mr. Dunn said 
that college men were better than others not so 
much on account of what they learned during 
their course, but because of the experience and 
discipline of living with other young men. The 
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average college man was pictured as without 
much directive force—undeveloped and an early 
submission to shop discipline would be a discip- 
line. 

There was one objection to the cooperative 
plan urged from the manufacturer’s standpoint. 
If this plan were to become general, all the shops 
must take their quota of students and the shops 
would be filled to the detriment of output. 

Mr. E. R. Taylor, of Penn Yan, N. Y., very 
briefly urged the extension of the manual train- 
ing school in all the towns and cities. This 
would develop the natural tendencies of the boys 
and ald in determining a proper field for their 
life’s work. 

— U—ͤ — 
THE ANNUAL CONVENTION OF THE AMERICAN BOILER 
MANUFACTURERS’ ASSOCIATION. 


The twentieth annual convention of the Ameri- 
can Boiler Manufacturers’ Association was held 
in Atlantic City on July 14, 15 and 16 at the 
Marlborough-Blenheim Hotel. About 125 mem- 
bers and guests were in attendance. 

Mr. T. M. Rees, of Pittsburg, First Vice-Presi- 
dent, presided at the sessions in the absence of 
the president, Mr. M. F. Cole, of Newnan, Ga. 
In opening the convention Mr. Rees reviewed 
the efforts of the association in bringing to the 
attention of the state and national authorities 
the needed improvement in the inspection of 
land and marine boilers and in seeking the neces- 
sary revision of regulations into accord with 
changed conditions. He congratulated the asso- 
ciation in the action of President Roosevelt in 
appointing a commission to examine the laws of 
the United States for the better security of life 
at sea, with a view to their proper revision and 
change, that public interest seems to require. 
Mr. Rees reminded the members of the associ- 
ation that it was their duty to bring before this 
commission all information and data that would 
tend to facilitate its work and advise concern- 
ing modern requirements. This assistance was 
held to be of greatest importance because of the 
bearing of federal laws and regulations on state 
and municipal legislation and on greater uni- 
formity of practice. Mayor F. P. Stoy extended 
the formal welcome of Atlantic City with the 
usual round of compliments. The entertainment 
features of the convention were numerous and 
varied and included automobile, yachting and 
trolley trips, theater parties, visits to the amuse- 
ment piers, ocean bathing, a rolling chair pro- 
cession and a banquet. 

At the second session of the first day there 
was an informal discussion on matters of very 
general interest. Col. E. D. Meier, of the Heine 
Safety Boiler Co., gave a history of the move— 
ment for uniform boiler-inspection laws. Mr. 
W. L. Hirsch, representing the Carnegie Steel 
Co., made several remarks on the difficulties 
encountered by the steel makers in their en- 
deavors to eradicate impurities and on the great 
amount of study and investigation, both theo- 
retical and practical, carried on to improve their 
product. 

At the Wednesday afternoon session Detroit 
was selected as the next place of meeting (1909), 
and the following officers elected to serve for the 
ensuing year: 

President, E. D. Meier, New York City. 

Secretary, J. D. Farasey, Cleveland. 

Treasurer, Jos. F. Wangler, St. Louis. 

First Vice-President, T. M. Rees, Pittsburg. 

Second Vice-President, J. Don Smith, Charles- 
ton, S. C. 

Third Vice-President, 
lipsburg, N. J. 

Fourth Vice-President, H. D. McKinnon, Bay 
City, Mich. 

Fifth Vice-President, 
Minn. 


W. A. Brunner, Phil- 


M. A. Ryan, Duluth, 


PAPERS AND DISCUSSIONS. 

REPORT OF COMMITTEE ON UNIFORM 
SPECIFICATIONS.—Two important develop- 
ments in boiler practice were the subject of a 
long discussion by this committee; these were 
the passage of the Massachusetts statue rela- 
tive to the operation and inspection of steam 
boilers and the appointing, by President Roose- 


velt, of a Commission on Revision of Laws Re- 
lating to Safety of Life at Sea. It was main- 
tained that both these good results came in- 
directly from the long and persistent attempts 
of this association to secure uniform and strict 
rules for the construction and operation of 
steam boilers. 

The report then takes up in considerable de- 
tail the evidences of similarity In the Massa- 


` chusetts requirements and the specifications of 


this association and of the American Society 
of Testing Materials. This committee claimed 
that there was no sound reason for permitting 


-a higher percentage of phosphorous in acid steel 


than in basic dnd that the allowable amount 
of sulphur was too great in all classes of boiler 
plate. The committee held that the provisions 
of the Massachusetts statue in demanding 
drilled rivet and tube holes was unnecessary. 
The reason assigned for the insertion of this 
clause, which also appears in the latest rules of 
the Steamboat Inspection Service, was that 
some shops might use inferior iron and dull 
punches, with the accompanying danger of 
starting incipient cracks. As boiler makers have 
claimed that greater accuracy of work could be 
obtained by punching and reaming with no loss 
of strength, the chairman of this committee, 
Col. E. D. Meier, made 

a series of tests, covering two samples each of large 
holes punched, simply; punched and reamed; punched, 
reamed and annealed; and drilled with the cutting drill. 
These were marked merely for identification and sub- 
mitted to a well-known, conscientious expert for test 
with the distinct understanding that he should not be 
toid how the holes had been prepared until after he had 
completed his report, and he agreed not to examine 
them critically with a view to determining for himself. 
The tests showed, it was claimed, that there was abso- 
lutely no difference in the strength of the plates: pre- 
pared by different processes and in no case did the break 
start from the hole. 

The closest scrutiny of boiler materials is of prime im- 
portance and a material that cannot safely be punched is 
not fit to go into a boiler at all. 

The Board of Boiler Rules of the State of Massachu- 
setts has for its chairman the Chief Inspector of the 
Bollor Inspection Department, and the other members 
represent boiler using, manufacturing and insurance in- 
terests and operating enginoers. They have covered 
many points and done excellent work in the preparation 
of these rulcs and have always been ready to weigh and 
consider all reasonable suggestions. We belleve that 
they will be ready to modify and improve their rules to 
make them the best ever formulated. The natural con- 
sequence will be the acception of such rules by other 
states and a gradual but sure approach to uniformity 
throughout the country. In this we should cooperate and 
your committee suggests that every member supply him- 
self with a copy of these rules, which will be gladly 
furnished on application to Mr. J. H. McNeill, Chief In- 
spector, Boller Inspection Department, 15 Ashburton 
Place, Boston, Mass. 

The report was received and the committee 
was continued. A special edition of the report 
was ordered printed and widely distributed in 
accordance with the regular proceedings. 


NECESSITY FOR UNIFORM LAWS.—Mr. H. 
J. Hartley, of the Wm. Cramp & Sons Ship and 
Engine Building Co., Philadelphia, presented a 
contribution on this subject, discussing the im- 
portance and feasibility of uniform national in- 
spection laws. The paper contained a resumé 
of general boiler construction and operation; 
the care for safe operation; the present insur- 
ance inspection during and after construction; 
and method of hydrostatic tests. 

A thousand copies of Mr. Hartley’s paper were 
ordered printed for wide distribution before the 
appearance of the regular proceedings. 


In the discussion, Mr. W. L. Hirsch, of the 
Carnegie Steel Co., said that the steel makers 
wished to cooperate with the boiler makers in 
every forward movement for the conservation 
of life and property. He took up the situation 
that would arise if every state had a different 
law for boiler construction inspection. Then it 
would be impossible for the makers to conform 
to them all. 

MISCELLANEOUS DISCUSSION.—The ses- 
sions of the final days of the convention were 
given over to informal topical discussions. 

The relative height of boiler stacks for differ- 


ent altitudes seemed to arouse a great deal of 
interest. It was evident that several makers 
had found trouble from underestimating the 
necessary additional height of stack over sea- 
level requirements. Col. E. D. Meier stated as 
a satisfactory rule that it was well to increase 
the height about 8% for each 1,000 ft. of alti- 
tude. The grate area was to be increased by 
the square root of the stack increase. It was 
not considered sufficient to merely increase grate 
area. It was also necessary to provide suff- 
cient area of openings under the grate to admit 
the increased amount of air. 

Mr. H. J. Hartley said that it had been found 
generally satisfactory in stationary work to add 
20% to the area of the fire tubes for the area of 
the stack. 

The majority of the discussions were relative 
to personal experiences with iron and steel 
rivets, methods of using staybolts, punching 
and with steel and fron flues. 

Plans were discussed for securing a hearing 
for the Committee on Uniform Specifications be- 
fore the Commission on Safety of Life at Sea, 
to secure recognition of the work of the com- 
mittee and the incorporation of the desired 
rules in the requirements of the commission. 


— ñĩ—L—̃ —— — — — 


STATISTICS OP RAILWAYS IN THE UNITED STATES 
FOR 1907. 


We printed on p. 33, of our issue of July 9, 
Statistics of the railways of the United States 
for the year ending June 30, 1907, taken from 
Poor's Manual.” The official figures of the 
Interstate Commerce Commission were given 
out last week and we extract those of most in- 
terest to our readers: 


MILEAGE. 

The report shows that on June 30, 1907, the total 
singlo-track railway mileage in the United States was 
220,951 miles, or 5,588 miles more than at the end of 
the previous year. The aggregate length of railway 
mileage, including tracks of all kinds, was 327,975 miles. 
This miieage was thus classified: Single track, 227,454 
miles; second track, 19,420 miles; third track, 1,960 
miles; fourth track, 1,389 miles, and yard track and sid- 
ings, 77,749 miles. These figures indicate that there 
was an increase of 10,892.07 miles in the aggregate 
length of all tracks, of which 3,988 miles, or 36.62% 
represonted the extension of yard track and sidings. 


EQUIPMENT. 
On June 30, 1907, there were in the service of the 
carriers 655,388 locomotives, the increase being 3,716. 
These locomotives, excepting 1,237, were classified as: 
Passenger, 12,814; freight, 32,079, and switching, 9,258. 
The total number of cars of all classes was 2,126,594, > 
or 167,682 more than for the year 1906. This rolling - 
stock was thus assigned: Passenger service, 43,973 
cars; freight service, 1,991,557 cars, and company’s ser- i 
vice, 91,064 cars. These figures do not include private 
cars of commercial firms or corporations. í 
The average number of locomotives per 1,000 miles of 
line was 243 and the average number of cars per 1,000 
miles of line was 9,350. The number of passenger- i 
miles per passenger locomotive was 2,163,146, showing an . 
increase of 108,510 passenger-miles as compared with 
the previous year. The number of ton-miles per freight | 
|! 
| 
] 


locomotive was 7,375,585, showing an increase of 143,022 
ton-miles. 
EMPLOYEES. 

The number of persons reported as on the pay-rolls i 
of the railways in the United States on June 30, 1907, i 
was 1,672,074, which is equivalent to an average of} 
735 employees per 100 miles of line. As compared with! 
the year 1906, these figures show an increase of 150,719 
in the number of employees, or 51 per 100 miles of line. , 
The total number of railway employees, disregarding al 
small number not assigned, were apportioned among the; 
four general divisions of railway employment as fol- 
lows: For general administration, 64, 808; for Wal 
tenance of way and structures, 538,003; for maintenance 
of equipment, 352,181, and for conducting transporta- | 
tion, 713,465. i 

The total amount of wages and salaries reported as 
paid to employees during the year ending June 30, 
1907, was $1,072,386, 427. 

PUBLIC SERVICE OF RAILWAYS. . 

The report shows that the number of passeugers car- 
ried by the railways during the year ending June 30, 
1907, was 873,905,133, this item being 75,959,017 more 
than for the year ending June 30, 1906. The passenger- 
mileage, or the number of passengers carried 1 mile, 
was 27,718,554,030, the 
passenger- miles. 

The number of tons of freight shown as carried (in- 


increase being 2,551,313,198 
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coing freight received from connections) was 1,796,- 
ung, which exceeds the tonnage of the year 1906 
by 164,962,440 tons. The ton-mileage, or the number of 
tons carried 1 mile, was 236,601,390,103, the increase 
being 20.723. S8, 882 ton-miles. The number of tons 
carried 1 mile per mile of line was 1,052,119, indicating 
an increase of 69,718 ton-miles per mile of line in the 
dasity of freight traffic. 

The average revenue per passenger per mile for the 
year ending June 30, 1907, was 2.014 cents. For the 
prveding year the average was 2.003 cents. The aver- 
age revenue per ton per mile was 0.759 cent; the like 
average for the year 1906 was 0.748 cent. The earnings 
per train mile show an increase for both passenger and 
‘raght trains. The ratio of operating expenses to earn- 
ings for the year 1907 was 67.53 per cent. For 1906 
this ratio was 66.08%. 

EARNINGS AND EXPENSES. 

The gross earnings of the railways in the United 
States from the operation of 227,454.83 miles of line 
were, for the year ending June 30, 1907, $2,589,105,578, 
being S 3,340,411 greater than for the year 1906. Their 
operating expenses were $1,748,515,814, or $211,638,543 
more than in 1906. Passenger revenue was $564,606,- 
A merease, $54,573,700; freight revenue, $1,823,651,- 
Ye—increase, $183,265,343. Gross earnings from oper- 
aion per mile of line averaged $11,383, the correspond- 
ing average for the year 1906 being $923 less. 

The operating expenses were: For maintenance-of-way 
aad structures, $313,544,907; maintenance of equipment, 
$55,51,728; conducting transportation, $970,952,924; 
general expenses, $65,404,655; undistributed, $551,600. 
Operating expenses averaged $7,687 per mile of line, this 


average showing an increase of $775 per mile in com- 


parison with the year 1906. 

The income from operation, or the net earnings of the 
ra:lwuys, amounted. to $840,589,764. This amount ex- 
ovis the corresponding one for the previous year by 
$1,701,968. The net earnings per mile of line for 1907 
averaged 33, 606; for 1906, $3,548, and for 1905, $3,189. 

Tbe amount of dividends declared during the year 
under review was 3308, 137,924, leaving as a surplus from 
the operations of the year ending June 30, 1907, $141,- 
Ui. 

RAILWAY ACCIDENTS. 

The total number of casualties to persons on the rail- 
ways for the year ending June 30, 1907, was 122,855, of 
uch 11,839 represented the number of persons killed 
aod 111,016 the number injured. Casualties occurred 
anong three general classes of railway employees, as 
fo'ows: Tralnmen, 2,537 killed and 40,755 injured; 
stich tenders, crossing tenders, and watchmen, 169 
iiiad, 1.001 injured; other employees, 1,828 killed, 45,- 
N jajured. 

The number of passengers killed in the course of the 
year 1907 was 610 and the number injured 13,041. Dur- 
ing the previous year 359 passengers were killed and 


l. t injured. There were 376 passengers killed and. 


‘13 injured because of collisions and derailments. The 
twal number of persons other than employees and pas- 
sedgers killed was 6,695; injured, 10,331. These figures 
include the casualties to persons trespassing, of whom 
vol. were killed and 5,512 were injured. The ratios 
of casualties indicate that 1 employee in every 369 was 
kled and 1 employee in every 19 was injured. With 
regard to trainmen—that is, enginemen, firemen, conduc- 
tors, and other trainmen—it appears that 1 trainman 
was killed for every 125 employed and 1 was injured 
tor every 8 employed. 

Ia 1907, 1 passenger was killed for every 1,432,631 
armed, and 1 injured for every 67,012 carried. For 


e the figures show that 2, 222,001 passengers were 


carried for 1 killed, and 74,131 passengers were carried 
for 1 injured. With respect to the number of miles 
Tareled, the figures for 1907 show that 45,440,253 pas- 
&cge-miles were accomplished for each passenger 
kid, and 2,125,493 passenger-miles for each pas-, 
we injured. For 1906 the figures were 70,103,785 
tisseoger-miles for each passenger killed, and 2,338,- 
E passenger-miles for each passenger injured. 


_ HO 


THE NEW STREET RAILWAY COMMISSION IN THE 
DISTRICT OF COLUMBIA. 


The regulation of the street railways of the 
District of Columbia until recently has been en- 
Urely under the control of the city government, 
lich, from lack of specific authority, funds and 
Personnel, was not able to exercise more than a 
utne supervision. The necessity for a more 
aitquate administration of street railway affairs 
in the District led, in the last session of Con- 
tess, to much discussion which finally resulted 
in a dead-lock between the House and the 
nate that held up much needed new-trackage 
“gislation until the very close of the session, 
*hen a compromise bill was finally passed. In 
this Jead-lock the House demanded supervision 
by local authorities, either the District Commis- 


sioners or a public service commission, while 
the Senate held out for control by some judicial 
body, preferably one entirely dissociated from 
local influences. By granting some concessions 
in other parts of the bill, the Senate won its 
point in the regulation features, and the com- 
promise, as passed, placed the supervision and 
regulation of the street railways in the hands of 
the U. S. Interstate Commerce Commission. 

After the passage of the bill, it was thought 
by many that railway regulation in the District 
would be no more stringent than before, because 
the Interstate Commerce Commission, since the 
increase of power granted it in 1907, has had 
small chance to take much time with the affairs 
of local railways. To the surprise of many, on 
July 1, 1908, the Commission issued the follow- 
ing order: 

This Commission does hereby constitute and create a 
board to be known as the District Electric Railway 
Comniission, to be composed of three members who 
shall act as a board of inquiry and investigation into 
all complaints touching or affecting matters over which 
the Interstate Commerce Commission has been given 
jurisdiction by the Act of Congress anproved May 23, 
1908. 

The Interstate Commerce Commission does hereby 
appoint Brig.-Gen. John M. Wilson, U. S. A., Retired, 
Chairman, District Commissioner Henry L. West, and 
Thomas W. Smith, Bsq., residents of the District of 
Columbia, as the members of said District Electric Rail- 
way Commission, to serve without salary. Said ap- 
pointees shall have all of the powers vested in, or which 
may be exercised by, examiners appointed under, and in 
accordance with, the Act to regulate commerce, includ- 
ing the power to administer oaths. It shall be the duty 
of such District Electric Railway Commission to make 
investigation in the first instance into all matters as 
to which complaint is made to the Interstate Commerce 
Commission under the above mentioned Act of May 23, 
1908, and to make such recommendations to the last 
named Commission as to all necessary orders, rules, 
regulations or requirements which said District Hlectric 
Railway Commission may deem proper. 

In addition to the above non-salaried commis- 
sioners, the Commission appointed Mr. H. C. 
Eddy, Assoc. Am. Inst. E. E., as a salaried 
Officer with the title of Executive Officer and 
Secretary. Mr. Eddy has had wide experience 
in electrical railway work and at the time of 
this appointment was serving as superintendent 
of the electrical department of the District of 
Columbia. 

This procedure has caused no little consterna- 
tion among those who had fought in Congress 
all action toward creating a local governing 
board, for the Commission, as at present con- 
stituted, differs only in the matter of salaries 
from the commission advocated by the House 
committee, whose wishes in the matter were 
supposedly overruled by the joint action of the 
two houses. Some opposition to the action of 
the Interstate Commerce Commission has indeed 
developed, principally on the ground that gratui- 
tous service to the government is illegal, but to 
date no formal fight has been made, nor does it 
seem probable that any will be. ' 

The subcommittee has not settled down to 
business as yet, but the hearing of complaints 
is to be started in the near future. As a start 
toward safer car service, however, the following 
regulations have recently been issued. 

1. Every street railway car operated in the District 
of Columbia shall be fully equipped with front pick-up 
fenders of the Blackstone, Claude, Tobe, Preusser or 
Parmenter patterns, and with wheel guard fenders of the 
Brightwood automatic, the Blackstone, the Eldridge 
Smith, the Tobe or the Parmenter improved pattern; 
provided, that any street railway company may substi- 
tute for the above any other fender or wheel guard 
which may hereafter be approved by the Interstate Com- 
merce Commission. 

2. Every street railway car operated in the District 
of Columbia must be so constructed or altered that a 
clear space of fifteen inches in height above the rails is 


provided between the wheel guard and the adjacent end 


of the car, in order to allow the effective action of the 
wheel guard. 

3. Platforms of street cars shall be guarded by gates 
of a construction and operation approved by the Inter- 
state Commerce Commission. 

4. The fenders must be kept in thorough working 
order and in good repair when in use. 


5. No street car shall move at a greater rate of speed 


than fifteen miles an hour in the city of Washington, 


nor at a greater rate of speed than twenty miles an hour 
in the suburbs of the city. Street cars shall not exceed 
a rate of speed greater than six miles an hour at street 
crossings. No motorman or conductor shall refuse to 
stop to take up a passenger unless all the seats in the 
car or train are occupied. 

6. Whenever street railroads cross each other, all cars 
or trains bound north or south shall have the right-of- 
way over trains or cars bound east or west and all 
motormen shall, on approaching intersecting crossings, 
stop their cars or trains and see that the way is clear 
before crossing; provided, that the provisions as to the 
right-of-way shall not apply where branches of the same 
street railway cross each other. 

7. Flagmen shall be stationed at the crossings of all 
street car lines when in the judgment of the Interstate 
Commerce Commission the public safety requires the 
same. And from and after the direction of the com- 
mission to any street railway company to station a flag- 
man at any such crossing, it shall be unlawful for any 
motorman to run or operate any motor car over such 
crossing in the absence of a flagman. No street car 
shall stand upon a street or avenue for a longer period 
than five minutes unless the way be obstructed, nor 
stop so as to obstruct a street crossing or intersecting 
street; and no street car shall follow a preeeding car 
moving in the same direction at a less interval than 100 
feet, unless coupled thereto. Hvery street car in motion 
after sundown shall have two lights, one displayed at 
each end thereof. 


— — — — 


AN AMERICAN DEGREE CONFERRED BY AN ENGLISH 
UNIVERSITY. 

A unique example of international courtesy is 
the delegation of the granting of a degree by 
Lehigh University to the University of Liver- 
pool, the degree being bestowed on Mr. H. F. 
Parshall, the distinguished electrical engineer. 

Lehigh University, in the 41 years of its ex- 
istence, has conferred only four honorary de- 
grees, the preceding grants being to Dr. Rossiter 
W. Raymond, of New York, the Secretary of the 
American Institute of Mining Engineers, Dr. 
Arthur Arton Hamerschlag, Director of the Car- 
negie Technical Schools of Pittsburg, and Mr. 
L. B. Stillwell, the well-known electrical engi- 
neer of New York City. 

Mr. Parshall is an American and graduated in 
1887 from the electrical engineering course of 
Lehigh University soon after its establishment. 
After ten years of practice in the United States, 
Mr. Parshall established himself in Great Britain, 
and has become one of the foremost engineers in 
that country in the electrical field. 

Among other duties, he holds the position of 
Chief Electrical Engineer to the London County 
Council. He is the author of “Armature Wind- 
ings of Electric Machinery” (1895); “Electric Gen- 
erators” (1900); Electric Machine Design” 
(1906); “Electric Railway Engineering” (1907). 
He is a member of the Institution of Civil Engi- 
neers of Great Britain, of the Institution of Elec- 
trical Engineers of Great Britain, of the Ameri- 
can Society of Mechanical Engineers and of the 
American Institute of Electrical Engineers. 

Lehigh University voted to confer the honor- 
ary degree of Master of Science on Mr. Parshall 
this spring. Mr. Parshall, however, was en- 
gaged as expert in important hearings before 
Lord Cromer’s Parliamentary Commission on the 
London and District Electricity Supply- Bill, so 
that he was unable to come to America to 
receive the degree at Lehigh’s commencement in 
June. As the University does not grant degrees 
in absentia, the very original and interesting 
plan of having the degree conferred in England 
was arranged between the authorities of Lehigh 
University and the University of Liverpool, the 
Alma Mater of Sir William Ramsay, and an 
institution justly regarded as a leader in scien- 
tific education. 

The letter of Vice-Chancellor Dale of the Uni- 
versity of Liverpool to President Henry S. 
Drinker of Lehigh University, accepting the 
duty, contains a most pleasant expression of in- 
ternational good feeling: 

The Council and Senate of this University have agreed 
to act on the suggestions that you make, and to confer 
formally on Mr. Parshall the honorary degree that has 
been awarded to him by the University over which you 
preside. When the hood and diploma have reached us 
I will then arrange with Mr. Parshall for his formal 


admission to the degree. 
So far as I am aware no precedent or parallel for such 
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an act can be found in the history of British Universi- 
ties. But it is our business to make precedents as well 
as to follow them, and we trust that in so doing our 
act will be regarded as an expression of fellowship and 
sympathy with kindred institutions carrying on similar 
work, established for similar services, and bound to us 
by many ties. 

The degree was conferred on July 2 at a special 
“congregation” of the University of Liverpool, 
attended by the United States Consul General 
and many distinguished guests. 


65 X . 


THE WRECK OF THE CAZADERO HYDRO-ELECTRIC 
POWER PLANT ON THE CLACKMAS RIVER, NEAR 
PORTLAND, ORE. 

On June 21 a most unusual accident happened 
to the generating machinery at the Cazadero 
station of the Portland Railway, Light & Power 
Co., near Portland, Ore. This plant was de- 


scribed in an illustrated article in Engineering 


News, June 27, 1907. 

An attempt was made to secure details of the 
accident from officials of the power company, but 
these were refused, pending investigation. How- 
ever, the matter for the following account was 
forwarded by a correspondent as authentic al- 
though not official. 


The three 2,500-KW., 11,000-volt alternators 
were each direct connected to à 5,000-HP., 
double-unit, Francis-type turbine. The rated 


speed was 330 r. p. m. Each unit is controlled 
by a vertical, Lombard-type governor. For 
some unknown reason, possibly the breaking 
of the governor belt or the negligence of the 
attendant in properly starting the machine, the 
speed of one unit began to accelerate rapidly. 
Inasmuch as the safety device for shutting down 
in case of breakage of the governor belt had 
been removed, it is impossible to attach any 
blame to the governor. The attendant attempted 
to shut down the motor-operated headgates, 
but this operation takes about one minute on 
account of provision for avoiding water hammer, 
and in the meantime the generating unit was 
still rapidly accelerating. 

The centrifugal force in the rotating field of 
this unit became so great, before the gates could 
be c'osed, that it burst. The flying fragments 
evidently struck and disabled the governor of 
the adjoining similar unit so that this generating 
set also ran away until the rotor flew apart. 
These fragments in turn disabled the third 
governor, and its generating set also was de- 
stroyed similarly. 

The missiles from the three generators went 
through the roof of the building and some even 
went through the brick walls. The heat liberated in 
the third generator became great enough to set 
fire to the insulation which, by being thrown 
about, set fire to the composition covering of 
the roof. A small board-section of the floor was 
also consumed. 

The main switchboard near one end of the 
building was practically uninjured. Two of the 
Lombard governors are in such condition that 
they are being repaired, while a third Lombard 
governor of exactly the same type has been 
ordered. The twin-turbines of the three units, 
it is reported, were but little damaged. The 
damage by the flying fragments was greatest 
near the vertical planes passed through the arms 
of the generator fields. As would have been ex- 
pected, the generators were completely wrecked 
and the total damage to the plant has been esti- 
mated at about $100,000. 

The accident happened early in the morning 
when the load was light. Some of the auxiliary 
steam plants of the company were immediately 
started up and no interruption to the service 
occurred. 

It is at once evident that the generators were 
not designed to withstand the maximum stresses 
which might have been expected to come upon 
them. It would have been possible for the de- 
signers of the plant to have ascertained the 
maximum speed which the turbines could have 
developed with full head, an open blocked gov- 
ernor and no load. Such a maximum velocity 
of rotation would approach the velocity of the 
water on entering the rotor and might have 


been predetermined from the design of the tur- 
bines. Had the manufacturers of the generators 
been informed of such a possible requirement 
they could have met it or have indicated the need 
of a modified turbine design. Had these gene- 
rators been designed to meet the requirements 
the rotor of the first would have remained intact 
until the gates had closed, 

Steps were taken at once to secure new gene- 
rators without waiting the time necessary to 
build new machines, probably some six months. 
The company telegraphed in all directions in- 
quiring for generators that could be made to 
replace the destroyed ones. A generator that 
had been recently completed by the General Elec- 
tric Co., at their Schenectady works for the 
Japanese Government was released by the lat- 
ter. A second machine was transferred from a 
substation and the third is being built. 

The new machines to replace the temporary 
installation will be GO-cycle, 24-pole, it is re- 
ported, instead of the 33-cycle, 12-pole type re- 
placed. The use of 60-cycle machines will 
eliminate the frequency changers needed for the 
lighting circuits. It is reported that the new 
machines must stand the maximum theoretical 
speed of the ungoverned turbines for one hour. 

After the three damaged units are restored 
steps will be taken to put in the two additional 
ones for which the plant was designed, so that 
the entire development, 25,000 HP. will be com- 
pleted. 

—_—_—— — 

A DYNAMITE EXPLOSION occurred in the store-room 
on the seventh level in a colliery’ near Borbeck, Ger- 
many, July 15. Eight miners were killed. 

— . 

A HOISTING ROPE BROKE in a mine at Hawkrun, 
Clearfield County, Pa., July 17, by which three miners 
were killed. The rope, while drawing five mine cars 
up the steep incline of the Acme slope, suddenly snapped 
and the train dropped back down the slope. 

— . ä14ü —i 

A GAS EXPLOSION IN A MINE at Williamstown, Dau- 
phin County, Pa., July 15, resulted in the death of seven 
mine-workers. The explosion took place in shaft No. 1 
of the Bear Valley mine, and is thought to have been 
caused by one of the miners lifting the gauze of his safety 
lamp after a shot. The Bear Valley mine is owned by 
the Susquehanna Coal Co. 


qo 

A BOILER EXPLODED at Dighton, Mich., July 14, 
in the flooring plant owned by Jones & Green, of Big 
Rapids, Mich. One man was killed. The accident oc- 
curred early in the morning before the beginning of the 
day’s run. There were two boilers in the plant, each 
54 ins. in diameter and 20 ft. long. Portions of the ex- 
ploded boiler were found at a distance of 100 rods from 
the building. Almost the entire plant was wrecked. 

r_a 

THE MEMPHIS EXPRESS on the Missouri Pacific Ry. 
was wrecked on July 14, between Morgan Ford Road and 
Kingshighway in St. Louis, Mo. Owing to a misunder- 
standing of orders, the train collided head-on with a 
switch engine. The engineer of the express train was 
killed. 


— —— 

WESTERN MARYLAND EXPRESS NO. 2, running 
from Elkins, W. Va., to Baltimore, was overturned on 
a sharp curve near Westenport, Md., July 18. Twelve 
passengers were injured. The tender truck first left 
the rails and caused the four cars composing the train 
to tip over. The locomotive, though partly derailed, re- 
mained upright. 

š < 

AN ELEVATED RAILWAY TRAIN was wrecked in 
Chicago, July 18. The train of three cars crashed into 
the bumpers at the terminus of the Jackson Park branch 
of the South Side Elevated Road with such force that the 
forward end of the foremost car was thrust out some 
10 ft. beyond the end of the elevated structure. The 
front trucks of this car were torn off and derailed, and 
the front platform was practically demolished. 

— . 

A TROLLEY CAR WRECK occurred July 13 in 
Cleveland, Ohio, on the E. 49th St. bridge over Morgan 
Run. The conductor and motorman and five others are 
reported injured. Owing to the failure of the brakes to 
grip the wheels, the motorman lost control of an E. 
55th St. car as it ran onto the bridge. The car was 
not equipped with air-brakes, as required by city ordi- 
nance. Moving at high speed, it struck a worn spot in 
the rails about 40 ft. from the north end of the bridge, 
and, being lightly loaded, left the track. It ran on over 
the pavement to the end of the bridge where it struck a 
telephone pole, snapping it in two. After breaking the 
pole, the car was stopped by the iron railing along th2 


edge of the embankment. The running-board was torn 
off, and the vestibule demolished. Traffic was blocked 
for some time before the car could be replaced on the 
rails and taken to the barns. 

— amm 

A PECULIAR TROLLEY WRECK occurred at Johns- 
town, Pa., July 15. The motorman, to avoid a collision, 
reversed the current, and was then, for some reason, un- 
able to stop the car from continuing to run backward. 
It ran back up the track almost a mile, attaining a high 
rate of speed, and finally left the rails on a sharp 
curve at the foot of a down grade. Although there were 
100 passengers on board only one was killed. 

— 9. 

AN HPLECTRIC EXPRESS TRAIN for the White 
Mountains, on the New York, New Haven & Hartford 
R. R., leaving New York City at 8.40 a. m., July 16, was 
derailed while passing Greenwich, Conn. The train was 
made up of two electric locomotives, a baggage car, five 
parlor cars and three ordinary coaches in the order 
given. It is reported from witnesses that the locomo- 
tives, the baggage car and two parlor cars had crossed 
a small bridge over a street at the eastern end of the 
railway station, when the third parlor car left the rails. 
This, it is said, threw the following cars from the steel 
and then dragged off the preceding ones. The momen- 
tum of the train carried all the cars over the bridge on 
the ties. The second and fifth parlor cars were thrown 
on their sides. In the last parlor car one young woman 
was thrown through a window and killed. This was the 
only fatality although several persons were severely 
bruised. The cause of the accident {s popularly attributed 
to spreading rails and weak ties. Beginning at the 
bridge in question there is a slight curve. The speed of 
the train, according to reports accredited to the railway 
officials, was about 35 mi. per hr. It is notable that 
there was no accompanying trouble on the 11,000-volt, 
alternating-current, overhead system through which the 
train was furnished power. 

— e — 

FIVE MILES OF TRACK WHRE WASHED OUT on 
the Erie R. R. near Rathbone, Steuben County, N. Y., 
by cloudbursts, July 12. Traffic was delayed for fifteen 
hours. One thousand men worked all night making 
repairs. 

— Eä— 

A COLLISION took place between two passenger trains 
on the Texas & Pacific Ry., July 12, 30 miles south of 
Texarkana, Ark. Eighteen persons were seriously in- 
jured. The accident is ascribed to the overlooking of a 
train order. 


— 9 

ACCIDENT BULLETIN No. 27, issued by the Inter- 
state Commerce Commission, gives the total number of 
collisions and derailments in the three months ending 
March 31, as 2,632 (1,190 collisions and 1,442 derail- 
ments), of which 199 collisions and 220 derailments af- 
fected passenger trains. The damage to cars, engines 
and roadway by these accidents amounted to $1,977,419. 

The total number of casualties to passengers and em- 
ployees reported in the above-mentioned quarter (15,441) 
is smaller than in any quarter since that ending with 
March, 1905; the total number of passengers and em- 
ployees killed by all causes is smaller than in any quar- 
ter since that ending June, 1904; and the total killed in 
train accidents (125) is smaller than in any quarter | 
since the monthly records were established, July, 1901. , 
The number of employees killed in coupling accidents 
(44) is smaller than in any quarter since June, 1902. 
The bulletin states that these gratifying reductions in the 
list of deaths and injuries are all due primarily to the 
reduction in volume of traffic on the railways of the 
country. 

— . —Uñ—ᷓ 

THE REBUILDING OF THE QUEBEC BRIDGE is to ` 
be undertaken entirely on the responsibility of the, 
Dominion Government, if Parliament passes the bill sub-: 
mitted by the majority report of the committee appointed 
to investigate the financial side of the original construc- | 
tion and future rebuilding of the bridge. As most of 
our readers know, the cost of building so immense a 
structure was too great for private enterprise, especially 
as the direct financial return would be very small, so the 
bonds of the company were guaranteed by the Dominion} 
Government to the extent of $6,680,200, in addition to! 
subsidies granted by the province and city of Quebec, 
respectively, and by the Dominion Government. The 
bridge company is now bankrupt and the Government 
therefore now stands Hable for these bonds, with assetg 
back of them consisting of the existing partially finished 
structure at the north side of the river, the approaches, 
the material in the yards and the land which has been 
acquired, valued by the majority report at $3,000,000. In 
regard to the recommendation of this majority report, 
Canadian dispatches say: 

The Government’s policy is to place the whole under 
taking of the reconstruction of the bridge under th 
supervision of the Transcontinental Railway Commis 
sion. with a view to having the bridge constructed 
speedily as possible as a link of the Transcontinentak 
Railway. The commission will entrust the work of drafte 


ing plans and the oversight of construction to a board of 
three of the best enginecrs available in the world. Among 
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sréveral names mentioned for this board one is a Cana- 
dup, ote is an American and one is from Great Britain. 

The Government's intention is to have the whole 
grd rtaking carried out so that there may be no pos- 
sibilily of any mistake, either in the plans or the erec- 
tion of the niw bridge. It is understood that the Govern- 
ment will assume the loss of all the expenditures made 
dy the Quebec Bridge Company under the bond issue 
ausranterd by the Government up to the time of the col- 
lake of the bridge, amounting to between five and six 
cuilions, The Phoenix Bridge Co.’s loss will probably 
wlzouut to between one and two millions. 

It ts Inferred from this that no further action is to be 
taken against the Phoenix Bridge Co., but that its loss, 
noted above, represents the amount not yet paid for 
material delivered or in process of fabrication at the 
time of the accident. 

A minority report of the committee severely censured 
the Government for the lax financing and supervision 
of the entire scheme. 

— a 

THE TAIL-RACE TUNNEL of the Niagara Falls 
Power Co., which was inspected on June 14, as noted 
in our issues of June 11 and 18, has been out of use 
for several days while small repairs were being made. 
This is the longest period of disuse since the beginning 
of operation, 13 years ago. The result of the inspec- 
tiou mentioned showed, it is reported, no sign of ma- 
terial erosion although in two places the tunnel roof 
had been injured. The damaged spots are adjacent to 
two ice shafts which were constructed for diverting 
ice from the intake canal directly into the tunnel ex- 
teasion. The damage is attributed by the power com- 
paoy's engineers to the impact of heavy blocks of ice 
discharged from the canal through the two shafts. The 
floor of the tunnel extension beneath each of these shafts 
Æ paved with heavy iron blocks that have proved en- 
lirely adequate to resist the blows of falling ice. The 
projection upward of the heavy pieces of ice with 
buoyant force sufficient to injure the roof structure 
was not anticipated at the time of the construction of 
the tunnel extension and ice shafts. In the summer of 
ats, however, a substantial buffer of steel beams was 
placed just above the tunnel roof at the bottom of the 
ice skaft at the north end of the canal near power house 
No. 1. Cakes of ice must now strike upon this buffer 
and be completely shattered before entering the tunnel. 
The same construction has not been placed in the other 
ice shaft because, since the winter of 1903-04, it has 
been found unnecessary to discharge large cakes of ice 
through that particular shaft, and such use of the shaft 
is not expected to be necessary in the future. The ap- 
pearance of the tunnel extension confirmed the judg- 
ment of the engineers that the damage was done several 
years ago, and that the cause no longer exists. The 
fact that the tunnel extension has been operated con- 
tinuously for years under its present condition evidently 
indicates that it might be operated safely for an indefi- 
cite period. The company decided to make repairs at 
once because such repairs will necessitate some reduc- 
tion in the load of the power plant and because the 
company’s customers are better able at present to allow 
such a reduction in power than later when an increased 
demand for their products is expected. It is believed 


` 


that the full load of the plant can be resumed within a . 


week or ten days from the time work was started (July 
217. During its progress the needs of all local cus- 
tomers will be taken care of by the Canadian Niagara 
Power Co., which will also supply a considerable share 
of the long distance load. The balance of the long dis- 
tance load will be carried by the plant of the Electrical 
Development Co., Ltd., of Ontario. None of the public 
services, such as lighting and street railway service, 
wil be interfered with in the least. This shut down 
has forced the International Paper Co. to close its plant 
while the repairs are being made, as this mill dis- 
charges water from its turbines into the main tunnel 
through a lateral tunnel. While water is shut off from 
this tunnel, the International Ry. Co. will rebuild the 
concrete guard wall near the abutment of the upper 
steel arch bridge. This wall was reported as partially 
undermined by the discharge from the tunnel. 
— . 
THE TALLEST BUILDING IN THE WORLD” is an 
ever-ready caption nowadays in the composing room of 
the New York newspaper. Two weeks ago the 900-ft. 
Equitable tower was scare-headed; now a 1,000-ft. tower 
oa tbe site of the present Mills Building, Broad St. and 
Exchange Place, New York, has been discovered by some 
enterprising reporter. According to press notices this 
viding is now in process of design in the office of Mr. 
Ernest Flagg, the architect of the 612-ft. Singer tower, 
but authentic details as to its probable construction are 
aet forthcoming. 
— Oe 
THE U. S. BATTLESHIP “SOUTH CAROLINA” was 
launched July 11 at Cramp’s Ship Yard, on the Delaware 
River, The “South Carolina” has a length between per- 
Tendieulars of 450 ft., a breadth of 80 ft., and mean 
draft of 24 ft. 6 ins. She will have a normal displace- 
Tent of 16,000 tons and full load displacement of 17,000 
toas, The vessel is equipped with reciprocating engines 


of 17,000 HP., and is expected to develop a speed of at 
\east 1814 knots. 


TESTS OF VEHICLE AND IMPLEMENT WOODS have 
been conducted at Lafayette, Ind., in cooperation with 
Purdue University, in order to obtain a better knowledge 
of the mechanical properties of the woods at present 
used in the manufacture of vehicles and implements and 
of those which might be substituted for them, as the 
supply of the hitherto preferred woods is becoming 
scarce.* Tests were made of buggy spokes with the ob- 
ject of ascertaining the relative toughness of red and 
white spokes, and to test the correctness of the present 
system of grading hickory buggy spokes. Three definite 
results were obtained: red, white or mixed spokes of 
equal weight have practically the same resilience factor; 
the strength and toughness of clear spokes varies di- 
rectly with the weight, the present system of grading 
buggy spokes does not correspond to their strength and 
toughness. 

Shaft tests were made to determine the relative me- 
chanical properties of hickory shafts graded as XX, 
which is a third grade, and shafts of red oak, to as- 
certain the possibilities of the latter in shaft construc- 
tion. The strength of the oak shafts was found very 
nearly equal to that of hickory shafts, but at maximum 
load the former allowed 7%% less deflection. In one 
quality, the ability to sustain load after failure, the oak 
could not bear comparison. These tests were, how- 
ever, not authoritative in results on account of their 
limited number and the uncertain grading of the wood 
samples used. 

Tests on oak, southern pine and Douglas fir wagon poles 
showed that the fir poles were superlor to the oak poles 
when not strained beyond the elastic limit. Toughness 
and ability to resist shock was less in the fir poles than 
in the oak poles. Trussing of the poles did not appear 
to be of decided value in any case. On the whole, the 
value of laboratory tests in solving problems connected 
with the grading of vehicle wood stock and the substi- 
tution of new species for old, was proven. The most 
useful result of the investigation is the placing of red 
hickory in a much higher class than former commercial 
judgment by color has allowed. 

— 715... 

MUNICIPAL OWNERSHIP OF WATER-WORKS OF 
San Francisco has advanced as far as the passage of a 
resolution, by the Supervisors, declaring the intention of 
the city to acquire works, and a further resolution, in- 
viting owners of any existing works to offer them for 
sale. Each of these steps is in acoordance with statu- 
tory provisions which must be followed before municipal 
ownership can be established. 

— . —U—ñ—jüäüꝛ 

A LINCOLN MEMORIAL HIGHWAY, from Washing- 
ton to Gettysburg, Pa., a distance of 72 miles, has 
been proposed by Congressman D. F. Lofear of York, 
Pa., and is said to have received the approval of the 
Lincoln Memorial Association. The proposition is to 
make a broad boulevard, 150 ft. in width, with two 50- 
ft. roadways and an electric railway line and the cost 
is liberally estimated at $7,000,000 or nearly $100,000 
per mile, 
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A FAN INSTALLATION on the roof of the Hotel 
Astor in New York City consists of two 66-in., single 
inlet Sirecco fans running on the same shaft, and direct 
connected to a 35-HP. motor. The combined capacity 
of the two fans is 100,000 cu. ft. of air per min., 
against a -in. water gage. They draw from a common 
intake chamber of 5 ft. 8% ins. wide, and exhaust 
through a brick flue. The distance between the bear- 
ings of the shaft is 14 ft. 

— . — 

THE PYKE’S CREEK RESERVOIR DAM in Victoria, 
Australia, for which bids were recently received, will 
be something over 100 ft. in height, which will be higher 
than any earth dam yet built in Victoria. It will have 
a puddled core wall, with a low concrete wall included 
in the base of the puddle wall. The work will be car- 
ried out by the Department of Victorian Water Supply, 
of which Mr. Elwood Mead, M. Am. Soc. C. E., is Chief 
Engineer. 

— . — — 

THE COST REPORT ON THE PATHFINDER DAM, 
as published in the ‘‘Reclamation Record’’ for July, gives 
data on the quarrying and cutting of 5,567 sq. ft. of face 
stones consisting of hard coarse-grained granite for use 
in the dam. The unit labor cost was $0.91 per sq. ft. 
and the unit supply cost $0.16 per sq. ft., total $1.07. 
As these face stones are oedded with an average thick- 
ness of 3 ft. their total cost per cu. yd. amounts to 
$9.63. This does not include cost of steel, oil and 
blacksmith coal, nor plant charges. 


TRANSPORTING MECHANICAL FILTER-PLANT 
tanks by floating was the rather novel method adopted 
at Newport, England, recently by Mr. R. H. Haynes, M. 
Inst. C. E., Borough and Water-Works Engineer. This 
method was used on account of the refusal of a land-owner 
to permit passage over his land without payment of 
exorbitant charges for the privilege. The sizes of the 
tanks are not given, but it appears from illustrations in 


*For complete report see Forest Service Circular 142, 
U. S. Dept. of Agriculture. 


the London ‘‘Surveyor”’ for July 3, 1908, that they were 
tanks for pressure filters and were some 8 or 10 ft., 
more or less, in diameter. Before launching, the fit- 
tings were removed, and all the openings closed up by 
either plugs or flanges. The tanks were then rolled 
into the water and towed across. 

— . —— 

A WATER SOFTENING AND PURIFYING PLANT 
for the Ensley (Alabama) plant of the Tennessee Coal, 
Iron & R. R. Co., is one of the improvements in this 
property undertaken since it came into the hands of 
the United States Steel Corporation. Wm. B. Scaife 
& Sons Co., of Pittsburg, have entered into a contract 
to remodel the old water purifying system for a boiler 
capacity of 35,000 HP. or 3,360,000 gals. of water per 
24 hrs. The system will consist essentially of eight 
large treating tanks with mechanical stirrers and eight 
gravity filters. 

—— ö I a 


PERSONALS. 
Mr. F. C. Horn, M. Am. Soc. C. E,, resigned June 30 as 
Construction Engineer of the Idaho Division of the Rec- 
lamation Service. 


Mr. T. H. Brown has been appointed assistant engineer 
of the Philadelphia division of the Baltimore & Ohio 
R. R., succeeding G. T. Warren, who has been made 
a supervisor. 


Mr. Fred. B. Hofft, Chief Engineer for W. H. Schott, 
Chicago, has resigned this position to become Assistant 
General Manager of the Merchants Heat & Light Co., of 
Indianapolis, Ind.; the change took effect on July 15. 


Mr. Frank Maher, for a number of years at the head 
of the motive power department of the Toledo, St. Louis 
& Western R. R., at Delphos, Ohio, has been appointed 
master mechanic for the Chicago & Alton R. R. at 
Kansas City. 


Mr. Albert C. Wood, M. Am. Soc. M. E., has severed 
his connection with the Juniata Hydro-Electric Co. as 
Electrical Engineer. He will continue his practice as a 
consulting engineer at his present address, 819 Penn- 
sylvania Building, Philadelphia, Pa. 


Mr. S. J. Dill, Vice-President and General Manager of 
the Youngstown & Southern Street Ry. Co., has re- 
signed these positions, and on July 20 will leave Youngs- 
town for Elmira, N. Y., where he becomes General 
Manager of the Elmira Water, Light & Railroad Co. 


Mr. Kenneth Allen, M. Am. Soc. C. EL, Division En- 
gineer of the Sewerage Commission of Baltimore, Md., 
has resigned that position to become Chief Engineer of 
the Metropolitan Sewerage Commission of New York 
City. The low-level division, of which Mr. Allen was in 
charge (in Baltimore), will be combined with the storm- 
water division, and Mr. Herbert M. Knight will have 
charge of both divisions. 


Mr. J. J. Turner, Second Vice-President of the Penn- 
sylvania Lines West of Pittsburg, will become First 
Vice-President, succeeding Mr. Joseph Wood, who is to 
retire on a pension within the next six months. Mr. 
G. L. Peck will become Second Vice-President, and will 
be succeeded as General Manager by Mr. R. EL McCarty, 
at present General Superintendent of the Cincinnati & 
Muskingum Valley R. R. 


Mr. William R. Strickland has accepted a position as 
Mechanical Engineer for the Detroit plant of the Ameri- 
can Radiator Co., having recently returned from Porto 
Rico, where he was Construction Superintendent for J. G. 
White & Co., of New York, on the construction of their 
Comeiro hydro-electric plant. Mr. Strickland graduated 
in 1898, in civil engineering, from the Massachusetts In- 
stitute of Technology. At the outbreak of the Spanish 
War he was commissioned Assistant Engineer, with the 
rank of ensign in the United States Navy, and served 
during the war on the U. S. S. “Bennington.” 


A number of changes in the Corps of Engineers are 
prescribed by special order No. 163, dated July 13: 

Captain Edward M. Adams will take charge of the 
«Charleston engineering district at Charleston, S. C., re- 
Heving Col. Dan. C. Kingman. 

Lieut.-Col. Harry F. Hodges, by direction of the Presl- 
dent, is relieved from duty as a member of the Light- 
House Board. 

Major Henry Jervey is designated as Acting Quarter- 
master of Mobile, Ala. 

Major Thomas H. Rees, at present in command of the 
Third Battalion of Engineers, is appointed Chief En- 
gineer Officer of the Department of Lakes, at Chicago, 
Ill., to relieve Col. William H. Bixby. 

Major Herbert Deakyne, in charge of river and harbor 
works at Philadelphia, Pa., will, in addition, take 
charge of the Wilmington, Del., engineering district, 
which is at present under the control of Major Clement 
A. F. Flagler. Major Flagler will take command of the 
Third Battalion of Engineers at Fort Leavenworth, Kan. 

Lieut.-Col. James C. Sanford is relieved from duty at 
Philadelphia, Pa., and will take charge of the Newport 
engineering district, which is temporarily under the con- 
trol of Major Harry Taylor. The order directing Lieut.- 
Col. Solomon W. Rocssler to relieve Major Taylor at 
Newport has been revoked. 
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Obituary. 
Charles Webb Howard, President for 30 years of the 
Spring Valley Water Co., which controls the water sup- 
ply of San Francisco, died July 17 in San Rafael, Cal. 


Henry Sancton, a civil engineer employed for many 
years by the Quintard Iron Works, New York, died July 
18, at the age of 58, from injuries received several weeks 
ago, when his arm was drawn in between a pair of gear 
wheels. 


Willis Doty, a surveyor for the New York Central 
R. R., was struck and killed, July 16, by a south-bound 
train on the viaduct in Park Ave., New York. Mr. Doty 
was the son of C. E. Doty, Supervisor of the electrical 
division of the New York Central. 


William F. Niedringhaus, founder of the great enamel- 
ling plant at Granite City, III., died, July 14 from dropsy, 
at his home in St. Louis, aged 73 years. Mr. Niedring- 
haus was born in Westphalia, Germany, in 1835. In 
1884 he built the first power press for drawing shapes 
out of sheet steel. He was a leading Methodist and 
founded churches in St. Louis and Granite City, and the 
chair of theology in Central Western College at Warren- 
town, Mo. 


Thomas L. Jenkins, civil engineer in the insular ser- 
vice at Manila until January, 1908, died in the Philip- 
pines July 9. Mr. Jenkins attended the Naval Academy 
at Annapolis and was afterward an officer in the Reve- 
nue Marine Service. Later he was connected with the 
United States Coast and Geodetic Survey, from which he 
was transferred in 1903 to the Insular Bureau at Manila, 
where he was assigned in 1904 to the command of the 
nautical school. Upon the dissolution of that school, he 
was made a civil engineer in the insular service, from 
which he resigned in January to enter private business 
in Mindoro Island. 


Dennis S. Dockstader, for many years connected with 
the car department of the Erie R. R., died July 13 in 
Meadville, Pa., aged 78 years. In 1862, he went to work 
for the Atlantic & Great Western R. R., and was the 
builder of the only private car ever owned by that com- 
pany. In 1867 he became Master Car Builder for the 
Atlantic & Great Western, and retained this position until 
the absorption of that line by the Erie System in 1887, 
when he was made General Foreman of the car depart- 
ment at Kentucky, Ohio. Mr. Dockstader retired from 
active duty twelve years ago. 


Daniel N. Stanton, Contractor, who was identified with 
the construction work on several railroads in the East, 
died July 17 at his home in New York City. Mr. Stanton 
was born in Bartlett, N. H., 81 years ago, and entered 
the railroad construction business at the age of 16, when 
the Boston, Concord & Montreal R. R. was being built. 
He was successively engaged in the construction of sec- 
tions of the Grand Trunk, the Boston, Hartford & Erle. 
the Portland & Ogdensburg, the Illinois Southern, the 
Delaware, Lackawanna & Western, and the Erie R. R. 
He was at one time President of the Alabama & Chatta- 
nooga R. R., and he projected and organized the Canada 
Atlantic Ry. Mr. Stanton was President of the Security 
Bank, of Boston. Sinoe 1870 his headquarters have been 
in New York City. 


Charles H. Dale, one of the most prominent men in 
the rubber manufacturing industry, died, July 18, from 
heart disease at his summer home in Larchmont, N. Y., 
after a brief illness. He was 56 years old, and leaves 
a mother, wife and one daughter. Mr. Dale was presi- 
dent and director of the Peerless Rubber Manufacturing 
Co.; the Mechanical Rubber Co.; the Morgan & Wright 
Co., of Detroit; the New York Belting & Packing Co.; 
the Rubber Goods Manufacturing Co.; the American 
Commerce Co., and the American Dunlap Tire Co. He 
was a director in the Century Bank; the Merchants’ 
Exchange National Bank; the G. & J. Tire Co., of In- 
dianapolis; the Hartford Rubber Works, of Hartford, 
and of several other companies. He was a member of 
the Union League, New York Yacht, Larchmont Yacht 
and New York Athletic clubs and the Automobile Club 
of America. 


Aniceto Garcia Monocal, M. Am. Soc. C. E., Civil 
Engineer, U. S. N., Retired, well known as the Chief 
Engineer of the Nicaragua Canal Co., died July 20 at 
his home in New York City. His death was due to 
hardening of the arteries. Mr. Menocal, the son of a 
Cuban planter, was born in Havana, Cuba, Sept. 1, 
1836. His early education was received in the schools 
of Havana. At the age of 21, he came to the United 
States, and graduated, in 1862, in civil engineering from 
the Rensselaer Polytechnic Institute. The following 
year he was made Sub-Chief Engineer of the Havana 
water-works, and he retained this position till 1870, 
when he became Engineer in the Department of Public 
Works of New York City. In 1872, he was appointed a 
Civil Engineer in the U. S. Navy. 

In the service of the Government, Mr. Menocal at- 
tained great distinction. He was Chief Engineer of all 
the U. S. Government surveys for establishing the prac- 
ticability of a ship canal from the Atlantic to the Pacific 
at Nicaragua and Panama, and, in 1887, as Chief Engi- 


neer of the Maritime Canal Co., of Nicaragua, he pre- 
pared final plans and estimates for a ship canal through 
Nicaragua. In 1879, he was sent by President Hayes 
as a delegate to the Paris Canal Congress, and, for his 
work there he was decorated as a Chevalier of the 
Legion of Honor by President Grevy of the French Re- 
public. Mr. Menoca] was a member of the commission 
appointed in 1900 to select a site for the principal naval 
Station ín the Philippine íslands, and was also a member 
of the board which, in 1902, prepared plans and esti- 
mates of cost for the naval station at Olongapo, Subig 
Bay, P. I. In the same year he was directed by the 
Navy Department to select a site for a coaling station 
on the coast of Liberia, Africa. His latest work was the 
preparation of plans for a drainage system for the 
entire northern portion of Cuba. 

Mr. Menocal was a member of several scientific and 
professional societies. He is survived by his wife, for- 
merly Miss Elvira Martin, of Cuba, whom he married in 
1866, and by three sons, one a lawyer in New York, 
another a civil engineer in the U. S. Navy, and the 
third a banker at Canton, China. 
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ENGINEERING SOCIETIES. 


COMING MEETINGS. 


AMERICAN SOCIETY OF HEATING AND VENTILAT- 


ING ENGINEERS. 
July 24-25. Summer meeting at Niagara Falls, N. Y. 
Secy., W. M. Mackay, P. O. Box 1818, New York City. 
NEW ENGLAND WATER-WORKS ASSOCIATION. 
Sept. 23-25. Annual convention at Atlantic City, N. 
$ ae Willard Kent, 715 Tremont Temple, Bos- 
on, Mass. 


ILLUMINATING ENGINEERING SOCIETY. 
Oct. 6-7. Annual convention at Philadelphia, Pa. 
Secy., Van Renselaer Lansingh, Engineering Socie- 
ties Building, 33 W. 39th St., New York City. 


AMERICAN ELECTROCHEMICAL SOCIETY. 
Oct. 30-31. Fall meeting at New York City. 


Secy., 
Dr. J. W. Richards, Bethlehem, Pa. 


INTERNATIONAL CONGRESS OF REFRIGERATING 
INDUSTRIES.—The purpose of this congress, which will 
be held in Paris, France, Oct. 5-10, is to bring together 
the leading experts and representatives of the different 
industries of all countries in which refrigeration is used 
as an agent for facilitating the preservation and trans- 
portation of food products by land or sea. It is be- 
lieved that such a congress will be likely to stimulate 
the best thought in the world on the subject of refriger- 
ation, and through such a conference of practical and 
scientific men it is hoped to improve and perfect the 
production and application of mechanical refrigeration. 
It is deemed that as the United States is recognized as 
the pioneer in this field, this country should not lose 
the prestige it now enjoys, and therefore American in- 
terests should be well represented at the forthcoming 
international congress. 

All papers presented at the congress will be printed in 
pamphlet or book form and each member or delegate 
will be entitled to a copy of all publications. Societies 
or associations which secure membership will be entitled 
to but one delegate. The topics to be considered are 
divided into sections as follows: 

Section 1. Low Temperatures and Their General Ef- 
fects. President: Mr. D’Arsonval, Member of the In- 
stitut, Professor at the College de France. 

Section 2. Refrigerating Appliances. President, Mr. 
H. Leaute, Member of the Institut, Professor at the 
Ecole Polytechnique. 

Section 8. The Application of Refrigeration to Food. 
President, Mr. A. Gautier, Member of the Institut, Pres- 
ident of the Academie de Medecine. 

Section 4. The Application of Refrigeration to Other 
Industries. President, Mr. E. Tisserand, Member of the 
Institut, Honorary Director of Agriculture. 

Section 5. Application of Refrigeration to Commerce 
and Transport. President, Mr. Levasseur, Member of 
the Institut, Director of the College de France. 

Section 6. Legislation. President, Mr. J. Cruppi, 
Deputy, Vice-President of the Chamber of Deputies. 

The officers of the American Committee are: Hon- 
orary President, Hon. David R. Francis, ex-Secretary of 
the Interior, St. Louis, Mo.; President, Homer Mc- 
Daniel, Sheriff St. Market & Storage Co., Cleveland, 
Ohio; Vice-President, John E. Starr, Refrigerating En- 
gineer, 258 Broadway, New York, N. Y.; Treasurer, 
John S. Field, President Knickerbocker Ice Co., Chicago, 
III.; Secretary, J. F. Nickerson, Editor Ice and Refrig- 
eration, 315 Dearborn St., Chicago, III. 


INTERNATIONAL ASSOCIATION FOR TESTING 
MATERIALS.—The association has begun the publication 
of a Proceedings which will be issued ‘‘at regular inter- 
vals in an English, French and German edition” and 
sent without charge to members of the Association. The 
first number of this Proceedings, a 6 x 9-in. pamphlet, 
says in its front-page announcement: 


This periodical will contain not only business com- 
munications, Congress papers and Congress proceedings, 
but also notices of the work published by the National 
Societies and the Laboratories for Testing Materials in 
the various countries; and further notices of any other 
prominent publications in this branch. 


The first number contains the proceedings of the meet- 
ing of the Council of the Association on April 11, 1908. 
The next Congress is to be held in Copenhagen, Den- 


mark, in September, 1909. 


A list of subjects for discussion or for report by 
committees has been drawn up by the Council of the 
Association. The full list with the complete make-up 
of the committees, is printed in the Association's second 
pamphlet of Proceedings. The following is a condensed 
abstract, giving the chairman and the American mem- 
bers of the committees: 

Methods for introducing international specifications for 
inspecting fron and steel.—A. Rieppel, of Nuremberg, 
Germany; H. H. Campbell of Steelton, Pa., J. Christie, 
of Philadelphia, Pa., John McLeod, of Pittsburg, Pa., 
Wm. H. Wahl, of Philadelphia, P. Kreuzpointner, of 
Altoona, Pa., R. Moldenke, of New York City, W. R. 
Webster, of Philadelphia, and Walter Wood, of Philadel- 
phia. 

Methods of inspection and testing for determining the 
uniformity of individual shipments of iron and steel, 
and study of ball pressure tests.—Mr. Ast, of Vienna, 
Austria; Booth, Garrett & Blair, of Philadelphia, Pa., 
T. Gray, of Terre Haute, Ind., G. C. Henning of New 
York City, P. Kreuzpointner, of Altoona, Pa., A. A. Stev- 
enson, of Burnham, Pa., W. R. Webster, of Philadelphia, 
Pa., and A. Sauveur, of Boston, Mass. 

Uniform methods of testing cast-iron and finished 
castings.—R. Moldenke, of New York City; A. E. Outer- 
bridge, Jr., of Philadelphia, Pa., A. Sauveur, of Boston, 
Mass., and T. D. West, of Sharpsville, Pa. 

Principles for specifications for copper.—Leon Guillet, 
of Paris, France; C. E. Skinner, of East Pittsburg, Pa., 
H. E. Diller, of Chicago, Il. 

Weathering of building stones and roofing slate and 
influence of smoke on building stones.—A. Hanisch, of 
Vienna, Austria; J. F. Kemp, of New York City, and 
M. Merriman, of New York. 

Rapid methods of determining the strength of by- 
draulic cements.—F. Berger, of Vienna, Austria, W. W. 
Maclay, of Glens Falls, N. Y., and C. F. McKenna, of 
New York City. 

Methods for testing puzzolanas to determine their 
value for mortars.—G. Herfeldt, of Ondernach, Germany; 
A. Lundteigen, of Union City, Mich. 

Determination of the simplest method for separation 
of the finest particles in Portland cement by liquid and 
air process.—M. Gary, of Gross-Lichterfelde, Germany. 

Accelerated tests of the constancy of volume of 
cements.—Bertram Blount, of London, England; S. B. 
Newberry, of Sandusky, Mich., and R. W. Lesley, of 
Philadelphia, Pa. 

Investigations of reinforced concrete.—F. Schüle, of 
Zürich, Switzerland; A. N. Talbot, of Urbana, III. 

Uniform tests of hydraulic cements by prisms and 
determination of a standard sand.—F. Schüle, of 
Zürich, Switzerland; R. L. Humphrey, of St. Louis. Mo. 

Uniform nomenclature of iron and steel.—_H. M. Howe, 
of New York City; H. H. Campbell, of Steelton, Pa., 
and A, Sauveur, of Boston, Mass. 

Uniform definition and nomenclature of the bitumens.— 
Jenö Kovács, Tataros, Hungary; A. W. Dow, Washing- 
ton, D. C., and Clifford Richardson, New York City. 

Methods of testing caoutchouc.—E. Camerman, of 
Brussels, Belgium; R. G. Pearson, of New York City. 

Principles of the specification of oil for technical pur- 
poses.—M. Albrecht, of Hamburg, Germany; A. H. Gill, 
of Boston, Mass, 

Questions which will not be handled by special com- 
mittees are: Methods for testing welds and weldability; 
The most practical methods of polishing and etching for 
the microscopic study of iron and steel; Tests with 
notched bars; Ball pressure tests; The magnetic and 
electric properties of materials in connection with their 
mechanical testing; Macroscopic examination of iron; 
Microscopic examination of iron; Effect of temperature 
and change in dimension during forging, hammering or 
rolling, upon the quality of metal; Time of setting of 
cements and the best method of determining the begin- 
ning and duration of setting; The behavior-of cements 
in sea-water; The influence of proportion of water and 
sand on the strength of cements; Unification of speci- 
fications for gypsum; Methods of testing the protective 
power of paints used on metallic structures. 

The following subjects are made primary subjects for 
this congress: Metals: Metallography, Hardness testing, 
Impact tests, Alternating stresses, Thermal tests, Tests of 
cast-iron, Influence of increased temperature on quality. 
Hydraulic Cements: Reinforced concrete, Progress in 
methods of testing, Cement in sea-water, Constancy of 
volume, Tests by prisms and standard sand. Weathering 
Resistance of Building Stones. Oils. Caoutchouc. Wood. 
Paints on Metallic Structures. Papers on any of these 
subjects are invited, but it is requested that they be 
kept down to eight octavo pages or less, to reduce the 
expense of printing, which will be in three languages. 
It is requested that short abstracts be sent with the 
papers, to simplify their presentation as a basis for dis- 
cussion. 

The secretary of the Association is Mr. E. Reitler, 
Nordbahnstrasse 50, II 2, Vienna, Austria. 
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U. S IMPROVEMENTS OF THE COLUMBIA RIVER, 
OREGON AND WASHINGTON. 
By W: P. HARDESTY,* C. E. 


The Columbia River is the second river in size, 
measured by volume, in the United States, its 
maximum flow of 1,600,000 sec.-ft. being only 
slightly exceeded by that of the Mississippi. 

The river drains most of Oregon, Washington 
and Idaho, portions of Montana and British 
Columbia, and even parts of Nevada, Utah and 
Wyoming. 

The Columbia is much the largest of the rivers 
emptying into the Pacific Ocean, and it is the 
only one (excepting pos- 
sibly the Colorado) that 
cuts through high ranges 
of mountains on its 
way to the sea. The river 
forms a natural chan- 
nel of commerce between 
the interior country and 
the ocean, and at its 
mouth affords the only 
deep water port in the 
700 miles of coast be- 
tween San Francisco Bay 
and Puget Sound. It 
is naturally navigable for 
all craft of moderate 
draft from the ocean 
to the mouth of Snake 
River, a distance of 
328 miles, except for the 


obstruction formed by 
some large falls and 
rapids. 

The lower Columbia, 


since its first discovery, 
has been navigated by 
ocean-going vessels as a 
means of reaching in- 
terior points. Of these, 
Portland, Ore., is the 
principal port for ocean 
and river traffic, although 
located about ten 
miles from the main 
stream, onthe Willamette 
River, and distant about 110 miles from the 
ocean. i 
The Columbia has excessive widths for most 
of the distance below the Willamette, allowing 
the formation, in places, of numerous sand bars 
and shoals, through which the naturally navi- 
gable channel pursues a tortuous course. The 
depth over these varied from 10 to 15 ft. at low- 
water stages in the unimproved condition of the 
river. 

To deepen and straighten the channel, dredg- 
ing operations have been carried on for over 
thirty years past, and a definite project has been 
formulated by the U. S. Engineer Department 
for securing a low-water channel depth of 25 
ft all the way to the sea. This will be done by 
building cross dikes and training dikes to con- 
tract the channel in wide places, and by dredg- 
East 31st St., N. Portland, Ore. 


ing. There has been comparatively little trouble 
in maintaining a depth of 22 to 25 ft., of late 
years, over the worst of the bars, with only a 
few months dredging each year. For 75% of 
the total distancé the depths range from 30 to 
50 ft. 

This article will describe the jetty out at the 
mouth of the river, which has been under con- 
struction for many years, and also the Celilo- 

alles Canal, around rapids in the river. 
IMPROVEMENT OF THE MOUTH OF THE 

COLUMBIA RIVER. 

The estuary of the Columbia begins about 30 

miles from the ocean. It attains a maximum 


CELILO FALLS ON THE COLUMBIA RIVER, FROM THE OREGON SHORE. 


width of about 12 miles, and then contracts at 
the mouth. The mouth of the river is formed by 
two projecting points (see Fig. 1). On the north 
or Washington side is the headland called Cape 
Disappointment. On the south or Oregon side 
is Point Adams, merely a low sandy ridge. Pro- 
jecting still farther northwesterly from the lat- 
ter is Clatsop Spit, a sandy beach that is partly 
flooded at high tide. 

Navigation for vessels of large draft has been 
hindered by the large bar lying just outside the 
mouth of the river, formed partly of sand 
brought down by the river during the flood sea- 
son, but probably mostly due to the ocean itself. 
In its natural state this bar is constantly shift- 
ing, due to the action of waves during storms. 
To secure and maintain a sufficient depth of 
water over the bar, the U. S. Engineer Corps, in 
1884, inaugurated work on a jetty project. 


Just within the mouth of the Columbia there 
is comparatively little trouble in securing ample 
depth of channel. It is just outside the mouth 
where the most radical remedy is required. The 
object sought is the scouring out of a channel 
through the bar by contracting the waterway 
so that the ebb tide will carry out the material. 
This is being effected by means of a jetty. 

FORT STEVENS JETTY.—tThe jetty improve- 
ment consists of a single jetty having its root 
at the U. S. Army post of Fort Stevens, on the 
easterly side of Point Adams and well within 
the mouth of the Columbia. As projected in 
1884, this was to extend in a direction west by 
northwest for about 4% 
miles, running across 
Clatsop Spit to a point in 
the ocean about three 
miles south of Cape Dis- 
appointment. The jetty 
was to be built of rubble 
stone of large size, 
laid on a bed of brush 
mattresses and raised. to 


the level of low tide. 
In 1893, before comple- 
tion, the project was 


modified so as to provide 
for raising the jetty to 
high tide, and also for 
building four groins, 
from 500 to 1,000 ft. in 
length, on the north 
side of the jetty. 

The projected jetty 
was estimated to cost 
$3,710,000, and it was 
completed in 1895 at 
about half that sum, or 
$1,968,753. In that year 
a depth of 31 ft. was 
attained (measured from 
the mean of the lower 
low tides) over the 
bar, an increase of 11 
ft. over that existing in 
1884. 

The improvement made 
by the jetty did not 
prove to be permanent, however, as a gradual 
shoaling set in, and by 1899 the best depths 
had decreased to 28 ft. The channel had also 
shifted into an unstable position, two miles 
north of the 1895 channel. By 1902 the depth 
had decreased to 21 ft. To secure a permanent 
and deep channel, it was recommended by the 
engineers in charge that the jetty be extended a 
further distance of three miles. In 1902 a board 
of engineers reported a definite project for 
strengthening the old jetty and extending it a 
farther distance of 2% miles, and for ultimately 
building a jetty on the north side—from Cape 
Disappointment—if contraction on that- side 
should be found necessary. The use of a dredge 
to aid the concentrated current in deepening 
and maintaining the channel was also pro- 
posed. Work under this project was begun in 
1903 and is now well toward completion. 
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The jetty proper (Fig. 2) consists simply of 
stone of selected sizes, dumped to form a dike, 
or enrockment, to turn the current, with mat- 
tress foundation under the orìginal part. A very 
important part of the construction, however, is 
the pile-trestle tramway (Fig. 3) over which the 
stones are hauled to the places where needed. 


In the trestle work (Fig. 2) each bent consists 
of two pairs of piles; one pair for each of the 
tramway tracks, which are spaced 13 ft. The two 
piles for each track are spaced about 5 ft. apart 
and they are braced together near the top with 
two 6 x 6-in. diagonals. A 12 x 14-in. cap is 
used, extending over the four piles, and a 12 x 
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FIG. 1. MAP OF THE ENTRANCE TO THE COLUMBIA RIVER, FROM A SURVEY OF JUNE, 1907; 
SHOWING LOCATION OF JETTY. 


The locality is so much exposed to the storms 
from the ocean that it is entirely impracticable 
to deliver the rock from scows or barges. For 
the same reason the building of the trestle tram- 
way is exceedingly difficult work, and the main- 
tenance of the structure against the shock of 
the huge waves during storms has proven to be 
a very expensive part of the project. This ap- 
plies, of course, to the more exposed part of the 
jetty, that beyond Clatsop Spit, where it is en- 
tirely in the main ocean. 

It has been found that the first severe storms 
after finishing the enrockment generally flatten 
it out by knocking down the narrower section 
at the top, the rock so displaced tumbling down 
the slopes of the jetty, so that it is often razed 
to a point 7 ft. below low tide. That part of the 
old jetty that is imbedded in or lies behind 
Clatsop Spit is protected from the seas and is 
but little damaged by them, and it is a'so free 
from the teredo on account of the presence of 
fresh water. 

A preliminary to the extension of the jetty has 
been the rebuilding of the old trestle where de- 
stroyed, and the repair of the portion more pro- 
tected from the ocean, inside of the sand spit. 
Though the plans for the first jetty called for 
a mattress foundation, it was found to be im- 
practicable to place mattress in deep water in the 
open sea, so it has not been used at all in the 
new jetty. In the new work the rock is dumped 
and allowed to assume its natural slope, usually 
about 1% to 1, and it is brought up to a point 
about midway between low tide and high tide. 
At this locality the distance between the mean 
of the lower low tides (taken as the plane of 
reference) and the average high tides is 7% ft., 
and the extreme variation is about 11 ft. On 
this coast there are two ebb and two flood tides 
each 24 hours, 


16-in. stringer is used under each of the four 
rails. The tracks are of 3 ft. gage, laid with 
40-1b. rails. The bents are spaced 18 ft. 

ORGANIZATION AND METHODS OF WORK. 
—The work on the jetty has always been carried 
on by the government direct, by day labor. The 
plant and equipment have grown until now they 
form one of the best outfits for jetty work to be 
found in the country. They consist of the docks, 
derricks, yards, shops, quarters, etc., at Fort 
Stevens, and their equipment, the double-track 
tramway and all of its rolling stock, the pile- 
drivers, material yards, etc. 

At the docks are received the stone and other 
material for constructing the jetty. There are 
eight derricks, and four more are to be installed, 
for which the extension of the docks has already 
beer made. The derricks (Fig. 4) are prin- 
cipally used in transferring material from barges 
or from the water to the cars of the tramway. 

In hauling stone, dump cars are used (Figs. 5 
and 6) with movable beds or boxes. The der- 
rick chain is attached to a box and it is swung 
down to the barge where it is loaded, the larger 
stones being handled by the derrick and the 
smaller ones loaded by hand. In hoisting a box 
a chain with four branches, one to a hook at 
each corner of the box, is used; the box is swung 
into position over its car, when by a little ad- 
justment by hand it is placed and made secure. 

Stones from 20 lbs. up to 15 tons weight are 
loaded, the largest one ever handled weighing 18 
tons (see Fig. 4). The specifications call for 
three classes of stone: Class A, 6 tons to 15 tons; 
Class B, 1,000 lbs. to 6 tons; and Class C, 20 to 
1.000 Ibs. The approximate percentages of each 
of these required are 20, 55, and 25, respectively. 
Two-thirds of Class B must range from 2 to 6 
tons, and the remainder 1 to 2 tons. A car load 
of Class C stones averages about 8,500 Ibs. In 


Class A, one stone makes a load. The specifi- 
cations were drawn in such a way as to admit 
the product of the best quarries available for 
the work. If the rock formation were of a char- 
acter to admit of larger and more uniform sizes, 
the specifications would have differed as to 
sizes. The sand rock gives the largest pieces. 

Each train load of stone is run onto a track 
scale, where the cars are weighed, two by two, 
and the classification is also made at the same 
time. This stone has been delivered under sev- 
eral contracts; the average price of recent years 
has been $1 to $1.10 per short ton, delivered on 
barges at the docks. It is sand rock and 
basaltic rock, and most of it has come from quar- 
ries about 100 miles up the Columbia. 

The dump car used (Figs. 5 and 6) is styled 
“geared dump car.” Each car is mounted on two 
two-wheel trucks. The body of the car is mostly 
of wood, with some steel used at the ends, es- 
pecially at the dump-gear end, where a frame is 
built up of angles and plates to support the gear- 
ing. A swing frame is used to support the box, 
and this is tilted to the desired angle by a seg- 
mental rack bar operated through worm gear- 
ing. The angle of dump is 33°. The box is of 
lumber, strongly made. The entire car weighs 
10,000 lbs. The car wheels and other castings 
were cast in Portland, but all the rest of the 
work was done by the government at its shops. 
The car was designed by the government engi- 
neers. There are 180 of these cars at present 
in use, and 70 more are under construction. 

All construction material is hauled out over 
the tramway to the front. For all new work 
the center line of the enrockment is that of the 
trestle. Framing of the trestle follows as each 
bent of piles is driven, and the dumping of 
stone to form the enrockment is now kept close 
behind, the completion of the enrockment fol- 
lowing at about 1,000 ft. back. 

Where the old trestle was carried away, as 
occurred for all that part in the open sea, the 
rebuilding has been a job quite out of the or- 
dinary. 

There are two possible methods of rebuilding 
the old trestle. One is to build the new one, 
either along the channel (right) side of the old 
enrockment, or on the seaward (left) side. There 
are several objections to this plan. If placed on 
the channel side the trestle would stand in a 
strong tidal current, which would cause scour 
around the feet of the piles, while if placed on 
the seaward side it would be exposed to the force 
of the heavy breakers coming in from the south- 
west. In either case the trestle would be a 
high one, measured from the sand bottom, and 
as it would be unsupported by any enrockment it 
would sway excessively in a running sea. 
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Fig. 2. Section of Columbia River Jetty, Showing | 


Tramway Track. also. 


The second possible method was to restore the 
trestle directly on the line of the old enrock- 
ment, and this method was adopted. 

All of the old enrockment is being greatly en— 
larged by widening and raising so that the new 
trestle follows it, in places along its center and in 
other places along its shoreward slope. This 
requires the seemingly impossible feat of driving 
piles into the enrockment itself. This is done 
by shifting the point of the pile around and find- 
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ing by trial the crevice, between the largest 
rocks, into which it can be driven farthest, 
which may be 3 or 4 ft. from its proper posi- 
tion. This has made the alinement of piles very 
irregular. To hold the piles in position after 
first driven, until sufficient rock can be piled 
around them, temporary 3 x 12-in. bracing is 
spiked on, generally extending across three piles 
of a bent. After sufficient rock has been placed 


FIG. 3. VIEW OF COLUMBIA RIVER JETTY AND TRAMWAY, LOOKING 
SHOREWARD. 


the temporary braces are taken off and the per- 
manent ones (6 x 6-in.) are put on. The en- 
rockment is raised to about 4 ft. above mid tide 
in order to give support to such of the piles as 
may not have much penetration into the rocks. 
The two pile-drivers used here are worthy of 
special note. They are known as “seagoing” 
pile- drivers, and were designed by the govern- 
ment engineers and built at the plant.“ The newer 
pile-drvier (Fig. 7) (built only two or three years 
ago) is an improvement on the old one. One fea- 
ture is in having the feed pipe for the jet pass 
down through the hollow king pin on which the 
revolving platform turns. As the driver is really 
a jet driver, the 5,700-lb. hammer is intended 
not so much for driving as for a weight to help 
force the pile down after the jet. In redriving 
in the old enrockment the hammer alone is used. 
The new pile-driver cost about $12,000, and its 
weight is about 60 tons. It has a reach each 
side of 33 ft., and the height of leads above cut- 
off of piles is about 80 ft. The leads will not take 
in a pile over 26 ins. through, but 30-in. piles 
have been driven, where the jet, only, was used, 
by letting the hammer rest on the edge of the 
pile. On this work piles as long as 130 ft. have 
been driven; some piles have been driven as 
much as 50 ft. into the bottom, while others have 
been driven in water 50 ft. deep at low tide. 
When at work the pile-driver has a tender at- 
tached to it, which runs on the double track (13- 
ft. centers), ad does the driver. On the tender 
are placed the piles and other material for the 
trestle. The piles are carried crossways on the 
tender, which is much handier for the pile- 
driver than where carried lengthways, as in 
case of a single-track driver. An ingenious 
utilization of this feature of the double-track 
tender is made in soundings taken from the 
trestle. Two piles are placed close together, on 
which the engineers can walk out the full length 
and take cross-sections of the existing enrock- 
ment and the bottom adjacent. The sea is sel- 
dom smooth enough to permit use of a boat. 
The construction of the old jetty soon resulted 
in the formation of a large sand bar along all 
but that part beyond Clatsop Spit, greatly 
strengthening it. It also created an immense 
bar where Clatsop Spit is crossed, which was 
formerly covered with water at all stages. This 
bar, called “The Sands,” is used for material 
See Eng. News of April 18, 1891, for description of the 
first Mle driver, written by U. S. Asst. Engineer, G. B. 


Hegardt. This description is included in an article on 
“The Columbia River Jetty.” 


yards and switch yards for the work. All of the 
ground near the root of the old jetty, including 
that covered by the yards and shops and much 
adjacent land, has been formed by the jetty, 
and this reclamation is in addition to its work 
of restricting the river width. The first 3,000 ft. 
of jetty is now on made land. 

At The Sands, three miles out, are stored large 
quantities of the treated piles and the sawed 

timber for the trestle 
building, which isa great 
advantage during active 
construction in that 
it prevents delay that 
would be occasioned 
if the material had to 
be brought all the way 
from the main plant. 
The pile-driver is also 
kept here, ready to be 
quickly run to the front 
on the days that pile 
driving is required. 

For safety during fogs, 
in operating trains on 
the tramway, a species 
of block signals is in 
use. The line is divided 
into six blocks. In ad- 
dition to semaphores 
the telephone is used as 
an aid. The telephone 
line runs out on the 
trestle to near the front, 
where a movable station 
is kept at the last 
cross-over between, the 
where a switchman attends to 


double tracks, 
both duties. 

DIFFICULTIES OF CONSTRUCTION AND 
MAINTENANCE.—A very grave problem in con- 
nection with maintenance of the trestle has been 
to prevent action by the teredo, whose ravages 
are such that often piling only a year or two 
in place is so honeycombed with boring that it 
has very little strength (see Fig. 8). Creosot- 
ing has been suggested, but it is considered 
hardly practicable here, particularly as it greatly 
reduces the strength of the wood. A preventa- 
tive has been in use the last two or three years, 
consisting of wrapping each pile over the por- 
tion likely to be in the water (approximately the 
middle third) with three thicknesses of burlap, 
saturated with the best Welsh coal tar, coats 
of tar also being used between the layers. The 
burlap is fastened on with staples. 

As at first used, this method was open to the 
serious objection that the dumping of stone from 
the trestle knocked off this protection in places, 
leaving openings for the entry of the teredo. To 
prevent this, a number of longitudinal pieces of 
2 x 4-in timber are nailed on, placed at intervals 
around the circumference. This expedient has 
been adopted within the past year. The wrap- 
ping is put on at the yards at Fort Stevens. The 
method of protection is considered experimental 
as yet, but with very good prospects of success. 
Mere coating of the piles without use of the 
burlap would not do here, as it would be worn 
off by the continuous action of the waves. 

After completion of the jetty, in 1895, the por- 
tion of the trestle exposed to the sea was soon 
destroyed. When work was begun on the new 
project, in 1903, the first requirement was the 
rebuilding or repairing of nearly all of the 
trestle and its tramway, after which the old en- 
rockment had to be greatly raised and strength- 
ened. 

The old jetty began at the U. S. Engineer De- 
partment wharves or docks and ran through 
comparatively shallow water until well beyond 
Clatsop Spit, the depth at low tide running from 
O to 22 ft., and averaging 10 to 15 ft. In the 
last 1,000 ft. the bottom pitched off to a depth 
of about 37 ft. The end was 4.7 miles from the 
root. The mattress foundation was discon- 
tinued at a depth of about 22 ft. The four 
groins, each 600 to 1,000 ft. long, proved very 
effective in preventing scour and in causing ac- 
cumulation of sand along the jetty. 

The grade of the tramway above low tide in- 


creased from about 19 ft. at a half mile out to 
26 ft. at 1% miles out, and thence to 32 ft. at 
the outer end, which height is maintained by the 
new trestle extension. 

The new jetty is a 2%-mile extension of the 
old one, and the total length will be 7.2 miles. 
The extension runs almost due west from the 
end of the old one, and it will end at the main 
bar, at a point about 2% miles west and three 
miles south of the point of Cape Disappointment, 
and over three miles beyond the sands of 
Clatsop Spit. 

The deepest water on the line occurs near the 
junction with the old jetty, caused by the scour 
of the current around the end of the latter dur- 
ing the years before the new one was started, 
and it reaches a maximum of 50 ft. Beyond 
there it ranges from 30 to 42 ft. to the present 
terminus, 1144 miles from the proposed end. 

A profile of the entire jetty, taken in Septem- 
ber, 1906, shows an enrockment varying in 
height above low tide from about 15 ft. near the 
inshore end to about 5 ft. near the end of the 
old jetty, beyond which the new work is being 
gradually raised above low tide. For the first 
‘4-mile of the new jetty a marked scour on the 
north or channel side has occurred, varying 
from about 15 ft. near the start, to nothing at 
the end of this portion, beyond which a light 
fill has occurred. On the south side of the jetty 
there has been a filling in, mostly from 5 to 15 
ft., but amounting to 30 ft. at the end of the old 
jetty. It has been proposed, if the scour should 
become too bad, to build several groins on the 
channel side, as was done for the old jetty. The 
conditions of scouring and filling have greatly 
varied at different periods, as less than a year 
before the date above noted both sides of the 
jetty showed much scouring, and it was even 
suggested that groins would be needed on both 
sides. 

The annual survey of the bar, made in June, 
1907, showed a shoaling on both sides of the 
trestle, which will be a necessary condition for 
permanency of the enrockment. It also showed 
that the scour set up by the incomplete jetty had 
steadily continued, and that there were four dis- 
tinct depressions, each about 25 ft. deep at the 


Fig. 4. Derrick Lifting an 18-Ton Stone from Boat 
Onto Dump Car, Columbia River Jetty. 


shoalest point at lower low tide. It is probable 
that these channels, covering an area about - 
mile wide, will soon be merged into one broad 
one, which will then be used by navigation. The 
depth desired on completion of the project is not 
less than 30 ft. 

As a partial substitute for mattresses, for all 
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entirely new enrockment there will be used the 
method of placing only small rock (all Class C) 
on the bottom, as this turns the current more 


completely than the larger rock with its many | 


great crevices. This stone will be a separate 
lot from that used in the main part of the en- 
rockment, where the proportions before noted 
will be used. Up to June 30, 1907, a total of 
1,146,224 tons of stone had been used on the new 
project. 

At the beginning of the fiscal year 1908-4 the 
renewal work was completed to the end, about 
25,000 ft. from the root. This was on the sea- 
ward side of Clatsop Spit, just where the deeper 
water begins. A few hundred feet of new tres- 
tle was then built, but during the following win- 
ter nearly 1,000 ft. of the old trestle back of it 
was destroyed. After restoring this, the exten- 
sion of the trestle was resumed, and during the 
summer season of 1904 it was carried to a dis- 
tance of 7,576 ft. beyond the end of the 1895 
jetty. This trestle was strengthened near the 


— 


tions, authorization be given to put the work on 
a continuing-contract basis, so that it would not 
have to be shut down to wait for further appro- 
priations. This would result in large parts of 
the work having to be done over again, as the 
trestle is quickly destroyed. 

During the fiscal year ending June 30, 1907, 
about four miles of old trestle was rebuilt or 
repaired. Of this, about 2,100 ft. was in the 
open sea beyond Clatsop Spit, while 19,000 ft. 
was across the spit and inside of it, where the 
enrockment was completed. The renewal of the 
latter section was made because the trestle had 
dry rotted so that it was no longer safe for 
heavy train loads of stone. Where entirely new 
this portion was built to one side of the old en- 
rockment. The work gave practically a new 
double track from the shore to the present ter- 
minus. $ 

Over one mile of trestle was carried out during 
the winter and spring of 1907, when the storms 


were of almost unprecedented fury, so that 
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in April, 1907, one storm took out about a half 
mile of trestle at the outer end, leaving a short 
stretch behind it and then destroying another 
large section closer in. The pile construction 
has been of the strongest, but the ravages of 
the teredo have so quickly weakened the piles 
that they soon gave away. Work is usually sus- 
pended between January and the spring, when 
the storms are the worst. It is also suspended 
during very windy days, as it is then both diffi- 
cult and dangerous to work on the trestle. With 
a wind velocity of 60 miles an hour is coupled 
the condition that portions of the trestle are 
completely enveloped in spray from the waves. 
It is probable that there is no other engineering 
work in the United States under way at the 
present time at all equal to this one in its diffi- 
culties, uncertainties and dangers. Building 
a jetty or breakwater out into the open sea, 
which is here exposed to all the coast storms, is 
quite a different matter from building one in a 
sheltered harbor. 
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FIG. 5. SELF-RIGHTING GEARED DUMP CAR, COLUMBIA RIVER JETTY CONSTRUCTION. 


outer end by batter piles on one side and by 
guys secured to anchor piles on the other. Dur- 
ing the storms of the following autumn and 
winter a large portion of the trestle rebuilt in 
1903, considerably over 1,000 ft. of the old tres- 
tle and some of the 1904 trestle, were carried 
out, so breaking it up that the building of entire 


new trestle and tramway, beginning at the sands | 


of Clatsop Spit, as before, was necessary during 
the season of 1905. During that season the 
trestle was built out for a distance of two miles, 
reaching to a point six miles from the root. This 
was the season’s work for one pile-driver, it be- 
ing found that the maximum rate of pile work 
per working day was 100 lin. ft. For about two- 
thirds of this length the piles were treated with 
the tar and burlap covering (without use of the 
2 x 4-in. protective strips), but to avoid delay 
the last 3,400 ft. was built with untreated piles. 

Since 1905 no further extension of the jetty 
has been made, but efforts have been concen- 
trated on finishing the enrockment along the 
trestle already built. As the trestle is so short- 
lived, it is considered unwise to extend it any 
faster than the complete enrockment can be 
built along it, as the latter also helps to protect 
it. For the same reason it has been strongly 
recommended that, in the matter of appropria- 


when the season’s work was resumed the end 
of the trestle was over a mile in from the end 
of the enrockment. On none of this portion had 
the enrockment been raised above low tide. 
Though on all of this portion the piling had been 
greatly weakened by the boring of the teredo, 
it is believed that if the enrockment had been 
of sufficient height the trestle would have stood. 
Experience at neighboring, though more pro- 
tected, points on tha coast indicates that when 
the enrockment is brought up nearly to full tide 
that the support afforded will keep up the tres- 
tle, notwithstanding the teredo, which works but 
very little above low tide. 

As a result of all these experiences, a more 
radical enlargement of the enrockment cross- 
section was adopted at the beginning of the 1907 
season, and all of the enrockment in the open 
sea is now brought to the full width of the 
trestle at mid tide instead of to only 8 ft. as in 
the original plan. 

The greatest obstacle to the completion of the 
work has been the difficulty of maintaining the 
trestle against the tremendous onslaught of the 
heavy seas that occur, more especially during 
the winter and spring months. Time and again 
whole sections of trestle containing from three 
to a dozen bents have been carried away, and 


As before stated, all of the jetty work has been 
done with the government's own force and plant. 
The ten locomotives and the dump cars are kept 
in repair at the shops. At the latter is done all 
the repairing for this project, and in addition a 
large amount of work for the fortifications at 
Fort Stevens. Considerable work is done for other 
U. S. Engineer works in the same district, 
and dump cars are now being built for the Grays 
Harbor, Wash., improvements. A small amount 
of work is also done for the Light House De- 
partment, the latter being a division of the De- 
partment of Commerce and Labor. 

At the end of the season of 1907 there was 
still 114 miles of the projected extension on which 
no work had been done, as all work was concen- 
trated on strengthening the old jetty. The tot 21 
expenditure to June 30, 1907, was $2,894,740. 
It was estimated that two, and possibly three, 
years would be required for finishing the pro 
ject. There had been appropriated (for the 1903 
project) the sum of $3,350,244, and $1,700,000 in 
addition had been authorized for continul mR 
contract. The latter was the estimated amount 
necessary for finishing the work. As the boar ds 
estimate for the south jetty part of the full pro- 
ject was only $2,260,000, the grand total of 
$5,050,244 is $2,790,244 in excess of the estimate 
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of the board of engineers. That the estimate of 
the latter should be greatly exceeded is not re- 
markable, in view of the constantly increasing 
difficulties of the work, and also the abnormally 
high price of labor and materials during the past 
two or three years. Few engineering works have 


Mile Rapids, two miles above 
for 1,500 ft. the stream is naturally confined in 
a narrow and crooked channel, 
by submerged 


The Dalles, where 


much obstructed 


rocky reefs. Two miles further 


up begins Five Mile Rapids (The Dalles proper), 
where for 1% 


miles the river is confined in a 


FIG. 6. LOWERING STONE ONTO DUMP CAR, COLUMBIA RIVER JETTY. 


7% 

80 difficult to estimate, on account of the 
and the destructive forces found to 
| with, and it is possible that still others 
to appear. It is considered, improbable 
engineer officials that the $5,050,244 total 
the jetty. 

NNEL.—All of the jetty work has, of 
been in charge of the Engineer Corps of 
|S Army. Several different officers have 
times been in charge of the dis- 


y 


sake er direct 8 ot the work at the mouth 
of the river from 1890 to 1904. Mr. Gerald Bag- 
nall, Assistant Engineer, has been in immediate 
charge of this work since 1904, and he is as- 
sisted by Mr. G. F. Whittemore, Junior Engi- 
ner. Lieut. Col. S. W. Roessler, Corps of En- 
gineers, has been district officer since Aug. 15, 
166. To the gentlemen named the writer is 
indebted for information from which this de- 
scription has been prepared. 

CANAL AND LOCKS BETWEEN THE DAL- 

LES AND CELILO FALLS. 

The work just described is needed to fit the 
Columbia for passage of ocean-going vessels up 
the river to Portland. Above the mouth of the 
Willamette only river boats need a channel. 
Except for some bars shortly above the Wila- 
mette, no dredging is needed, as the character of 
the obstructions is entirely different, being com- 
posed of rocky reefs in the bed and including 
several series of rapids and falls. Of these, the 
taseade rapids, about 50 miles above Willamette, 
lave already been improved with locks—opened 
in 1896. 

About 45 miles above the Cascade Locks on 
the Columbia begins another series of rapids in 
the river. This extends from a point about two 
miles above the city of The Dalles to the town 
of Celilo, at the head of Celilo Falls, both in 
Oregon. 

The Dalles is the present head of navigation 

on the lower Columbia. It is located immedi- 
ately above the head of the Columbia River 
Gorge, at a distance of 196 miles from the sea. 
In the river above here there is first the Three 


chasm of 150 to 300 ft. width, formed by pre- 
cipitous rock walls, and in which it rushes with 
great velocity. Nearly four miles above these 
begins Ten Mile Rapids, a similar gorge but 
only %-mile in length. Lastly, there are Celilo 
Falls, where the river pours over a break in its 
rocky bed with a vertical drop that amounts to 
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FIG. 7. 


20 ft. at low water, the total fall in the main 
channel in a distance of about 1,200 ft. being 
nearly 40 ft. The total distance from the city 
of The Dalles to the upper side of Celilo Falls is 


12 miles. The total fall in the river surface is 
about 82 ft. during low water and about 60 ft. 
during ordinary high stages. 

The features described make it impossible for 
boats to ascend the Columbia any further than 
this locality. With these obstacles removed, 
navigation would be open from the ocean to the 
mouth of the Snake River, and thence for 145 
miles up the latter to Asotin, 473 miles from the 
sea and just above Lewiston, Ida. 

Boats can also go up the Columbia to Priest 
Rapids, 73 miles above the Snake River. 

As early as 1882 the improvement of this por- 
tion of the river was recommended in a project 
submitted by the U. S. Engineer Corps. There 
have been a number of different projects pro- 
posed at different times, and the first adopted, 
by act of Congress of August, 1894, was for a 
boat railway capable of transporting boats of 
600 tons. By this act $100,000 was appropri- 
ated for beginning work. Other appropriations 
and modifications of the original project have 
followed the first move, and on May 8, 1905, a 
definite project for beginning construction was 
approved by the Chief of Engineers. 

The final project is ag follows: The building 
of a continuous canal (Figs. 9 and 10) located 
on the Oregon side of the river, and reaching 
from Big Eddy, at the foot of Five Mile Rapids, 
to the head of Celilo Falls, a length of 8.4 miles. 
This canal is to contain five locks. There is also 
included river improvement of Three Mile 
Rapids, now completed; as a matter of fact the 
whole of the canal work itself comes under ap- 
propriations for “Improvement of Three Mile 
Rapids.” 

The valley 
broken lava 


traversed by the river has the 
rock formation characteristic of 
this section. The solid rock bed and banks are 
broken by wide fissures at many places, and 
in the bed are many projecting points and some 
small islands. At each side of the main chan- 
nel, more particularly the south side, is a low 
bench of solid rock which is overflowed at high 
water. 

The canal has been located on the south side 
of the river channel, varying in distance from 
less than 100 ft. to nearly % mile. The plans 
call for a bottom width of 65 ft. and a depth of 


PILE-DRIVER USED ON TRESTLE, COLUMBIA RIVER JETTY. 


the canal, and for locks of 300 ft. be- 
tween hollow quoins and having a clear width 
of 45 ft. In design of the canal and locks 
there had to be considered the extreme vari- 
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ation between high and low stages of the river, 
which ranges from 32 ft. above the falls to 90 
ft. below them and is 59.6 ft. at The Dalles. 
The ratio between the rise or fall below the 
falls and above them is usually about 2% or 3 
to 1, it being + to 1 immediately below the 
' Celilo Falls at low water. 

During extremely high water the surface drop 
over the falls becomes practically eliminated, 
and there is then an average fall of about 5 ft. 
per mile extending from the upper side of the 
falls to below the Three Mile Rapids, the greater 
part of the drop occurring in the Five Mile 
Rapids. From the latter the fall during low 
water to the ocean is about 45 ft. During these 
highest stages steamboats have been known to 
run over the falls to the lower river in safety. 
The record high water occurred in June 1894, 
when the stage in the lower river was about 25 
ft. higher than the ordinary annual high water. 

The main line of the Oregon Railroad & Navi- 
gation Co. runs close to the foot of the hills on 
the south side, and immediately below it is the 
State Portage Railway, a road owned and oper- 
ated by the State of Oregon. The location of the 
canal is affected by the former line, as it has 
to keep between it and the river. In general, 
the location is as far back from the main 
river channel as is economically allowable, both 
to shorten the line and to avoid the many 
breaks in the lava formation that are traversed 
by subsidary channels during high water. All 


the government works are on a right-of-way pur- 


chased and presented by the State of Oregon, 
which was a preliminary demanded by the 
United States. 

The conditions to be met in design of the canal 
and locks are quite exacting. The ordinary 
change between high and low water of each year 
varies from about 16 ft. above the Celilo Falls 
(see view on front page of this issue) to 45 ft. 
immediately below them, and to 70 ft. at the 
head of the Five Mile Rapids. For nearly one- 
half of its length the canal floor is to rest on a 
natural gravel formation, quite pervious to 
water. In order to prevent the upward pres- 
sure against the floor when the river level would 
be higher than that in the canal immediately 
adjoining, it is necessary, by means of connect- 
ing inlets, to allow the water in the canal to 
stand even with that in the river. To prevent 
“drowning out” and consequent disuse of the 
canal before reaching a certain high stage, the 
walls have to be much higher than would be 
the case with slighter river variations. 

The total amount of lockage during the low- 
est stage of water is about 81 ft. During the 
highest stage at which the locks will be oper- 


0’ 5.000’ 10,000" 


Water Gage Ps 
Three Mile 3 


i No.5 . 

* y { Rapids — d f 
S The gl GIA RIV REN, Bh 
> m = - yx * oS 
8. K Ë . à — Y 5 

NEWS Pr — 


ated it is about 30 ft. less. The total amount 
of surface fall during the flood of 1894 was only 
45 ft. 

In planning, the canal and locks, the floor level 
at the head was fixed at 81 ft. elevation (the 
datum plane being 36.7 ft. above mean sea 
level), and it was made practically continuous 
for a distance of 6.8 miles, with a fall of only 1 ft. 
For lockage on this stretch there were two 
alternate plans proposed. In each there wag 
one lock near the head. In the first plan there 
would be no other lock; in the second one there 
would be an intermediate one at 3% miles from 
the head. The first plan has the advantage of 


eliminating the extra lock. The second one 
obviates maintaining the walls below the lock 
to the same height as those above, the differ- 
ence being about 5 ft. The second plan has 
been adopted. 

The plan calls for a guard gate near the head, 
below which is a boat basin, followed by the 
first lock, intermediate lock, a third lock 


the 


Fig. 8. Effect of Teredo on Pile in Columbia River 
Jetty Work; After About One Year’s Exposure. 


opposite Five Mile Rapids, and two locks in 
tandem for delivering boats to the river at Big 
Eddy. 

At the diversion from the river the canal has 
converging sides, leading to a straight section 
45 ft. wide on the bottom, the walls of which 
batter 1 in 24. This is in a solid rock cut, near 
the lower end of which is placed the guard gate. 
About 80 ft. below the guard gate the section 
expands into the boat basin by a divergence of 
the land wall (left side of canal), reaching ifs 
full width of 150 ft. in a distance of about 230 
ft. This width continues for about 260 ft., when 
the land wall again draws in; the width reduces 
to 96 ft. in about 150 ft., then to 76 ft., and 
finally to 45 ft., just before reaching the upper 
gate of first lock, a distance of about 1,600 ft. 
from the guard gate. 

BOAT BASIN.—The boat basin is intended for 
a lying-in place for boats, to avoid exposure to 
rough water in the open river and also the ob- 
jection there might be by some to anchorage im- 
mediately above the falis. Snubbing posts are 
being built In the walls for tying up to. 

To obtain the width necessary for the basin, 
the river wall (right side) is located across much 


l N 


Water C ragi , 


wt Pi. 5. 


for the year ending June 30, 


lower ground than otherwise necessary, requiring 
filling in of most of the right side of the bottom 
to bring it up to grade. Loose rock is used for 
this filling, with a mixture of sand and gravel to 
fill up the voids. On the land side of the loca- 
tion was a nearly vertical rock bluff, so that it 
was impracticable to have much of the basin in 
excavation. 

In inviting bids on the work there were two 
alternate types of wall proposed. One called for 
reinforced concrete for about 1,150 ft. of the river 
wall and 450 ft. of the land wall, a light section 
with buttresses every 10 ft. being used. The 
other was for a gravity section of plain concrete. 


GENERAL MAP OF DALLES-CELILO CANAL 
AND PORTION OF COLUMBIA RIVER. 


(From a map drawn to accompany annual report 


The latter plan was adopted, as the bid was the 
lower. 

Fig. 11 shows the details of the design of the 
boat basin. Fig. 12 is a view showing the forms 
for the blocks of the top section of the river wall. 
Fig. 13 is a general view of the basin as it ap- 
peared during construction, the foundation for 
the river wall having been merely completed at 
the time the view was taken. 

In the maximum section of river wall, the 
height from foundation to top of wall is 52 ft., 
the portion below the ground being the variable. 
There is first placed a continuous base block of 
concrete, 17.5 ft. wide by 3 ft. thick. On this are 
built the hollow sections or blocks, each 19.6 ft. 
long. Each hollow block has sides 8 ft. thick and 
ends 2 ft. thick; the former are set in 12 ins. on 
the base block and are also recessed 6 ins. into 
it. The hollow inside is therefore 9.6 x 15.6 ft. 
The block is brought up to within 3 ft. of the 
floor grade, a height of 16 ft. The hollow is 
filled with sand and gravel, well compacted by 
water while being placed and by the flooding that 
naturally occurs from rises in the river. The 
filling is stopped 18 ins. short of the top, to allow 
a secure bonding with the solid top block. 

The top block rests directly on the other and its 
interior filling, and it has the same exterior 
dimensions, 15.5 x 19.6 ft. It is continued up 
vertically for 18 ins., where the batter of each 
side begins. The outer side (next the river) has a 
compound slope, a re-entrant angle being placed 
at 10.5 ft. up, the batter on the upper part, which 
is all that is exposed, being 1 to 8. The batter of 
the inner side is 1 to 5. The top of the wall is at 
elevation 111, being 30 ft. above the floor of the 
basin. The top width is 3 ft. A good bond is 
made at the junction of the adjacent top blocks, 
and also of the hollow blocks, by making two or 
three vertical V-shaped grooves in the blocks first 
built. 

The river side of this wall is banked up to ele- 
vation 96 with loose rock, sand and gravel, the 
top 2 ft. being a pavement or hand-placed riprap. 
This filling runs out horizontally for 32 ft. and 
then slopes down towards the river 3 on 1. 

The river wall ranges from 1 to 52 ft. in height, 
about two-fifths of its total length of 1,600 ft. 
being founded on solid rock. The boat basin 
proper is about 1,200 ft. long. 

The land wall is practically the same as the 
upper section of the river wall. As a compact 
grave] and sand foundation is found at the floor 
level, no sub-grade foundations are required, and 
it reaches only 18 ins. below the floor grade. This 
height is maintained for about 470 ft.: either 
side of this the solid rock excavation permits 
starting the wall at varying heights above the 
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floor, so that its grade ranges from 1 to 31.5 ft. 

On the upper side of the canal, on a bench exca— 
vated alongside the top of the wall or the exca— 
vation, a roadway is formed. This is to extend 
the full length of the canal. Where backfilling is 
required behind the wall it is made with loose 
rock, gravel and sand, and the roadway is graded 
on top of it. 

The basin floor, where on a filled-in foundation, 
is of reinforced concrete, 12 ins. thick. At 3 
ins. from the bottom of the layer are placed %-iy | 
round rods, laid longitudinally and transversely 

and spaced 12 ins. The floor is laid in 6-ft. strips 
across the basin. At these joints, and also at 
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intervals of S ft. transversely, asphaltum- filled 
joints 6 ins. deep are provided, to allow for ex- 
pansion. Where the floor is laid in excavation no 
reinforcement is used. About 50% of the area of 
the foor is on a fill. 

Bends in the course of the walls are made by 
single angles at the junction of the blocks, re- 
quiring odd shapes in only the two blocks joined. 


while on duty. This will be on the line of the 
roadway, which will be graded up on each side ta 
pass over the top. 

In the lower bank, just above the upper gate, 
is an overflow wasteway weir, 54 ft. long. 
Shortly below the lower gate the 45-ft. straight 
section flares out into the 65-ft. section of canal, 
with side slopes of 4 to 1. 


ten years. The 108-ft. stage above the falls is 
about 15 ft. lower than that reached in 1894. 

The top of the walls above the Celilo lock is 
fixed at Elev. 111, giving 3 ft. clearance above 
water in the canal and basin before navigation 
is stopped. Below the lock the level provided for 
is 99.5. It is not necessary to operate the lock 
until the surface elevation above it exceeds this 
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FIG. 10. PROFILE OF DALLES-CELILO CANAL, COLUMBIA RIVER IMPROVEMENT. 


In building one of the upper blocks, having a 
total height of 33 ft., the form for the entire 
height is put up at the start. All the concrete 
is dumped from the overhead work trestle which 
is first built. The concrete is dumped into the 
hopper mouth of a vertical spout about 12 ins. sq. 
inside, which is made in 4-ft. sections connected 
by hooks. The sections first used were of sheet 
metal, but these were found to be inconveniently 
heavy, and the concrete adhered to their sides 
more readily than if made of wood, so that 
wooden sections were substituted. These are 
readily detached as the concrete is brought up. 

The form has the four separate sections re- 
quired by the four sides. The side sections have 
to be tied together at intervals, it being imprac- 
ticable to secure the necessary stiffness to with- 
stand the tamping without it. This is done by 
use of 5g-in. iron rods at the necessary intervals 
These rods have to be left imbedded in the con- 
crete. To avoid having to cut off the ends, each 
rod is threaded at each end to receive an end 
turnbuckle, the latter being a socket screw. The 
turnbuckles pass through the forms and over the 
ends of the rod, which latter lack 3 or 4 ins. of 
coming out to the surface of the concrete. When 
the form is taken apart, the turnbuckles are un- 
screwed and taken out, leaving only the holes in 
the concrete exposed, which are filled with mor- 
tar. 

In moving the form, the two side sections are 
pulled forward, and, as the position for each set 
of rods moves past the end of the completed 
block, new rods and braces are put in, so that 
when past it the sides are properly connected 
and only the ends need handling. The sides are 
held apart by wooden braces, which are removed 
as the concrete is brought up to them. 

The concrete is composed of Portland cement, 
sand and gravel in proportions of 1, 4 and 8. 
The sand and gravel are obtained by screening 


the material excavated for the basin. The ex- 


terior finish to the concrete is made, not by use of 
plaster, but by placing a mortar (composed of 1 
to 3) behind a gage during the concrete work. 
The steel gage secures a thickness of 1 in. of the 
mortar between it and the form planking. The 
mortar is made quite “dry,” in order that it will 
not be greatly penetrated by the adjacent green 
concrete when the gage is pulled out. 

ADJACENT CANAL AND LOCK.— The first 
lock i$ located near the lower end of the first 
contract. It has the standard size of 45 x 300 ft. 
It is located in a solid rock excavation, and its 
concrete wall lining is battered 1 in 24. No wall 
is required to bring the sides up to Elev. 111, 
except just beyond each end of the lock. The 
total length of lock and approaches, including 
weir, is 520 ft. 

Just above the lower gate of this lock a con- 
crete room is to be built for use of employees 


ARRANGEMENT AND OPERATION OF 
LOCKS.—In design of the canal and locks, an 
important factor was the stage of water at which 
the Cascade Locks (about 55 miles below Celilo), 
are drowned out. This occurs at about the 38.5 ft. 
stage on the gage at these locks. As through 
navigation on the Columbia is then stopped, it is 
not considered necessary for the Celilo locks to 
provide for any higher stage than this. Points 
corresponding to this stage have been located 
and platted on the profile of the Dalles-Celilo 
canal, and the design made accordingly. 

The elevation of the lowest low water at the 
upper side of the falls is about 90, and allowance 
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height. When this occurs boats are locked down 
to or below this level in the lower canal. Below 
the lock the canal walls, instead of being dropped 
at once to the elevation permissible with the 
99.5-ft. level, are lowered only gradually, in a 
distance of about 14% miles, in order to preserve 
a proper clearance above the 38.5-ft. Cascade 
stage in the river adjoining. 

Along this slope are three inlets from the river, 
for maintaining the same depth when the river 
rises above the 38.5-ft. stage. 

About 15,000 ft. below the first lock is the sec- 
ond one. The drop made here is about 5 ft. 
Lockage at this point is to begin when water on 


asa 182 
. 


And: 


2 


ene 


2 prees 


2 


DETAILS OF WALLS AND FLOOR OF BOAT BASIN, DALLES-CELILO CANAL, COLUMBIA 


RIVER IMPROVEMENT. 


has been made for an 89-ft. stage. The limit of 
navigation has been fixed at 108 ft. elevation, 
which is about the Casade stage. The 
river observations for 25 years past show that 
the Cascade stage has been reached during about 


its upper side exceeds elevation 94.5. As this is 
about 4 ft. above normal low water in the river 
above the falls, it may be observed that there is 
a considerable period in the low-water season 
when neither the first lock nor this one need be 
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operated, during which time boats can traverse 
the full seven miles below the head, with water 
at the level given by the river above. 

Below the second lock the walls slope down 
parallel with the 38.5-ft. Cascades stage, reaching 


quantities, with unit contract prices, all material 
to be in place: 


33,000 cu. yds. plain concrete, at $5.33 per cu. yd. 
81,000 cu. yds. solid rock excavation, at $0.90 per cu. yd. 
12,000 cu. yds. sand excavation, at $0.18% per cu. yd. 
43,000 cu. yds. common excavation, at $0.37 per cu. yd. 
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FIG. 12. FORMS FOR BLOCKS OF TOP SECTION OF RIVER WALL OF BOAT BASIN, DALLES- 
CELILO CANAL. 


elevation 95.5 at „ mile, which is maintained to 
the next lock. 

The third lock is located shortly below the head 
of Five Mile Rapids. Here the floor level is 
dropped 10 ft., to Elev. 70, and the normal water 
surface to Elev. 78. The 38.5-ft. Cascades stage 
drops away very rapidly below the canal level. 

At the lower end of the canal are placed two 
locks in tandem. The first has a lift of 33 ft. 
and the second one has 37-ft.—its bottom being 
at zero elevation. The lower one is completely 
drowned out at a level considerably below the 
38.5-ft. Cascades stage, but the upper one is then 
all that is needed, and it is free even up to the 
1894 stage. 

In the entire length of canal there are 12 over- 
flow wasteways, for wasting any excess of water 
in the canal above its established high-water 
mark. 

Referring to the two alternate plans before 
noted, the first plan, while it eliminates the lock 
at Ten Mile Rapids, makes it difficult to govern 
the “drowning out” of the canal at Cascade 38.5 
ft. stage, and it is liable to cause a rapids in 
canal corresponding to Ten Mile Rapids. 

The second plan more hearly follows the pro- 
file of water-surface at “drowning out” stage, 
and the drowning out is simultaneous from Celilo 
Falls to head of Five Mile Rapids. Below Five 
Mile the river drops away from the canal level 
very quickly, so the second plan is to facilitate 
drowning out the canal without endangering 
same below Five Mile Rapids. 


CONSTRUCTION OF FIRST PART OF 
CANAL AND LOCKS.—The first part of the con- 
struction includes building the entrance canal 
from the Columbia, the guard gate structure, 
boat basin, first lock and a short section below, 
covering about 2,500 lin. ft. The lock gates and 
maneuvering machinery are not included. The 
work was advertised in August, 1905. The esti- 
mated cost was $373,675. Two or three different 
types of construction were covered by the pro- 
posals. In one, both plain and reinforced con- 
crete were called for; in another one, only plain 
concrete; in still another, rubble masonry was to 
be used in place of concrete; and in another one 
the contractor was to supply plans, etc., for his 
reinforced-concrete and steel work. 

As a result of the bids, it was decided to use 
only plain concrete for masonry. The contract 
was awarded on Sept. 5, 1905, to Smyth & Jones, 
of Portland. Following is a schedule of estimated 


9,000 cu. yds. hand-placed riprap, at $1.85 per cu. yd. 
100 ft. B. M. oak timber, at $87 per M. ft. P: M. 

1,500 ft. B. M. fir timber, at $37 per M. ft. M. 

200 lin. ft. test and anchor holes, at 52.50 per lin. ft. 
3,000 Ibs. structural steel shapes, at $0.12% per Ib. 
ge lbs. medium steel reinforcing rods, at $3.05 pe: 


2000 Ibs. cast iron, at 50. 12 per lb. 

2 roller valves, complete, at $2,400 each. 
27 tons asphaltic cement, at $50 per ton. 
1,000 lin. ft. drain tile, at $0.15 per lin. ft. 


By common excavation is meant all classes of 
material between solid rock and sand, and on 
this work it is mostly gravel and earth. This 
contract called for completion by Dec. 31, 1906, 
but it will probably take until some time in 1908, 

CONSTRUCTION OF ENTIRE CANAL.— 
Definite plans have been made for the remaining 


Eddy and The Dalles, 


the entire 8.4 miles of canal it has been figured 
that over 1,000,000 cu. yds. each of solid rock and 
common material will be moved. 

Between the first and second locks is a stretch 
1% miles long in which the entire excavation 
will be in gravel and sand. Along a portion of 
it a deposit of sand and quicksand reaches to a 
depth of 60 to 80 ft. below grade, which will 
probably require special construction. Between 
the second and third locks is another stretch of 
214 miles, all in sand and gravel. Both of these 
sections will, of course, be lined with concrete 
throughout. 

Where in solid rock thorough cut no lining will 
be required, but where ravines are crossed a fill- 
ing in of the bottom and the use of walls, as in 
the boat basin, will be necessitated. 

In locating the center line of the canal, regular 
curves were run in, there being 14 of these, rang- 
ing from 2° to 6° and aggregating about 280°. 
However, as about all of the bends occur at boat 
or passing basins, where the channel is much 
widened, there will be no difficulty at all in 
turning the bends. In places the line follows 
depressions, and by locating the river wall on 
higher ground nearer the river the work is 
lightened at the same time that the passing 
places are formed. 


The foregoing description and plans of the 
proposed work apply to the revised plans ap- 
proved in May, 1908, these constituting what is 
unofficially known as the 1908 Project. This 
approval clears the way for contracting as much 
of the remaining canal as the appropriations 
will allow, and bids will soon be called for con- 
structing about 14,500 ft. next below the first 
contract, extending to near the second lock. 
Everything will be included except the rein- 
forced concrete lining in the sand and gravel 
section. 


IMPROVEMENT OF THREE MILE RAPIDS. 
A part of the general project includes the river 
improvement of Three Mile Rapids, between Big 
already accomplished. 
This work consisted in the removal of rocks and 
reefs, most of which were below low water, the 
aim being to secure a channel 10 ft. deep at low 
water and nowhere less than 250 ft. wide, except 
at one place where it was made only 200 ft. 

There are two classes of excavation: Class A 
rock, with cap above low water, and Class B 
rock, submerged. This work has been under way 


FIG. 13. GENERAL VIEW OF SITE OF BOAT BASIN, DALLES-CELILO CANAL, SHOWING FOUN- 
DATION OF RIVER WALL NEARLY COMPLETED. 


structures, but they are subject to revision. 
On the 6,400 ft. next below the contracted part 
it is estimated that 260,000 cu. yds. of solid rock 
and 15,000 cu. yds. of sand will be excavated. For 


under a contract with Robert Wakefield, of Port- 
land, Ore., dated April 12, 1904, by which he re- 
ceives $1.50 per cu. yd. for Class A and $6.25 for 
Class B, the approximate yardage being esti- 
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mated at 50,000 cu. yds. and 7,000 cu. yds. re- 
spectively. 

ESTIMATED COST.—There has so far been ap- 
Propriated by Congress for The Dalles-Celilo 
work a total of $750,000, including the $100,000 
by the River and Harbor Act of March 3, 1907. 
Hy the latter an authorization of $500,000 addi- 
tinal, to be expended under the continuing-con- 
tract system, was given. 

The amount expended to June 30, 1907, was 
$251,909. The Board of Engineers estimated that 
the cost would be 54, 125,000, from which it ap- 
pears that at least $2,875,000 is yet to be pro- 
vided. 

The present work is being carried out under 
general charge of Col. S. W. Roessler, U. S. A., 
and Mr. James S. Polhemus, Assistant Engineer. 
The work has been in immediate charge of Mr. 
Frederick C. Schubert, Assistant Engineer, to 
whem the writer is indebted for data from which 
this description has been prepared. 

— — — 9 


STUDIES OF THE PHYSIOLOGICAL CONTROL OF SEW - 
AGE FILTERS, AT NEW BRITAIN, CONN. 
By MILTON W. DAVENPORT.“ 


There are two general methods of filter con- 
trol. the chemical and the bacterial. The one 
determines the purity of the effluent by a com- 
parison of the nitrogenous and carbonaceous 
matter in it with that of the unfiltered sewage, 
and also the condition of the effluent with re- 
spect to its oxygen content and the effect that 
mixing with the body of water into which it is 
to be discharged will have upon its subsequent 
turification. The other is useful in determining 
the efficiency of the filters as a burying ground 
for the bacteria, especially the pathogenic forms. 
The stability of the effluent is also determined 
by the incubator test, which is in a way a com- 
bination of the two methods mentioned. 

A third method is the physiological method. 
While in its present status it can hardly be 
called a method, still it deserves more study than 
hus hitherto been accorded to it. It has been 
suggested that if an effluent will support the 
life of fish that this is a sufficient test of its 
purity. The significance of this test, however. 
is lost when we consider that fish do not 
directly depend upon the water for their food 
supply. Any water that is clear and contains 
sufficient oxygen for respiration, will support 
the life of fish no matter how much it may be 
polluted with organic material. 

In the microscopic forms of life, the algae and 
the protozoa, and more particularly in the algae, 
we have organisms which depend directly upon 
the soluble content of the water for their food 
and sustenance. 

During the year past these forms have been 
made the subject of considerable study at the 
laboratory of the Board of Sewer Commissioners 
of New Britain, Conn., with a view of determin- 
ing, if possible, their relationship to the char- 
acter of the water in which they were found, and 
thereby to obtain a clue to the character of a 
given effluent by the simple determination of the 
species growing in it. The problem has been 
succinctly stated by G. C. Whipple in his 
“Microscopy of Drinking Water,” page 87, in 
the following words: 


An important question, and one which is of partic- 
uar interest to water analysts, is the relation between 
the growth of organisms and the chemical analysis of 
‘he water in which the organisms are found. Undues- 
ncpably there is such a relation and we should very 
turk like to be able to take up a chemical analysis 
and say this water contains such and such substances 
r solution and therefore such and such organisms may 
b. expected to thrive well in it. In other words we 
àire to know better the nature of the food supply of 
‘he microorganisms. 


The few investigations which have been made 
along this line have been based upon water sup- 
pues of a high degree of purity. In this paper 
it is proposed to record the organisms which 
have been found in water more or less polluted, 
such as sewage both before and after purifica- 
uen by filtration through beds of gravel. In 
order to obtain as much light as possible upon 
the food supply and environment of the organ- 
smsa observed, a chemical analysis of both sew- 


*Chemist and Bacteriologist in charge of the Labora- 
tory of the Board of Sewer Commissioners, New Britain, 
Col 


age and effluent was made. Care was taken to 
obtain a fair average result in the analysis. 
Samples were taken daily in the case of the 
effluent, and analyses of, the sewage were made 
twice each month. 

DESCRIPTION OF FILTRATION PLANT. 

Before giving in detail the data obtained, it 
will be of service to describe the filter plant. 
The city of New Britain, Conn., treats its sew- 
age upon a gravel deposit situated in the town 
of Berlin. Thirty-one beds of one acre each 
were constructed with underdrains. Along one 
side of the beds runs an effluent ditch, into 
which all of the underdrains empty. This is an 
open ditch and carries the water to a brook. 
The sewage is treated by the so-called inter- 
mittent method. Each bed receives a dose ot 
about 1,000,000 gals. of sewage every third day, 
or about 300,000 gals. per acre per day. The 
sewage, leaving all of its solid matter at the 
surface of the bed, and having a large part of 
its soluble impurities removed by the action of 
bacteria, passes down through 4 ft. of gravel to 
the underdrains and thence to the effluent ditch, 
which carries it to the Mattabessett River. 
Under ordinary conditions the dose of sewage 
floods the beds to a depth of about 6 ins., but 
owing to the porous nature of the filter, at the end 
of 4 to 8 hours all of the water has disappeared 
from the surface of the beds. With such heavy 
doses as the beds sometimes receive, however, 
the surfaces become compact and the water may 
take from 24 to 48 hours to disappear. Then the 


plow and harrow are used to loosen the surfaces 


of the beds again. Owing to the short period of 
time which the sewage remains upon the surface 
of the beds there is very little time for the 
organisms to grow in sufficient numbers to be 
observed. It mav be said. therefore, that. from 
the standpoint of filtration, most of the forms 
which are described under sewage are found 
under abnormal conditions; that is to say, in 
sewage which has been standing for one or two 
days. In some instances the organisms. collected 
from the beds are such as would be found in 
stagnant pools of rain water. The forms ob- 
served in the effluent, however, represent forms 
which thrive in a constantly running stream of 
water with little or no turbidity. 

It will be convenient to divide the subject mat- 
ter now into three parts: the first part will de- 
scribe the organisms found in the sewage when 
it reaches the beds; the second, with the organ- 
isms which grow upon the surface of the beds, 
and the quality of their food supply; the third 
part will in like manner describe the organisms 
which grow in the effluent. 


. SEWAGE ORGANISMS IN THE OUTLET 
SEWER. 

Several examinations of sewage taken from the 
main pipe line before it enters the beds. were 
made. The results may be stated briefly as fol- 
lows: 

ALGAE.—The conditions of mechanical fric- 
tion and abrasion, together with the absence of 
light, are highly inimical to their growth or even 
continued existence. The only forms recogniz- 
able were the Diatoms, and they were in a 
broken and battered condition. Some. amorphous 
green matter was observed which might once 
have been the cells of some Chlorophyceae or 
Myxoph yceae. 


ciliated 


PROTOZOA.—The conditions of mechanical 
abrasion, and especially the lack of dissolved 
oxygen, are highly unfavorable to the life of 
these organisms. To sum up, fresh sewage may 
contain spores or Organisms in the embryonic 
condition, but does not contain adult growing 
individuals. Septic sewage contains no algae, 
but may contain some forms of protozoa. 

ORGANISMS ON THE SEWAGE BEDS. 

The conclusions just stated must not be con- 
strued to mean that under favorable conditions 
organisms will not grow in highly polluted 
water. On the contrary, several species of algae 
and protozoa have been found under the con- 
ditions of quiescence already referred to. Fur- 
thermore, fresh sewage has been kept in a 
beaker in the laboratory, and has developed a 
large number of organisms, especially of the 
infusoria. The following is a list of 
organisms found in the sewage upon the surface 
of the beds. 


ALGAE. — These included Chlamydomonas, 
Sphaerocystis and Ulothrix. Chlamydomonas 
grows abundantly throughout the year upon the 
surface of the water and is often blown by the 
wind into one corner of the bed. Ulothrix seems 
to be a sewage orgunism and is so described by 
Rideal in his work on “Sewage.” 

PROTOZEOA.— These included 
Euglena, Frontonia and Oxytricha. 
ORGANISMS IN THE SEWAGE EFFLUENT. 

The number of organisms found in the purified 
sewage as it flows in the effluent ditch are quite 
numerous both in point of numbers and genera. 
Some of the filamentous algae grew in such pro- 
fusion as to necessitate the raking out of the 
ditch twice a month during the warm weather. 


ALGAE.—These included Chaetophora, Myxo- 
nema, Draparnaldia, Closterium, Cosmarium 
Hydrodictyon, Scenedesmus, Ankistrodesmus, 
Tetraspora Tribonema, Melosira, Navicula, 
Gomphonema, Amphora, Oscillaria, Tetrapedia, 
and the fungus Leptomitus. By far the most 
abundant species was Tribonema, which grew in 
great masses throughout the warm weather; its 
place was taken in cold weather by Leptomitus. 
The other species seem to be of secondary im- 
portance. 


PROTOZOA. — These included 
Amoeba, Dactylosphaerum, Arcella, Nuclearia, 
Bodo, Mastigamoeba, Cercomonas, Anthophysa, 
Hexomitus, Colpoda, Uronema, Cyclidium, Car- 
chesium, Zoothamnium. The most noticable 
species were Carchesium and Zoothamnium, 
which seemed to take the place of Leptomitus 
upon the advent of warm weather. The algae 
were identified according to the description of 
G. S. West, “British Fresh-Water Algae,” while 
the protozoa were identified from the Report of 
the Fresh Waters of Connecticut by H. W. Cohn. 

In order to arrive at some idea of the con- 
ditions of food supply upon which these organ- 
isms may be supposed to have thrived, the 
tabulated analyses of the sewage and effluent 
for the months during which they were ob- 
served, are now given. 


LITERATURE BEARING UPON THE SUB- 
JECT. 

The literature on this subject is very scant. 

Whipple, in his work already quoted, has tabu- 

lated some of the factors which he considers of 


Sphaerophyra, 


Hyalodiscus, 


ANALYSES OF CRUDE AND TREATED SEWAGE, NEW BRITAIN, CONN. 


(Parts per Million.) 
ANALYSES OF SEWAGE. 


— Ammon a Temper- 
Total Loss on Album- Chlo- „—-Nitrogen as—— Oxygen ature, 

1907. solids ignition Free. inoid, rine. Nitrates. Nitrites. consumed. Deg. F. 
MAY, spe 88 459 239 18.00 4.000 30.0 wed meee 45.0 53.0 
June aad we 424 204 10.50 3.000 33.0 eer 41.0 64.5 
lf! 571 298 16.40 3.500 38.0 eats 50.6 70.0 
Aung a araea 430 231 10.50 3.000 38.0 erine Tes 41. 71.0 
September 552 383 8.00 2.100 34.5 ne 35.2 64.5 
October 576 282 7. 00 1.570 37.5 eae 27.3 57.0 
ae, — ee e —— — — — —— — 
Average 502 273 11.60 2.360 36.0 5 8 ree 40.0 63.0 

ANALYSES OF EFFLUENT. 

NM; ³ĩA A “ 330 160 3.785 0. 490 26.8 4.76 1140 4.31 49.0 
June 363 113 3.936 0.420 32.5 3.37 0594 4.35 66.0 
A/! 8 271 120 4.563 0.438 29.0 3.73 2020 5.58 77.0 
Kus üs 8 284 131 8.720 0.572 28.6 3. 80 2365 8.54 73.0 
September 363 172 1.692 0.405 29.6 T.54 1670 5.17 61.5 
October 437 132 1.738 0.326 29.0 3.77 1888 3. 85 54.0 
Averaghiniige 341 138 3.239 0.442 29.2 4.49 1646 5.30 63.3 
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prime importance, but his work refers. more es- 
pecially to pure water. The views of Cohn, 
given by Tiemann and Gärtner, and more re- 
cently elaborated by Walker in England (Walker, 
1902), however, are of especial interest. 

Aside from the two sources mentioned there 
is very little of interest. Several organisms have 
caused trouble by clogging filters, odors, or for 
other reasons, and have received mention in 
these connections. Walker recognized three 
general classes, depending chiefly upon the 
amount of organic pollution present in the water. 
In pure water and highly purified effluents, the 
Chlorophyceae predominate; while in sewage 
and grossly polluted water Schizomycetes show 
the greatest growth. Between these two extremes 
are found the Myxophyceae. I have been able 
to confirm these results in a special manner. 
During the summer, nitrification is very active 
in our filters, while in cold weather it is greatly 
diminished and in some filters it practically 
ceases, There is then a seasonal change in the 
character of the effluent. In comparing the 
species which were found at different periods of 
the year in the light of this fact it was noted 
that in cold weather Schizomycetes and some 
fungi are predominant, and that as warm weather 
advances the cycle is completed by the ascend- 
ancy of the Chlorophyceae. 

GENERAL CONCLUSIONS AND SUG- 

l GESTIONS. 

Reasoning from analogy, different species of 
algae must require different conditions of food 
supply, and environment. 
by the term optimum environment such condi- 
tions of temperature, amount and nature of the 
soluble content of the 
water, color and such 
other factors (as qule- 
scence, movement, etc.) 
as shall in the future be 
shown to be necessary 
concomitants, and as 
shall enable the species 
to reach its highest de- 
velopment. 

If we could determine the 
optimum environment 
for a sufficient num- 
ber of species it would 
be possible to tell at once 
from a microscopical 
examination the charac- 
ter of a given effluent. 
While the classification 
of Walker’s is conven- 
ient as a starting point 
for future work, a study 
of the occurrence of va- 
rious species leads me to 
believe that it is not a 
hard and fast one. Rather 
that some species of 
the Chlorophyceae ap- 
proach in their optimum 
environment that of 
some of the Myxophy- 


ceae, and so on. For ex- 
ample, Chlamydomonas, 
which was noted by 
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Hollis growing in a cer- 
tain public water supply, 
had been found to grow 
in abundance in fresh 
sewage. This may mean either that a given 
species can grow in waters of widely different 
character, or that the essential factors đeterm- 
ining the optimum environment are the same in 
the several waters. l 

In order to arrive at the optimum environ- 
ment of a given species two methods offer them- 
selves. The field method, which consists in the 
determination of the species found in a given 
source with notes on the relative amount of 
growth, luxuriance; together with a physical 
and chemical analysis of the water. Finally, a 
statistical comparison of the data obtained. It 
is obvious that a large amount of data must be 
accumulated before this method can become 
fruitful. The data in this paper must be re- 
garded as a mere starting point. It is hoped, 


FIG. 1. 


I wish to designate . 


, however, that they may be multiplied until it is 
` possible to reach results. 

The second method is the laboratory method; 
and the end may be accomplished by the arti- 
ficial feeding of species. While this method may 
yield valuable results, on the whole, in spite of 
the labor involved, it is believed that the first 
method promises the best for the solution of the 
problem. 

EE i ——— 


PERMEABILITY TESTS OF CONCRETE WITH THE 
ADDITION OF HYDRATED LIME.* 
By SANFORD E. THOMPSON. M. Am. Soc. C. E. 


These permeability tests were made to deter- 
mine the effect of adding various percentages 
of hydrated lime to concrete of different pro- 
portions. The specimens were similar in a gen- 
eral way to those designed by the writer for 
previous tests, f but were of much larger size; 
in fact, they were considerably larger than 
have hitherto been customary in permeability 
tests. The blocks of concrete were 20 ins. in 
diameter by 16 ins. thick, and the water was 
introduced into the center of the block as de- 
scribed and illustrated in this paper. 

The proportions of concrete selected were 
those which are customarily used in concrete 
construction, except that a slight excess of sand 
was taken in proportion to the stone to insure 
homogeneous specimens, thus avoiding the pos- 
sibility of stone pockets which are more liable 
to occur in small-sized specimens than in prac- 
tical construction. 

The materials, which are more fully described 
later in the paper, are quite representative so 


VIEW OF TEST PIECES UNDER WATER PRESSURE. 


that the results obtained are applicable to usual 
conditions in construction work. The cement 
was Lehigh brand; the crushed stone was con: 
glomerate rock, which resembles trap in its char- 
acteristics and tests; the sand was bank sand 
of good average quality. The hydrated lime 
was Pine Cone brand made by the Rockland- 
Rockport Lime Company of Rockland, Maine. 

The percentages of hydrated lime to add were 
selected after a careful study of the materials 
and the proportions, the plan being to use larger 
percentages of lime with the leaner concrete 


*Paper read before: the annual meeting of the American 
5 ie Testing Materials, June 23-27, 1908, Atlantic 
City, N. J. 

{Consulting Engineer, Newton Highlands, Mass. 

tSee Proceedings of the American Society for Testing 
Materials, Vol. VI. (1906), p. 373. 


mixtures because these contained more voids to 

be filled. The proportions of concrete and the 

percentages of lime selected by this preliminary 
study were as follows: 

Concrete, one part cement, 2 parts sand, and 4 
parts stone, with respectively 0%, 4%, 7% 
and 10% hydrated lime. 

Concrete, one part cement, 2% parts sand and 
4% parts stone, with respectively 0%, 6%, 
10% and 14% hydrated lime. 

Concrete, one part cement, 3 parts sand, and 5 
parts stone, with: respectively 0%, 8%, 14% 
and 20% hydrated lime. 

The tests were laid out by the writer at the 
request of the Rockland-Rockport Lime Co., and 
were made by the Boston Elevated Ry. Co. in 
their Cambridge Laboratory. The scheme of 
tests Was approved by Mr. W. E. Healey of the 
Rockland-Rockport Co. and by Mr. George A. 
Kimball, Chief Engineer of the Boston Elevated 
Ry. Co., and the results are here presented with 
their permission. 


CONCLUSIONS.—The following conclusions 
are drawn as the result of the experiments: 

(1) Hydrated lime increases the water-tight- 
ness of concrete. 

(2) Effective proportions of hydrated lime for 
water-tight concrete are as follows: 


For 1 part Portland cement: 2 parts sand: 4 parts stone, 
add 8% hydrated lime. 

For 1 part Portland cement: 2% parts sand: 4% parts 
stone, add 12% hydrated lime. : 

For 1 part Portland cement: 3 parts sand: 5 parts stone, 
add 16% hydrated lime. 

These percentages are based on the weight of 

the dry hydrated lime to the weight of the dry 

Portland cement. 

(3) The cost of large waterproof concrete 
structures frequently may be reduced by em- 
ploying leaner proportions of concrete with hy- 
drated lime admixtures, and small structures, 
such as tanks, may be made more water-tight. 

(4) Lime paste made from a given weight of 
hydrated lime occupies about 24% times the bulk 
of paste made from the same weight of Port- 
land cement, and is therefore very efficient in 
void filling. 

Although the character of the sand and stone 
used in the concrete will affect the best per- 
centage of lime to use, the present materials are 
representative of average materials throughout 
the country so that the results should be of gen- 
eral application. Coarser sand would naturally 
require slightly larger percentages of lime, and 
finer sand, that is, sands having a larger per- 
centage of fine grains which pass a sieve with 
40 meshes to the linear inch, would be apt to re- 
quire less lime, since sands containing consid- 
erable fine material produce a more water-tight 
although a weaker concrete. 

A study of the curves which are given later in 
the paper suggests that for coarser sands than 
used in the experiments, or in cases where the 
water pressure must be applied in one month or 
less after laying, that the percentages given 
above may be increased by about , while for- 
many classes of work K less than the above per- 
centages will be satisfactory. 

For mortar in proportions corresponding *to the 
cement and sand in the different concretes the 
Same percentage of hydrated lime would nat- 
urally be selected: thus 1:2 mortar corresponds 
to 1:2:4 concrete; 1:2% mortar to 1:24:44% con- 
crete; 1:3 mortar to 1:3:5 concrete. 

Increasing the proportions of stone, say to 
1:2:4%, 1:21%4:5 or.1:3:5%, should have no effect 
on the percentage of hydrated lime to select, but 
for water-tight concrete it is always advisable 
to have a slight excess of mortar to avoid stone 
pockets. 

RESULTS OF EXPERIMENTS. 

The specimens ready for testing are shown in 
the photograph, Fig. 1. The water is introducea 
into the middle of the concrete cylinders. As it 
enters the specimen the pipe is enlarged so that 
an area of 12% sq. ins., that is a circle 4 ins. in 
diameter, is exposed to the water, and the water 
to escape must flow through 8 ins. of concrete. 

In the accompanying table the results of the 
tests are given in detail, while the curves in Fig. 
2 also present the effect of the hydrated lime 
upon the water-tightness of the concrete. 
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TABLE SHOWING PERMEABILITY OF FLOW OF WATER THROUGH CONCRETE 8 INS. THICK. 


The percentages of hydrated lime are based on 
the weight of the cement, these being added to 
the cement and not replacing it. The variation 
in the ages of the specimens in different propor- 
tions slightly affects the results and accounts in 
part for the fact that the 1:3:5 mixtures in the 
pressure tests are nearly as water-tight as the 
richer proportions. Specimen No. 5, which shows 
practically no flow, is evidently erratic. 

The specimens were first subjected to a head 
of 7 ft. by filling the vertical pipes with water, 
and while the results of these preliminary tests 
ure of small value because the pressure in most 
mises Was not enough to force the water through 


Som Passing per Hour. 


of Cement 


rcentage of Hydrated Lime to We ight 


Fig. 2. Curves Showing Increased Impermeability 
with Increase of Hydrated Lime Content. 
(Flow through 8 ins. of concrete under 60 Ibs. water 
pressure.) 
the specimen, the quantity being measured be- 
fore entering the concrete, the results are given 
in the table, column 5, as confirming in- a gen- 
eral way the tests of the concrete under city 
pressure. These tests under 7 ft. head, column 4, 
were maintained for several days and the flow 
was recorded each day, the average only being 

given in column 5. 

After a longer period of setting, varying from 
iù to 53 days, the specimens were connected 
with the city water pressure, which averaged 55 
to 6O lbs. per sq. in. Before measuring the flow, 
the pressure was maintained for several hours 
(column T) to equalize the flow, and then the 
flow was measured for a period of several hours 
and recorded in grams per hour. 

The flow given in grams per hour is very 
nearly the same as the flow expressed in ounces 
yer 24 hours. 

The curves in Fig. 2 are plotted from the table. 
The result from one specimen, the 1:2%:4% mix 
with 0% hydrated lime, is erratic, and this test 
is omitted in making up the curves. All of the 
tests show some variations in the lower portions 
of the curves, but when the flow through the 
specimen is as small as 10 grams per hour, which 
is approximately equal to about 8 ounces or % 
pint per 24 hours, the concrete is so nearly 
` water-tight that slight variations are unavoid- 
able. 
the tests. 

The pressure, nearly 60 lbs. per sq. in., which 
is equal to a head of about 140 ft., is unusual 
in engineering construction. Previous tests“ 
have shown that flow through concrete is almost 
directly proportional to the pressure, so that for 
lower pressure the flow will be correspondingly 
less. The thickness of the concrete was only 8 


ins. and water-tightness increases greatly with 


the thickness. 

In selecting the best percentages of hydrated 
lime for the different proportions of concrete, 
these points, as well as the fact that the 1:3:5 
specimens are slightly older than the others, 
have been taken into account, and as a result 
of this study proportions suggested for general 
practice are 8% for 1:2:4, 12% for 1:2%:4%, and 
10% for 1:3:5 concrete, these percentages of lime 
being based on the weight of the cement. As 
stated, smaller percentages than these, for ex- 
ample, 6% for 1:2:4, 9% for 1:2%:4%, and 12% 
for 1:3:5, give results which should be satis- 
factory for many conditions in practice, while 


By Fuller & Thompson, Transactions of the American 
Beclety of Civil Engineers, Vol. LIX., p. 138. 


The curves are based on a study of all of. 


t 


Flow of water under 7-ft. head. 


Flow under pressure of 00 ibs. per sq. in. 
— — — —ͤ — 
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Pressure 
applied Duration 
Flow before of meas- Flow, 
grams measure- ured grams 
per Age, ment, flow, per 
hour. days. hours. hours hour. 
2.7 40 24 4% 74.8 
1.2 41 18 5 28.4 
1.0 42 18 6% 5.2 
1.0 46 6 18 1.6 
0.3 44 17 6 1.1 
1.9 45 18 6 32.5 
0.8 49 cs 21 0 
0.7 50 27 0 
9.8 50 6 14 70.6 
1.1 51 8 17 3.6 
11 50 28 13 10.7 
1.2 53 9 15 0.7 
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Duration 
of meas- 
Per cent ured 
Mark. hydrated Age, flow, 
1:2:4 concrete: lime. days. hours. 
«ö; : sees 0 18 161 
r etree 18 161 
i sn etie es Sa 7 18 161 
, ner nn en 10 15 161 
1:2144:4% concrete: 
NS ³· A ea 30 169 
CCC 5 30 109 
' V 10 2 169 
P 14 29 169 
1:3:5 concrete 
³ ( vances 0 26 169 
MeO A) eb uae a S dea 8 26 169 
w P N reteset 14 28 169 
CVVT 20 28 169 
in certain cases a larger percentage may be 
chosen. 
Frequently it is advisable to make speclal 


studies or tests with the materials available to 
determine the best percentage. 

The sand was ordinary New England bank 
sand and the crushed stone was conglomerate or 
pudding stone whose quality and general char- 
acteristics for concrete are similar to trap. 

The mechanical analyses of the aggregates are 
as follows, the sizes of grains being given as the 
total per cent. passing the various sieves: 


TABLE SHOWING MECHANICAL ANALYSIS OF SAND 
USED IN TESTS. 


Width Total per cent. 

of mesh passing. 
No. of of sieve. co 
sieve ins. Sand. Stone. 
I ase a sow ks 2.00 4 100 
Ir 1.50 ote 92 
PID enoa 8 1.00 Sle 76.8 
l wa nl abe eee ae 0.50 ees 48.8 
I77ͤ ͤ ᷣͤ wiaee-e Save eees 0.25 100 12.6 
S · . wn eee awe os 0.16 97 1.8 
c ete ist aie 0.0583 75.8 1.8 
1 ö · AA as 0.0335 59.7 1.3 
o Aren i aaa eae 0.0148 25.7 1.1 

o E E 0.0055 4.0 0. 7 

r wae aa ees 0.0030 1.8 0.4 


MAKING THE SPECIMENS.—The apparatus 
was designed before making the specimens and 
full directions covering the details of the meas- 
uring and mixing of the materials and the 
making of the specimens were prepared in 
writing and sent to the laboratory of the Boston 
Elevated Ry. Co., the tests being made by Mr. 
C. B. Edwards, Asst. Engineer. A working 
drawing of the specimen as molded with the ap- 
paratus required is shown in Fig. 3. 

Instead of using a wooden mold, the sides were 
formed by two pieces of wrought iron bent to 
half circles and bolted together. These rested 


a7 


pected in practice with the ordinary types of 
concrete mixers. 

Since previous tests by the writer showed that 
the top of a block as molded is much more 
water-tight than the bottom because of the fine 
material which rises to the surface, the speci- 
mens were made in an inverted position so that 
Fig. 3 shows the specimen upside down when 
compared with its position in the permeability 
test. The iron pipe fittings were placed upright 
in the molds, as shown, fittings which were 
easily obtainable being selected to cheapen the 
cost. These were so placed as to give a thick- 
ness of 8 ins. of concrete in all directions, and a 
surface for the water to strike against of 12% 
sq. ins., that is, a circle 4 ins. In diameter. The 
fittings were filled with sand before placing the 
concrete and the top covered with oiled paper to 
prevent the concrete getting into the pipe. 

The bottom of the mold was covered with a 
thin layer, about % in. thick, of neat cement, 
and neat cement was also plastered around the 
fittings which had first been thoroughly cleaned 
with acid and then washed and scraped with a 
brush, thus forming a perfectly tight joint. 
There was no leakage in any of the specimens, 
in fact, it would appear that it is unnecessary to 
insert the pipe so far into the: specimen, 2 or 3 
ins. probably being sufficient. 

When the concrete had hardened, the sand and 
oiled paper were removed from the pipe and the 
surface chipped free from mortar down to the 
clegr concrete, the large size of the fittings per- 
mitting a chisel to be readily worked. The top 
of the specimen as molded was also chipped down 
so that the stones were exposed in the surface 
of the concrete. When ready to test, each speci- 
men was supported by 2 x 4-in. pieces of stud- 


t 
| “Ch ipped Surface 2 Kan 8 ding. which are shown in Fig. 1, and the fittings 
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DETAIL OF TEST PIECE. 


J Hole through .. 
Bottom ps ee è, 


FIG. 3. 


on a plank platform to form the bottom of the 
mold until the concrete had set. 

The proportions were based on volume measure- 
ments, assuming 100 lbs. cement to the cubic 
foot, but for greater accuracy in making the 
tests the weights per cubic foot of the sand and 
stone were determined and the measurements 
made by weight. The cement and hydrated lime 
were first thoroughly mixed to a uniform color, 
by passing several times through a g in. sieve, 
then the sand was added and mixed dry. The 


stone was finally added and sufficient water used 


to make a soft, mushy mix, such as would be 
adopted in construction. The mixing was very 
thorough, but no more so than would be ex- 


pended under each speci- 
men to collect the water that might pass through 
the specimen. The concrete in each specimen 
weighed over 400 lbs. 

PROPORTIONING THE HYDRATED LIME. 
—Few tests have been published to determine 
the effect of the introduction of special materials 
into concrete to increase its water-tightness. 
The percentages of hydrated lime to use were 
determined by applying the conclusions derived 
from tests with graded concrete aggregates and 
the results of the tests indicate that mechanical 
analysis methods can be applied to the laying 
out of permeability tests. ° 

For the 1:2:4 proportions the percentages of 
hydrated lime were selected partially by judg- 
ment. From previous tests by the writer, 2% 
of hydrated lime had been found to increase the 
water-tightness of 1:2:4 concrete made with 
sand and gravel, and 4% of lime to still further 
increase it. The minimum percentage was there- 
fore selected as 4%, and the maximum percent- 
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age for the 1:2:4 mix was taken as 10%, so as 
to confine the results to comparatively narrow 
limits. One intermediate percentage was also 
chosen, thus giving 0%, 4%, 7% and 10% for the 
1:2:4 concrete. 

Leaner concrete mixtures evidently require 
more fine material for water-tightness because 
there are more and larger voids. Furthermore, 
tests in general indicate that with a lean mix 
we can add much more fine material without 
reducing the strength, and that this addition up 


Percentages Passing Sieves. 


and 1:3:5 proportions, we notice that they are 
quite similar above, that is, to the right, of the 
No. 20 sieve, and that the greatest proportionate 
difference between them is below the No. 40 
sieve. We may assume therefore that the par- 
ticles, lying below the No. 40 sieve are those 
which chiefly affect the water-tightness. There- 
fore, the finer sieves, No. 100 and No. 200, must 
be chiefly used in studying the percentages of 
lime to add. 

Several percentages were tried in plotting, and it 
was found that to make 
the 1:3:5 curve most 
nearly similar to the 1: 
2:4 concrete, with 10% 
hydrated lime, 20% of 
lime must be added to 
the 1:3:5 mix. The curves 
of these two mixtures to- 
gether with the curves 
of concrete with no lime 
are shown in Fig. 5. The 
other proportions were 
also plotted in the same 
way, but are omitted in 
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MECHANICAL ANALYSES OF CONCRETE MATERIALS AND 
MIXTURES. 
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FIG. 4. 


to a certain limit is beneficial not only for water- 
tightness but also for strength. 

For selecting percentages of lime for the 
1:24%:4% and the 1:3:5 concrete which would 
compare with the percentages selected for the 
1:2:4, methods of mechanical analysis were em- 
ployed, the object being to obtain mixtures for 
each of these other proportions which would 
have substantially the same sizes of particles. 
In Fig. 4 the mechanical analyses of the cement, 
sand and stone are plotted and a combination 
curve of these three materials made for 1:2:4 
and 1:3:5 concrete. The combined curves are 
simply the mechanical analyses of the mixture of 
the three dry materials in the given proportions.“ 

The curves of the individual materials indi- 
cate the percentages passing the sieves of vari- 
ous sizes. For example, taking the curve for 
the broken stone, which is the lower curve, all 
the stone or 100% passes a sieve 2 ins. in dfam- 
eter, 92% passes a 1%-in. sieve, 76.5% a l-in. 
sieve, and so on. The sand and cement curves 
are plotted in a similar fashion. 

Having plotted these individual curves, it is 
possible to calculate the percentages and plot 
combined curves showing mixtures of these three 
materials in any given proportions. 

The making of these combined curves is quite 
simple. Thus, for example, to find the point on 
the 1:2:4 curve where it cuts the ordinate corre- 
sponding to the No. 12 sieve, the sums of the 
percentages of the individual materials at this 
same ordinate are taken in the proportion which 
they bear to the concrete mixture. All the ce- 
ment is finer than the No. 12 sieve and since the 
cement is one part of the 7 parts in the mix- 
ture, 1/7 of 100% represents the percentages of 
cement in the mixture at the given ordinate. 
Similarly, since there are 2 parts of sand in the 
7 parts, the sand percentage at the No. 12 ordi- 
nate, 76%, is multiplied by 2/7 and the stone 


per cent., 1.8%, by 4/7, thus giving as the point 
on the No. 12 sieve ordinate in the combined 
curve: 

1/7 x 100% = 14.3% for cement. 

2/7 x 76% = 21.7% for sand. 

4/7 x 1.8% = 1.0% for stone. 


37.000 for 1:2:4 mix. 
The other points in the curves are found in a 
similar manner. 

Permeability depends more upon the gradation 
of the fime particles than of the coarse, and the 
finer material, that is, the left-hand portions of 
the curves, is therefore replotted in Fig. 5 to 
larger scale. Referring to the curves for 1:2:4 

*For description of mechanical analysis methods by 
William B. Fuller, see Chapter XI. in Taylor and Thomp - 
son's Concrete, Plain and Reinforced’; also paper on 
“The Laws of Proportioning Concrete,’’ by Fuller and 


Thompson in Trans. American Society of Civil Engineers, 
Vol. LIX., p. 67 (1907). 


the diagram for the sake 
of clearness. 

The intermediate pro- 
portions for the 1:3:5 mix 
were thus determined 
upon as 8% and 14%, while 
for the 1:2144:4% proportions, 0%, 6%, 10% and 
14% were found to correspond with the selected 
proportions for 1:2:4. 

Since a given weight of hydrated lime makes 
more than twice as much paste as the same 
weight of cement, the lime percentages are 
doubled when combining them with the other 
curves. One pound of hydrated lime made into 
a paste occupies about the same volume as 244 
Ibs. of cement. 


CONSTRUCTION OF WATER-TIGHT CON- 
CRETE.—A paper on permeability is incomplete 
without reference to the general principles of 
construction which must be followed to produce 
a water-tight concrete. The concrete materials 
may be perfectly graded and the proper propor- 
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tions of cement and of hydrated lime used, and 
then if the concrete is poorly mixed, mixed with 
insufficient water, or improperly placed, or if 
joints are left in the mass, the wall wiil in- 
variably leak. 

In the first place, the mixture must be thor- 
ough, and, in the second place, sufficient water 


must be employed to give at least a “mushy” 
mix, so that it will settle into place with only a 
small amount of ramming. 

Fully as important as the mixture is the bond- 
ing of the concrete between two days’ work. 
For a small structure which must be water- 
tight, it is advisable to place the concrete con- 
tinuously, allowing no joint whatever, and not 
even permitting the concrete to stiffen up be- 
tween the batches. Even an interruption of an 
hour in the middle of a hot day has been known 
to form a joint which will allow water to pass. 
If continuous work is impracticable, the old sur- 
face of the concrete must be thoroughly cleaned 
of all dirt and laitance or partially set cement, 
so as to expose the concrete. A layer of neat 
cement paste of soft consistency or else of 1:1 
mortar should be then spread upon the old con- 
crete after thoroughly wetting it, and the new 
concrete laid before this mortar has stiffened. 
The placing of the mortar or paste does not pre- 
clude the necessity of thoroughly cleaning the 
surface, for if any of the laitance or partially 
set cement is left on the old concrete, it will 
form a joint under the new mortar through 
which water will pass. 

A long wall or a conduit may require longitu- 
dinal reinforcement to prevent temperature 
cracks and therefore leakage through them. 
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THE NAVIGATION OF HUDSON BAY. 


In our issue of June 25 we commented on the 
revival of the Hudson Bay route agitation and 
remarked that it was extremely doubtful 
whether it ever could be made a commercial 
success. The Boston “Transcript” of July 18 
prints an interview with the captain of the 
Hudson Bay Company’s steamer “Pelican,” 
which sheds an interesting light on the climatic 
difficulties which beset commerce by that route. 
The captain has sailed the Hudson Bay for 37 
years and is quoted as follows: 


“In the first place,“ said he, trade through the Hud- 
son’s Bay would never pay. You would have to build 
special steamships for the trade, steamships which 
would be no good for any other place. That would 
mean lying idle for eight or nine months in the year. 

“At all times of the year there are dangerous ice- 
bergs floating down from the North and carried into 
the Straits by the rush of the sea, and the steamer 
must be strong enough and slow enough to withstand 
all kinds of knocks. That is, speed must be sacrificed 
to get sufficient solidity.” 

For not more than three months of the year is the 
great sea of Northern Canada open to navigation. Not 
until after the middle of July could any navigator be 
certain of finding a passage at all; for weeks after that 
he would be met by a rush of heavy bergs loosened 
out from the bay. By the end of September it was time 
for vessels to get out to the open sea or run a large 
chance of being closed up for the winter. This actually 
happened to one of the Hudson’s Bay Company’s vessels 
two summers ago. When the steamer was headed out 
of the bay, the Straits were found to be choked with 
field ice, so the craft had to sail for the most convenient 
port and lay up for eight months. 

Closing off in September or even in by the middle 
of October means that no grain of the one season would 
get out before August of the following year. Elevators 
and many other appliances would have to be provided. 
Boats suitable for the trade would make their European 
port in a month, more or less, after that. 

The harbors of the two great seas, James Bay and 
Hudson’s Bay, are very poor. The whole coast has been 
explored, and at the head of two indentations on the 
southwestern coast, the Hudson’s Bay Company have 
established posts, York and Churchill. Fort Churchill 
is fairly open, a draft of 19 ft. being available pretty 
well into the harbor, but York Roads are so shallow 
that at times the ‘‘Pelican’’ of 600 tons has to anchor 
eight miles out. James Bay is also too shallow for 
navigation by ocean liners. 

The Hudson's Bay Company's fleet consists of three 
vessels about the size of the Pelican.“ Each makes 
one trip in a year. There is also a French company 
which sends a small vessel in a couple of times in the 
year. 

The “Pelican” is propelled largely by canvas. She 
could not carry enough coal to last her on the long 
journey from London up along the Labrador coast, 
through the Straits and across the bay and then back 
across the North Atlantic to London with her cargo of 
furs. So she uses steam only in calms and through the 
ice. 
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THE LIGHTING OF THE WASHINGTON UNION STATION, 
WASHINGTON, D. C.“ 


The requirements followed in the lighting of 
the Washington Union Station, recently com- 
pleted, are of more than passing concern, and 
it is therefore of interest to describe some of the 
methods employed in attaining the desired ends. 
The new terminal property consists of the Union 
Station, the Express Building, occupied by the 
Southern, Adams and United States Express 
companies, the power plant, locomotive and car- 
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FIG. 1. 
repair shops, coach yard and several signal 
towers. The relative locations of buildings, 
tracks and streets were shown in Engineering 


News, Nov. 10, 1904, in connection with the 
general work of the terminal improvement. 

The power plant supplies electric current for 
light and power, steam for heating, compressed 
air for cleaning, brake testing, signaling, etc., 
and water for drinking, house service and fire 
protection, to the Union Station, Express Build- 
ing and to the adjoining yards, and also light 
and power to the coach yard, repair shops and 
signal towers. Separate power plants furnish 
heat, compressed air and water to the shops and 
coach yard. 

The high tension distributing system for in- 
candescent lighting and power purposes is oper- 
ated at 2,300 volts and 60 cycles. Each trans- 
former for lighting purposes and each set of 
transformers for power purposes is served by 
an independent cable direct from the switch- 
board at the power-house. Cables for arc ser- 
vice have either four or eight conductors and 
serve from two to four loops. All motor-driven 
apparatus is operated from three-phase lines 
while all incandescent lighting service is taken 
from one phase of the generators. 


The transformers are placed in fireproof vaults 
located at convenient points in the basement of 
the various buildings. The vault walls are of 
brick and are built solid from the floor to the 
ceiling. The floor space generally covers an area 
of about 100 sq. ft., giving sufficient room for 
the changing of transformers and parts without 
disturbing the transformers in service. Vault 
doors are iron, lined with asbestos, and are of 
sufficient height and width to facilitate the re- 
moval of apparatus. The high-tension cables 
in each vault terminate at a set of disconnecting 
switches mounted on the wall above the trans- 
formers. Expulsion type fuses are installed be- 
tween the switches and transformers. Low- 
tension feeder distributing panels, encased in 
in. sheet-metal cabinets, are mounted on the 
zutside of the vault walls at either side of the 
door, connection to the transformers being made 
through iron pipe conduit. Three-wire, 113-226- 
volt feeders are run from the feeder cabinets 
to distributing cabinets located at convenient 
points throughout the buildings, each feeder 
serving from one to five or six distributing 
cabinets. 

0 tion supplied by Mr. I L. 
e R. 1 055 85 Cedar St., New York 
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After a number of distributing cabinets had 
been installed a change was made in the Dis- 
trict regulations to permit the grounding, under 
certain conditions, of all electric fixtures not 
connected to gas piping. 
of wiring was accordingly changed to profit by 
this change in regulations. Insulating joints 
are eliminated entirely. The neutral wire of the 
branch circuits is grounded to the conduit sys- 
tem at both the fixture outlet and the distribut- 
ing cabinet—at the latter by means of a copper 
wire running entirely around the panel in the 


Concourse 


Lunch Room 


p 


! ye 
— S1 
x Dining 2 80 8 
Room 8 
> L 
: 8 90 
e + 2 


PLAN OF FIRST FLOOR, UNION STATION, WASHINGTON, D. C. 


wiring space and connected 
wire and the conduit system. The neutral wire 
of feeder circuits is also grounded to the con- 
duit system at cabinets and at transformers by 
means of a ground plate laid in charcoal under 
the vault floor. Neutral fuses in all feeder cir- 
cuits are eliminated and solid copper bars are 
substituted. 


with each neutral 


The station, passenger concourse and train 
sheds cover a ground space of more than 18 
acres. Thirty-three tracks, served by 19 plat- 
forms, enter from the north; 12 tracks merge 


into two, which continue to the south under the 
station and through twin tunnels running be- 
tween the Library and Capitol under First St. 
The subbasement and concourse basement are 


The general scheme 
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waiting-room, ticket offices, 
ing and lunch rooms, womens’ room, smoking- 
room and state apartments. The kitchen is 
located on the second floor. The balance of the 
second floor, the third, and a part of the attic 
floors are used for office purposes. A plan of the 
first floor is shown in Fig. 1. 

The lighting of the large floor areas is gen- 
erally by series, direct-current are lamps. 
All other lighting, except for the ticket 
lobby, is from ‘metallized,’ carbon-filament, 
incandescent lamps. In this one exception 
tungsten-filament lamps have been installed. 
The particular features of the lighting of dif- 
ferent parts of the Union Station are taken up 
in the following divisions. 

MAIN WAITING-ROOM.—The large general 
waiting-room, shown in Fig. 2, covers a floor 
space 120 ft. wide by 230 ft. long, and has a 


baggage-room, din- 


-barrel-shaped ceiling of 60-ft. radius, the highest 
‘point of which is about 98 ft. from the floor. A 


series‘ of five alcoves which form the galleries 
over the entrance vestibules, run along the sides 
of the room, with colonnades connecting the 
galleries across the ends of the room. The ceil- 
ing is light in color and is decorated with gold 
leaf. In the preliminary design of the main 
waiting-room it was decided to use some system 
of lighting by which the fixtures and lamps 
would be concealed. 

Banks of special, inverted, series, arc lamps 
are placed in the alcoves and back of the balu- 
strade on top of the colonnades, with corrugated 
mirror reflectors behind them to throw the light 
to the ceiling whence it is diffusely reflected to 
the floor. As an aid to the reflectors, magnets 
blow the are towards the waiting-room. To 
soften the light and to eliminate the bluish- 
white tint, characteristic of are lamps, ‘‘cathe- 
dral glass” screens of a very light yellow tint are 
placed over the lamps and reflectors. Fig. 3 
is a rear view of the arc and reflector bank in a 
single alcove. The inverted-lamp mechanism is 
shown by Fig 4. Fig. 5 is a section through 
one of the projector units. 

The total equipment comprises 162 lamps so 
arranged that several combinations of the num- 
ber in service may be had. A series of luxo- 
meter readings were taken with all possible com- 
binations of lamps, and from the results of 
these tests it was found that the corrugated re- 
flectors and light colored ceiling give almost per- 


FIG. 2. WEST END OF THE MAIN WAITING-ROOM, UNION STATION, WASHINGTON, D. C. 


used for handling baggage. The station base- 
ment is occupied by a portion of the ventilating 
and other service machinery and by several 
transformer vaults, the balance of the space 
being held in reserve for future requirements. 
The first or street floor is occupied by the main 


fect diffusion, that with all lights burning, at 
reading distance from the floor (about 42 ins.) 
the illumination is practically uniform. Curves 
showing the relative degrees of illumination in 
north-south and east-west directions are nearly 
Straight lines. The illumination values vary 
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from 2.5 candle-feet in the corners of the room 
to 2.3 candle-feet in the center, thus the need 
of auxiliary lighting on the seats for reading is 
eliminated. The avoidance of such auxiliary 
fixtures was desirable to preserve the harmony 
in color and arrangement of the general archi- 
tectural treatment. Difficulty was experienced 
in procuring glass to properly soften the color 
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FIG. 3. BANK OF INVERTED ARC LAMP PROJECTORS, USED FOR LIGHT- 
ING MAIN WAITING-ROOM, WASHINGTON UNION STATION. 


of the light without absorbing too much of one 
or all colors. With “cathedral glass” and clear 
inner globes a loss of only 16%, of the total from 
the arc was found. This figure is less than 
with an opal inner globe alone.. The light is a 
very close approach to daylight, and gives prac- 
tically true color values in every part of the 
spectrum. 

TICKET LOBBY.—The ticket lobby, located 
at the west end of the waiting-room, and shown 
in Fig. 2, is approximately 100 ft. long by 50 
ft. wide, with a barrel-shaped, skylight ceiling 
for natural lighting in the daytime. At first the 
use of a system of lighting similar to that in 
the waiting-room, but with smaller units, was 
considered. A study of the conditions and tests 
of the skylight glass indicated that it would be 
less expensive both in construction and main- 
tenarice to install individual lamps above each 
skylight. Two hundred and twenty-five tungsten 
lamps, 100-watt, 80-c. p. size, are used with 
metal reflectors, covered inside with aluminum 
paint. The lamps are arranged on four three- 
wire circuits, controlled by single pole switches, 
so that half the lights may be cut out of service 
without losing the symmetry of the lighted 
panels. The lamps are all used in a pendant po- 
sition and the reflectors are of a special design, 
mounted so as to direct the light towards the 
axis of the barrel ceiling. The illumination in 
this portion of the station averages about 2.3 
candle-feet, the quality of the light closely ap- 
proximating that in the adjoining main waiting- 
room, and the distribution being equally as good. 

BAGGAGE-ROOM.—The baggage-room on the 
first floor is lighted during the daytime by 17 
saw-tooth skylights through a ceiling of maze- 
glass panels. For artificial illumination, one 
arc lamp, equipped with a large reflector, is 
placed above each ceiling panel. The skylight 
tile work has been painted white with pleasing 
results. The effect has been to destroy shadows 
and color rings, to more evenly distribute the 
light and to make the color mellow and in 
harmony with that in the adjoining ticket lobby. 
All the light is directed downward and the an- 
noying effects of flickering, wandering and feed- 
ing of the are are greatly reduced. The flumi- 
nation here averages about 1.8 candle-feet. It 
has proved sufficient for the work performed 
and easy on the eyes. 

CONCOURSE.—The concourse occupies a space 
755 ft. long by 150 ft. wide between the station 
building and train shed. It serves as a means 


of passage to and from the trains, and is lighted 
entirely by arc lamps suspended about 7 ft. 
from the ceiling. At this distance from the ceil- 
ing the lamps cast very slight shadows over- 
head. The absence of pronounced shadows is 
desirable on account of the paneling in the ceil- 
ing. It was attempted experimentally to light 
this space by placing arc lamps between the 
roof and ceiling over the 
skylights. The scheme 
was condemned prin- 
cipally on account of the 
steel work supporting 
the roof casting very 
pronounced shadows on 
the skylights, and be- 
cause the glass used 
has a very large absorp- 
a: = tion factor and is not of 
uniform color when light- 
ed artificially. Series 
direct-current arcs did 
not give good results on 
account of the great loss 
due to absorption. Flam- 
ing arcs, by reason of 
their great quantity 
of light, gave good re- 
sults, but were aban- 
doned because their pro- 
nounced yellow color 
was out of harmony 
~~ with the general color 
of illumination’ in other 
parts of the station 
and because of the 
high cost and difficulty 
of maintenance in the positions they occupied. 
Fig. 6 is a view taken from the west end of 
the concourse. Other experiments were also 
made in an effort to reduce the total number 
of units used, by employing large diffusers con- 
taining four and five units each. This, how- 
ever, gave the effect of large units of high in- 
trinsic brillancy and was for that reason aban- 
doned. It also produced objectionable streaks 
and shadows on the ceiling. It is thought that 
this system would have worked out well had 
the ceiling been designed so as to have the 
diffusers set in it instead of below it. 

With the arc-diffuser installation the floor 
illumination was sufficient, pleasant and uni- 
form, but the streaks and shadows above, due 
to the non-conformity of the building design 
were considered quite objectionable here. The 
arrangement seen in Fig. 6 was finally adopted 
as giving good results with a reasonable 
cost of maintenance. Each lamp is equipped 
with a clear inner and an opal outer globe. The 
quality and distribution of the lizht is said to be 
as good as could be desired. Suitable casings 
to cover the wires and insulators directly above 
the lamps and canopies to improve the appear- 
ance at the ceiling outlets over that shown in 
Fig. 6 have been provided. A collapsib'e and 
movable extension ladder is used in trimming 
these lamps. 

MISCELLANEOUS.—The dining and lunch 
rooms, womens’ room, smoking-room, state 
apartments and porticos are lighted from orna- 
mental bronze fixtures. These fixtures are in 
strict conformity with the decorations and archi- 
tectural features of the rooms in which they are 
placed, but the irregularity of illumination is 
quite pronounced. Illumination curves show a 
variation, in the dining-room, of from 2.1 candle- 
feet under the fixtures to 0.7 candle-feet along 
the wall. 

Incandescent lamps with reflectors have been 
placed in coves formed in the cornices of the 
main entrance to the state apartments of the 
vestibule. This cove lighting gives a satis- 
factory effect, but the Installation is counted too 
small to furnish data of much value. 

TRAIN SHED.—The train platforms are cov- 
ered by umbrella sheds supported on cast-iron 
columns spaced 30 ft. apart along the center line 
of the platform. One large “Gem” lamp with a 
Holophane bowl reflector is suspended midway 
between each two columns, from an especially 
designed outlet box attached to the steel- work 


of the roof. These are said to give sufficient 
light for loading or unloading trains and are 
readily accessible for renewals. The signs and 
numerals over the entrance gates in the train 
fence are illuminated by incandescent lamps con- 
trolled by push-button switches located in the 
cabinets containing the numeral boards for the 
time signs. l 

With the exception of the few ornamental 
bronze fixtures, all the electrical work was de- 
signed and constructed under the direction of 
the Motive Power Department of the Penn- 
sylvania R. R. Much credit has been assigned 
Mr. I. R. Prentiss and Mr. W. D'A. Ryan, of 
the General Electric Co., Schenectady, for the 
lighting in the important parts of the station. 


NEEDED IMPROVEMENTS IN HOUSING CONDITIONS IN 
PITTSBURG, PA. 


The Chamber of Commerce of Pittsburg, Pa., 
has recently taken on new life and broadened 
its activities so as to include a wide range of 
work for the betterment of the city in many 
specific lines. In the retiring presidential address 
of Mr. H. D. W. English, just published by the 
Chamber, we find some significant remarks on 
housing that apply with much force to other in- 
dustrial cities and that deserve the thoughtful 
consideration of manufacturers generally. After 
reviewing the work of the Committee on Hous- 
ing Conditions, Mr. English says: 

We do not wish to leave the subject of che proper 
housing conditions, affecting—as we believe it does—the 
commercial life of the city, without placing special em- 
phasis upon its importance, if Pittsburg is to retain her 
proud position as the Workshop of the World.” A 
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Fig. 4. Inverted Series Direct-Current Arc Lamp 


for Projector Units. 


workshop as a commercial success means thousands of 
men who toil. 

Foundrymen tell the story of the manager who in- 
creased the output of a plant by having its windows 
washed and letting more light in. Is there not an 
analogy in this to the work of the committees on Hous- 
ing, Sanitation and Smoke Abatement, through which 
this Chamber has endeavored to improve municipal con- 
ditions of living? Bad water, bad sewage, bad housing, 
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and bad air are a species of indirect taxation upon busi- 
ness interests, not only as taxpayers but in their effect 
upon output. We know, for instance, from the Health 
Bureau the number of deaths which are caused by 
typhoid and tuberculosis, but we have no measure of 
the cost entailed by these diseases in hospitals and alms- 
houses and children's institutions, the inconveniences 
and delays to employers, which the irregularity caused 
by sickness means, nor the load which sickness puts 


FIG. 5. SECTION THROUGH PROJECTOR UNIT USED IN 
WASHINGTON UNION STATION. 


upon the year’s pay roll of these firms to carry their 
employees on sick leave. 
tion as to the lessened productive power of the men just 
out of hospitals or in a state of chronic invalidism. But 
we know that all of these things have some of their 
roots in bad water, bad sewage, bad housing, bad air, 
and that the movements to improve these conditions are 
turning so many deficits in the working force of the 
community into so many assets. We have the joint 
testimony of physicians, sanitarians, settlement workers 
and employment agents that the influence of healthful 
home conditions reaches inside of the factory gate. 
These are problems which the individual employer can- 
not work out for himself; so that it is eminently fitting 
that the Chamber should have taken the action it has 
during the past year to promote improvements in these 
conditions. 

A firm establishing an industrial plant at a point re- 
moved from a large community has to face the problem 
of providing not only its mills, but housing accommo- 
dations for its employees. In a large city the matter 
of housing employees ordinarily takes care of itself. 
The city of Pittsburg, however, along with its vast in- 
dustrial developments, has grown so phenomenally in 
population during the last ten years that it has been 
clearly impossible for the growth in housing accommo- 
dation to keep pace. Careful and comprehensive inves- 
tigation shows conclusively that the housing facilities 
of the Greater City have completely broken down, not 
only in point of reasonably proper conditions, but in 
amount of available room space. 

The simple truth is that until now Pittsburg has 
been so absorbingly occupied in keeping up with the 
insistent demand of the country and the world for its 
products that it has not had time to see to this matter. 
No mistake could be greater, however, than to think it 
is merely a question of philanthropy. It vitally con- 
cerns the business interests of every large concern in 
this city. It means a widespread reduction of efficiency 
in the labor force of the community. It means the se- 
rious hampering of the purchasing power of many 
thousand families on account of their being compelled 
tø pay so much for meager housing accommodations. 

It is quite clear that this need will not be met by 
the ordinary investor; he is not attracted by a 5 or 6% 
enterprise of this sort. While Pittsburg stands high 
among the cities of the country in the number of homes 
owned by her skilled and settled working people, the 
neweomers can only very gradually take their places 
among this class and by that time there will be other 
newcomers. 

How far-reaching would be the advantage to the city 
industrially and commercially if some of our great cor- 
perations would undertake to provide an ample supply 
of comfortable dwellings to be rented by their own 
employees. The successful experience of the United 
Sates Steel Corporation with the sale of stock to its 
employees might suggest the adoption of the Berlin 
plan, by which a business concern organizes a housing 
company and sells stock to the workmen who are to 
live Im the houses. This plan secures among working 
people who are unable or disinclined to become owners 
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of their own homes many of the advantages of house- 
owning. 

There is one phase of the housing problem which con- 
cerns very directly, not only the city of Pittsburg 
proper, but all the mill towns of the steel district. That 
is, the problem of suitable housing accommodations for 
the immigrant workmen who make up so large a share 
of the unskilled labor force. The night shifts and the 
necessity for calling out additional workers in time of 
emergencies make it important 
that these men should live 
near their work. The ground 
in the neighborhood of indus- 
trial plants in the city and the 
river valleys is comparatively 
small in area. It is often 
covered by old-time brick 
“houses not built for multiple 
dwellings. Here the worst 
crowding exists in time of 
much work. Five, six, eight, 
ten and twelve men sleep in 
single rooms; and in some 
instances the beds which the 
night shift leave are taken by 
the day shift workers. Here 
toilet facilities, water, ven- 
tilation, are most often inade- 
quate; here typhoid, tubercu- 
losis and other diseases are 
most common; here the muni- 
cipal authorities find it most 
difficult to build up health 


Ws ron 


standards, as there is appar- 
ently no place else for . 
these men to ive; and 


here the conditions are such as 
to be absolutely inimical to 
the development and health 
of such children as live in 
these districts. Several factors enter into the situation 
which mark it off from the general problem of housing— 
questions of investment, available land area, the lodging 
or boarding boss system, the transient character of pop- 
ulation; and the different standards of living, often those 
of an outdoor peasant people which these men bring 
with them. The problem may well offer an oppurtunity 
for leadership on the part of the Pittsburg Chamber in 
undertaking through its Housing Conditions Committee 
such a study as may lead to some original and satisfac- 
tory solution. The committee in the future should take 
up the proper housing of the largely increasing immi- 
grant labor force of this city and help to solve this 
problem, which involves the future of our city indus- 


trially. 
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‘‘BREAKDOWN SERVICE” IN NEW YORK CITY: THE 
EMERGENCY SUPPLY OF ELECTRIC POWER TO 
OWNERS OF PRIVATE PLANTS. 


“Breakdown service” or the supply of elec- 
tric power to isolated private plants in time 
of emergency has been resumed by the New 
York Edison Co., in New York City, as the re- 
sult of the efforts of the Public Service Commis- 
sion for the First District. Such service prior 


to 1905 was supplied to all applicants at yearly 
rates varying from $10 per KW. of installation 
of power-using devices to $30 per KW. of maxi- 
mum demand. In 1905, when the New York 
Legislature fixed the maximum price of electric 
power in Manhattan at 10c. per KW.-hr. this 
breakdown service was discontinued. The ef- 
forts made to have the Edison Co. restore such 
service are recounted in the recent report of 
Commissioner Milo R. Maltbie. It is interesting 
to quote one passage of the report. 


It has been claimed also that it is not fair, even if 
practically possible, to ask the supply companies to fur- 
nish current to private plants, their competitors, when 
it becomes disadvantageous for these competitors to 
supply it themselves, any more than it would be fair 
to permit one express company to take the more profita- 
ble business and to compel a competitor to do that por- 
tion of its business which was conducted at a loss. The 
analogy is not sound and the argument is fallacious. 
The requirement that breakdown service be supplied 
does not imply that one supply company shall provide 
current for another company at less than a fair price. 
Further, the private electric plants are not competitors 
for they do not distribute current beyond their own 
premises. They cannot combine their plants and thus 
be of mutual assistance in case of disability for, by so 
doing, they would be compelled to use the streets for 
their wires and to do so would require a franchise and 
subject them to public regulation and control. It is not 
considered proper for a railroad company to refuse to 
carry a passenger during stormy weather merely because 
he uses his automobile or walks during fair weather or 
when he wishes to go only a short distance; neither 
does it seem fair for an electric supply company, which 
is also quasi-public, to refuse to supply an individual 
merely because he produces a portion of the current 
which he consumes. The electric companies have been 
given the use of public property; their wires are in the 
streets; they have many rights and privileges which 
the ordinary individual does not possess. It seems but 
fair, therefore, that they should also undertake to per- 
form the obligations which go with these privileges, 
and one of these fundamental duties is to supply current 
to every one who desires it and who pays a fair price. 

It should not be assumed that breakdown service or 
any special kind of service must of necessity be supplied 
at the same rate at which other service of a different 
character and of a different cost is supplied. It may be 
that such special service as we are now considering 
should be supplied at a different rate from that charged 
for current under ordinary circumstances; but, assuming 
that the rate is fair, that a reasonable profit is allowed 
to the company thereon, it is, in my opinion, the duty 
of the supply companies to provide breakdown service 
under ordinary circumstances. 


After much discussion the Edison Co. sub- 
mitted a plan by which they proposed to supply 
the desired service at a minimum rate of $30 
per KW. of installation of power-using devices. 
In the succeeding conferences, with the pros- 
pective users of such service, it was generally 
claimed that such a rate was prohibitive, as 


FIG. 6. VIEW OF CONCOURSE, WASHINGTON UNION STATION. 
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only 30 to 60% of the total installation in a 
building was in use at any one time and that 
any charge based on total installation and not 
on maximum demand would generally be unjust. 
The Edison Co., on the other hand, maintained 
that experience had shown their plan to be just. 
However, data were not available to support 
either side of the contention. 

Finally a tentative proposal was made by the 
company on a basis of a guarantee of $30 per 
KW. per year, maximum demand. The supply 
connection is to be made through a special limit 
switch so that no more than the guaranteed 
maximum demand can be drawn. Data for fu- 
ture readjustment of the charges will be fur- 
nished by recording instruments attached to 
each breakdown connection. The concessions 
obtained are summarized in Mr. Maltbie’s re- 
port as follows: 


(1) Breakdown service will be furnished to any owner 
of a private plant who applies for it. 

(2) The use of current need not be restricted to cer- 
tain hours or certain purposes; it may be taken at any 
time and for any purpose, thereby obtaining not only 
pure breakdown service, but auxiliary service as well. 

(3) The consumer may specify the maximum amount 
of current to be taken at any one moment regardless of 
his installation. 

(4) The guarantee will be computed not upon Installa- 
tion but upon maximum demand. 

(5) The company will place recording devices on every 
breakdown connection and take the records under the 
supervision of the Commission for the purpose of de- 
termining a fair charge for service to be fixed in the 
future. 

—— 0 


THE FOOTPATHS OF THE MANHATTAN BRIDGE. 


The two photographs accompanying this 
article are very interesting as records of the 
progress of work on the latest suspension bridge“ 
connecting Manhattan and Long Island across 
the East River and as illustrations of the 
methods of construction on so large a structure. 
In our issue of June 18, 1908, p. G78, we noted 
the start of the stringing of the cables which 
form the basis of the swinging paths shown in 
the halftones. This work was started June 15 
and finished five days later. On July 7, the con- 
struction of the footpaths was commenced and 
it was finished on July 13, on which day the 
first man crossed from one side of the river to 
the other. 

In the photographs, the two views are toward 
the Manhattan side of the river, one on either side 
of the tower pier. The nature of the construc- 
tion will be readily understood. First, four 
groups of four cables each were strung in ap- 
proximately the same location as the future 
main cables will hang. Upon these cables as 
a track, traveling cages were let down, from 
which were laid the timber floor beams clamped 


For previous description of the Manhattan Bridge see 
ne one News, Aug. 3, 1905, p. 107; April 16, 1908, 
p. ; 
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FIG. 1. VIEW FROM MANHATTAN TOWER OF MANHATTAN BRIDGE, LOOKING TOWARD 
ANCHOR PIER. TAKEN JULY 18, 1908. 


to the cables in pairs so as to form two systems 
of paths. Upon these floor beams the stringers 
and floor were spiked. Work is now going on 
upon the system of storm bracing (not shown in 
the views), upon the completion of which the 
weaving of the main cables will be started. 

The immense cost of land damages for the ap- 
proaches may be appreciated after an inspection 
of Fig. 1, which shows the very thickly built 
section into which the Manhattan end of the 
bridge penetrates. 

—_——— EE —5 — 


THREE MINES IN GOLDFIELD, NEVADA, have 
produced gold of a total value of over $38,000,000 in 
the five years since working began, says Mr. T. A. Rick- 
ard in the Mining and Scientific Press’ of July 11; 
yet ‘‘out of this lordly sum, only a driblet of $4,370,000 
has reached the shareholders.” Mr. Rickard calls this 


FIG. 2. VIEW FROM MIDDLE OF MANHATTAN BRIDGE, LOOKING TOWARD MANHATTAN 
TOWER. TAKEN JULY 18, 1908. 


disgraceful and contrasts the record with the Cobalt 
district where from a total production of $6,000,000 per 
annum over 60% has come into the mine owners’ pock- 
ets as profit. Answering the question where the huge 
rovenues of the Goldfield mines went to, Mr. Rickard re- 
fers to the fortunes made by lessees operating under 
royalties and to the carnival of theft described by him in 
our issue of June 25, p. 698. Taking the Goldfield Con- 
solidated group as an example, he says it produced 
fully $6,250,000 gross in 1907, and out of this the share- 
holders have had two 10-ct. dividends, making $710,000, 
although the profits to the company were $1,760,358. 
The lessees made about $2,000,000 and the miners stole 
fully $1,000,000. Evidently all is not gold that glitters— 
in mining shares even when the mine is a bonanza. A 
large part of the profits of the field has also been ob- 
sorbed by the railways and smelters in charges for ore 
carriage and treatment at rates which Mr. Rickard says 
“were in effect, legalized robbery.” 


—_—___-______.¢ äñ—— 


NON-SPINNING HOISTING ROPES are very desirable 
in hoisting heavy loads, but ordinary ropes will rotate or 
spin when such loads are attached. This is not only trou- 
blesome, but may be dangerous, and necessitates the use 
of guides to hold the Joad in position. Various forms 
of non-spinning ropes have been patented, and one of the 
latest patents (No. 883,759, April 7, 1908) has been issued 
to Mr. Olof Tangring, an engineer with the American 
Steel & Wire Co. It is stated that at a marble quarry 
in Vermont a cable made under this patent raised a 
block of stone 250 ft. without the load making half a 
turn during its ascent. No guide line was used. The 
construction of the rope is described as follows by the 
manufacturers: 


An inner series of wire strands is wound in one direc- 
tion over a core, and an outer series of wire strands is 
wound about the innér series as a core in the opposite 
direction. The wires which make up each of the in- 
dividual inner strands are twisted in the same direction 
as the lay of the strands; but in the outer strands the in- 
dividual wires are laid in opposite direction to the lay 
of the strands. 

The number of strands required for the second or outer 
layer must of course be greater than the number or 
strands in the inner layer. For this reason, the immer 
layer has the wires as well as the strands all laid in one 
direction as described, thereby giving them a tendency to 
untwist very much faster than if they were twisted im the 
opposite direction to the Jay of the strands. The wires in 
the outer layer, being laid in an opposite direction te the 
lay of the strands, do not tend to untwist as fast ag in 
the inner layer. The strands in the outer layer, however 
N the tendency of untwisting of the rope As a 
whole. 

When a welght is applied to the end of the rope, the 
greater number of strands of the outer layer hawe a 
tendency to untwist in one direction, whereas the fewer 
strands of the inner layer have a tendency to unRtwist 


very much faster in the opposite direction, aud it is 
found in practice that these two actions almost perfectly 
balance each other. 
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In our issue of Aug. 29, 1907, we published 
several extracts from a lecture by Prof. V. B. 
Lewes, of the Royal Naval College, Greenwich, 
‘and Chief Gas Examiner to the City of London. 
In this lecture it was claimed that a gas-lighted 
room would be more pleasant and healthier to 
ive in than one lighted by electric incandescent 
jamps. From an engineering viewpoint this 
haper was spoiled by inserting seemingly im- 
Iessible and apparently ludicrous statements. 
Indeed it served rather to arouse ridicule than to 
stimulate study—at least on this side of the 
Atlantic. 

The paper of Dr. Samuel Rideal, the well- 
known Eng'ish sanitarian and author, abstracted 
in another part of this issue, should meet with 
a kinder reception because of the thorough and 
scientific way in which a mass of small details 
dave been handled. The statements presented 
are far mere conservative and reserved than 
“were those of Professor Lewes, and are based on 
ch infinitely more complete study. 

On more that 0 occasions 15 healthy men were 
subjected to some 6,000 tests of various kinds to 
detect: depreciation in their physical conditions 
Inder gas and electrice lighting. The results of 
these tests do not show an appreciable differ- 
„her in the effects of tae two methods of light- 
ing nor do they show any changes in any part 
of the body from a state of normal activity. The 
very slight differences noted between the effects 
of the two systems are utterly without hygienic 
significance, and were no greater than would 
have been produced in normal men by slight 
‘lnnges in bodily conditions and in environment, 
ther than the lighting. 

Many interesting conclusions may be drawn 
from Dr. Rideal's paper, some of which are 
worth a passing notice here. While burning 
Hluminating gas consumes oxygen and produces 
Considerable amounts of carbon dioxide, water 
vapor and other undesirable products, and while 
“ith incandescent gas burners about twice as 
much heat is liberated for a given illumination 
a> Witn electric lamps, nevertheless the atmos- 
Phere in a room with restricted ventilation has 
thown nearly the same composition and the same 


temperature under one system as under the 
other. When several persons are in a single 
room, unless it be of comparatively very large 
proportions, the temperature and the conditions 
of the air are more affected by the occupants 
themselves tnan by the illuminant—whether it 
be gas or electric. 

The supposed un-hygienic effects of gas illu- 
mination have been used for years as a strong 
argument by the interested advocates of electric 
lighting. It now remains to be seen how these 
Interests will receive the blunting of one of their 
favorite weapons of attack. 

— . — 

There are a few points in Dr. Rideal's studies 
that are incomplete or not entirely convincing. 
Additional information on these points migat 
well be sought to completely establish his cage. 
For instance, it will be noted that these studies 
were made in cold weather, that the excellence 
of gas lighting is due to increased ventilation, 
and that this in turn is due to a greater tem- 
perature difference between exterior and in- 
terior air. It would naturally follow, then, tnat 
some of the redeeming effects of gas lighting 
might be largely lost in summer time when the 
temperature difference would be largely de- 
creased. 

As long as Dr. Rideal's studies were made in a 
steel framed structure it would seem that the heat 
liberated, one of the two chief factors affecting 
the health of tne occupants, was conducted away 
much faster than in a house of timber con- 
struction, so that his conclusions are not com- 
pletely satisfying. Would the increased venti- 
lation in the lighter construction compensate for 
the decreased temperature difference? That can 
be snown only by experiment. 

This study is a comparison of the incandescent 
gas and electric lamps, and the conclusions do 
not apply to gas lighting by open flames with 
their poorer and smaller light-giving qualities 
and with their incomplete combustion at times, 

— . — 

In a paper on waterproofing, read before the 
American Society of Civil Engineers (Engineering 
News, Sept. 26, 1907, p. 344). Mr. R. H. Gaines, 
Chemist of the New York Board of Water Sup- 
ply, said: 


The statement is made by one well-known authority on 
cement and concrete that additions of from 5 to 10% of 
hydrate of lime, replacing such proportions of cement at 
the time of mixing the mortar, will produce, practical 
impermeability. This, however, is not in accord with our 
experience. Our experiments indicate that, while slaked 
lime slightly decreases the permeability, this advantage 
is more than offset by the decrease in the strength of the 
mortar. There is no chemical reason why other results 
should be expected. 


As this statement has had considerable pub- 
licity it seems strange that a concern manu- 
facturing hydrated lime did not have included 
in the tests to prove the waterproofing efficiency 
of its product—carried on by Mr. S. E. Thomp- 
son, and republished on another page of this 
issue—a determination of the effect of the in- 
cluded hydrated lime on the strength and, if 
possible by accelerated tests, on the wearing 
qualities of the concrete. It is probable that 
Mr. Thompson is the “well-known authority“ 
mentioned by Mr. Gaines, in which case his con- 
tention as to practical impermeability is estab- 
lished by these latest experiments. but in order 
to settle this question of strength, which is 
equally important as watertigh tness, he surely 
should have made a further extension of his 
studies. 

SO — 

The concrete-block industry seems to be 
gradually freeing itself from the dominance of 
what has hitherto been a vital factor, excellence 
and uniformity of face. The field in which the 
industry has made its chief advance is one which 
does not depend on face finish, and at the same 
time gives fullest advantage to the special merits 
of the concrete block. Plain wall work con- 
Stitutes this fleld. It is a healthy symptom, we 
believe, that commercial developments have 
tended to restrict concrete blocks to simple wall 
construction and abandon most of the early pre- 
tences to far-reaching architectural utilization. 

The concrete block as a building material is 
simple and cheap so long as the demands as to 
face finish remain moderate; but when these 


demands are extended to the necessary degree to 
make the block available for a general archi- 
tectural purpose, it becomes a high-priced, 
troublesome material. Face finish and ready 
Variety of form are essential requisites from the 
architectural, i. e., ornamental, viewpoint, and 
they are just the features in which the concrete 
bluck is weak. 

For purposes Where appearance counts, there- 
fore, the block is badly handicapped. Yet all 
the early development of the industry was di- 
rected toward overcoming this handicap. Now, 
however, this effort has largely been allowed 
to die a quiet death. In its stead the effort is 
to strengthen the strong points of the concrete 
block: to make it more readily available every- 
where irrespective of local facilities; to make it 
cheaper, and more adapted to untrained labor: to 
improve its insulating qualities; to simplify the 
work of laying up walls. This is a proper effort, 
one which, recognizing the peculiar sphere of the 
new material, aims to develop its full possibilities 
within that sphere. 

The importance of one feature of the concrete 
block receives less than its due recognition, we 
believe. This is the large size of the unit. 
Brick is restricted to a small size of unit by the 
fixed requirements of the process of making. It 
has a small bed area, and therefore requires 
skilled labor to secure regular, substantial lay- 
ing; even so, the thinnest walls that are built 
take the width of two brick for reasonable se- 
curity of bearing. It is so thin that five bed 
points come within but one foot of height—five 
elements of weakness, initial settlement and 
subsequent disintegration. It is so small in face 
that 16 or 18 bricks must be handled to build 
up a Square foot of face of the thinnest wall. 
The concrete block, on the other hand, makes 
it possible to employ very much larger units, 
as large as can be handled, in fact; and thereby 
it avoids each of the disadvantages mentioned. 
The gain is obvious, though it may not be easy 
to calculate in figures. It is a highly important 
factor of the popularity which the concrete block 
has won. EEEE ee Ge 

According to recent dispatches from Washing- 
ton, D. C., we are to have, in the case of the 
apartment house which failed in that city last 
month, another attempt to convict owner and 
contractor for negligent building construction. 
With increasing frequency have we seen coro- 
ner’s juries bring in charges of neglect in such 
cases and grand juries indictments for criminal 
negligence, but rarely—never in our best recol- 
lection—have we heard of conviction in the trials 
that followed such indictments. A verdict of 
guilty at Washington, then, will be an exception 
which will not help greatly toward a more gen- 
eral regard of the rules of sufe construction. 

The charge of criminal negligence is notably 
hard of proof, particularly when the accused is 
engaged in some profession or trade where ex- 
pert evidence is required to define the exact 
state of the art, and where the amount of care 
and Knowledge necessary for a safe construction 
is not easily to be ascertained to the satisfaction 
of a court of law. As an immediate example, 
the concrete contractor under indictment in 
Washington is now awaiting a second trial under 
a similar charge for what appears to be much 
more flagrant negligence in a Philadelphia build- 
ing. With the evidence most seriously against 
him, the first jury could not come to an agree- 
ment, principally on account of the legal difti- 
culties involved in evidence necessary for con- 
viction on the charge of criminal negligence. 

The conviction of an owner is even more prob- 
lematical. In this particular instance the eon- 
ditions are well outlined in a hypothetieal case 
presented in an editorial published in our ceol- 
umns about a year ago. This paragraph re- 
ferred to no particular construction, but was in- 
stanced mere!y as an example of a eertain type 
of construction prevalent in New York and our 
larger cities. It read as follows: 

A real estate man owning a building plot wants to put 
up a building of maximum profit-capacity at minimum 
cost. He seeks out an architect, explains his wishes, and 


bargains for the purchase of a set of plans suiting his 
purpose, the plans to be guaranteed to pass the building 
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department. The price of the plans is forced down as 
low as the architect's business conscience will permit... 
After the owner has the plans and the building permit, 
he constitutes himself a General Contractor, for the 
purpose of erecting his building without paying for com- 
petent supervision; the architect has already disappeared 
from the scene. Sub-contractors for the foundation exca- 
vation, the masonry, the steelwork, the fireproofing (if 
there be any), etc., are secured at the lowest lump-sum 
prices that can be bargained for. Work then proceeds, 
according to the approved plans, under the owner's 
supervision (or that of his clerk), as badly or as well 
as the sub-contractors’ several consciences dictate; from 
time to time an inspector of the city building depart- 
ment visits the job to see that the masonry does not 
lag too far behind the steel, that the approved plans are 
being followed and the like. There is no other eye than 
his to watch over the construction work, no conscience 
but his to enforce the law’s demands. 

But admitting that the procedure has been as 
indicated, is it possible to convict the owner for 
negligence? Arguing from past trials, we would 
say no. The owner can always claim that so far 
as he knew the subcontractors were equally as 
competent to build safely as any superintendent 
he could employ and, although unfortunate in 
his selection, he was not criminal. Under the 
law as at present codified in most of our cities 
and with juries as usually constituted his con- 
tention will be upheld. 

So we are forced to return to a plea that has 
been made time and again in these columns, a 
plea for better building laws; for laws that will 
fix the responsibility for preventable accidents, 
that will establish some qualified set of men, 
whose authority to build comes from the gov- 
ernment and who can be held responsible for 
their failures outside of the common law. The 
suggestion of the grand jury, as noted on an- 
other page of this issue, that the building depart- 
ment should be given more power, will not 
answer the requirements because we have not 
become so paternal a government that we can 
afford immediately to supervise all construction. 
Such laws have not been passed nor can they be 
formulated without due study and conference, 
but the coming trial at Washington, viewed in 
the light of similar trials in the past, is a fit- 
ting and timely text for a sermon upon the in- 
adequacy of the present system. 


— 


We call especial attention to the letter of Mr. 
Gustav Lindenthal, on another page of this issue, 
suggesting a very simple and cheap plan for 
making tests of the largest-size compression 
members of great bridges. Mr. Lindenthal gives 
due credit to the St. Louis Bridge engineers of 
the early ’70’s for the suggestion. It happens that 
immediately following the Quebec Bridge disaster 
this same plan for the making of compres- 
sion tests was suggested and discussed among 
the editorial staff of Engineering News, and we 
have as yet been able to see no reason why the 
plan is not entirely feasible and practical, and 
in fact the very best way to make compression 
tests on members of huge size. Of course a 
proper location should be chosen and the slot in 
the rock should be deep enough so that a wedge 
could not shear out to the surface. All this 
means nothing more than the exercise of sound 
engineering and common sense. 

As our readers know, the Blackwell’s Island 
bridge has fallen under more or less public sus- 
picion because of its similarity in design, both 
in form and details, to the ill-fated structure at 
Quebec, We have not joined in the attacks on 
the structure, for we have no desire to arouse 
public alarm, and appreciate the fact that public 
hervousness regarding a great structure is more 
difficult to allay than to arouse and may have 
most serious results—witness the fatal panic that 
followed hard on the opening of the Brooklyn 
Bridge, nearly a quarter century ago. 

On the other hand, it has not seemed to us 
proper to take the course adopted by a contem- 
porary and adorn the structure with a coat of 
whitewash. We want first to know more regarding 
that structure than any one now knows before we 
shall join in the chorus that 


“You are right 
And I am right 
And he is right as right can be.” 


- campaign has only begun to simmer, 


What is wanted concerning the Blackwell's 
Island bridze is not expert opinions, but facts. 
We said emphatically, in commenting on the 
Quebec Bridge disaster, that actual tests of 
largest-size columns must be made before the 
engineering profession could have full confidence 
in the stability and safety of its greatest struc- 
tures. We hold the same position to-day. The 
Blackwell’s Island bridge must not be opened for 
public use until the strength of its great compres- 
sion members has been proved by actual test. 

— — — 


One of the most serious of the many difficult 
problems of the modern city is how to secure 
decent and healthful house room for people of 
small incomes, and particularly those whose in- 
comes are both very small and very irregular. 
The problem is generally considered, when con- 
sidered at all, as related only to the health, and 
perhaps the morals, of the wage-earners and 
their dependents, but in reality it vitally affects 
the health, the morals and the industrial welfare 
of the whole community, and reacts from the 
community upon the country at large. Else- 
where in this issue we reprint remarks by 
President English, of the Pittsburg Chamber of 
Commerce, which exhibit some of the many im- 
portant phases of this subject. The remarks 
deserve wide attention. 


—— — ——— 


FLYING MACHINES FOR WARFARE. 


Press dispatches from Washington state that 
army offleials there are worried over the progress 
in aerial navigation that foreign governments 
are making. They think their worry would be 
calmed if Congress wou!d appropriate $10,000,000 
at its next session for the construction of mili- 
tary balloons. 

It is easy to worry in hot summer weather 
and the July temperature at Washington, D. C., 
may be conducive to worriment. However, the 
newspapers, in these days when the Presidential 
are de- 
voting their spare space to the exploits of the 
flying machine inventors. 

These exploits are admittedly well worth re- 
cording. They represent a very high order of 
mechanical achievement. The men engaged in 
them are, many of them, men of prominence in 
the industrial, scientific and financial world. 
Mankind has for centuries longed to be able to 
fly. It now looks as if the mechanic arts had 
about reached a stage where flying would be 
practicable for the man willing to pay the price 
in money and incur the risk. 

But the point which the engineer can see, and 
which the Jay mind, we fear, is often unable to 
see, is that aerial navigation is, from the very 
nature of the case, bound to be costly, both in 
money and in risk to life and limb. These facts 
will not deter it from sporting use. In fact the 
danger will rather increase the attraction. 


It may seem strange to some that inventors 
and engineers should spend great sums of money 
in the development of machines for flying, but 
the amusement interest is more important 
financially than is often realized. 


We recall an engineer who won a reputation 
and made a fair living in the structural field. 
He utilized his knowledge of structural engi- 
neering in an amusement enterprise and won 
riches, almost without effort, such as he would 
never have been able to gain in the strict lines 
of professional practice. To be sure his sudden 
fortune turned his head and ruined him—which 
fact may also contain a lesson. 


r 


There is something in the flying machine busi- 
ness, therefore, in the way of prospective finan- 
cial returns, notwithstanding the fact—which 
engineers at least, understand—that the flying 
machine could not possibly compete with the 
railway or automobile for freight or passenger 
traffic. It is quite within expectation that a few 
years hence experts in gliding flight will earn a 
lucrative salary as attractions at county fairs, 
and the dirigible balloon will be the chief sen- 
sation at larger amusement resorts. 

It is quite within expectation too, that that 
not inconsiderable class in modern society which 


has been by cruel fate deprived of the necessity 
of working for a living and which spends its 
time seeking new sensations will take up aerial 
navigation as a fad. Indeed, this has already 
come to pass in France; and as that country 
sets the fashion in sports as well as clothes, 
we may look forward to seeing the heirs of 
millionaires fiying over our heads in dirigibles 
instead of flying past our doors in automobiles. 

And now what is there besides this in the 
flying machine? Has it really any possible 
military value? Is there any real justification 
from the military point of view for flight through 
the air? 

As our readers will recall, trial flights of the 
competitors under the Government call for fly- 
ing machines are to be held at Fort Myer, Va., 
beginning Aug. 28. The question arises whether 
these experiments are to be regarded as the 
forerunner of an important advance in the art 
of warfare or are merely an interesting diver- 
sion of army officers, who in time of peace are 
glad to have something to study and experi- 
ment upon, involving some features of novelty 
and popular interest. 

Of course in the popular mind the idea is 
firmly fixed that the successful fiying machine 
would be an important weapon of warfare. 
Sensational writers endowed with powerful 
imaginations have painted the pictures of the 
airship hovering at a great height over a doomed 
battleship and dropping a charge of high- 
power explosive in the precise spot where it 
would blow the vessel below to atoms. They 
have foreseen armies in the field wiped out in 
the twinkling of an eye by bombs dropped from 
the skies by airships overhead. 

Of course these pictures are based upon the 
idea of airships that could sail around and do 
business in all sorts of weather; and it is a very, 
very far cry from the present day airships to 
such vessels. Suppose, however, that airships 
were eventually developed which could stand a 
fair amount of storm and could navigate with 
some reasonable probability of going where they 
desired. Would such vessels be of any con- 
spicuous military usefulness? We confess that 
so far we are unable to see it. 

The point which seems to have been largely 
overlooked by the enthusiasts over military 
ballooning is that the enemy is armed with 
dangerous weapons, and has every opportunity 
to use them on his aerial foe. In fact all the 
advantage lies with the man on the ground com- 
pared with the one in the balloon. 

It must certainly be conceded that the success- 
ful airship must be of large size, whether it be 
of the dirigible balloon type or of the heavier- 
than-air type. Count Zeppelin’s huge dirigible, 
which carries 14 men, is over 400 ft. in length. 
The aeroplanes and helicopters and other devices 
by which men hope to lift themselves into the 
air without the use of a gas bag are necessarily 
both huge and fragile. 

The military airship, carrying explosives and 
weapons of offense, would necessarily be still 
more bulky in order to lift the necessary weight. 
One can imagine the delight which the sharp- 
shooters of an army would take in firing at such 
a huge mark as soon as it appeared in sight. 
If there is any question as to the present-day 
long range military rifle being able to put a fly- 
ing machine or its operators hors de combat at 
a distance of two miles or more, it would be an 
easy matter to adapt a light artillery piece to 
send a hail storm of bullets straight at an aerial 
foe at perhaps double this distance. 

It seems to us, therefore, that the military air- 
ship of imagination, dropping down bombs and 
explosives from the skies upon a foe is an ab- 
surdity. If you are anxious to shoot another 
man, a balloon is about the poorest place in the 
world from which to doit, because it gives all the 
advantage to the man on the ground. Two aero- 
nauts who ascended from Massachusetts a few 
weeks ago reported that their balloon was fired ac 
and hit while they were passing over New Eng- 
land. The men in the balloon were unable to see 
who fired the shots. A thousand men could be 
readily concealed in woods or buildings where 
they would have perfect opportunity to see and 
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fre at the balloon and yet be undiscoverable 

from it. 

Even if an airship could steal a march on an 
army or a fleet and sail straight over their 
heads before discovery, the damage it would be 
possible to effect by dropping any such amount 
of explosive as could be raised in the air on a 
fying machine would not be great. High ex- 
plosives have a small radius of action. Talk 
about annihilating an army or destroying a fleet 
by such Means is absurd. 

It is said, however, that while the airship may 
not carry weapons of offense, it may be a valu- 
able auxiliary to an army's signal operations. 
Inasmuch as the coming tests at Fort Myer are 
to be conducted by the army signal service, it 
appears to be this function that the army officers 
have in mind. 

Our esteemed contemporary, the Scientific 
American,” waxes enthusiastic over this and de- 
clares that “if the airship can only fulfil its 
present promise, the time is not far distant when 
the art of war as practised to-day will be stripped 
of its most important element of success and its 
prosecution, at least along modern lines, will be 
rendered well-nigh impossible.” Its reasoning 
is that strategy, or deceiving an enemy as to 
the movement and disposition of one’s own 
forces, wil! be rendered impossible because of 
the information gained by military scout air- 
ships. 

We shall freely admit that there is what might 
be cal'ed “a fighting chance” that the observer 
from an airship might have a somewhat better 
chance than the observer from a captive balloon. 
But this is not saying much. We must remem- 
ber that the captive balloon was quite useful 
for observing an enemy’s forces in the old days 
when black powder and short ranges made one 
safe from an enemy’s shots at a distance of a 
mile or so. When a captive balloon was sent up 
by the American forces in the Santiago cam- 
paign, however, its chief result was to attract a 
fusillade of shots from the Spanish side, which 
did execution among the Americans far back of 
the point where the balloon was sent up. 

Thus the increase in range and accuracy of 
modern weapons has made it necessary to use 
observation balloons or flying machines at a much 
more respectful distance from the enemy’s forces 
than was formerly the case. 

The observation balloon or flying machine 
which is studying—or attempting to study—an 
enemy’s forces, therefore, must keep several 
miles away from his picket outposts. How much 
valuable knowledge of an enemy’s forces will 
it be possible to gain from a balloon distant per- 
haps four to seven miles from the enemy’s head- 
quarters? Engineers who are familiar with the 
work of topographic reconnoisance know very 

well that in broken country observations at any 
such distance are extremely deceiving. Only a 
‘omparatively small part of the surface, in a 
region of hills and valleys, is visible to the ob- 
server from a high mountain top. An occasional 
clear day, it is true, enables a good view to be 
had at a long distance, but in hazy or cloudy 
weather, details are indistinguishable at a mile 
Or 80. 

To sum up, therefore, it seems to us that the 
military flying machine designed to obtain in- 
formation of an enemy’s movements, will be 
kept so far away by the danger from the enemy’s 
projectiles that it will be practically unable to see 
enough of the enemy’s movements to make it in 
any respect worth while. 


LETTERS TO THE EDITOR. 


Should the Railways Operate Their Owa Tie-Preserving 
plants or Have the Work Done by Contract? 


Sir: Referring to the arti¢le written by Mr. S. M. 
Rowe in your issue of July 2, entitled ‘‘Proper Methods 
o Treating Timber’’: 

The Wellhouse process for the treating of timber is 
biag gradually dropped for the reason that the extra 
‘st is not justified by the increased life of the material 
eted. Creosote oil is fast becoming recognized as the 
‘aly efficient preservative for timber treatment. It is 
Tue that zinc chloride, in some localities, has been fairly 


successful, but to take it as a whole it cannot be con- 
sidered so. 

I wish to draw special attention to Mr. Rowe’s remarks 
near the close of his article, wherein he states that rail- 
ways should be advised to build and operate their own 
plants, and to be able in this way to fully control their 
operations. 

For many years I did timber treating work for one of 
the largest railway systems in the United States, and 
naturally I would not criticize their methods of treating, 
or the manner in which they operate their plants. I 


could have been obtained; more than sufficient to crush 
one of the steel tubes used in the St. Louis bridge. The 
testing of three tubes would have cost $4,000. 

His method could be readily applied, and at small ex- 
pense, to the large compression members of the Quebec 
and Blackwell’s Island bridges, and to those of larger 
bridges yet to be built. 

A quarry of solid stone and a few large machined steel 
castings accurately mounted would complete a testing 
plant at a cost of about $9,000 and capable of exerting 
a pressure of 50,000,000 Ibs. 


can say, however, that leading railway companies who The largest compression chord members in both the 
have treating done by com- 
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merely training up men, who, 4°” 
by the time that they are in 
position to be of value to 
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necessity of having experi- 
enced and competent men to 
operate their plants, in order 
to fulfill the specifications in 
connection with the treatment 
of railway and government 
material. 

The result is that the rail- 
way companies waste hun- 
dreds of thousands of dollars in the operation of their 
plants by having inexperienced and incompetent men to 
handle their work for them. 

Why then advise railway companies to build and oper- 
ate their own plants, when large commercial concerns 
have been organized, combining experience and capital, 
for the successful operation of their plants? 

By having men in charge who have had years of ex- 
perience, most of them having been trained up with rail- 
road companies and who fully understand the require- 
ments for treating timber, it stands to reason that large 
commercial concerns can treat material much cheaper, 
and get out a far superior product as a result of con- 
tinuous operation. 


” * * * 


Quebec 


Yours truly, F. D. Beal. 


Eagle Harbor, Washington, July 10, 1908. 
OO — — 


A Ready Means of Making Compression Tests on Large 
Size Compression Members with Special Reference 
to the Blackwell's Island Bridge. 


Sir: In the recent discussion of compression tests so 
much needed for various forms of steel-columns, it has 
been assumed that for members of large diameter or 
section a very large and costly machine is needed. 

I wish to call attention to a method of testing large 
columns to destruction proposed in 1872, by that truly 
eminent engineer, the late Col. Henry Flad (past-presi- 
dent of the American Society of Civil Engineers), for 
the St. Louis steel arch bridge. 

Col. Flad proposed to erect a testing plant as illus- 
trated in Fig. 1 (taken from page 118 of Prof. Wood- 
ward's History of St. Louis Bridge). 

With a hydrostatic pressure upon the plunger of 
8,000 to 10,000 lbs. per sq. in., a total of 12,800,000 lbs. 


„ 
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BAN ANER: Solid Rock A EN 
Fig. 1. A Proposed Method of Testing Large Steel 
Columns. 

(From Woodward's “History of the St. Louis Bridge.“) 
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FIG. 2. TYPICAL BOTTOM CHORD MEMBERS OF THE QUEBEC BRIDGE 
AND THE BLACKWELL’S ISLAND BRIDGE. 


named bridges would probably fail long before half of 
that pressure is reached. 

A model of the Quebec chord section failed under an 
estimated pressure of 18,000 Ibs. per sq. in. I say 
“estimated” because the testing machine on which the 
model was tested required correction for large frictional 
resistances, which themselves are unknown and were only 
estimated. 

A model of a chord of that form is costly and probably 
not much if any cheaper than the full-sized member. It 
permits only inferences and deductions as to strength, but 
cannot furnish the accurate information which a full-size 
test would furnish. 

This matter is of especial importance for the Black- 
well's Island bridge in this city, for which a new strain 
sheet on the basis of the now accurately known dead 
load is said to be in preparation. The strains from dead 
load in that structure are statically determinate and there- 
fore readily obtained. The strains from live load are 
very much smaller and statically indeterminate, but have 
been computed accurately before and only require adap- 
tation and checking, which should have been done by 
the Bridge department long ago. It should have been 


done, when the dead load was increased and 
before the amended plans were approved. The 
completed strain sheet will, however, be of little 


value for judging the strength of the bridge, unless the 
strength of the compression members, and especially of 
the bottom chord, is known. At present it is totally 
unknown. No one can now tell with any degree of cer- 
tainty whether buckling will take place with 18,000 or 
27,000 Ibs. per sq. in. 

The city is said to have appropriated $30,000 for the 
purpose of ascertaining the carrying capacity of that 
bridge, a sufficient sum (unless used up in unnecessary 
fees) to make full-sized tests with two or three bottom 
chord members, and to make this most valuable contri- 
bution to our knowledge of compressional strength. 

An inspection of the two chord sections shown in 
Fig. 2, one from the Quebec bridge and one from the 
Blackwell’s Island bridge, leaves no choice of merit be- 
tween them. The absurdity of relying upon any kind 
of compression formula for judging the strength of a 
column in which the mass of the section is composed of 
stitch-riveted thin plates, has been abundantly proven 
by the collapse of the Quebec bridge. In the absence 
of real tests with them, no engineer’s opinion on the 
strength of a bridge, having such compression members, 
can have any value. 

Gustav Lindenthal. 

45 Cedar St., New York City, July 17, 1908. 
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The Mineral Wealth of the Wisconsia-Iilinols-lowa Lead 
and Zinc Mining District. 


Sir: In the corners of three states, Wisconsin, Iowa 
and Illinois, is a tract of mineral land little known out- 
side of its immediate neighborhood. This tract is in the 
counties of Grant, La Fayette and Iowa in Wisconsin, 
Jo Daviess County i Ilinois and Dubuque County in 
Towa, an area of about 3,500 square miles. 

This tract is covered with a deep, rich soll and pro- 
duces abundant crops. Underlying this rich agricultural 
surface is a wealth of minerals running hundreds of feet 
in depth. 

There are four cities in the district, namely, Dubuque, 
Iowa; Galena, III., and Platteville and Mineral Point, 
Wis. Of these the most notable is Dubuque, which is 
a prosperous «ity of nearly 50,000 inhabitants. The other 
three have populations varying from 5,000 to 7,000 and 
are growing rapidly. The other principal mining centers 
are Cuba City. Benton, Hazel Green. Shullsburg, Dodge- 
ville, Livingston, Potosi, Linden, Mifflin and Highland. 
These are all thriving towns, equipped with water power, 
electric light, and telephone service. They each have 
fair railroad facilites, and the fleld is now ripe for elec- 
tric interurban railways and centrally located power 
plants to furnish electric power to mines, mills and fac- 
torics. 

The ores mined are lead (lead sulphide or galena) zinc 
(zine sulphide and zine carbonate), copper, sulphur and 
iron. These ores form in fissures, flats and pitches, and 
there are large bodies disseminated in the rock. Large 
bodies of lead are also found in boulder formation, in 
pieces ranging from 50 to 1.514) Ibs. in weight. There are 
bodics of copper ore in the district which can be operated 
with profit, the Indians before the advent of the white 
men having smelted large quantities of it, and the ruins 
of their furnaces are yet to be seen at many places in 
the district. 

Large deposits of pure sulphur are to be found at vari- 
ous places in the district, notably at Linden, where it is 
being profitably mined. 

The ores are found at shallow depths, 80 ft. in some 
localities and 100 ft. in others, and there are still others 
in which they occur from the grass roots. The method 
of mining is simple and comparatively inexpensive, no 
more than $50,000 to $0,000 being required to prospect, 
develop and equip these mines with concentrating mills 
and machinery, and to bring the plant to a point of suc- 
cessful operation. The average time required to develop 
these mines to this point of productiveness varies from 9 
to 15 months. Some 400 mines in the district have been 
developed or are in a process of development. Of this 
number 105 have been equipped with concentrating mills 
within the past three years, a majority of them during 
the last 18 months. There are now 50 additional mills 
contracted for this year. 

Eight years ago there was but one small mill in the entire 
district and that was on the Raisbeck mine at Cuba City. 
It will be seen by this that the district is in its infancy. 
The zinc output for the year 1907 was $3,500,000. Up- 
wards of F., 000, 00 of lead and zine, principally lead, 
had been recovered in the district prior to 195. This re- 
covery was accomplished by the most primitive methods 
known to mining, and only from those deposits of lead and 
zinc carbonate which were found from 20 to 40 ft. below 
the surface and above the water level. The discovery of 
large bodies of zine ore at greater depths by means of 
churn drills encouraged the installation of modern mining 
machinery during the past three years, and work has 
been vigorously pushed over a limited extent of the 
mineral fiele. 

Mining these ores is very profitable and there are now 
more than two dozen mines in the district which have 
paid their owners from 5 to 50% monthly dividends on 
their capitalization. i 

In addition to the lead and zine products of these mines 
there are produced annually many thousands of tons of 
othcr materials which are now treated as waste, because 
as yet, no provision has been made to save them. Some 
of these products if properly cared for would be of 
greater value than the lead and zinc for which the mines 
are now being solely operated. 

Thousands of tons of iron sulphide are found in con- 
junction with the zine ore. By the employment of the 
proper process the iron in this sulphide can be made 
a valuable product. Sulphuric acid, for which there is 
an ever increasing demand, is also manufactured from 
this product. For handling this product there is now 
but one plant in the district and it is located at Mineral 
Point, Wis. 

Oil rock is found in every zine range in the district, 
in layers of from ? to 12 ft. in thickness. Under proper 
manipulation this will produce from 30 to 50 gallons of 
oil and from 4,%0 to 5. % cu. ft. of gas to the ton. The 
oil is an excellent preservative of wood, makes a good 
lubricant and can be refined for illuminating purposes. 
The gas may be used for heating and illuminating pur- 
poses, and gives an intense heat and a bright light. The 
process of separating the oil and gas from the rock, car- 
bonizes the rock which, when ground, forms a pigment 
resembling graphite. A paint made from this pigment is 


not affected by sulphuric acid, salt water or any other 
corrosive element. Some of the smoke stacks in the 
district are painted with this pigment and have with- 
stood the sulphuric fumes. 

Both red and yellow ochres, millions of tons of which 
are found in the district, need only proper handling to 
make a valuable product alone. 

Under the system of mining leases lu vogue in this 
district, the land owners receive a royalty of 10% of all 
ores mined as a rental. At the present time there are 
more than half a hundred land owners in different lo- 
calites throughout the district whose incomes amount 
to from $500 to $2,000 per month, according to the output 
of the mines located on their several properties. 

Cuba City, Wis., June 15, 1908. J. V. Welsford. 
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The Proposed Australian Transcontinental Railway. 


Sir: The survey of the Australian transcontinental 
railway has just been started, and it is not often in the 
annals of railway construction that a project for a line of 
such a length is undertaken as a complete scheme. 

The Australian colonies of Queensland, New South 
Wales, Victoria, South Australia, Western Australia, and 
the Island State of Tasmania federated in 1901, and the 
four first-mentioned colonies had, long before that date, 
been connected together by rail. 

Western Australia, though by far the largest in area, 
is, except Tasmania, the smallest in population, and the 
supposed desert character of its vast interior and es- 
pecially of the long stretch of country between its set- 
tled districts and those of its nearest neighbor, South 
Australia, has led to its connection by rail with the 
Eastern States being hitherto in abeyance. Some of the 
most productive gold flelds in the world, however, Cool- 
gardie and Kalgoorlie, were discovered in 1893 in the 
eastern part of the more settled districts of Western 
Australia, and a large mining population has been es- 
tablished upon what is now looked upon as a permanent 
industrial center, and this has been for some years con- 
nected by rail with the Western Australian capital, 
Perth, and its port, Freemantle. Naturally, and more 
especially since the gold discovery, one of the aspirations 
of Western Australia has been the connection of her rail- 
way system at one of its most eastern points, Kalgoorlie, 
with Port Augusta, an important western outpost of the 
railways of the east, a distance of about 1,100 miles. 

By the federal constitution, enacted eight years ago, the 
states were to continue in possession of their lines and 
to extend them where and when they thought necessary, 
but power was reserved to the commonwealth to con- 
struct, with the consent of the states affected, any line 
of an intercolonial or strategical character which might 
be deemed desirable. 

The reasons urged by those favorable to the project 
were five in number. Firstly, in connection with the 
mail and passenger communication with Europe. At 
present, the ocean steam services quit the comparatively 
populous eastern side of Australia at Adelaide in South 


Australia, Where mails and passengers are embarked, 
picking up only those of Western Australia at Free- 
mantle. If Adelaide and Freemantle were connected by 


tha 1,100-mile missing link between Port Augusta and 
Kalgoorlie being filled up, the mails and most of the 
west-bound sea passengers would embark at Freemantle, 
and the speedier land travel would save at least two days 
in the through transit. As to the more northern states 
of Queensland and New South Wales, if a connection were 
made between the railway systems of the latter and of 
South Australia at Broken Hill, there would be a further 
saving of a day as regards the connection between these 
northern states and Freemantle. If this link were not 
supplied, this traffic would have to go round by Melbourne 
and Adelaide. This junction will, no doubt, be ulti- 
mately made, though it will leave out the important 
cities just mentioned from the through route between a 
large part of Australia and Europe. Then the completion 
of the Panama Canal has to be considered in this over- 
land scheme, as this will no doubt lead to better ocean 
services across the Pacific to America from Sydney and 
other eastern ports of Australia, and the transcontinental 
railway will enable the Western Australia mails and 
passengers to participate better in the advantages opened 
out by the construction of the canal. 

Secondly, it is shown that the reduction in distance and 
cost in the traffic, now large, between the eastern states 
and the western gold fields which at present is by sea 
and a retrograde rail journey, would largely increase 
trade and intercourse between these centers, 

Thirdly, there are the very important strategical ad- 
vantages in the more rapid movements of troops and ma- 
terial in case Australia were unhappily threatened from 
without. 

Fourthly, the transcontinental telegraph now existing 
along the coast would be more easily maintained by being 
transferred to the inland railway, and would, in a 
strategical sense, be much more secure. 

Fifthly, the opening up of new tracts for settlement 
was an important consideration, though, until recent 
explorations were made, this was thought to be quite an 
insignificant feature of the scheme. 

In 1{4M, the government of the commonwealth appointed 


a commission of the six engineers in chief for railways, 
one from each state to investigate and report. Briefly, 
they estimated the cost of construction at approximately 
$24,000,000, that at first the loss by excess of operating 
expenses over receipts would be annually something 
like $417,000 per annum, gradually diminisbing to zero 

in about 10 years and afterwards showing a profit, and 
that four years would be required to construct the line. 
The gage was recommended to be the standard 4 ft. 
8½ ins. 

A rough estimate of the cost founded on a mere ex- 

ploration of so great a length without a survey of any 
sort, is not so untrustworthy, in this case, as might be 
expected, as there are said to be no engineering diffi- 
culties of any kind, the country consisting of gently 
undulating surface alternating with flat plains, while 
the climate being very dry, scarcely any water courses 
of considerable size have to be bridged. Long experi- 
ence also of the construction of railways in similar 
country in Australia, covering thousands of miles, was 
among the qualifications of the six reporting engineers. 
As to the annual deficiency, they were on more debatable 
ground, but it should be remembered that the mere 
direct receipts of an International scheme of this char- 
acter are no criterion of its justification. 

Whatever may be their financial position now, the 
construction of the transcontinental lines of the United 
State, Canada and Asiatic Russia would never have been 
justified by the sufficiency of early receipts. In the 
Australian case, leaving aside the first four reasons 
mentioned above, and dealing with the fifth alone, there is 
the increased value of the land which practically all 
belongs to the state, with its natural products. such as 
timber, minerals, etc. For example, even if the deficit 
of $417,000 were perpetual, an {increase in annual value 
of the land produced by the construction of the railway, 
of 3 cts. per acre ona belt of ten miles wide on each side 
of the line, would pay up the deficiency. This land is 
worth practically nothing at present, owing to want of 
transit facilities, so that it is difficult to see why there 
should be much hesitation in carrying out the under- 
taking. Moreover, recent investigation has shown that 
the country is by no means a desert, aS was generally 
supposed, but is wild grassed for a large portion of its 
length. The supposed dearth of water simply arises 
from the prevailing limestone formation which leads to 
the rather limited rainfall being largely lost by percola- 
tioų, but this can be dealt with, and there are great pos- 
sibilities in artesian supply as experiments have proved. 

As to the gage recommended, it is strange that Aus- 

tralia, like Africa, untaught by disastrous experience 
elsewhere, should have started its railways from the sea- 
board to the interior on quite a choice variety in this 
respect, without apparently giving a thought to their ul- 
timate junction. In the case of two of the most populous 
states, this was done in spite of the advice of their en- 
gineers. Queensland has 3 ft. O in. gage, New South 
Wales 4 ft. 8½ ins., Victoria 5 ft. 3 ins., South Australia 
5 ft. 3 ins. and 3 ft. 6 ins., and Western Australia 3 ft. 
6 Ins. In deciding on 4 ft. S% ins. for the transconti- 
nental line which will directly connect two systems each 
of 3 ft. 6 ins., the commission had in mind the recom- 
mendation of a previous commission on unification of 
gage that, if it were accomplished, the common one 
would be the standard 4 ft. 8% ins., with which the new 
line should agree, but pending that consummation, the 
later commission are adding two more breaks to the 
Australian confusion in this respect. The Queenslander 
bound west for Europe will pass successively in his jour- 
ney to the port of embarkation over gages of 3 ft. 6 ins.. 
4 ft. S% ins., 5 ft. 3 ins., 3 ft. 6 ins., 4 ft. 84 ins. and 
finally 3 ft. 6 ins. 

When the commission reported, a proposal was sub- 
mitted to the commonwealth parliament to grant Sts «up 
for the cost of a survey, which was eagerly supported by 
the Western Australian representatives; South Australia 
was hostile to the measure, as leading to the deprivation 
of her present possession of the point of arrival and de- 
parture of the Oceanic traffic to the westward, while the 
eastern states, though generally favorable, hesitated over 
their share of the $24,000,000 expenditure, to which the 
survey would ultimately lead. The proposal was lost by a 
casting vote. This decision, reversed last year, has de- 
layed this important undertaking by three or four years. 

The survey being now sanctioned, a further conference 
of the state engineers was held, in which it was recom- 
mended that one of two proposed routes, that via Tar- 
coola, should be adopted, and it was stated that a large 
area of pastoral and mining country would be tapped. 
ranging from 117,000 to 120,000 square miles in extent. 
The railway would enable the country to carry 2, OPLUM b 4 reri 
sheep with the annual wool clip of about 5,300 toms, ir 
addition to which there would be about 100.000 
taken to market every year. 

There are considerable deposits of gold, copper and coa 
on the route, and Mr. H. C. Castella, Superintendent o 
Government Boring Operations, reported the striking o 
artesian water at a few points, it being reached a 
about 400 to 500 ft. deep. The existence of large num 
bers of kangaroos, emus, and wild turkeys in th 
country to be traversed, which has been reported, chow 
that it. is far from being a desert. 


shee, 


July 30, 1908. 
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When $96,000 was estimated in 1904 for the survey, the 
present writer, who has had much experience in super- 
intending similar work in outlying parts of Australia, 
considered it insufficient. It is true that the actual 
instrument work will be simple, and probably the present 
record, which Argentina holds, of the longest tangent, will 
be beaten On the proposed line, but the distance of trans- 
port and scarcity of water must necessarily add greatly 
to the cost. He is not surprised, therefore, to learn 
that, in the recent conference, the state engineers have 
reconsidered their former estimate, and report that the 
amount voted will be insufficient not only to test alterna- 
tive routes, but to complete a single one. They recom- 
mended that the governments of Western and South Aus- 
trılia should lend their plants and any available engi- 
ters, and that their chief engineers should be responsible 
for the work, while the commonwealth should be repre- 
ented by a consulting engineer. Twelve months was es- 
timated as the time necessary for the completion of the 
cursey, Which, we understand, was to have been started 
about the middle of the present year. 

Very truly, 
C. O. Burge, M. Inst. C. E. 

24 Park Road, Cheswick, London, June 20, 1908. 


(In our issue of Jan. 5, 1905, we published an 
article on the proposed railway, accompanied by 
a map, showing both the proposed routes de- 
scribed by Mr. Burge.—Ed.] 

— OO 


Reforms ia the Methods of the Public Land Surveys. 


Sir: Two years ago, in Engineering News of Jan. 25, 
1%, an article was published in which the writer con- 
trasted the work done by the U. S. Land Office with that 
doa» by the U. S. Geological Survey to the great dis- 
rag: ment of the former. The letter was accompanied 
by reproductions of the maps of the respective surveys, 
wtih, according to the writer of the article, who had 
crossed and recrossed the township, showed the General 
Land Office to be so much in error (showing mountains 
where lakes existed and vice versa) as to be practically 
worthless. 

Alibough this is doubtless an extreme case, and may 
have been due to an error in calling for the township 
plat, yet I think it is pretty generally admitted (and I am 
a U. S. Deputy Surveyor myself now engaged in sur- 
veying in the Colville Indian Reservation, Washington) 
that the survey of the public lands has not been such 
that future generations will ever rise up and call us 
blessed. 

The present method of surveying the public lands, as 
all readers of the News may not be aware, is to let 
the work by contract at so much per mile, the price 
varying with the character of the country, the work 
being subject to feld examination by the Government’s 
expert examiners. Although this has resulted in much 
btier surveys than the old method of letting a contract 
and taking the surveyor’s word, when he turned in his 
notes, that the work had been done, and the corners well 
and permanently established, yet it is far from satis- 
factory. Much work is held up or rejected with conse- 
quent delay and vexation to the department, the sur- 
reror and the settler. Then, too, the cost of the examina- 
ton, no small item, is in a sense a dead weight. 

It was doubtless the above-named consideration which 
led Hon. R. A. Ballinger last year, when Commissioner of 
the General Land Office, to recommend the doing away 
with the contract and examining system and in lieu 
thereof employing surveyors selected by civil service 
1am{nations. i 
Wt:ie Mr. Ballinger’s plan is a good one and the won- 
der is that it was not only suggested but acted upon years 
tgo. yet after an experience of ten years in executing 
surveys, during which time I have worked in 
rea states, I do not believe it would be wise to do away 
evirely with the examination. The best plan, to my 
mind, would be to employ civil service surveyors to do 
‘he work, and then, in lieu of the present examining 
t-rrice, to organize in the Geological Survey a ‘‘Classify- 
itg Division” which immediately after the survey of a 
township would proceed to make a geological survey of 
tte same and before any patents are issued classify the 
Lad as agricultural,“ mineral“ or timber,“ estimate 
the hydrographic resources and incidentally check the 
survey. Any work found to be inaccurately or carelessly 
wae would result in the dismissal of the surveyor thus 
und derelict. 

Sech an examination would practically cost nothing, not 
znae for the reason that in some instances it would come 
12 & a part of the ‘‘quadrangie’’ work of the Geological 
erer, but for the greater reason that it would save 
‘othe public many timber, mineral and water-power re- 
bf e now surreptitiously passing to private owner- 
up or if sold they would be sold at a proper value. It 
tonld, in short, be in line with policy of the ‘‘Conser- 
% of Natural Resources“ and make possible the in- 
\ltgeat disposal of the public domain. 

The reason Y do not believe in doing away entirely with 
te «tamination is that two kinds of honesty are involved 
othe execution of a survey in rough, mountainous, and 
ile frequented sections of the country; the usual brand, 
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measured in units of dollars and cents, and another brand 
measured in units of hard work, sweat and weariness of 
body. Doing away with the contract system would elim- 
inate the first source of dishonesty, but the second would 
remain. 

Two instances will make my meaning clear. One is of 
a surveyor who employed a compass-man. The work near 
camp was well done, but when it came to that more 
remote, the party would go a distance from camp, get in 
the shade, play cards, and make up notes of what would 
appear to be a day’s work. The other story is of an 
examiner who was conveniently taken sick” when about 
to proceed to the examination of a remote and difficult 
township. The senior assistant went ahead two or three 
miles, turned off the trail, made a camp, faked up notes 
from those of the deputy, and came out. Both these in- 
stances were told me by a member of each party. 

Honesty of the most rugged character, persevering in- 
dustry, experience and skill will be required in the en- 
gineer who would survey a rough, mountainous and re- 
mote township which is not to be subject to field ex- 
amination. That all who pass the civil service will have 
such a character it is not reasonable to expect. 

H. A. Rands. 

Oregon City, Ore., June 19, 1908. 

— . — 


Concerning Federal Control of Water Power Development 


in the National Forests. 

Sir: I note your editorial comment of July 9, 1908, 
on my paper on Water Power Development in the Na- 
tional Forests, read before the American Institute of 
Electrical Engineers, and note particularly your last 
paragraph referring to the discussion as follows: 

These men largely trained to the service of private 
intercsts held to the principle that it was for the good 
of the country that the revenue from all profitable de- 
velopments on government conserved areas should con- 


tribute, without respect to geographical distribution, to 
the upbuilding of mutilated or wasted power sites. 


Aud in the report of the discussion on page 43, you 
say: 

There was a general consensus of opinion that it was 
for the greatest good of the greatest population; that 
“spoiled”? and hitherto useless water-powers in the East 
should be assisted to a paying basis of development by 
revenues on western power privileges, as one man would 
take income from one paying property and use it to 
build up another poorer property to a paying basis thus 
making his whole possessions more productive. 

This policy pursued to its limit would tax our West- 
ern farms to Increase the productiveness of those in the 
East which are worn out. It would tax the productive 
coal and other mines to keep the others on their feet. 
And in general it would tax our Western resources to 
the advantage of the East where the resources have been 
exhausted or wasted. The end would be that the thrifty 
men would be taxed to support the less thrifty—that is 
government equalization of everything—that is paternal- 
ism or socialism. The Western people will as a whole 
Oppose a tax on Western resources to support those of 
the East. We say to the people of the East, ‘‘If you 
wish to benefit from our resources, come out here and 
help develop them.’’ 

California has no coal, but abundant water-power. 
We do not expect Pennsylvania to tax its coal resources 
for our benefit, nor do we wish our water-power re- 
sources taxed for Pennsylvania’s benefit. The waters 
of the states belong to the states and are controlled by 
the state, except for navigation, and use of the water 
is, therefore, a local resource. How then can the United 
States charge a privilege or franchise tax for something 
which belongs to the State? 

Whether considered as a local or a national resource, 
each hydro-electric horse-power saves so much coal, oil 
or wood and preserves the resources to this extent. 

So far as the power companies are concerned, it would 
probably be better to have one tax by ‘he Federal Gov- 
ernment and have all waters regulated by the general 
government. At present the States can impose a tax, also 
the counties and cities, and they are not going to re- 
cede this right. If, in addition, the general govern- 
mont imposes a tax, there will be four independent 
taxing powers—Federal, State, County, City, the total 
of which may be as high as 10% of the gross revenue, 
as all of them are based on the gross, and not on the 
net, revenue. The plain fact is that, with the Federal, 
State, County and City governments each reserving an 
independent right to tax the power companies, the in- 
vestor will reserve the right to keep his money. 

The work done by power companies develops the for- 
ests by building roads, trails, telephone lines, protecting 
forests against fires; it helps the streams by the con- 
struction of reservoirs. and hence helps irrigation, 
farming, etc.; it helps the industries by cqualizing con- 
ditions, reduces the cost of powcr and adds taxable 
property to the counties and states in which the devel- 
opments take place, and in doing so makes use of re- 
sources now absolutely going to waste, and substitutes 
this waste power for coal, oi] or wood. 

It should be remembered that power companies must 
generally open up the country and expend many thou- 
sand dollars building trails, roads, telephone lines, etc., 
all of which the government uses free of charge, and 


the people benefit by the roads and other development, 
making the country accessible. The interest of the 
power company generally requires stream regulation by 
the construction of reservoirs. This stream regulation 
is of benefit to the farmers and to the entire country 
by preventing floods and conserving the water for the 
low water periods. The power companies are construc- 
tive and not destructive. They add to the population 
and industry by lowering the price of power and mak- 
ing the power available over a large territory. 

The Forestry Department only gives temporary per- 
mits, and most investors will not risk their money. To 
subject the investments to the whim of some official 
many thousand miles away is unjust, as is also an 
arbitrary charge on the power output for Federal pur- 
poses. To subject an investment of this kind to arbi- 
trary taxation by the Federal, State, County and City 
governments means confiscation or bankruptcy. There 
is a story of the goose that laid the golden egg. 

A knowledge of conditions is necessary for an intel- 
ligent discussion of the subject. This fact is shown by 
the criticisms to my paper. Eastern men say I am too 
much in favor of the power companies; Western men 
say I am asking the power companies to do too much. 

Yours very truly, 
F. G. Baum. 

1405-7 Chronicle Bldg., San Francisco, Cal., July 15, 
1908. 


[We do not think our correspondent can make 
a sectional issue out of the question which he 
raises. It is neither paternalism nor socialism 
for the Government—Federal, State or Mu- 
nicipal—to care for public property on business 
principles; and when private interests want to 
make use of property belonging to the whole 
people they ought to pay a fair price for the 


privileze. 
To be sure this principle has been often 
ignored, so we have our municipalities giving 


away valuable franchises in perpetuity, and the 
Federal Government selling for a merely nominal 
price lands and mines and forests and water 
powers to whoever applied for them first. But 
the world moves, and things which “went” 
twenty years ago do not go to-day. 

The people of the West are the very last ones 
to protest against the Federal policy, put in 
force by the present administration, of saving 
the coal mines and water powers and forests 
from monopolistic control by great corporate 
interests. It is true these “interests” often have 
a very large voice in politics—witness California 
for example—but they cannot claim to represent 
public sentiment as a whole.—Ed.] ` 

— . — 


Concerning Public Debts. 


Sir: The editorial in your issue of 16th inst. on the 
above subject is interesting and timely. Most engineer, 
will agree with you in the abstract, but I am unable to 
follow your argument fully as to the desirability of pay- 
ing off all municipal debts within fixed periods. 

The laws of Missouri and many other states provide 
that when bonds are issued provision must be made for 
taxation to cover both the interest and a sinking fund 
sufficient to retire the bonds within 20 years. I do not 
question the wisdom of this rule, as a general proposi- 
tion, but in some cases it works hardships. 

Take for instance municipal vs. private ownership of 
water-works, which I have had occasion to study in 
some detail. Besides meeting all ordinary operating 
expenses the city must maintain the plant in good opera- 
tive condition—that is, it must either make good all 
depreciation, or charge it off—and it must pay interest 
on the water bonds, and also set aside a sinking fund 
sufficient to retire them at maturity. The only way 
this can be done is to make the water rates sufficiently 
high. At the end of the 20-year period, the city becomes 
the owner of the plant without indebtedness. The last 
generation bas made a present to the next generation of 
a complete plant—in most cases a going, successful 
business. 

It is of course true that the coming generation snould 
not be saddled with the unproductive debts of the past, 
but is it not equally unfair to require the present gen- 
eration to tax itself for the benefit of future genera- 
tions? A private company need give itself no concern 
about actually paying off its bonds, so long as it has an 
income sufficient to meet its interest, maintain the plant, 
and take care of depreciation, thus keeping the security 
intact. To this extent it has an important advantage 
over a municipality, and is therefore in a position to 
make lower rates. The sinking fund account would 
much more than offset the difference in interest rates 
between a municipality and a private corporation. 

Is there any legitimate reason why rates should be 
higber than actually required to meet operating ex- 
pense, depreciation and interest? Why insist upon ac- 
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tually paying off such bonds so long as they are amply 
secured by the actual physical value in the plant, which 
is in regular and successful use, with a large patronage 
in water—a commodity which in all probability will al- 
ways be a prime necessity in urban life? The argument, 
of course, is not as strong for other public utilities, such 
as gas, electric light, railways, telephone, etc., which 
are subject to fluctuating and sometimes erratic demand, 
mutations as to improvements in methods and processes, 
rapid deterioration, etc. With more justice it might be 
said that the extensions and betterments necessary in all 
growing cities, might properly come out of earnings, but 
strictly speaking even this is doubtful, and would better 
be met by additional bond issues. 
William H. Bryan. 

707 Lincoln Trust Bldg., St. Louis, July 18, 1908. 

[To us it is one of the strong arguments against 
private ownership of public utilities that the 
cost, represented by bonded indebtedness. is 
made a perpetual burden on the public. With 
interest rates at 4%, it only requires a sinking 
fund contribution of 3½% per annum to ex- 
tinguish a bond issue at the end of 20 years. 
Few franchise holding companies can float 
bonds at a lower rate of interest than 514% on 
the average, when discounts, etc., are taken into 
account. With a city floating its. own bonds 
at 4%, therefore, a contribution of only 2% per 
annum under municipal ownership would ex- 
tinguish the bond issue in 20 years and leave 
the city freed, forever, from the burden of fur- 
ther interest payment on account of this par- 
ticular debt. 

Further than this, we need only look back 20 
years to see that cities to-day need to have their 
power to borrow money by bond issues un- 
hampered by debts incurred 20 years ago. Take 
this very matter of water supply: In 1884, New 
York City built the new Croton Aqueduct to 
obtain an additional water supply. Twenty 
years later the city found the capacity of this 
work overtaxed and the chance of a water 
famine threatening, and was obliged to plan 
enormous new works for additional supply. 

With the rapid changes of our present day 
civilization, each new generation has its own 
needs. Within the next ten years our cities 
must undertake an enormous amount of work 
in sewage disposal, in water purification, in 
garbage treatment, in additional facilities for 
city transit and for commerce. The city or the 
state or the nation that allows a mountain of 
debt to be piled up by generation after genera- 
tion will suffer a serious handicap in the com- 
petitive struggle. 

A distinguished engineer once remarked that 
it was not to be expected that the average of 
private property could be very much raised. 
The only way in which living conditions can be 
bettered and wealth accumulated by peop!e as 
a whole, said he, is for the Government to 
possess the accumulations in the form of the 
means of transportation and communication, 
and free of debt, so that the people as a whole 
shall have the free use of them. 

The lesson is still more powerfully enforced 
when one studies conditions in the older civili- 
zations of Europe, where one sees the accumu- 
lated industry of many centuries. Suppose all 
the work of the Middle Ages in the castles of 
feudal warfare—quite as necessary in their day 
as any public work that we now build—were to 
be still represented by bond issues. 

We believe the Missouri statute referred to by 
our correspondent is based on sound principles 
of public finance, although a redemption term of 
20 years for all bonds, regardless of purpose of 
issue and life of plant, may be unwise.—Ed.] 

— 4 


Tests on the Water Retaining Ability of Stone and 


Concrete. 

Sir: In your issue of June 18, 1908, p. 670, under 
the title Advantage of Porous Brick in Brick Walls, 
attention is called to the effect of fine-pored brick in 
retaining water, through capillary attraction, and the 
consequent danger of injury from freezing. 

During the past year the writer has had occasion to 
make laboratory tests, under the organization with 
whieh he is connected, of the comparative merits of 
several types of stone and of concrete blocks under 
consideration of dam facing materials. It was recog- 
nized that the percentage of water retained, under con- 
ditions where opportunity for drainage exists, rather 


than the total amount of pore space might afford the 
better measure of the effects of freezing. The scheme 
of laboratory investigations included the determination 
of the above factor. Without going into details the tests 
may be described as follows: The object was to de- 
termine the comparative and actual rates at which satu- 
rated stones give up their water under ordinary condi- 
tions of temperature and atmosphere. The results were 
expressed, for want of better terms, as the Ratio of 
Drying and the Weight of Retained Water per Cubic 
Foot of Stone. Samples were saturated, weighed and ex- 
posed to laboratory air and weighed at periods of 24 
and 48 hours, then dried at 110° C. and weighed. The 
ratio of drying was computed by dividing the weight 
of water lost during exposure by the total weight ab- 
sorbed. The weight of retained water per cubic foot 
of stone was computed as it is evident, considering the 
varying specific gravity of different rocks, this gives a 
truer volumetric relation than does a ratio of weights. 
The value of this test rets on the assumption that dur- 
ing the period of drying the water of the larger or 
capillary pores is removed and the portion remaining 
fills all or part of the sub-capillary pores to their ca- 
pacity and is potent for injury on freezing. It is evl- 
dent that two classes of rock: differing in composition 
or origin, for example, sandstone and granite should 
not be compared by direct quantitative results of either 
porosity or ratio of drying, but it is thought these tests 
do afford a valuable means of comparing specimens 
of essentially similar types, and that the rate at which 
included water is given off, as determined by the drying 
test and expressed as weight of retained water per unit 
volume of stone, is of more value than the porosity 
test. The results should be interpreted by compari- 
son with the ratio of absorption, commonly but erron- 
eously called the porosity test. 

The following table gives typical results from one of 
the series of tests: 


Per cent. of Retained water, 


water Ratio of drying. Ibs. per cu. ft. 

Rock. absorbed. 24 hrs. 48 hrs. 24 hrs. 48 brs. 
Granite 26 49.45 52.80 224 210 
Gneiss .......... .30 88.16 88.16 057 .057 
Gneissoid granite. 1.08 86.70 88.20 202 . 215 


The writer believes failure to provide for this test to be 
a deficiency of current specifications for concrete build- 
ing blocks, and hopes to see some action taken to es- 
tablish standards for this method of testing. For a very 
instructive discussion of the relation of pore space and 
size of pores in stone to retain water the writer makes 
acknowledgment to Bulletin No. 4 of the Wisconsin 
Geological Survey, by Dr. E. R. Buckley, published in 
1898. Very truly yours, 

James L. Davis, Assoc, M. Am. Soc. C. E. 

Board of Water Supply, New York City, July 13, 1908. 
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Data on the Siltisg Up of Reservoirs. 


Sir: In your issue of July 23 there appears a query 
from C. H. M., Seattle, Wash., regarding the silting up 
of reservoirs. 

Information of this character is given in various gov- 
ernment publications. In Water-Supply and Irrigation 
Paper No. 40 (‘‘The Austin Dam,’’ by T. U. Taylor) sev- 
eral pages are devoted to an Interesting and valuable 
discussion of the silting up of Lake McDonald, Tex., the 
roservoir formed by the Austin dam which failed April 
7, 1900. This discussion contains cross-sections at 15 
different points, ranging in distance above the dam from 
zero to 18.9 miles. At most of these sections three sep- 
arate sets of soundings had been made at intervals of a 
few years. This paper can be consulted at almost any 
of the larger libraries of the country, or it can be pur- 
chased from the Superintendent of Documents, Washing- 
ton, D. C., upon remitting 15 cts. by post-office order. 

In the Third Annual Report of the Reclamation Service 
is given information regarding silt in Lake McMillan 
Reservoir, New Mex. This reservoir has a record of 
having silted up 60% in fifteen years. 

It is interesting to compare the silting of these western 
reservoirs with that of the distributing reservoir of Wash- 
ington, D. C. In a period of 20 years the bottom of the 
upper or settling division of the distributing reservoir 
was raised about 9 ins. The lower division was raised 
about 4 ins. in the same time. The deposits diminished 
the capacity of the reservoir 8,000,000 gals. (See Annual 
Report of the Chief of Engineers, U. S. Army, Part VI., 
1893, page 4297.) 

Very truly yours, 
R. H. Bolster, 
Assistant Engineer, U. S. Geological Survey. 
Washington, D. C., July 24, 1908. 


— — — 


Salaries of Technical Graduates. 


Sir: I noticed a few days ago a statement of the aver- 
age earnings of the graduates of one of our technical 
schools. The writer made up a table of the earnings of 
the graduates in the Mechanical Engineering Department 
of this institution for the ten years from 1895 to 1905. 
The data was collected about eighteen months ago and 


the only change possible would be that the average rate 
of wages is considerably higher at the present time. 
Very truly yours, 
L. S. Randolph, M. Am. Soc. C. E. 
Professor of Mechanical Engineering, Virginia Polytech- 
nic Institute, Blacksburg, Va., July 25, 1908. 
[The table referred to is printed below.—Ed.] 
VIRGINIA POLYTECHNIC INSTITUTE. 
Positions and Earnings of Graduates of the Department 
of Mechanical Engineering. 
(Made September, 1906.) 


Positions. 
Presdenn ns. ee aes F 2 
Superintendents and assistant superintendents........ 10 
Managers F ere e EAE « @ 
ener 8 e e e 6 
Mechanical engineers E 32 7 
Ie“. Oe where ea e 3 J 
Marine engineerS ........cccscces tt. es a uae 4 
Civil engineeerrrtrrr ee ccces 5 san b 
Electrical engineers ....esosenesnessoocsonossssosonn 7 
Mining engineers e 8 
Draftm een 8 EEEE 20 
Clerical cesan too iene nen HE wen bane eee ee . ae 1 
Apprentices ....... C e 1 2 

Average 

im salary. 

ö ͥ ³o¹1¹¹AA ³˙ ¹Aꝛ.A ee Ao oak a % „%% r E r 0 „ 9 083 
1896 e — —⏑‚ꝙ—— ¶ ¶ e 6 2 „0 „ „ „ e 1195 
1897 e 2 ee e „e „% „% „% „„ „„ „% „ „ 06 „ „ W.0 eee? „ eee e 1,400 
1898 e „e „„ „„ „ „ „% % „% 6% „% „% „ 06 „ „6 „ (O „% „ „ „ 6 „6 „ 2. 500 
1899 e e ¶ ‚ „ „ „ 2 2 „ 0 „ 0 „ 2,020 
1900 6 66 „%„%%„%„„„ „„ „„ „ „ „ „ „ „„ „„ „ „ ee 0 es 2,000 
IJl!küͤ 8 . . 1,897 
) (K ‘ TITRE EA . 1,382 
/ ³¹w c = e e . ꝗ.: . 1.004 
1904 e „% „„ „„ „6 „ „% „%„%%„%„„„%„„„%„„„%„%„„ „„ „„ „„ „ 22 E „ 6 „„ „6 „ 0 „% „„ „„ „ „„ „ e 1,077 
1905 e h „% „%% „ „% 0% „ „% „ „% „660 eeneeteeseoese eee 801 

Aersgne kane srta ie alee . . 11.774 

— —— — 


Notes and Queries. 


Referring to the article on the Georgian Bay Canal 
in our issue of July 16, it should have been stated that 
the official report was presented to Parliament by the 
Minister of Public Works, under whose direction the 
surveys were carried out and not by the Department of 
Railways and Canals as stated. 


I. B. D., Mineral Wells, Tex., wishes a simple method 
of detecting sulphate of alumina in water In which that 
substance has been used as a coagulant. We doubt if 
there is any satisfactory method that could be called 
“simple” from the viewpoint of the layman. The fol- 
lowing methods, however, are given in “Air, Water and 
Food,” by Ellen H. Richards and Alpheus G. Woodman: 


Dissolve about O. 1-gram pure hematoxylin in 25 c. c. 
water; this solution will keep for two weeks and works 
best after being made several hours. To 50 c. c. of the 
water, placed in a 4-in. porcelain dish, add two drops 
of the hematoxylin solution, allow the solution to stand 
for one or two minutes, then add a drop of 20% acetic 
acid. The standards are prepared at the same time, 
using 50 c. c. of distilled water and the required amount 
of a standard alum solution. The comparison must be 
made immediately, since the color fades on standing. In 
this way the presence of one part of aluminum sulphate 
in 5,000,000 can be determined directly in the water and 
with ease. 

Logwood itself can be used, but the test is not so 
delicate as with the hematoxylin. Boil 5 grams rasped 
logwood repeatedly with 50 c. c. of water; reject the 
first four decoctions, saving the fifth for use. This solu- 
tion is used in the same way as the hematoxylin solution, 
but the fainter colors are not so easily seen, on account 
of the greater color of the logwood solution itself. The 
logwood solution must be freshly prepared each time. It 
will work satisfactorily only for about two hours. 

Notes.—This test will show the presence of all soluble 
salts of aluminum which enter into combination with 
the coloring matter of the logwocd to form a lake.“ 

The alkalies and alkaline earths give a purplish color 
with logwood extract, hence the test for alum can be 
made only in acid solution. 


EO ——.— 

THE VARIATIONS IN RATES OF WAGES since 
1890, measured not in dollars, but in purchasing power, 
are set forth in Bulletin 77, just issued by the U. S. 
Bureau of Labor. The following table summarizes the 
result of the investigation: 


RELATIVE WAGES PER HOUR, RETAIL PRICES OF 
FOOD, AND PURCHASING POWER OF HOURLY 
WAGES, MEASURED BY RETAIL PRICES OF 

kn on: 1 0 TO 1907. 784 585 
elative numbers computed on is of average for 

. 1890-1899 = 100.0.] 
Retail prices Purchasing 
of food power of 
weighted ac- hourly wages 
cording to measured by 


Year. Wages per family con- retail prices 
hour. sumption. of food. 
1800 eee 100.3 102.4 97.9 
111 ͤ 100.3 103.8 96.6 
18 - send ain a eeu 100.8 101.9 98.9 
1893 wes ease we oes 100.9 104.4 98.6 
1 8 97.9 99.7 98.2 
7 Sin cee he wrens 98.3 97.8 100.5 
1 Seuss 99.7 95.5 104.4 
177777 99.6 96.3 103.4 
18999888 A 100.2 98. 101.5 
11 nae 102.0 99.5 102.5 
0 105. 5 101.1 104.4 
Il 108.0 105.2 102.7 
1002 463 ee 8 112.2 110.9 101.2 
190 eae 116.3 110.3 108.4 
I ee 117.0 111.7 104. 7 
1900000 vasa es A 118.9 112.4 105.8 
r 124.2 115.7 107.3 
190000 „— 128.8 120.6 106.8 
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A NEW INCANDESCENT GAS BURNER. 


Frm time to time the manufacturers of gas 
lamps indicate their alertness in putting into 
practical Shape each advance gained in the use 
of illuminating gas. The practical forms of the 
inverted mantle burner gave evidence of this 
some time ago, and the new burner placed on 
the market by the Welsbach Co., of Gloucester, 
N. J., strengthens the impression. 

This burner, known as the Junior type.“ is 
one of the smallest and most adaptable of the 


4 Small Incandescent Gas Lamp to Replace Fish- 
Tail Burners. | 
(Made by The Welsbach Co., Gloucester, N. J.) 


mantle lamps yet developed. The general ar- 
rangement is shown in the accompanying figure. 
The whole arrangement is intended to replace 
the burner and tip of the ordinary fish-tail 
lame, the mantle occupying the same relative 
place as the flame. This burner can therefore 
be used with any glassware of the open-flame 
or electric-bulb fixtures, provided there is free 
charge of burned gases upward. No change 
nthe fixture is required other than removal of 
the burner. 

The arrangement, as shown, consists essen- 
‘aly of a Bunsen burner, a chimney and a 
mantle. The design is extremely simple; the 
mica chimney is the integral support of the 
mantle, and this unit slips into its place on the 
‘op of the Bunsen burner. The whole outfit is 
about.5 ins. high. The burner uses from 1.75 
to 20 cu. ft. of gas per hour and gives about 
5 to 30 mean spherical c. p. The distribution 
of light is, of course, very similar to the older 
fom of upright mantle lamp. On account of 
the great intrinsic brilliancy of the exposed 
mantle of this “junior type,” a word of warn- 
ing should be given where it is to replace the 
id fish-tail burners. The glassware should be 
‘amined to see whether it is too nearly trans- 
parent or not. If such is the case then, in most 
instances, the proper diffusion can be obtained 
by additional sand blasting, etching or even 
lacquering. The 


‘very precaution against injury to the eyes. The 
‘urner is marketed at a retail price of 35 cents, 
and it is claimed that the mantle gives a life of 
about a year under ordinary use—which, prob- 
ably, may be taken to be 8 two to four hours 
ber day. 
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THE ASPHALT PRODUCTION OF THE UNITED 
Sates in 1907 amounted to 223,000 tons, valued at 
£53,900 against imports of 160,000 tons valued at 
*48,000. Four years ago, according to a press bulletin 


sf the U. S, Geological Survey, the total production and 


™pertations of the United States aggregated only 240,- 
% tons. During the year 1887, only 4,000 tons were 
produced in the United States, and in 1897 less than 
76,009 tons, 


intrinsic brilliancy of all 
rant'e lamps is too great for their use without 


THE HARLEM CREEK SEWER AND ITS STEEL CENTER- 
ING: ST. LOUIS, MO. 


The Harlem Creek Sewer, in St. Louis, Mo., is 
thought to be the largest concrete sewer built 
in this country, and the part now under con- 
struction is notable for the use of steel center- 
ing. The Harlem Creek is a small stream in the 
northern section of the city, draining a district 
which is mainly open country. It receives, how- 
ever, both sewage and the refuse from some in- 
dustrial establishments, and is also subject to 
flooding by heavy rains. In view of these con- 
ditions, and of the future development of this 
part of the city, it was decided by the Sewer 


Department to build a conduit to replace the 


present open channel. Mr. H. R. Fardwell is 
Sewer Commissioner; Mr. J. A. Hooke, Assistant 
Sewer Commissioner; Mr. Ross M. Bristol, En- 
gineer of the Sewer Department, and Mr. S. W. 
Shinkle, Engineer in Charge. Mr. John King 
is Chief Inspector. 
of the sewer. 


The first section of the sewer, extending from 
Broadway (at Bircher St.) to the Mississippi 
River, was built by the Hoffman-Hogan Con- 
struction Co., and has been completed this month. 
It is 2,200 ft. long, with a span of 29 ft. at the 
springing line, and was built with the usual 
form of wooden centering. This section is now 
in use, there being a lateral. inlet at its upper 
end. 


The second section, work on which was com- 
menced a few months ago, will be 3,000 ft. long, 
extending west and northwest from Broadway. 
It follows the course of future streets, and has 
two bends or changes of direction in its length 
of 3,000 ft. The grade is 0.25%. There will 
be about six manholes, placed at the side of 
the sewer. This section is 25 ft. wide, with a 
semi-circular arch, and a total height of 17 ft. 
from the invert to the crown. It is being built 
by the Prendergast Contracting Co., of St. 
Louis. 

Work was commenced at the lower or Broad- 
way end, the connection with the first section 
being closed by a dam of vitrified brick in ce- 
ment, in order to prevent flooding of the new 
work by water backing up from the river in 
time of flood. Below this dam is the concrete 
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FIG. 1. 


; inlet by. which the stream now enters the first 


section of the sewer. The excavation averages 


about 33 ft. wide at top, and ranges from 25 ft. 


to 50 ft. in depth. 
CONCRETE WORK. 

The section is uniform throughout. There is 
a semi-circular roof of 25 ft. span, with ver- 
tical sides extending below the springing line 
for about 1.ft. The invert has a radius of 25 
ft., and is faced with a single course of hard- 
burned vitrified paving brick. This use of vitri- 


Fig. 1 shows cross-sections © 
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fied brick is standard in all brick and concrete 
sewer work at St. Louis. The thickness of the 
concrete is 14 ins. at the crown of the arch, 26 
ins. at the springing, and 6 ins. at the lowest 
part of the invert. The concrete is made of St. 
Louis “Red Ring” Portland cement, Mississippi 
River sand and crushed limestone (14-in. to 2- 
in. in size); the proportions are 1:2:5 for the 
arch and 1:3:6 for the invert. It is mixed fairly 
wet to enable it to be packed closély around the 
steel reinforcing bars. The reinforcement com- 
prises curved transverse rods near the intrados 
and extrados of the arch, with longitudinal bars 
wired to them. Vertical bars are set in the 
haunches. Twisted bars are used throughout, 
while Johnson corrugated bars were used in the 
first section. 

- The concreting of each 25-ft. length of the 
arch is done at one operation, no stoppage be- 
ing allowed until the work is complete. The 
two cableways (described farther on) deposit 
the concrete on opposite sides, working backward 
and forward along the 25-ft. length. A gang at 
the crown attends to the dumping of the buck- 
ets and pushing the concrete down the sides. 
Two gangs, one on each side, tamp =e concrete 
into place with wooden bars. 

STEEL CENTERING. 

One of the special features of the construc- 
tion work is the use of steel centering, the steel 
structure being collapsed, moved ahead, and 
expanded as the work progresses. The present 
centering is 25 ft. long, but another 25-ft. length 
has been ordered, and it is intended to build 
the arch in 50-ft. sections. The centering is of 
the Blaw type, built by the Blaw Collapsible 
Steel Centering Co., of Pittsburg, Pa. The 
weight of the 25-ft. length is about 15 tons. 
This type of centering has been used extensively 
on smaller work, but this is the largest diam- 
eter that has yet been built. 

- The- centering consists of a steel shell. riveted 
to arched. ribs of steel channels. As shown 
‘by the view in Fig. 2, the interior framing is 
composed principally of two sets of truss 
frames, one on each side. The straight chord 
of each truss extends diagonally from the 
crown to the horizontal member at the springing 
line, and the arch rib forms the curved chord. 
The web members are secured to the chords by 
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CROSS-SECTIONS OF THE HARLEM CREEK SEWER, ST. LOUIS, MO. 


connection plates. These truss frames are spaced 
30 ins. apart. On each side of each arch rib 
is an angle rib having one leg riveted to the 
side of the channel and the other leg riveted 
to the shell plates. Stiffness is further secured 
by an intermediate channel rib between each 
pair of main ribs. Across the central triangular 
space, between the two inclined chords of each 
pair of frames, are placed three horizontal tim- 
ber struts, in line with the horizontal truss 
members. These struts carry screw jacks. In 
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this way the frames can be extended to give the 
shell the full diameter, or can be drawn inward 
so as to contract the diameter and thus free the 
shell from the concrete arch which has set 
around it. At the forward end of the shell is 
a curved bulkhead of steel plates, against which 
the concrete is laid. 


it, and the centering is hauled forward as de- 

scribed above. Pumps mounted on the centering 

keep the bottom of the excavation dry. 

CONSTRUCTION PLANT AND METHODS OF 
WORKING. 


FIG. 2. STEEL CENTERING FOR THE 25-FT. HARLEM CREEK SEWER AT S¥. LOUIS, MO. 
(At A are the three lines of struts, with screw jacks for spreading and collapsing the centering.) 


Under the lower end of each row of chords is 
a longitudinal 24in. I-beam. These afford 
ample longitudinal stiffness or rigidity. They 
are provided with small wheels which run on 
steel angles spiked to longitudinal timbers laid 
upon the invert. When in place, however, the 
I-beams are raised by jacks placed under their 
ends, in order to give the centering its proper 
vertical position.. They are then supported by 
the jacks and by blocking while the concrete is 
being deposited and until it has set. The cen- 
tering must remain in place for at least three 
days after concreting, but the actual time de- 
pends upon the rate at which the construction 
of the invert progresses. 

When ready to move, the horizontal jacks draw 
the sides of the shell inward, and (the blocking be- 
ing removed) the vertical jacks under the I-beams 
lower the structure bodily about 6 ins., until 
the rollers rest on the steel angles which form 
the rails. It is then hauled forward one length 
by means of a cable. With four laborers, the 
25-ft. centering can be collapsed, moved ahead, 
and set up ready for concreting in less than 
two hours. It is expected that equally rapid 
work can be done with the 50-ft. section. The 
arch is left with a smooth and even finish, free 
from irregularities of surface. The exterior of 
the shell is oiled to prevent the concrete from 
sticking to the steel. 


Timber is used to form the outside face of 
the form at the haunches. The joints between 
the planks are calked with clay, and the joints 
with the steel end bulkhead are closed in the 
same way to prevent the escape of water and 
cement when the concrete happens to be very 
wet. 

The excavation is kept we!l ahead of the cen- 
tering and a 25-ft. length of the bottom is first 
built. When the lower part is completed, the 
reinforcing bars for the invert are set in po- 
sition, the form is placed, and the concrete is 
filled in to form the invert of the sewer. The 
brick lining is also set in place. After this part 
of the work has set for a sufficient time, the 
supports for the arch centering are laid upon 


The upper part of the excavation is in 
a firm dry clayey soil. The lower 6 ft. 
is in solid limestone rock, and this rock 


depth will increase to about 8 ft. Immediately 
above the rock is a bed of stiff blue clay, which 
is difficult to handle, as it sticks in the 114-yd. 
bucket of the steam shovel. This is a Little 
Giant machine, carried on traction wheels. It 
is now intended to excavate to the rock by 
means of large slips or scraper buckets hand!ed 
by a cable from a hoisting engine; and to use 
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FIG. 3. 


STEAM SHOVEL, CABLEWAYS AND STEEL CENTERING ON THE HARLEM 
SEWER WORK. 


the steam shovel to load the rock broken up by 
blasting. At present the rock is broken by 
blasting and sledging into sizes small enough to 
allow of loading by hand into skips or buckets. 
The rock is used for the concrete, and some of 
it is sold for use elsewhere. 

Fig. 3 is a view of the work in progress. In 
front is the steam shovel, and beside it is the 
steam drill used in breaking up the rock bench. 
In the excavation behind the steam shovel is 
the steel centering. Behind this again is the 
end of the completed concrete sewer, partly 
covered by the back-filling. Overhead are the 
two cableways which handle the excavated ma- 
terial and the concrete buckets. 

Fig. 4 is a sketch plan of the construction 
plant, which is of interest for its combination 
of cableways and narrow-gage industrial rail- 
ways. It may be noted in this connection that 
there is an increasing tendency to use railways 
of this class on construction work in this coun- 
try, following a practice which has been common 
in Europe for many years. 


The concrete-mixing plant is located per- 
manently at about the middle of the work. A 
No. 3 Gates crusher is set below the ground, so 
that the men can feed the stone directly into it. 
A conveyor carries the crushed stone to the 
overhead screens, from which the stone passes 
to a row of elevated bins. Adjoining these is 
the sand bin. The cement and sand are brought 
in by railway cars. The cement (in paper 
sacks) is delivered into a storage shed along- 
side the track. The sand is shoveled or dumped 
into a concrete hopper forming the boot of a 
bucket elevator which delivers it to the ele- 
vated bin. Underneath the bins and extending 
around to the cement house is a narrow-gage 
track on which run two small side-dump charg- 
ing cars. One car is loaded with the proper 
amount of cement, and then runs under the 
spout of the sand bin. The other car is filled 
from spouts under the stone bins, taking stone 
from different parts of the bins in order to en- 
sure a proper proportioning of the different sizes. 

At one side of the charging car track is the 
concrete mixer. This is a Chicago cube con- 
crete mixer, of 1144 yds. capacity, and has an 
elevating charging hopper operated by a cable 
hoist. The sand, cement and stone are dumped 
into this hopper, which is then raised and auto- 
matically discharges its contents into the re- 
volving cubical box. Water is supplied from an 
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tlevaled tank having a long water-glass gage. 
Graduations (on the tank) at the side of this 
cage show the quantities of water required for 
a dry, medium and wet mix. One man at the 
«yer controls the charging hopper, the mixer, 
the water supply, and the car elevator noted 
below, 

The method of handling the concrete and the 
excavated material is of interest, being a com- 
bination of marrow-gage gravity tracks and 
cableways. Extending over the line of the sewer 
are two parallel Lambert -cableways 500 ft. 
long. From the concrete mixing plant to the 
head of the cableways is a gravity loop track 
fr Koppel narrow-gage flat cars carrying 
Koprel bottom- dump concrete buckets of 1% 
sds, capacity. The lowest point of the track is 
at the concrete mixer. When a car has received 
its charge of concrete (by tilting the mixer), 
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THE RELATIVE HYGIENIC VALUES OF GAS AND ELEC- 
TRIC LIGHTING.* 


The most complete study of the relative merits 
of gas and electric lighting for domestic pur- 
poses from the hygienic standpoint yet made is 
that presented recently by Dr. Samuel Rideal 
before the Royal Sanitary Institute in London. 
The report makes a formidable document of 132 
pages, exclusive of plates. The interesting 
methods employed and the (to most persons) 
unexpected conclusions drawn make a study 
closer than can be made here advisable for 
sanitarians and electrical engineers generally. 


PURPOSE AND SCOPE OF THE STUDY.— 
To properly determine and compare the hygienic 
effects of the two ways of lighting it was con- 
sidered necessary to study direct physiological 
actions and less direct effects through changes 
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FIG. 4. SKETCH PLAN SHOWING THE ARRANGEMENT OF THE CONSTRUCTION PLANT 
FOR THE HARLEM CREEK SEWER; ST. LOUIS, MO. 


it ls pushed forward to a platform elevator 
xhich raises it to the head of the gravity track. 
A man then starts it down a short grade of 
about 1%, beyond which there is a grade of 
OO to the level portion near the cableway. 
Here two laborers check the car in position 
under the hoist of one or other of the cable- 
ways, 

The bucket is then lifted from the car and 
run out to the desired point, where it is low- 
ted and dumped. The empty bucket is run 
tack and dropped upon a car, and the two men 
tten start it on the gravity return track from 
tie cableway to the concrete mixer. At present 
D distance from the cableway to the mixer is 
ztout 800 ft., and there are in all about 4,000 
tt of the industrial railway. A man stationed 
3: the back-filling dump, directs the cableway 
cignemen by signs. Another man, on the plat- 
zorm at the forward end of the cableway, 
£gnals the former as to hoisting and lowering 
movements of the buckets. He also signals the 
man at the car elevator when to start a loaded 
bucket of concrete. 


The rock from the excavation is used for 
concrete, as already noted. It is loaded into 
deckets, which are carried by the cableways to 
2 dumping platform having chutes through 
which the rock falls {nto steel side-dump Koppel 
rs of 40 cu. ft. capacity. The car runs by 
zavity to a trestle over the rock pile at the 
usher. When empty, it passes round a loop 
© a return gravity track. This ends near the 
Zeding point, and a mule hauls the car up a 
zmt incline to this point, under the platform. 
-te earth excavated is loaded by the steam 
‘vel into buckets of 36 cu. ft. capacity. These 
‘43 well as the large excavating slip scrapers 
¿sady mentioned) are raised by the cableway 
281 carried back to the completed part of the 
‘ork, where the material is dumped for back- 
fling. 

The excavating and removal of earth, and the 
“aval of rock, are carried on at night. The 
‘ttreting and rock excavation are done during 
‘te day. Arc @lectric lights are erected on poles 
ang the work. Electric motors are used to 
zerate the rock crusher, elevator and screens, 
de concrete mixer and its charging hopper, and 
th- car elevator. Current is obtained from the 
Unon Electric Light & Power Co., of St. Louis. 


in the living conditions. For this study three 
parallel lines of research were requisite: (1) 
into tne direct effect of the light; (2) into the 
effect of the products of combustion, respiration, 
perspiration, etc.; (3) into the nature, amount 
and distribution of such products. The work 
was increased through the unexpected lack of 
data on such points as the ventilation of living 
rooms or results of physiological examinations 
of normal persons at their regular avocations. 
This investigation was carried out with 15 per- 
sons altogetner. These men underwent a general 
medical examination to show that they were 
normal examples of men living and working in 
a city like London. The physical data collected 
related to (1) lighting, (2) heating, (8) ventila- 
tion, (4) composition of the air. The physiologi- 
cal data included: (1) frequency and character 
of pulse, (2) frequency of respiration, (3) 
arterial blood pressures, (4) variations in blood 
contents, (5) body temperatures, (6) body 
weights, (7) mental fatigue, (8) time lag between 
mental impulse and muscular action, (9) impres- 
sions on the senses, (10) eye fatigue. 

EQUIPMENT.—Tne experiments were carried 
on in the basement of an office building in Lon- 
don. Two rooms (14 x 16 ft.) had previously 
been thrown into one large apartment in which 
the first studies were made. Later two equal 
and symmetrical rooms were formed by a 
wooden partition and screens. The front wall 
was the only outer one and had two large win- 
dows in each room. Outside each corridor, an 
air lock was formed, by baize doors, to mini- 
mize the air disturbance of persons entering and 
leaving tne room. To exaggerate any unhygienic 
effects of either system the ventilation was re- 
stricted to a small adjustable grating, besides 
the unavoidable leakage around window open- 
ings. Before taking over the rooms they were 
cleaned and whitened, a normal amount of about 
50 lbs. of whiting (an average of 40 sq. ft. per 
lb.) were used on walls and ceiling. 

At first the rooms were not heated, but as 
severe weather intervened some source of 
warmth other than tne lamps and bodies of the 
subjects was demanded. To still control the 
ventilation electric heaters were used, supplied 
through a separate meter. 


A brief abstract and a review of a paper by Dr. Samuel 
Rideal, F. I. C., in the Journal of The Royal Sanitary 
Institute, Vol. XXIX, No. 2, March, 1908. 


Each room was arranged to be lighted by 
either gas or electricity and tne supply of both 
was recorded by close-reading meters. The 
lighting was that of an ordinary dining-room; in 
the center of each room a pendant hung over a 
large table around which the men sat. This 
fixture carried a flounce inside of which were two 
gas and two electric lamps, alternated. The gas 
lamps had ‘“25-c. p.” inverted, mantle burners 
and used 1.28 cu. ft. of gas per hour. The or- 
dinary coal gas supply (3.2 c. p. per cu. ft. per 
hour) was used. The electric lamps were carbon 
filament bulbs having a normal power consump- 
tion of 94 watts for a nominal 25 c. p. j 

ARRANGEMENT OF EXPERIMENTAL 
WORK.—With the single large room gas and. 
electric lighting was used alternately from night 
to night or from week to week. After the two 
symmetrical rooms were arranged gas was 
burned in one room when electricity was used in 
tne other. The use of gas or electricity was 
alternated to overcome differences resulting 
from the use of the two rooms without change. 
The following physical studies were made: (1) 
Photometric tests of the lighting, (2) tempera- 
ture gradients about the room, (3) amounts of 
air supplied before and after each evening’s 
run, (4) amounts of COs, moisture, organic mat- 
ter and bacteria in the air, (5) temperatures of 
outer and inner air, (6) meteorological conditions 
as reported officially. 

RESULTS OF PHYSICAL TESTS. 

LIGHTING.—The gas supply from daily offi- 
cial tests snowed average calorific values of 600 
B. T. U.., gross, and 540 B. T. U., net. The CO, 
from combustion was determined each day and 
found to average 0.6 cu. ft. per cu. ft. of gas. 
The water produced was found, from the calori- 
meter tests, to average 395 grains per cu. ft. 
of gas burned. Thus with an average of 4.11 
cu. ft. of gas consumed per hour, 2.51 cu. ft. of 
COs and 1585. grains of H,O were produced. 

The gas lamps threw more light down to the 
table than did the electric while the latter sent 
more out toward the walls. The better general 
room illumination with the electric lamps was 
very noticeable in reading the test apparatus. 
This difference in the general character of. the 
illumination is probably sufficient to explain the 
slight differences in the optical effects disclosed 
later. 

Each electric lamp required an average of 94 
watts per hour, the heat equivalent of which is 
658 B. T. U. Thus it is seen that the electric 
lamp gave off about half the heat of the gas 
burner (1.382 B. T. U.) and tnat the heat of the 
former is not incomparable to that of the lat- 
ter, as has often been stated. 


VENTILATION.—Mechanical tests of the 
actual ventilation were out of the question, and 
it became necessary to introduce a large quan- 
tity of CO, into the room, to mix it thoroughly 
with the air and to determine the reduction at 
different intervals. At first the air supply was 
measured before and after each evening’s work 
and an average taken. But as the ventilation 
data began to accumulate wide variations were 
evident in spite of all precautions to keep uni- 
form conditions. It was shown that the vari- 
ation was not related to changes in direction 
and force of wind; indeed the greatest venti- 
lation was associated with light winds and calm. 
A close examination of all the data showed 
later that changes in ventilation were closely 


TABLE I.—Ventilation of Test Rooms. Rideal’s Study of 
Hygienic Values of Gas and Electric Lighting. 


Prelim- During 
inary. run. Final. CO.“ 
Cu. ft. per hr. 

UNDIVIDED ROOM. 
(Fireplaces and ventilators closed.) 
Gas evenings...... „58 3.579 3,185 29.5 
Electric evenings... 2,913 3,492 3,667 22.6 
DIVIDED ROOMS. 
(Fireplaces and ventilators closed.) 
Gas evenings ..... 335 2.002 2,230 41.1 
Electric evenings... 1,425 1,952 2,016 31.1 
(Fireplaces and Ventilators open.) 
Gas evenings .... 078 19.4 


Electric evenings... 3,748 
(Fireplaces, Ventilators, Windows and Doors Open.) 
15. 000 


Gas evenings ..... ,000+- 
17,000+ 


Electric evenings... 
*At steady state; parts per 10,000. 
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related to changes in temperature difference be- 
tween inner and outer air. By computing back 
from temperatures and values for CO: produced 
and present the intermediate values of Table I. 
were derived. 

From Table I. it seems that tne ventilation, 
purposely restricted though it was, was slightly 
increased with the gas. This was attributed to 
strong currents set up by the heated products 
of combustion. The increase during the run 
cannot thus be explained as the lamps were 
lighted while the preliminary figures were being 
taken. Such increases then were attributed to 
the’ occupants themselves, who added twice as 
much heat as the gas burners and kept the air 
in motion by their movements and respiration. 

The average composition of the whole air 
space, snown by Table I., was hygienically less 
important than in the breathing zone. A few 
determinations of the COs were made at various 
levels with the results shown in Table II. These 
indicate that at all levels, except just above 
the floor, the composition is constant. 

Dr. Rideal considered the results of the ven- 
tilation studies especially significant on account 
of the massive construction of the building. For 
a dwelling of ordinary frame construction far 
higher figures could be expected. 


TEMPERATURE.—There were two general 
temperature gradients expected: (1) from the 
ceiling downward and (2) from tne walls in- 
ward. Vertical and horizontal chains of ther- 
mometers were placed to study this effect. The 
floor temperature was generally some 5° below 
the room average. The thermometers near the 
center of the room usually read about 1° higher 
than at the wall. Tne investigator’s conclusion 
is that the heated gas and air from the lamps, 
and from the mouths of the subjects, rose 
rapidly to the ceiling, spread out to the walls 
and, losing heat all the time, dropped to the 
floor. 

Tne temperatures of the room rarely became 
steady and it was calculated that roughly only 
28% of the heat generated was carried away by 
the changing air, while 72% went by radiation 
and conduction. Table III. shows a summary of 
average temperatures for different arrangements 
of the test rooms. 

In spite of individual readings the various 
thermometers all rose and fell together. There 
was only a slignt rise in average temperature 
at any time in spite of long runs, crowded rooms 
and restricted ventilation. On two occasions the 
lamps were left lighted all night and neither 
illuminant was able to maintain the evening's 
temperature by some 4°. This fact agrees with 
txe conclusion that may be drawn from Table 
IV. that the rise in temperature was due to the 
human occupants more than to the illuminants. 

HUMIDITY.—The term “humidity” has been 
used relatively, to indicate the ratio between 
moisture absorbed and true saturation point of 
the air. Determinations were all made with 
wet and dry-bulb thermometers in spite of some 
undesirable features. Absolute determinations 
were tried but were unsuccessful. 

The moisture was artificially increased at times 
in connection with both gas and electric light- 
ing, but noticeable effects were not produced on 
the occupants. Dry heat was introduced at an- 
other time to reach extreme dryness, but no ap- 
preciable effects were produced on the subjects. 

ORGANIC MATTER IN AIR.—It is an old 
contention that the breath throws out un- 
healthful volatile substances, but many careful 
experimenters deny this, and claim that chemi- 
cal changes in air, produced by healthy humans, 
are not markedly deleterious and that tempera- 
ture and humidity are the vital factors affect- 
ing comfort and susceptability to disease. How- 
ever, as some ventilation requirements are 
based on such supposed respiratory products, 
their determination was attempted. A method 
was developed in which these substances were 


TABLE III.—AVERAGE TEMPERATURE IN TEST ROOMS DURING COMPARISON OF GAS AND ELECTRIC 
LIGHTING (Degrees Fahrenheit). 


(Fireplaces and ventilators closed.) 
Undivided room 
Divided Rooms 

(Fireplaces and ventilators open.) 

Divided Rooms Sate ae a Sree wees 

(Fireplaces, ventilators, doors and windows open.) 
Divided rooms 


oxidized by potassium permanganate (SO, 
evolved with combustion of coal gas shown to 
be negligible). The following results are 
gatnered directly from Dr. Rideal’s report: 


The substances Increase in an electrically-lighted room 
in which people are present. Continuous burning of gas 
for 19 hours (in a room without persons) also gave high 
and constant values. Thus there are evidently two kinds 
of organic matter in the air of a gas-lighted room—ana- 
logous to the two classes of COz. 

When the CO: reached a stationary value the quantity 
of ‘‘organic substances’’ did also. 

In occupied rooms in which no gas was burning the ab- 
sorption of oxygen (the oxidization of organic matter) 
increased by five volumes per million volumes of air. 
When gas was burned this increase was less, being 
roughly three volumes per million. The obvious con- 
clusion is that some of the substances are destroyed by 
the temperature induced in burning gas. 

BACTERIA.—During the early investigations upward 
of 100 bacteriological observations were made to de- 
termine a possible reduction of organisms with gas or 
electric lighting. All determinations were under normal 
conditions during the medical, chemical and physical ex- 
periments. 

The average results of exposures in various parts 
showed a reduction of 29.2% for electric light and 35.3% 
for gas. The studies showed that the condensation of 
moisture on cool surfaces helped this decrease. The con- 
densed water collected under electric illumination con- 
tained from 9 to 18 organisms per c. c. When gas was 
burned the condensed water was sterile, which the in- 
vestigator explains as a result of the germicidal action 
of the traces of SO, condensed also. [It should be re- 
membered that coal gas was used and that the germ- 
icidal effect of burning water-gas would probably be 
much less.—Ed.] 

LEAKAGE OF COAL GAS.—Delicate tests showed that 
on no accasion—unless specially and purposely arranged— 
was there as much as one part of CO in 1,000,000 parts of 
air, and then with both systems alike. As CO is the only 
poisonous constituent of moment in coal gas, and then 


only some 5 to 8%, it was considered advisable to test. 


the amount of CO in the room air with various amounts 
of coal gas escaping unburned in imitation of leaks that 
might be expected to occur in a residence. Three men 
remained for over four hours in the room while 8.8 cu. 
ft. of gas per hour was escaping. The smell was very 
strong, and such a leak in a house would have been im- 
mediately detected. No serious or very marked symp- 
toms were manifest in any of the men and the recovery 
from even these was quick and complete. The inference 
drawn is that any accidental leakage is not apt to be an 
immediate menace to health. 

RESULTS OF PHYSIOLOGICAL TESTS.—Increased ac- 
tivity of one organ of the body to compensate for de- 
creased activity of another is a well recognized action and 
N is generally understood that as long as adequate in- 
crease is possible by one organ to compensate for de- 
crease in another then good health is maintained. But 
the working limits of any organ are not to be exceeded 
and good health is most stable when all parts are work- 
ing near their mean power, when no one is overloaded. 
The object of Dr. Rideal's physiological studies was to 
determine the states of different functional] activities 
under gas and electric lighting and to detect any exces- 
sive taxation upon any organ by either illuminant. 

CIRCULATORY AND RESPIRATORY SYSTEMS.—The 
rate of pulse was taken as an indicator of changes in 
environment. Variable effecting conditions such as age, 
hour, exertion, fatigue, excitement, depression, etc., were 
largely eliminated. The pulse rate was found, as a 
rule, to gradually fall off each hour by about 1.7 beats 
per minute under both illuminants. This is good evi- 
dence that either system has no appreciably different 
influence on any of the many actions affecting the pulse. 

The rapidity of respiration showed an hourly loss in 
the studies made in the large room of about 0.3 of a 
period per minute under both lighting systems. When 
the small rooms were fitted up the drop increased to 0.5 
and 0.9 for electric and gas systems, respectively. It is 
evident then that respiratory changes are due to condi- 
tions other than the lighting in itself. 

ANIMAL HEAT AND BODY TEMPERATURE.—Func- 
tional activity and rate of chemical action vary in dif- 


— — H 


TABLE II.— DISTRIBUTION OF CO, AT DIFFERENT 


LEVELS IN TEST ROOM. RIDEAL’S EXPERIMENTS. 


(Parts in 10,000.) 


Height above floor .... 
Distance below ceiling ..... 
Aberage CO d 22 . „ 6 „% %%„%„%„%„„ „ „ „% „„ „ „6 „„ 
Ratio to average of whole room 


(EE „„ ted 


9 ft., 10 ins. 8 ft. 4 ft., 3 ins. 6 ins. 
6 ins. 2 ft., 4 ins. 6 ft., 1 in. 9 ft., 10 ins. 
28.4 27.5 26.8 21.9 
1.00 1.05 1.03 0.83 


Gas. Electric. 
eee 
Initial. Final. Rise. Initial. Final. Rise. 
53.6 57.0 3.4 54.0 - 57.2 3.2 
59.0 63.4 4.4 58.7 62.9 4.2 
60.8 63.9 59.2 62.7 3.5 
58.4 57.5 58.3 56.9 1.4 


ferent parts of the body and under different outside con- 
ditions, but the heat liberated is always more than enough 
to maintain normal body temperature (98.4° F.). The 
excess is caused to disappear through radiation and the 
evaporation of water from lungs and skin. Constancy of 
body temperature is controlled by the nervous system, 
hence an abnormal change in temperature is an indica- 
tion of a disturbance of natural nerve functions. The 
normal average maximum comes late in the afternoon 
with a gradual decline until late at night. Under these 
tests slightly excessive decline in temperature was ex- 
pected and only when the average drop under one light 
was different from that under the other light would a 
different influence be shown. Under gas light the aver- 
age fall during the evening was 0.9° F. and with electric, 
0.8°, a difference so small as to be meaningless. 

BODY WEIGHT.—All during these studies the men 
were properly weighed at the beginning and end of each 
evening's work. Under both systems the average losses 


per man per hour were very close to 0.3 lb. throughout 


the experiments, showing no appreciably different effects. 

MENTAL FATIGUE.—This term is used to denote a 
state in which one does mental work less accurately and 
slower than normally although working well within ones 
power to do such tasks. Problems in addition were set, 
at the beginning and end of several evening's sessions, to 
ten subjects usually. Increase in time required and in 
errors made were rated as losses and decrease in time and 
errors, as gains. The results of this study showed some 
losses, more gain and a few stationary values. On the 
whole a general improvement was seen, due probably to 
the period of rest. The greatest improvement in speed 
was under electric light and the greatest in accuracy 
was under gas. 

IMPRESSION ON THE SENSES.—As it is often claimed 
that olefactory perception is more sensitive than the most 
delicate chemical tests, it was thought that there might 
be so found some differences, attributable to the system 
used, which had not come out from previous tests. It had 
been already found that chemical tests for CO recorded 
values before any smell of coal gas was perceptible. On 
five occasions tests were made with nine observers. A 
closed room was used in which gas or electric lamps had 
been in use from 3 to 12 hours previous. When the sub- 
jects were asked to judge which had been used both 
systems were running. Each man snuffed the air 
through his nose, inhaled it through his mouth and en- 
deavored to detect a change between the room air and 
that outside that would show gas to have been burned. 
Fifteen opinions were doubtful,“ eight correct ones fo) 
gas and two for electricity were given. 

OPHTHALMIC WORK.—It was necessary to limi 
studies of the direct effect on the eye to fatigue tests 
Nearly a thousand observations were made in the fol 
lowing classes: (1) visual acuity by test types at si: 
meters distance; (2) power of co-ordinating the vision o 
each eye by overcoming the effect of prisms; (3) ‘‘punc 
tum proximum,’’ or nearest point on which the eye 
could be focused; (4) power of light perception of th 


TABLE IV.—RELATIVE PRODUCTION OF HEA’ 
MOISTURE AND COs BY MEN AND BY GAS AWN 
ELECTRIC LAMPS. 

Two 25-cp. Two 25-cp. 


Electric Gas Six 
B production of Lamps. Lamps Men. 
T- U coriis ee re 658 1,382 2.01 
Grain Walker — 1.012 4. * 
Cu. o celtwrde ine — 1.54 8 
. would cause temp. 
1 ares e 13.9°F 29.1“ 42° 
Final humidity Finds aes 43% 31% 31 
Added COs (POIRE in 
1000 // ;ů6ꝛ5352 88 6.2 19. 
Final COs eon 6 6 „66 „6 „„ 4 10.2 23.. 
TABLE V.—HUMIDITY DEVELOPED UNDER G 
AND ELECTRIC LIGHTING. RIDEAL’S EXPE) 
MENTS. a 
as. Elec 
UNDIVIDED ROOM. a 
Outer ai??? 78. T7 
Room air, initilalkklklkl. 323.9 72 
Room air, flnaaVöLñj»s 3 . 6.6 rier 
Channnnnee 12.7 2 
DIVIDED ROOM (Restricted Ventilation). 
Outer air ... espurar aes seas a 10:6 78 
Room air, initia . 0.1 zil 
Room air, final ee 6 „ oe o 72.9 Poa 
Change soe tiere seai ͤ ͤ K Ea +2.8 — 
(Fireplaces and Ventilators Open.) 
Outer air 269 222 „„ „ „0b „ „„ % „6% %„%6»%%ęi % % „ „ 74.5 T- 
Room air, initial ....esssessesese s 69.5 71 
Room air, flnallakb!lk - 0.0 a 
Change ....... 40.5 — 
(Doors and Windows ‘Open Also.) 
Outer ar A 3 75.5 re 
Room air, initilllklslñu. 65.0 ty 
Room alr, final ......ccesescccecoee 68.0 G 
Ganges isese. +1.0 
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retina by the number of opal glasses through which a 
sandard candlg could be distinguished at one meter’s 
distance. These tests were usually made at the beginning 
of the evening and after three hours. The acuity of 
vision, the power of co-ordinating the eyes, the ac- 
commodat ion to distance and the retinal perception were 
all slightly more decreased under electric lamps than 


under gas. 
— ——— 


A LAKE-FRONT HARBOR PROJECT FOR CHICAGO. 


The harbor problem of Chicago was discussed 
at some length in our issues of Aug. 16, 1906, 
and Jan. 23, 1908. In the latter issue we referred 
to the appointment by the Mayor of a special 
commission to consider this problem in all its 
various aspects. A number of opinions and pro- 
jects have been submitted to the commission by 
various persons and associations. At a recent 
meeting of this Harbor Commission a paper re- 
viewing the conditions and suggesting a remedy 
was read by Mr. W. H. Johnson, Western Agent 
for the Anchor Line of lake steamers. 

It was claimed that the city is losing its share 
of the package-freight and general freight traffic 
through its lack of harbor and warehouse facili- 
tes. While the larger steamers can now pass 
through the river, since the removal of the three 
street-railway tunnels, this river navigation is 
extremely expensive. This is due to the loss of 
time (owing to slow movement and numerous 
bridges) and to the necessity for using tugs. The 
bills for tug service were said to average $250 
fora trip with a large steamer in the Chicago 
River. In Mr. Johnson’s opinion it would be 
necessary to make the river 300 ft. wide to enable 
large vessels to lie at wharves on each side and 
still leave room for vessels to pass each other in 
the stream. This, he considered, would be im- 
practicable. The narrow river, with its numerous 
bridges, makes the expense of getting to and 
from the docks very much higher than at other 
ports. The steamship lines, therefore, prefer such 
other ports. In addition to this, the Chicago 
River docks and terminals are in the congested 
district of the city where land values are already 
high and are increasing. To go farther up the 
river to new terminals at outlying districts would 
increase the time of steamship trips materially. 
Mr. Johnson stated that the freight business 
on the lakes is handled by eight steamship lines, 
owned or controlled by the eastern trunk-line 
railways. Their fleets aggregate 54 steamers, 
and could carry annually 4,000,000 tons into 
Chicago and take an equal tonnage out of the 
city. Under present conditions, the fleet handles 
only about 2,250,000 tons of grain and package 
freight in and out of Chicago each season. In 
fact, it has been asserted that shippers object 
to route lake-and-rail traffic through Chicago if 
they have outlets through other ports, and it is 
said to take six days longer to get such freight 
through the Chicago gateway than through any 
ther lake port. The distribution of anthracite 
Wal for the west is done mainly through Mil- 
waukee and Duluth, and Chicago holds its grain 
traffic largely by the influence of important local 

interests, 

An outer or lake-front harbor was advocated 
by Mr. Johnson. There is already a tendency to 
kandle much of the freight by lighters, and this 
could be done as readily from a lake-front har- 
bor as from an inland harbor. Much of the 
lighterage business can be carried on without 
being affected by the bridges. 

The location of the proposed lake-front harbor 
is immediately north of the mouth of the river, 
‘rtending to the south end of Lincoln Park. 
The United States breakwater extends diagonally 
opposite this part of the shore. A pier from 
Lincoln Park to the north end of the breakwater, 
and the extension of the north pier at the north 
side of the river mouth eastward to the south 
end of the breakwater would form a large en- 
Cosed harbor. Suitable openings would be pro- 
vided. Piers 2,400 ft. long would be built out 
from the shore line into the harbor, with slips 280 
ft. wide between the piers. The piers would be 
about 260 ft. wide, each having a 100-ft. road- 
way and two rows of 80-ft. warehouses. There 
would be five of these piers to accommodate the 
different classes of traffic. 


Railway lines already extend to the mouth of 
the river and could be connected with the harbor 
terminals without difficulty. The Chicago & 
Northwestern Ry. has a freight line along the 
north side. The Illinois Central Ry. has a freight 
yard at the extereme end of the river on the 
south side, and for years has had a drawbridge 
for connection with the north side of the river. 
Through these two railways, with their numerous 
connections and the different belt lines, there 
would be good facilities for distributing freight 
throughout the city or passing it around the 
city to or from the main freight yards of the 
several railways which center at Chicago. 


-N — 


REPORT OF C. C. SCHNEIDER ON THE DESIGN FOR 
THE QUEBEC BRIDGE. 


During the investigation of the collapse of the 
Quebec Bridge by a commission of engineers for 
the Canadian Government, a very important as- 
sociated investigation was entrusted by the Gov- 
ernment to Mr. C. C. Schneider, Past-President 
Am. Soc. C. E. This had the purpose of de- 
termining the sufficiency of the design for the 
bridge, as it was being executed. Mr. Schneider 
concluded his report six months ago, but it has 
only now become available to us, having been 
published jointly with the report of the Royal 
Commission by order of the Parliament of 
Canada. 

The report contains many statements and judg- 
ments of great interest. For the present, how- 
ever, we are confined to a statement of the 
specific conclusions which summarize the report 
and answer the terms of the author’s instruc- 
tions: 


1. The floor system and bracing are of sufficient 
strength to safely carry the traffic for which they were 
intended. 

2. The trusses, as shown in the design submitted to 
the writer, do not conform to the requirements of the 
approved specifications, and are inadequate to carry the 
traffic or loads specified. 

3. The latticing of many of the compression mem- 
bers is not in proportion to the sections of the members 
which they connect. 

4. The trusses of the bridge, even if they had been 
designed in accordance with the approved specifications, 
would not be of sufficient strength in all their parts to 
safely sustain the loads provided for in the specifications. 
. 5. It is impracticable to use the fabricated material 
now on hand in the reconstruction of the bridge. 

6 The present design is not well adapted to a struc- 
ture of the magnitude, of the Quebec Bridge and should, 
therefore, be discarded and a different design adopted 
for the new bridge, retaining only the length of the 
spans in order to use the present piers. 

7. The writer considers the present piers strong enough 
to carry a heavier structure, assuming that the bearing 
capacity of the foundations is sufficient to sustain the 
increased pressure. l 

— —— —— — ͤ — — — 


TWO INTERURBAN CARS of the Detroit United Rall- 
ways met in a head-on collision July 24 near a switch 
1% miles east of Jackson, Mich. The forward end of 
one car was demolished, and one person was fatally in- 
jured. The accident is ascribed to the failure of the 
brakes to work on one of the cars. 

— — — 

A HEAD-ON COLLISION between two cars of the 
Aurora, Elgin & Chicago Interurban R. R. took place 
near Aurora, Ill., July 21. 
the failure of one of the motormen to obey orders. The 
cars were running at 40 mi. per hr. and were: tele- 
scoped for more than half their length. Although part 
of a third-rail system, that portion of the road where 
the accident occurred is equipped with an overhead 
trolley, from which the cars caught fire. Although some 
40 persons were reported as injured no deaths occurred 
at the time of the accident. 

— . 

A DITCH WALL CAVED IN at the Grace Ave. sewer 
excavation in Youngstown, Ohio, July 15, killing four 
workmen. The bank caved first at the bottom. 

— 

THE PREMATURE EXPLOSION of a 25-lb. charge of 
dynamite, July 21, at the 16-ft. cut which is being 
made on the Cumberland Valley R. R. west of Ship- 
pensburg, Pa., resulted in the death of three workmen. 

— Cane 

AN INRUSH OF WATER in the heading of the north 
end of the Loetschberg Tunnel drowned 25 workmen on 
July 24. During recent months the flow of water in the 
north end has been increasing rapidly, though at last 
reports it had not reached such a volume as to hamper 


The wreck is attributed to 


the tunneling work. Apparently, however, it indicated 
that the face was approaching large subterranean water 
passages or pockets. From the press reports the acci- 
dent does not appear to have occurred during a blast, 
but the water is said to have forced out a section of rock 
without warning. All work on the north end was 
stopped by the accident. 
— . ——— 


THE DEPARTMENT OF MINES of British Columbia 
reports the number of accidents in coal mines for two 
years past as follows: 

Number Per 1,000 Emp.4 


1906. 1907. 1906. 1907. 

Kilesds e l5 31 3.12 5.12 
Seriously injured ....... 36 61 7.49 10.07 
Slightly injured ......... 32 62 6.66 10.23 
O! aese 83 154 17.27 25.42 


The increase in the number killed and Injured last year 
was large; 85.5% in number and 47.2% in proportion per 
1,000 employees. Falls of coal and rock were responsible 
for 32.3% of the deaths, and 30.3% of the injuries. In 
ten years there have been 413 employees killed and 656 
injured in British Columbia collieries. 

— — — — 

THE DEEP WATER HARBOR of Gary, the new steel 
town of Indiana, was formally opened July 23, when 
there was received the first big shipment of iron ore. 
The “E. H. Gary'’ entered the harbor loaded with 12, 
tons of iron ore from the Lake Superior deposits. This 
ore will be manufactured into steel in the Gary mills. 

— . — 

THE APARTMENT HOUSE COLLAPSE IN WASH- 
ington, D. C., on June 9, 1908 (Eng. News, June 18, p. 
678; June 25, p. 693), has just been acted upon by the 
grand jury with the result that the owner and the con- 
tractor for the concrete work have been indicted for man- 
slaughter under the charge of criminal negligence. It 
will be remembered that the coroner's jury brought in 
charges of negligence against the owner, the city’s in- 
spector of buildings, the steel contractor and the brick 
contractor. All but the first of these charges were ig- 
nored by the grand jury which, as noted above, added 
to the list the concrete contractor, a man who is now 
awaiting a second trial, after a jury which disagreed on 
the first trial, for criminal negligence in connection with 
the concrete work on the Bridgman Building in Philadel- 
phia, which collapsed about a year ago (Eng. News, July 
18, 1907, p. 69). The indictment charges the concrete 
contractor with using poor materials in the concrete and 
with a lack of care in construction; the owner was in- 
dicted because he did not exercise or cause to be exer- 
cised a competent supervision over the actions of the 
contractors. In addition to the indictment the jury made 
the following recommendations: 

(1) That the office of the inspector of buildings Is now 
inadequately equipped for the important duties re- 
quired, in that the number of employees (especially fleld 
inspectors) is too small to permit thorough inspection of 
the large number of buildings being erected, and the 
salaries paid to both field and office employees are en- 
tirely inadequate to command the necessary technical 
and practical ability. 

(2) That as this office of building inspector is of vital 
importance to the interests of the public, the greatest 
discretion should be exercised in the selection of its em- 
ployees. 

(3) That some method should be adopted to insure the 
designing and execution of building work, especially the 
structural parts, by none but those fully competent. 

(4) That prosecutions should follow serious violations of 
the building regulations whenever and wherever discov- 
ered whether accidents have resulted or not, the jury 
believing that with competent inspection such violations 
would be detected. 

(5) That some requirement for proper superintendence 


at the expense of the owner should be adopted in the 
case of important structures. 


— — — 


THB WATER GATE TO TAMPA, Fla., has been 
opened by the completion of the channel through Hills- 
borough Bay, making Tampa one of the Atlantic ports. 
Direct service from New York to Tampa has been in- 
augurated by the Mallory Line. 

ee 

FIRE HAZARD OF INCANDESCENT LAMPS.—For the 
proper safeguarding of life and property the National 
Electrical Code prescribes that no live parts of an in- 
candescent lamp base shall be exposed when the lamp is 
in the socket. Underwriters’ Laboratories and manufac- 
turers of sockets, receptacles and incandescent lamps have 
cooperated for several years for the establisnment of 
standards, whereby this result has been accomplished for 
the bases of common, carbon-filament lamps. The new 
high-efficiency lamps, such as the Tantalum and Tung- 
sten, require a metal extension or ‘‘skirt’’ over the bulb 
beyond the Edison screw base. Designs have been de- 
veloped and adopted by American manufacturers for 
constructing these high efficiency lamps in such a man- 
ner as to insulate this skirt from current-carrying parts 
of the base and so secure in these types the same degree 
of protection as that already obtained for the older pat- 
terns. Some foreign manufacturers are, however, sup- 
plying lamps having exposed skirts not Insulated from the 
circuit. Attention is called to the desirability of giving 
preference to lamps having no live metal parts exposed 
when placed in the standard socket, which has a depth 
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of '5/,,-in. in a vertical plane from the bottom of the 
center contact to the upper edge of the outer socket shell 
or wall.—(Special Bulletin, Underwriters’ Laboratories of 
Chicago, July, 1908.) 

— — 

THE NORTH BRANCH OF THE CHICAGO DRAIN- 
age Canal is now under construction, and the Sanitary 
District will itself undertake the disposal of the excavated 
material. The contractors have not to remove the ma- 
terial, but deposit it along the ling of the canal. As this 
material is largely soft earth and black loam, it is 
adapted for filling at parks and gardens, and it can be 
removed readily by barges when the channel is com- 
pleted. The material from one section of the work has 
already been sold to a contractor at 5 cts. per cu. yd. 
Part of the clay will be removed by the South Park 
Commission for use in filling the extension to Lincoln 
Park. This branch of the canal will be 8% miles in 
length, from the lake shore at a point about 14-mile 
north of Evanston to the north branch of the Chicago 
River at Lawrence Ave., where the conduit of the inter- 
cepting sewer system also enters the river. The canal 
will be 75 ft. wide at the water line, with water 13% ft. 
deep. The total amount of excavation will be about 
3,000,000 cu. yds., of which 137,000 cu. yds. are loam. 

The excavation for the first two miles at the north end 
of the canal is being done by the Construction Depart- 
ment of the Sanitary District. All this material is hauled 
away in cars and dumped off the shore of Lake Michigan 
at Wilmette, where a harbor is to be formed. A section 
of 1% miles is under contract. The material from this 
part will be deposited in spoil banks along the canal, 
and a large part of it will be removed eventually by 
contract with a brick company. On the remaining five 
miles there is still some right-of-way to be purchased. 
Mr. L. K. Sherman, Assistant Engineer, is in charge of 
the work on the North Shore branch. 
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AN INVESTIGATION OF THE SPREAD OF TYPHOID 
fever by contact is to be made in Washington, D. C., 
according to press reports, by the U. 8. Public Health 
and Marine-Hospital Service, and Dr. William C. Wood- 
ward, Health Officer of the District of Columbia. A 
number of blocks have been selected for the purpose, 
and it is reported that in this section a house-to-house 
inspection will be made. Presumably the investigation 
will be broader than indicated above, so that it will 
really cover all phases of the origin and spread of the 
disease in the section investigated. 

ee m 

THE COLORADO RIVER WATER SYSTEM is to re- 
ceive international attention. According to the ‘‘Recla- 
mation Record” for July,— 

The Mexican Government has appointed Senor Fer- 
nando Beltian y Puga, Chief of the Mexican Boundary 
Commission, to act with Supervising Engineer Louis C. 
Hill, U. S. Reclamation Service, appointed by the United 
States, for the purpose of studying questions in con- 
nection with the equitable distribution of the waters of 
Colorado River. The Commission will report the nature 
and character of the use of Mexican territory necessary 
or advisable for protection of the Laguna Dam; the 
equitable adjustment of existing rights to the diversion 
of the waters of the Colorado River for irrigation in 
both countries. The determinations made by the Com- 
mission on these questions, while not binding upon either 
government, will be of assistance in forming a basis of 


agrecment for the mutually beneficial use of the water 
of the Colorado River. 


— 
THE COST OF PAINTING THREB WOODEN 
bridges on the South Canal of the Uncompahgre Project, 
U. S. Reclamation Service, is summarized in the July 
number of the "Reclamation Record” as follows: 


The painting was done during the months of Decem- 
ber, 1907, and January, 1908, when the weather was 
quite cold. Two of the bridges consist of four 13-ft. 
stringer spans, and one 40-ft. span queen post truss, 
and the other consists of four 15-ft. stringer spans and 
one 30-ft. span king post truss. The latter bridge and 
one of the former were constructed of Oregon fir lum- 
ber surfaced on both sides, while the other was con- 
structed of rough native pine lumber. 

The painting consisted of two coats of white lead 
mixed with linseed oil and shellac. The cost of the first 
coat in each case was practically twice that of the sec- 
ond coat. The average cost per hundred square feet 
for the surfaced lumber was $1.61, requiring 3 lbs. of 
pure white lead and 0.45 gal. of raw linseed oil. The 
cost per 100 sq. ft. of surface for the rough lumber 
was $3.49, requiring 14.8 lbs. of pure white lead and 
1.6 gals. of raw linseed oil. The lead cost 8% cts. per 
lb. on the work and the linseed oil 55 cts. per gal. 


— M 

THE DIRTIEST RIVER IN THE UNITED STATES, 
according to a press bulletin of the U. S. Geological Sur- 
vey, is the Youghiogheny. Writing of examinations of 
that stream conducted by the Survey during the past 
two years, the bulletin says: 


In this stream the average quantity of dissolved min- 
eral matter is 1.28 lbs. per 1,000 gals., or 619,000 tons 
a year, and of suspended matter 2.12 lbs. per 1,000 gals., 
or 1,028,000 tons a year. For each acre of tributary 
drainage area, therefore, the stream carries past Mc- 
Keesport every day 7.97 Ibs. of material, or about 
75% more than any other stream examined. Over two- 
thirds of this material, however, is doubtless derived 
from the mills and factories that line its banks for the 
last few miles of its course. The quantity of this for- 
eign material varies greatly from day to day. Thus the 
extreme variation in suspended matter is 6.27 times 
the average amount and the variation in dissolved mat- 
ter is 2.10 times the average amount. 


The dissolved mineral matter is composed of the fol- 
lowing ions: Silica, 4.9%; iron, 0.12%; calcium, 13.7%; 
magnesium, 3.8%; sodium and potassium, 3.9%; sul- 
phate, 71.5%; and chlorine, 2.1%. So much acid is 
thrown into the stream from the pickling wastes of iron 
and galvanizing works that free acid is found in the 
water except during flood stages. The conditions com- 
bine to render the stream at McKeesport unsuitable for 
many industrial purposes. Treatment by the usual soft- 
ening processes wiil greatly improve the quality of the 
water. 

— 

MUNICIPAL OWNERSHIP AT PORT ARTHUR, ONT., 
now includes water-works, electric lights, an electric 
railway running to Fort William, a hydro-electric power 
development, and a telephone system. The city issues 
an annual statement of the income and expenditure of 
public franchises. Mr. George Hodder is chairman of 
the various departments operating these utilities, and 
Mr. J. McTeigue is secretary of the Electric Railway 
and Light Commissioners. 

— . a) 

THE HAUSER LAKE POWER DEVELOPMENTS will 
be carried out by the Stone & Webster Engineering 
Corporation, of Boston. This arrangement, it is an- 
nounced, has been completed by Senator Clark, ex-Gov- 
ernor Hauser and Mr. H. H. Rogers, representing the 
Missouri River Power Co. This projected development of 
power resources on the upper Missouri River, in Mon- 
tana, will be the largest undertaken since the beginning 
of the recent industrial depression. The entire construc- 
tion planned will cost about 53.000.000 and will be done 
in two stages. The first of these will be the building 
of a concrete dam to permit the development of 20,000 
HP. and to replace the Hauser Lake steel dam whose 
failure was described in Engineering News, issue of 
April 30. This work will be started immediately. The 
second division of the development will include a con- 
crete dam about 1, 800 ft. long and 110 ft. high, to allow 
a 30, O000-HP. development at Wolf Creek on the Mis- 
souri River, a few miles above the Hauser Lake 
reservoir. 

-MM 

HARBOR DEVELOPMENT IN SAN FRANCISCO has 
been studied during the past two years by a strong 
association of interests concerned in improving the 
shipping facilities of the city, with Mr. Luther Wagoner, 
M. Am. Soc. C. E., as Chief Engineer. As a result of the 
studies a report has been made which recommends a 
very extensive development, the work being estimated to 
cost nearly fifty million dollars. Part of the project is 
the construction of a large marine terminal for railways 
on Yerba Buena Island. It is likely that state, local and 
federal cooperation will be required to carry the project 
through to realization. 

—<$<$$ eM 


A COTTON-PICKING MACHINE has been devised, on 
lines similar to the vacuum-process cleaning machines, 
by Mr. J. S. Thurman. The machine is being built by 
the Vacuum Cotton Picking Machine Co., of St. Louis, 
Mo., in four sizes for two, four, six and eight pickers. 
The vacuum-producing apparatus, driven by a gasoline 
engine, is mounted on a wide-whecl truck which is 
drawn about the cotton field by mules. Each operator 
has 100 ft. of hose with the picker suction-tip at the 
end. It is claimed that each operator can gather 700 
lbs. of seed cotton per day of ten hours, at a total cost 
of from $2.45 to $3.10 per operation per day. 

A 


IMPROVEMENTS IN THE STEEL INDUSTRY are in- 
dicated by a statement made on behalf of the U. 8. 
Steel Corporation on July 23, by Mr. William B. Dixon, 
Second Vice-President. After a meeting of the leading 
officials of the associated companies, Mr. Dixon stated 
that the reports received ‘‘were uniformly favorable, 
showing a great increase in business in practically all 
lines.” He also said that about 56% of the finishing ca- 
pacity of the various plants was now in operation. Since 
the date of this statement, press despatches from Penn- 
sylvania have recorded the opening of several furnaces. 

— . — 

THE INTERSTATE COMMERCE COMMISSION has 
rendered an important decision in a group of cases in- 
volving the right of shippers to combine small quan- 
tities of freight of various ownership, either by mutual 
agreement or through some forwarding agency, and to 
ship the combined lot at the lower rates applicable to 
large shipments. The question was decided in favor of 
the shippers on the ground that the fact that one ship- 
per tenders a bulked shipment made up of property of 
various ownership does not justify discrimination between 
that shipper and one who is also the owner. The com- 
mission holds that the rules of the express and railway 
companies against ‘‘bulked shipments” are illegal. 
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PERSONALS. 


Mr. F. C. Smith, Assistant General Manager of the San 
Antonio & Aransas Pass Ry., has resigned to engage in 
other business. 


Capt. Albert E. Waldron, Corps of Engineers, has been 
appointed Chief Engineer Officer of the Department of 
Texas, relieving Capt. William P. Wooten. 


Mr. E. H. Smith, formerly Division Master Mechanic 
of the Boston & Albany R. R. at Allston, Mass., has 
been appointed railroad representative of the American 
Steam Gage & Valve Mfg. Co. ` 


Major E. L. Zalinsky, U. S. A., Retired, has become 
President of the Bureau of Illuminating Engineering, a 
corporation of consulting illuminating engineers. Hig 
office is at 437 Fifth Ave., New York City. 


Mr. D. I. Roberts, formerly General Freight and Pag- 
senger Agent of the Quebec, Montreal & Southern Ry., 
has been appointed General Manager of that road, to take 
the place of Mr. C. B. Hibbard, resigned. 


Mr. Will M. Dixon, M. Am. Inst. E. E., and Mr. How- 
ard F. Smith, Mechanical Engineer of the Louisiana 
Purchase Exposition, will conduct a general engineering 
business under the firm name of Dixon & Smith, Engi- 
neers. Their office will be in the Wright Bldg., St. 
Louis, Mo. 

Mr. G. I. Rockwood, M. Am. Soc. M. E., Professor of 
Steam Engineering at Worcester Polytechnic Institute 
for the past two years, has resigned that position. He 
will be succeeded by Mr. Carleton A. Read, M. Am. Soc. 
M. E., recently Professor of Mechanical Engineering at 
New Hampshire College. 


Obituary. 

John D. Ingrim, for ten years Superintendent of the 
Jeffersonville branch of the American Car & Foundry 
Co., died July 25 in Louisville, Ky. His death occurred 
in the Norton Infirmary and was caused by an attack of 
pneumonia following an operation for appendicitis. Mr. 
Ingrim was born in Jeffersonville, Ind., in 1855, and was 
the son of Col. J. N. Ingrim. He began as a nail boy 
in the car shops and worked his way to the top. He 
was not married. 


Mr. I. K. Pierson, a civil engineer of Cleveland, O., 
was killed near Puerto Cortez, Honduras, July 24 by a 
fall from a horse. Mr. Pierson had a contract on the 
Panama Canal under the De Lesseps regime and since 
then had been engaged in electric and steam railway 
construction in the United States and Canada. He went 
to Honduras three weeks before his death to take charge 
of improvements planned by the Caribbean Development 
Co., of New York City. Mr. Pierson was 52 years old. 

—— ¢ 


ENGINEERING SOCIETIES. 


COMING MBETINGS. 


NEW ENGLAND WATER-WORKS ASSOCIATION. 

Sept. 23-25. Annual convention at Atlantic City, N. J. 
1 ke Willard Kent, 715 Tremont Temple, Boston, 
ass, 


AMERICAN INSTITUTE OF MINING ENGINEERS. 
Sept. 20. Annual meeting at Birmingham, Ala. Secy., 
R. W. Raymond, 29 West 39th St., New York City. 


LEAGUE OF AMERICAN MUNICIPALITIES. 
Sept. 380-Oct. 2. Annual convention at Omaha, Neb. 
Secy., John MacVicar, Des Moines, Iowa. 


ILLUMINATING ENGINEERING SOCIETY. 
Oct. 6-7. Annual convention at Philadelphia, Pa. 
Secy., Van Renselaer Lansingh, Engineering Socie- 
ties’ Building, 34 West 39th St., New York City. 


AMERICAN STREET AND INTERURBAN RAILWAY 
ASSOCIATION. 
Oct. 12-16. Annual convention at Atlantic City, N. J. 
a B. V. Swenson, 29 West 39th St., New York 
y. 


RAILWAY SIGNAL ASSOCIATION. 
Oct. 13-15. Annual meeting at Washington, D. C. 
Secy., C. C. Rosenberg, 12 North Linden St., Beth- 
lehem, Pa. 


ASSOCIATION OF RAILWAY SUPERINTENDENTS OF 
BRIDGES AND BUILDINGS. 
Oct. 20-22. Annual convention at Washington, D. C. 
Secy., R. H. Reid, Lake Shore & Mich. Southern Ry., 
Cleveland, Ohio. 


AMERICAN ELECTROCHEMICAL SOCIETY. 
Oct. 30-31. Fall meeting at New York City. 
Dr. J. W. Richards, Bethlehem, Pa. 


NATIONAL IRRIGATION CONGRESS.—The sixteenth 
session will be held Sept. 29-Oct. 3 in Albuquerque, 
N. Mex. Men prominent in national affairs, including 
the president, vice-president, cabinet members, senators, 
congressmen and governors from many of the southwest- 
ern states are expected to address the congress. Dele- 
gates are appointed by the governors of each state or ter- 
ritory, mayors of cities, boards of supervisors, state pro- 
motion associations, irrigation societies, agricultural or- 
ganizations, colleges and universities and societies of 
hydraulic engineers throughout the United States. 


INTERNATIONAL ACETYLENE ASSOCIATION.—The 
eleventh annual meeting will be held Aug. 10-12 at 
Chicago, Ill. Papers will be presented on the following 
topics: ‘‘Burner Troubles, the Cause and the Remedy“: 
“History of Lava in Relation to the Manufacture of 
Burners”; “Ethics of Selling Goods“; “Acetylene on the 
Pacific Coast’’; “The History and Present Status of the 
Oxy-Acetylene Blowpipe in America’’; ‘‘The Value of Co- 
operation between Industries and the Underwriter”; 
„Personal Experience with Artificial Illuminants’’; “The 
Manufacture of Acetylene Fixtures”; Frost Proof Gen- 
erator Houses“; Calcium Carbide in New Fields’’; 
“Light and Color”; ‘‘The Present and Future of Dis- 
solved Acetylene’’; ‘‘Some Industrial Uses and Possibili- 
ties of Acetylene.” 


Secy., 
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A NEW SEWAGE PUMPING STATION AT BALTIMORE, MD. will deliver 27,500,000) gals. of sewage in 24 hrs. screenings by means of steam or hydraulic 


against 


a head of 


PA 
72 


ft., developing about 400 


presses, and then to burn the screenings in a 


Included as a part of the comprehensive sew- 
erage and Sewage disposal system now being 
constructed for the city of Baltimore, Md., is a 
large pumping station. Work on this station 
was begun on June 29 by the Noel Construction 
Co. as contractor. All the sewerage work is 
bing carried out by the Sewerage Commission 
ef the City of Baltimore, of which Mr. Calvin 


HP. 

Ultimately there will be four force mains, each 
42 ins. in diameter, but for the present only two 
of these will be built. It is assumed that two 
of the sewage pumping engines will be sufficient 
to handle the average sewage flow in the low- 
level intercepting sewers until the population 
reaches 1,000,000. 


furnace located in the boiler-room basement. 
— meee — — 
THE FILING SYSTEM OF THE NEW YORK BOARD OF 
WATER SUPPLY. 
By J. LEO MURPHY.* 
The knowledge that money can be saved by 


‘economizing time and labor as well as by prevent- 


W. Hendrick is Chief Engineer. 


We present herewith a reproduction of a wash 
drawing of the new station, the architect for 


The two 12-in. 


will 


centrifugal 
driven by 40-HP. compound condensing engines, 
have a capacity of 3.000 gals. 


ing actual waste of materials has been the in- 
centive for the invention of many mechanical 
devices that are found throughout the indus- 


drainage pumps, 


per minute 


which, acting in conjunction with Mr. Hendrick, euch. These pumps will draw water from under- trial fields. 

is Mr. Henry Brauns. The station is located drains laid beneath the intercepting sewers. Filing systems, office systems and all systems 
between East Falls Ave. that accomplish at once 
and President St., on the economic filing of 


Jones Falls, and is ac- 
cessible by both rail and 
water. The contract 
prices for the station 
complete aggregate $748,- 
, of which the founda- 
tions make up $119,755, 
the superstructure $179,- 
and the machinery 
$450,000, 

The station comprises 
an engine-room 180 ft. 
umg. 54 ft. wide and 68 
ft high from the base- 
ment floor to the tie- 
beams of the trusses; 
a boiler-room 94 ft. long 
by some 50 ft. wide; 
and a brick chimney 
about 624 ft. in diameter 
at the top and 200 ft. 
high above the boiler- 
roam floor. Coal bins 
with a capacity of 1,200 
‘ons will be placed above 
the boilers. 

The foundations of the 
building will be carried 
to a depth of 23 ft. below mean low tide, or some 
“| tt. below the surface. The walls of the build- 
zg, to the height of the main floor, will be of 
granite, and above that level they will be com- 


NEW 


This water 


densers of the 


p-d of light brown brick with terra cotta three 265-HP. water-tube boilers, one econo- 
moldings. A copper cornice will be provided, mizer, and coal and ash-handling machinery. 


and the roof will be of slate on steel trusses 
rarried by steel columns built into the walls. 
The columns will support a traveling crane. The 
-sgine-room will be lined with enameled brick 
iwo a height of 23 ft. above the basement floor, 
and beyond that level cream-colored impervious 
brick will be used. 

Eventually there will be five sewage pumping 
ines, but on'y three will be installed at pres- 
There will also be provided two drainage 
Lumps, a 20-ton electric crane, and electrically- 
erated valves. The sewage pumping engines 
will be of the vertical triple-expansion crank- 
and-fly-wheel type, with steam cylinders 22, 41 
and © ins. in diameter, and three single-acting 

“im. plungers all of 60-in. stroke. The nominal 
engine speed is 20 r, p. m., at which each engine It 


and also 
have 1,400 sq. 


pumps. 


ent. 


of the 
signed to 


pumps. 
take 


ft. 


SEWAGE PUMPING STATION FOR BALTIMORE, 


will be discharged through the con- 
sewage 
alternatively directly into the harbor. 

The boi'er plant for the present will include 


Two additional boilers will be installed later on, 
another economizer. 
of heating surface, 
raise the temperature of the feed-water from 
some 90° to 200° F. 

The screen chamber will be 
the main engine-room and the boiler-room, and 
between a receiving reservoir 
The incoming sewage will pass through 
a set of movable screens and then through fixed 
screens, the latter located over the suction pipes 
movable 
out coarse materials, 
will be hoisted up for cleaning. Such material 


The 


the accumulated records 
of a business and keep 
them available for ready 
reference come properly 


in this class. It is not, 
however, easy to com- 
pare alternative filing 


systems, or form an ade- 
quate idea of the merits 
of any one on the basis 
of dollars and cents saved 
in operation, without 
actual trial, nor after 
trial is it easy to justify 
the expense of operating 
an elaborate system by 
contrasting its cost with 
the saving in time to the 
individuals consulting 
the files, for the first is 
a positive yearly expense 
which will stand out 
clearly in the accounts of 
a municipality, com- 
pany, or individual, while 
the latter can only be ar- 
rived at by guess or 
rough calculation. It is 
needless to say which is apt to be more con- 
vincing. 

Briefly, the requisites directly affecting the 
cost of a good filing system may be stated as 
follows: 


MD. 


pumping engines, or 


(1) The cost of operation, when organized, should be 
a minimum. 

(2) Data should be obtainable from the files in a 
minimum time, That is, the saving of time to those 
using the files should be a maximum. 

(3) It should be possible, if so desired, to file at all 
times with a maximum economy of space; or, what is in 
fact the same, the system should permit of expansion at 
any time, with no other change than transferring data 
from one place to another. 

(4) The system should not be so complicated as to re- 
quire for its successful operation the observation of so 
many rules or routines as to exact a constant tribute 
of time from those it serves. 


The science of collecting and filing data 
economically, unlike other sciences, has no in- 
herent virtue; its merit depends solely on how 
well it will serve some other and more import- 
ant art, science or business. It is always a tool 


The economizers 
and will 


located between 


and the sewage 


de- 
and 


screens are 
only, 


as collects on the fixed screens will ba raked aiding to turn out the marketable article, or a 
off by hand. »FEmgincering Department, New York Board of Water 
is proposed to reduce the water in the Supply, 2°9 Broadway, New York City. 
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unit that furthers the aim of the institution it 
serves. This fact is often lost sight of from 
within the contracted horizon of those engaged 
in the design or operation of a filing system; they 
are apt to be carried away by theoretical niceties 
and lose sight altogether of the main object of 
their endeavors, namely, to produce a time- 
saving machine. For a parallel, one has only 
to look at the countless mechanical freaks that 
mark the wasted energies of impractical in- 
ventors. 

Conversely, in introducing a system that is not 
based solely on the elemental topics of the work 
whose data it is to classify and file, the initial 
study that is necessary for individuals to devote 
before the system becomes operative is apt to be 
mistaken by them for a defect which will re- 
sult in a continued loss of time. Must not every 
workman first learn to use the tools of his trade? 
The machinist his lathe, the engineer his transit, 
slide rule or logarithms? None of these aids 
would be condemned on account of the initial 
study required to apply them. 

Among engineers the old tradition that records 
should be kept as much as possible in the in- 
dividual's head seems still to persist. Money 
spent on files and filing is considered a loss 
assiduously to be avoided, the routines necessary 
to operation are found irksome, and the time 
spent in learning a system that has not been 
designed especially for one’s individual condi- 
tions, but rather selected as a happy medium 
suited to a comprehensive organization, is re- 
garded as wasted, all arguments to the contrary 
notwithstanding. 

Though filing systems have been slow in es- 
tablishing themselves, they are now recognized 
as a necessary adjunct to all large organizations. 
Many commercial houses have found it neces- 
sary, in order to cope with the rapid develop- 
ment of their business, to revise at considerable 
inconvenience and expense old methods of filing 
whose design had been based on an estimate of 
future requirements. In such cases, expert ad- 
vice has usually been sought and it has been the 
aim to secure a system that would not again be 
outgrown by the business. Results have amply 
justified the changes. 


THE NEW YORK BOARD OF WATER SUPPLY 
FILING SYSTEM. 


Profiting, therefore, by the experience of others 
considerable study has been devoted in organiz- 
ing the Engineering Bureau of the Board of 
Water Supply to the selection of a filing system 
that would not only continue adequate indefi- 
nitely, but which would be uniform alike in all 
Offices of the board, and for the diversity of data 
to be filed, namely: drawings, computations, cor- 
respondence, field notes, estimates, force ac- 
counts, etc. No accumulation of old data ham- 
pered or influenced the selection of the system, 
if such may properly be considered an obstacle, 
for valuable hints can often be drawn from old 
records. The result has been the system herein 
described. How far it accomplishes the object 
of its designers remains to be seen, but in the 
brief interval of its use it has given entire satis- 
faction, due allowance being made for the diffi- 
culties of organization and getting under way. 

The success of any filing system, however 
simple or well adapted to the requirements of a 
business, is judged to a great extent by the 
rapidity with which matter can be located in the 
files. This, in turn, depends on the accuracy of 
the filing force. While simple in principle, this 
filing system is not automatic and cannot be 
understood and applied successfully without 
careful study alike by the filing force and by the 
engineers. That it must be studied does not 
indicate an inherent defect, nor constitute a 
valid objection against it, for on the contrary 
the system is peculiarly adapted to filing the 
diversity of data for which it was designed. 

A study of the system herein described will re- 
veal, beside its conformity with the above 
principles, the following advantages: 


(1) Subjects are grouped and held by the file numbers 
in the relation to each other that serves best the condi- 
tions of the work. Therefore, allied data will be found 
together in the files, and not widely scattered through- 
out them. 

(2) The system is rigid, inasmuch as the same sub- 


jects are always in the same relation to each other, but 
the decimal file-numbers permit of ready coordinate ex- 
pansion. 

(3) Integral numbers dispense with the necessity of 
limitation to ten classes, similar to those of the Dewey 
system, which would be impracticable where structures 
are concerned. 

(4) It is applicable to all classes of data. 

(5) All files are identical, so that the individual un- 
derstanding files in one office can operate those in any 
other. Men transferred from one office to another do 
not have to,learn a new filing system. 

(6) Data interchanged between offices does not have 
to have file numbers or other changes made on it; it 
goes into the same pigeon-hole, wherever its destination. 
Indexes do not have to be changed when data are moved 
from place to place, either in the same office or from 
one office to another. 

(7) The minimum filing space can always be used; a 
large space does not have to be allottcd on a guess at 
future conditions. 

(8) Expansion can be made from month to month or 
from year to year whenever desired, without changing 
file numbers, indexes or other marks that locate a draw- 
ing in the files. 

(9) The results of one man’s studies or investigations 
are made readily available to all. 

(10) The system continues good indefinitely and will 
not be outgrown by the business it serves. 


The following may be considered disadvantages: 


(1) It is necessary to arrange the subject list long 
before the work. Subjects are therefore grouped rigidly 
in a relation that may not prove good. 

(2) Engineers must study the system so that they 
can arrange their work so that it can be filed readily 
without an undue amount of cross indexing. 

(3) The rigidiy of the grouping does not lend to 
filing data on structures when they are studied in a 
different connection from what the subject list contem- 
plated in its original design. 


THE INDEX. 


The selection of a proper list of subjects was 
the first and most important step and the nature 
of the work of the board was, of course, the 
guide. This work is water-supply engineering in 
the broadest sense, and will have to do with 
the design and construction of principal struc- 
tures, reservoirs, aqueducts, filters, power-plants, 
etc., together with their accessory structures, 
dams, gate-houses, siphon chambers, etc., and 
incidental work such as highway relocation, rail- 
way relocation, bridges, etc., involved in a com- 
prehensive system. 

The index or subject list includes, first, the 
principal or ‘‘main structures” to be built, sup- 
plemented by an enumeration of headings re- 
lating to materials, methods and generalities. 
The main structures” are fully subdivided and 
the remainder of the list may be amplified or 
divided from time to time as necessary. Each 
subject is given an integral file number and its 
subdivisions are given decimals as in the Dewey 
system. 


All the main heads in this l-n index, as it is 
called, are given in the accompanying table, and 
in addition all the sub-entries are given for the 
first three main heads and a portion of the sub- 
heads for the fifth main head. “Treatment” and 
“Locality” letters are used with the file number. 
They are described elsewhere in this article. 


MAIN OR 1 TO N INDEX USED IN FILING SYSTEM, 
NEW YORK BOARD OF WATER SUPPLY. 


10 WATER SUPPLY ENGINEERING. General 
Schemes, Considerations, Problems and Sum- 
maries of a broad nature involving several 
topics. 

General schemes of water supply, such as: 
Dutchess and Esopus development as proposed 
by Burr-Hering-Freeman Commission. 
Catskill development as proposed by Board of 

Water Supply. 

Rondout, Schoharie, Catskill or East Branch 
of Delaware sources considered separately. 
Long Island Ground Water Scheme. 

(N. B.: Only summaries appear here. The 
computation sheet form provides for reference 
on each part, the individual parts of compu- 
tation from which summaries are made, I. e., 
Stormville Reservoir, Catskill Aqueduct, etc., 
would be put under their respective heads. 
The fact that the computation on these details 
of the whole were made in connection with a 
certain summary is to be recorded on the in- 
dividual computation after the heading ‘‘Made 
in connection with.” This serves the double 
purpose of a cross-reference and a clue to 
the probable accuracy and the general] value of 
a given detailed computation which might 
be used again in a future computation.) 

. 3 Economic studies of a broad nature, such as: 

Economic outlet elevation of Ashokan reser- 

voir (involving both aqueduct and reservoir 
costs). 

Economic development of Catskill sheds (in- 

volving several aqueducts and reservoirs). 

4 Statistics relating to Water Supply Engineering. 

Population of towns and cities, growth of 
(Curves and study leading to forecasts of 
population). 

43 Water consumption. 

Use,tabs to subdivide under this (1.0) sub- 
ject, as the matter filed here is necessarily 
general and therefore difficult to classify under 
any generic head, or, having been once filed, 
is difficult to locate by another person whose 
classification might not be the same. 


2.0 WATERSHEDS, General. 
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443 


In computations, therefore, tabs should be 
liberally used to separate the different studies. 

In the correspondence files most of the data 
filed here should be cross-indexed on cards 
under a sufficient number of headings to in- 
sure its location at any time. 

Plans, as a rule, will be specific while made 
in connection with a general scheme and there- 
fore will be filed elsewhere. Some will be filed 
here, however. 


Quality of water, rain- 
fall and runoff. (Do not file data on improve- 
ment work here. Improvement of watershed 
should be charged to some reservoir and be 
filed there.) (Use B before file number for 
statistics.) 
Rainfall: 
Measurements and Gagings. 
Rain Gages. 
Conditions affecting rainfall. (Explanatory, 
for correspondence fle.) 
Evaporation: 
Statistics and records. 
Conditions affecting evaporation. (Explana- 
tory, for correspondence file.) 
Runoff and Stream Flow. 
Measurements and Gagings. 
Weirs and Gaging Stations. 
Conditions affecting stream flow. 
Quality of water examinations and terts 
analyses (on shed, in stream, but not in 
reservoirs). 
Conditions affecting, such as population on 
watershed, geological formation, etc. 
Physical examination, tests and records. 


Turbidity Explanatory for correspond- 
Color ence file, use tabs to sep- 
Odor arate records. 

Taste 


Chemical examination. 
Bacterial examination. 


3.0 RESERVOIRS (Distributing and Impounding, the 


10 


latter with their tributary watersheds. For 
gen structure of distributing reservoir see 

Each reservoir likely to be considered, 
whether City of New York or other, whether 
built or only proposed, is to be represented 
by its initial and another letter if necessary. 


A—Ashokan. Hb—Hibernia. 
B— Billings. K—Kensico. 
Cr—Croton. P—Prattsville. 
F—Fishkill H—Hillview. 


The main heading 3.0 is intended to Include 
both kinds of reservoir. Some of the subdi- 
visions obviously apply to only one type, as in 
the case of 3.4 Dams (usually with impound- 
ing reservoir) and 3.5 Main Structure of a 
distributing reservoir. The other subdivisions 
have been developed with the intention of ap- 
plying them to either type (as in the case of 
3.3 improvement of site and 3.7 Gate Houses). 
The locality letter after the file number serv- 
ing to separate the two types, as 3.0A and 
3.0 Hi. Ashokan and Hillview, respectively. 
Availability of site with reference to topo- 

graphical and geological features, etc. 
Development of site. 
These are general headings and tabs may be 
used for separating computations if neces- 
sary. Under 3.0. 


Capacity and Yield (involves area, rainfall and 
runoff, storage and depletion. Rainfall and 
runoff data are to be filed in rainfall and 
runoff file). 

Area. 

Elevation of flow line. 

Storage and depletion-dlagrams, etc. 
Depth of flowage. 

Measures to increase capacity. 


` 


These are general considerations and are 
enumerated only to aid in fling corre- 
spondence. 
F under the general head - 
ng 


watershed, with impounding reservoir). 
Clearing and grubbing. 
Stripping, sanding, treating. 
Slope paving, etc. 
Removal of artificial sources of contamina- 
tion, including construction of sewers, etc. 


Swamp improvement and diversion. 


Finishing, horticulture, landscape gardening. 
etc. (Not at gate house, dam or other 
special structure.) 


Dams and Dikes, to be known by letters, Boar¢ 


of Water Supply dams to be filed under 
their respective reservoirs; foreign dams 
even when important enough to be repre- 
sented by a letter, to be filed under reser- 
voirs and dams in general. 
in following list: 


but not so filed). 


Relative advantages of site—availbility of 


with reference to topographical and gec 
logical features, etc. (General. Use tab: 
if desired.) 


Theory (Divisions of design). 


Ice Thrust. 

Upward water pressure. 

Vacuum. 

Internal stresses. 

Temperature, cracks, expansion joints, 
for drainage. 


inte. 


CF 


If necessary, use tabs to sepa- -+ 


Improvement of Site (including improvement on A 


Fa 


Method show: | 


3.4A0—Olive Bridge Dam of Ashokan Reservoir 
3.4AT—Tongore Dam. 

8.4AA—Ashton Dam. 

3.4AB—Brown’s Station Dike. 

3.4 KV-— Valhalla Dam of Kensico Reservoir. 
3.4Q—Quaker Bridge Dam (of Croton reeervol 


Earth Dams or dike (Materials and methods : ` 


construction). 

Location, site. Use tabs to divide 
Cross sections. necessary, under 3.42 
Profiles. 


Theory (not included under 3.41). 
Preparation of foundation, excavation. 
Earth work of dam, filling, etc. 
Core-walls. 


Paving and riprap, sodding, slope protectic 


etc. 


August 6, 1908. 
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Prevention of leakage- drainage. 
Masonry dams, cyclopean, rubble, 
etc., not overfall sect. 
Materials and methods of 
construction, 
Location, site. 


concrete, 


General, separate 
by tabs under 


Cross sections. 3.43, if neces- 
Profiles. sary. 

Theory (not included under 3.41). 
Excavation, earth and rock, preparation, 
foundation, faults, seams, springs, etc. 

Embankment. 


Masonry. 
Interior Drainage. 


Gate houses, if monolithic with dam (piping 
and appurtenances). 
Finishing. 
Masonry dams, overfall sections, waste weirs, 
spillway. 


Location, site. 


Cross sections. General, separate 


by tabs under 


Profiles. 

Materials and methods of 3.44 if neces- 
construction. sary. 

Theory (not included under 3.41). (Waste 


channels, capacity of flow, etc.) 

Excavation earth and rock. 

Embankment, 

Masonry. 

Interior Drainage. 

Gate houses. 

Special structures. 

Reinforced concrete and other dams (not cof- 
fer dams). 
River control. 

Coffer dams, and other temporary dams, cribs. 
Fiumes (not for genera] use; flumes general 
see 5.5). 

Pipes, conduits, culverts. 

Regulating devices, gates, etc, 

Main structures (distributing reservoir). General: 

Considerations of type covered, uncovered, steel, 

reinforced concrete, adapting an existing struc- 

ture or reservoir. (Separate under General head 

by tabs if necessary. Individual parts of sum- 

maries should be filed in the proper subdivisions. 
Preparation of site. 

Excavation, earth and rock, disposal of spoil 
embankment and fill (preparation of bot- 
tom and sides, refill, back of retaining 
walls and on roof). 

Masonry structure. 

Floors, 

Walls. 

Piers, 

Roof (including manholes, roof drains, etc.). 

Materials and methods of construction. 
Conduits and piping (to junction with supply 
aqueducts, and inside main structure. Any 
specially important conduit to be designated by 
letter, thus: circulating conduit in Ashokan Res- 
ervoir would be known as 3.6 Ac. Also except 
surface drains and except in gate house). 

Of concrete. 

Of steel. 

Of cast iron. 

Tunnels. 

Stop valves and appurtenances. 

Open channels. 

Gate houses (if separate from masonry of dam). 
Special gate houses to be designated by letter, 
thus: 3.7KA—gate house No. 1 in Kensico Res- 
ervoir. Structures and piping made necessary 
by power plant are included therein, not here. 

Excavation and fill, also horticulture, etc. 

Foundation and chambers. 

Floors up to superstructure. 

Cast iron pipes and drains. 

Gages, weirs, pumps, cranes, etc. 

Sluice gates, stop valves, stop planks and 

appurtenances. 

Superstructures. 

Incidental work and maintenance (not landscape 
work). 

Roads, highways (use letters to designate im- 

portant ones). 

Excavation and embankment; 
culture. 

Surfacing. 

Culverts. 

Bridges. 

Fences. 

Drains. 


also horti- 


Railroads (Use letters to designate important 
ones). 
Excavation and embankment; also horticul- 


Track. 
Culverts and drains. 
Bridges. 
Fences. 
Lighting and telephone. 
Ducts and manholes. 
Poles. 
Lighting, cables, wiring and fixtures. 
Telephone, cables, wiring and fixtures. 
Special structures. 
Maintenance. 
Houses, laboratory, stables, etc. 


{9 INFILTRATION GALLERIES AND WELLS. Gen- 
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eral. California stove-pipe wells. 


AQUEDUCTS, GENERAL.—Under general heads 
use tab cards to separate computations. 
Use locality letters after file number for par- 
ticular ones—thus C = Catskill. 
R = Rondout. 


CUT AND COVER (grade aqueduct). 

Use locality letters or section numbers for 
local stretches—thus 5.2 CSg = stretch of cut 
and cover aqueduct (Catskill) in town of 
Shawangunk. 

Grade tunnel, general, including proper (main 
structure) and shafts. General studies of lo- 
cation, number of shafts, etc. General studies 
of materials and methods of construction. 
(File details of Contractor’s plant when of 
sufficient importance in proper sub-division of 
B11.0. 


SIPHONS, pressure aqueduct. 
Use locality letters for local stretches— 
Hb = Hunter’s Brook, R = Rondout, Ð = 


2 
— 


43 


7.0 


8.0 
9.0 
10.0 


11.0 


12.0 
13.0 
14.0 
15.0 
18.0 


19.0 


20.0 
21.0 


37.0 


ENGINEERING NE WS. 


Esopus, W = Wallkill, M = Moodna, S = 
Sprout Brook, P = Peekskill Creek, H = 
Hudson River, Fi = Fishkill. 


Steel pipe. (Materials and methods of con- 
struction). 


Pressure tunnel, general. Siphon as a whole, 
including siphon and drainage chambers, wa- 
terway and drainage shafts and tunnel, proper 
(main structure) between waterway shafts. 
General studies of location, number of shafts, 
etc. General studies of methods of drainage 
(.4302) and of materials and methods of con- 
Struction. Details to be filed in their proper 
subdivision here and under Contractor's plant 
B11.0 when sufficiently important. 


REINFORCED CONCRETE PIPE. 
CAST AND WROUGHT IRON PIPE. 


OPEN CHANNELS. (Materials and methods of 
construction.) 


GRAVITY FILTERS. 
methods of treatment, etc. 
ual plants by letters, thus: S—Scarsdale, St— 
Stormville, G—Greenburg. J—Jerome Park. 
There will be a number of more or less radi- 
cally different schemes for any plant studied. 
Hence at the outset sub-figures should be 
started to go with the initial letters of plants; 
thus: S1, S2, S3, ete. 


MECHANICAL FILTER PLANT. 
lems relating to methods, etc. 


DISTRIBUTING CONDUITS, General. 
AERATION WORKS. 


WATER POWER DEVELOPMENT. General. 
Preliminary investigations and reports on this 
Subject filed here. The power plant would be 
filed under 11.0. Preliminary survey maps 
and notes may be filed here if desirable. 


PLANTS—Power and Pumping Stations, Machines, 
and Mechanical processes in general, Contractor's 
Plant, Miscellaneous Machines—not to include 
boring outfits, which file under 70.2. Con- 
tractor’s Plant is filed B 11.0. Under 11 record 
all general studies on power plants or ap- 
purtenances and all particular plants that are 
large enough to be considered units in the sys- 
tem of supply, apart from other main units. 
Plants such as those for draining particular si- 
phons or for furnishing wash water and light 
to filters have been considered to be attached to 
tha particular siphon or plant. It may be wise, 
however, to make an exception and put them 
under 11.0. The main objection is, that in the 
filles and in the distribution of costs the real 
scope and cost of the main structures are 
made hard to get at by separation of their 
components. 

Sewerage and sewage purification—General. 

Roads, Highways, drives and paths—General. 

Railroads—General. 

Bridges (highway, railroad and aqueduct)—General. 

CEMENT, General. Use tab cards under the main 
head or any of its subdivisions to classify ce- 
ments (as Portland, Natural, Puzzolan, Sand). 
Treatment letter T may be used before any 
of the file numbers to separate tests from sta- 
tistics or other information based on tests. 

AGGREGATE—Sand, gravel, stone — General. 
(Classify samples, etc., by locality.) 

GROUT, General, Machinery and Methods. 

MORTAR, General. Tests, etc., showing effects 
of varjous sands or screenings on mortar, to 
be filed here. Tests on mortar made from 
standard sand to be filed under 18.0—Cement. 


General consideration of 
Designate individ- 


General prob- 


CONCRETE, General. (File data on waterproofing 
materials under waterproofing—26.0. Use 
treatment letters to separate tests, statistics, 
etc. See definition of treatment letters T and 
B 


GENERAL THEORY OF HYDRAULICS. 


WATERPROOFING (methods and materials). 
Paint, asphalt, bitumen, tar, pitch. 
FIREPROOFING (methods and materials). 
bestos. 

BUILDINGS—design, construction and alteration 
of buildings to be used for office purposes by 
the Board. 


TIDES AND WAVES. 


As- 


METERS AND GAGES (for electric apparatus, 
see 11.65, for hydraulic machinery, see 11.5, 
etc., rain gages, 2.2, etc. 

GATES AND VALVES, General. 
of 11.0 for specific cases.) 

EXPLOSIVES AND BLASTING. 

EARTH AND ROCK WORK, disposal of spoil (not 
in connection with some special structure). 


CULVERTS. 


(See subdivisions 


METALS, General, welding, etc. (Classify by 
kind under any of the heads). Tests, etc., 
on steel pipe, or other structure, should not 
be flled here, but under the heading of these 
subjects. Cross-index sufficiently, however, 
to make all general information on metals, 
filed elsewhere, available here. 


RETAINING WALLS (Not in connection with 
aqueducts or other structures). 


DOCKS AND WHARVES. 
SCOWS. 


CARS. 
WAGONS. 
CAISSONS. 


COFFER-DAMS (not for river control or any par- 
ticular structure). 


INTAKES AND HEADWORKS. 
BRICK, TILES. 
VITRIFIED PIPE. 
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50.0 TIMBER AND TIMBERING (General, see sub- 
divisions of main structures). 


51.0 PILES, steel, wood, concrete. sheet piling, etc. 

52.0 PHOTOGRAPHS (letters of transmittal, etc., filed 
here), photographs, negatives, etc., are filed 
numerically by department and indexed by the 
entire subject list. 

53.0 FENCES—General. 

59.0 CIVIL SERVICE, General. (See Employees 72.3.) 

65.0 IRRIGATION. 

66.0 DISEASES (incident to water). 

67.0 ICE. 

69.0 INSPECTION. 

70.0 BORINGS, test pits, soundings and shafts (not 

classified under Aqueducts or other heads). 

71.0 TUNNELS. 

72.0 ORGANIZATION AND ADMINISTRATION OF 
THE ENGINEERING BUREAU—GENERAL. 
Diagrams, etc. (use letters to designate depart- 
ments, divisions, sections). 72.0 Headquar- 
ters, 72.0S So. Aq. Dept., 72.0NP No. Aq. 
Dept., Peekskill Div. 

73.0 WEIGHTS AND MEASURES. 

74.0 SURVEYING, General. (Not to include surveys 
done in connection with any special structure, 
but investigations of Methods, etc., applicable 
to any part of the work. Surveys made for 

8 any particular structure, as reservoir, dam, 
aqueduct, building, railroad, etc., are to be 


filed under those heads, by the use of treat- 
ment letters and locality letter before and 
after the file number, respectively.) 

Civil Service, 59.0, ana organization, 72.0, have 
been included in the “main structures” because 
they played so important a part in the organiza- 
tion of the bureau. 

In the first eleven subjects, watersheds, reser- 
Voirs, aqueducts, filters and distributing con- 
duits follow each other in the logical order of 
their utility, while the others, as aeration works, 
water-power development, pumping and power 
Stations, are more or less collateral in their re- 
lation to the former. 

The principle of the Subdivision of these “main 
Structures” 1s probably most easily explained 
On the basis of cost. In estimating the cost of 
a structure, everything which its construction 
occasions is charged against it, either directly 
or indirectly through one of its parts. Similarly, 
everything likely to arise in the construction of 
a “main structure” has a place in the index 
under some subdivision of the integral number 
representing the main structure; the decimal file 
number shows it in its proper relation as a 
detail step by step back to the main structure. 
Under reservoirs, for example, the main sub- 
divisions are 3.2, capacity and yield; 3.3, im- 
provement in site; 3.4, dams and dikes; 3.5, 
main structure of distributing reservoir; 3.6 
conduits and piping; 3.7, gate-houses not with 
dams; 3.8, incidental work; all likely to enter 
into the construction and design of a reservoir. 
The same is true of aqueducts and the other 
“main structures.” It is apparent, therefore, 
that such subjects as railway relocation, high- 
way relocation, excavation, etc., will have sev- 
eral file numbers, selection in any instance de- 
pending on which structure the data were made 
in connection with. 


It should be noted that the “main structures” 
are what might be called “kinds” of structure, 
while their first subdivisions are in most cases 
„types; for example, aqueduct is a “kind” of 
Structure, while grade tunnel or steel-pipe siphon 
is a “type” of aqueduct. There is no connection 
between the number of decimals in the file num- 
ber and “kind” or “type,” for grade tunnel is 
5.3 and steel pipe is 5.42. The intervention of 
the generic heading “siphon,” which in itself 
is a “type” of structure is responsible for the 
extra decimal place in steel pipe, pressure tun- 
nel, etc. “Kind,” or “types,” therefore, may be 
found throughout the list regardless of the num- 
ber of decimal places. The distinction between 
“kind” and “type” is one of function. “Kinds” 
have different functions and “types” the same 
function. 

The remainder of the index (the general sub- 
jects) consists of a list of subjects pertaining to 
engineering methods, articles, materials, inves- 
tigations on which are general though they: 
may be “made in connection with” some main 
structure. Examples are cement, grout, aggre- 
gate, asphalt, cars, caissons, brick, etc. 

The computers and the engineers are instructed 
to distinguish between general data “made in 
connection with” a structure and data that are 
of value only in conjunction with some definite 
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Structure, in order that the results of their in- 
vestigations may be so filed that they will be 
readily available for use by others engaged on 
similar work. 

In the alphabetic or a to z index, some sub- 
jects have the same file number when used gen- 
erally as they have when considered as sub- 
divisions of a main structure; for example, steel 
Pipe, 5.42, is a subdivision of aqueduct siphons. 
Steel pipe, general, however, has the same file 
number, regardless of the fact that the steel 
pipe may not be for siphons. This has been 
done to avoid duplication of file numbers, the 
theory being that the locality letters would 
separate data on siphons from general data on 
steel pipe. This may seem illogical in some 
cases; however, it is far better to accept the 
system as applied to general and miscellaneous 
matter, merely as an arbitrary set of numbers 
corresponding to certain topics, and resolutely 
dismiss rigid ideas of logical seyuence and con- 
sistency, except in the case of data relating to 
“main structures,” wherein the logical arrange- 
ment can be closely followed. 

The list is manifestly incomplete in consider- 
ing isolated topics, and as a general principle it 
will be found better to classify subjects under 
heads already given than resort to the continual 
addition of integral numbers. The alphabetic 
index will guide those uninitiated in the classifi- 
cation that has been followed. 

The subject list constitutes a rigid mold into 
which tae subject matter must be cast as far 
as possible, hence the necessity for its being 
generally understood. For ease in consulting, 
therefore, two arrangements of the index are 
given, first the numeric or classified index ar- 
ranged by file numbers from 1 to n, showing 
subjects in their proper relation to each other, 
regardless of any alphabetic arrangement, and 
containing such notes and explanations that have 


been considered necessary; and second, the 
alphabetic index arranged from A to Z. The 
latter is similar to Dewey's relative index. 


Every subject, however unimportant, in the 1 ton 
list, together with cross-reference and synonyms, 
is given here alphabetically with its file num- 
ber; for example, a man seeking information 
on sand does not have to know that it has been 
classified under aggregate, 19.0. If he looks in 
the alphabetic index under sand he finds 19.1 
in heavy-faced type. The type indicates that 
sand is further subdivided. If he enters tne 
numeric index under 19.1 he finds all the sub- 
divisions of sand in their proper relation to each 
other. The same subjects appear in both in- 
dexes with the same file numbers, with the ex- 
ception that cross-references and synonyms are 
given in the alphabetic index, while none ap- 
pear in the numeric index, so that the distinc- 
tion is one of arrangement and function. The 
alphabetic index enables one unfamiliar with the 
classification to locate or file data, and it also 
enables librarians and file clerks to.classify like 
data always under the same head. The alpha- 
betic Index would be used by the uninitiated, 
while the numeric index would probably be pre- 
ferred by those thoroughly familiar with the 
system. 

Numbers 1.0, 2.0 and 3.0 of the classified or 
(1-n) index are given here in full. The remain- 
ing numbers have been abridged to economize 
space. 

Only a small portion of the alphabetic (A to Z) 
index is printed. There are at present over 
1,800 subjects in this index. 


TREATMENT AND LOCALITY LETTERS. 


The file numbers are made up of three parts. 
First, the integral number with its decimals, 
representing the subject; second, the “treatment” 
letter, which precedes the file number and repre- 
sents the point of view or phase of the subject 
under consideration; third, a ‘locality letter” 
following the file number, which serves to tie or 
identify the structure with one particular lo- 
cality, department, etc. 

The effect of the “treatment” 
letters on the subject may be 
Fig. 1. 


*Here omltted.— Ed. 


and ‘‘locality’’ 
illustrated by 


Locality letters are abbreviations which are 
decided upon from time to time as conditions 


demand. There may be a capital letter, or a 
capital and small letter; for example: A = 
Ashokan, Cn = Croton. Whenever two or more 


capitals are used they represent two or more 
structures, and modify the parts of the file num- 
ber proper independently from left to right. 

The following is a complete list of the ‘‘treat- 
ment” letters, with full explanations for their 
use: 


“TREATMENT” LETTERS for field and office work, to 
be used before file numbers, in filing correspondence, 
field notes, plans, computations, etc. 


Capital and small letters are given for the same defi- 
nition. The small letters are used on notes, ete., made 
in the field, while the capitals are for office use. in order 
to show without further explanation, in referencing. 
whether a field or office note, or computation is referred 
to. In the case of plans and correspondence, which are 
always office products (plane table work and sketches 
excepted), capital letters are uniformly used, and not the 
small letters. 

Where note appears with any treatment letter stating 
that it may or may not be used, with any of the classes 


Genera! 


Dams General 3.4 

Design A = D 3.4 
Inspection i dp eda od ah . . 7 3.4 
General 8 Olive Br. Ashokan Res. 3.4 | AO 
Design . s “ “a as «a o 3.4 AO 
Borings . : si Gee 8 sA G 3.4 AO 
Estimated cost 

or time of con- 

struction * e i: k = P 3.4 A0 
Bibliography 

“Foreign” . “| Muscoot. (of Croton reservoir | B 3. 4 M 


i ee 3 but not , 51.1 3 
It should be noted that “ foreign dams are not filed with their 


reservoirs as are the Board of Water Supply dams (Note bearing oa 
similar cases of foreign data.) 


Fig. 1. Examples of “Treatment” and “Locality 
Letter,” Filing System of New York Board of 
Water Supply. 


of data to be filed, namely: plans, computations, corre- 
spondence, ete., the notes are provisional in so far as no 
cases have arisen that would make their use apparent. 
When any such eases do arise, attention of headquar- 
ters should be called to them, so that the change may 
be made uniform for all offices. 

‘Correspondence’ is used here broadly to 
any matter—letters, reports, ete.—that is filed 
vertical St, x 11-inch file. 

The word “foreign” is used in reference to works not 
under the jurisdiction of the Board. 


F. FIELDWORK: Trignometric and other ofice com- 
putations based on ficld notes, for use in laying 
out work, or making fieldwork available for sub- 
sequent use in either the office or field, study or 
design, or construction. Subdivide by field treat- 
ment letters, if desired. Data taken from the 
field notes should be referenced on office com- 
putation sheets by file number, with the small 
letter showing the nature of the field note pre- 
fixed: as 15.0C is a reference on an office com- 
putation to a field note. of a landtaking survey 
on the Catskill Aqueduct. The computation sheet 
on which this reference appctars would have the 
file number Fl 5.0 C. 

As a general thing office computations will 
be on 8l x 1l-in. sheets, and fleld notes on 5 x 
g-in. sheets. The small letters, therefore, will 
appcar before file numbers on 5 x S-in. sheets, 
and the capitals before file numbers on SK xX 
11-in. sheets. 

Fl. 50 C. Office work, or computations on land- 
toking survey notes on aqueduct. 

FA 3.0 A Office work. or computations on Asho- 
kan Res. triangulation field notes. 


D. STUDIES AND DESIGNS: Including computations 
of jd al quantities and costs per foot: also includ- 
ing estimates of cost for use in comparing al- 
ternative Schemes, or comparing alternative types 
of construction, locations, or designs of a struc- 
ture. May be used for filing plans, computations, 
and in correspondence file for reports and letters, 
Brown paper or other plans that constitute studies 
or designs will have this letter prefixed to the 
subject file number. This will serve to separate 
the study drawings from topographic plans of the 
same structure, the latter having the prefix (Z) 
before the file number. 

When topographic plans have Hnes interpolated, 
showing the probable location of an aqueduct line, 
dam, or other structure, they then become studies 
of location and should have the treatment letter 
(D) before the file number. Such drawings as a 
rule should be re-accessioned as the added lines 
have altered the drawings from their original de- 
scriptions on the accession sheets. The original 
topographic plans which sbow a broad strip of 
country in the general vicinity of the above men- 
tioned location, will have the prefix (Z) before the 
file number. 

Contract drawings will be filed by contract, and 
may have either (Z) or (D) prefixed, if desired. 
Cont. No. 2, 5.2 C is the file number of plans for 
cut and cover sections of the Catskill aqueduct, 
Contract No. 2. 

Plans of a general nature that could be used fo? 
subsequent contracts, but were “made in con- 
nection with” some particular contract should be 
filed in a Contract General.” or “All Contract” 
file and cross-referenced under the specific con- 
tract which they were made in cennection with,” 


indicate 
in the 


P. PRELIMINARY ESTIMATES: Calculations made on 
a scheme, structure or section of work for which 
the type of construction is already determined or 
assumed, for the purpose of finding its probable 
cost for financial purposes; not for comparing 
designs. (The engineer's formal estimate, which 
is computed by items just as they appear in the 
contract, is put below. See E.) 

P may be conveniently used in some cases for 
estimates of time as well as cost; as for example 
in the correspondence file a report on the probable 
time and sequence of letting contracts, or an es- 
timate of the time of completion of the Garrison 
tunnel. (P may be used for computations or 
correspondence). The phrase for financial pur- 
poses’’ constitutes the difference between (P) and 
(D). Data for a Comptroller's estimate, for ex- 
ample, should have (P). 

p. MEASUREMENTS for PARTIAL ESTIMATE. 

E. CONTRACT ESTIMATES: Includes the formal, pre- 
liminary, engineer’s estimate, and all estimates 
for payment. Not used ordinarily for plang or 
correspondence. 

L. LAND TAKINGS AND DAMAGES. REAL ESTATE, 
ETC: Used for plans, computations and corre- 

spondence, on the main structures to be built by 
the Board. 

LAND TAKING SURVEYS. 


T and t. TESTS AND INSPECTION: Also Experi- 
ments. (T) used for plans, computations, corre- 
spondence, laboratory work, tests, experiments 
and laboratory records. Statistics or records of 
foreign work have the prefix (B) in preference to 
(T), or if it appears desirable, (B) may be sub- 
divided by (T) as BT 18.33, a foreign compressive 
test on cement, but in filing, the (B) should be 
given the precedence, that is, filed by (B) first 
and then under that by (T) or other treatment 
letter. 

G and g. GEOLOGY AND UNDERGROUND INVESTI- 
GATIONS: Includes borings and test pits, ete. 
(G) may be used for plans, computations, corre- 
spondence, etc. 

K and k. COST, BY FORCE ACCOUNTS on Board of 
Water Supply Work. Cost on other works see 
(B). Not ordinarily used for plans or corre- 
spondence. Use (k) for field data. 

B. BIBLIOGRAPHY: Includes all information in re- 
gard to ‘‘forcign’’ works gathered by members of 
the Board of Water Supply force, or outside data 
made by autside people. Used for computations. 
correspondence, drawings. This letter is applied 
to foreign data only, and it takes precedence in 
the order of filing over any of the other letters 
the use of which might be indicated in any par- 
ticular case. For example. a record of borings 
on the Pennsylvania tunnels could have the file 
number G 71.0 (71.0 = tunnels, General), accord- 
ing to the definition of (G). but it is better to use 
(B) in order to separate foreign boring data from 
that originating in the Board's offices, and 70.0 
(70.0 = borings, general) instead of 71.0 as the 
data collected was for general information 
borings regardless of their relation to tunnels. If 
sufficient information is collected on any of 
subjects, it might be advisable to subdivide 
by the other letters, as BG, foreign geologic in- 
formation, etc. Always file by (B) first, however. 

S. SPECIFICATIONS: Used before file number of 
materials or structures, not before 72.12 or 72.15. 
Not ordinarily used for plans or correspondence. 


A TRIANGULATION: May be used for plans if de- 
sired. Not ordinarily used in correspondence file. 


Z and z. TOPOGRAPILY: Topographic surveys for any 
structure. Use (Z) on topographic plans. See 
definition of D. 


bl. BENCH LEVELS. 
y. LINE AND GRADE FOR CONSTRUCTION. 


R and r. RECORD MEASUREMENT: On completed 
work including measurement for final estimate. 
(R) may be used for record plans. 
(Fr) for record computations, etc. 


ORDER OF FILING AND NATURE OF FILES. 


The order of filing by parts of the file number, 
and the number of decimals to be used. will de- 
pend on the data to be filed and, to some extent, 
on local requirements. Correspondence’ and 
Plans, for example, are necessarily more general 
than a computation, so that it is not mecessary 
or desirable to use many decimal places in these 
files. For example, in writing about siphon 
chambers, 5.46, all the subdivisions may properly 
be discussed in one letter. Therefore, in the 
correspondence file, 5.46 would be the only folder 
for siphon chambers. It would be a hardship 
to require a man to split his correspondence by 
the finer subdivisions. Likewise, one plan may 
properly show all the details of a siphon cham- 
ber, and could not be filed except in 5.46. 


Summaries, of course, are necessary, and will 
be filed under the general numbers, but the parts 
that go to make up a summary should be se- 
gregated as much as possible so that they can be 
filed under the subdivisions of the subject under 
discussion. It should be observed that the closer 
we approach the decimal point, the more general 
is the heading, and with some classes of data it 


is perfectly legitimate to disregard the sub- 
divisions, while in others. computations, for ex- 
ample, the subdivision should be followed. AT 


abridged list in pamphlet form has 
ranged for correspondence. 
For discussing the filing of data by parts o 


been ar- 
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the file number, three classes of files may be 
recognized: - 


1 GENERAL FILES.— Data in which do not depend 
‘or their value on one particular structure or 
locality. or any special set of conditions. 

A computation on weight per foot of riveted steel 
pipe of different sizes would be a perfectly gen- 
eral computation. 


„ SPECIFIC OR STRUCTURE FILES.—Data apply 
specifically to some structure or locality by name. 
A computation on the lining of a pressure-tunnel 
siphon to be used at the Hudson River crossing 
is an example of a specific computation. 


13) CONTRACT FILES.—Data which refer to some con- 
truct by number. Contract files are limited in 
their scape by the physical limits of the contract, 
by a date from which they were started, and by 
the nature of the work to be performed. 


Each of these classes of file indicates a differ- 
tnt order of filing by parts of the file number as 
fellows: 


I-GENFRAL FILES: 
(1) By ‘kind’: of structure, or subject. 
(2) Under each “kind” by “type.” 
CH Under each “type” by “treatment” or phase, as 
tibilography, design and gcology. 
(4) Under each treatment by the decimal subdi- 
visions of type.“ 
A general file would be arranged as follows on this 
abeme: 


. % Watersheds (‘‘kind" of structure). 

cH Reservoirs (‘‘kind’’ of structure). 

oo) Aqueducts (‘kind” of structure). 

“3 Grade tunnels (‘‘type’’ of structure). 

E3 “Foreign” information on grade tunnels (‘‘treat- 
ment’ or phase). 

B. 23 Foreign“ information on lining of grade tun- 
neis (subdivision of ‘‘type’’). 

D33 Design of grade tunnels (‘‘treatment’’ or phase). 

cil Quantities per foot, standard sections (subdi- 
vision of ‘“‘type’’). 

pic Excavation, standard sections (subdivision of 
type’). 

m32 Lining. standard 
“type. 

Ga Geology of grade tunnel ('treatment” or phase). 

24 Siphons (‘type of aqueduct). 

42 Steel pipe siphon (‘‘type’’ of aqueduct). 


sections (subdivision of 


1 42 ‘Foreign’ data on steel pipe ( treatment'' or 
phasxe), 

To. 42 Design of steel pipe siphon (‘‘treatment”’ or 
Phase), 

E Capacity and hydraulic elements (subdivision 


of type). 
Eui. 
nö Filters (“kind” of structure). 
Eti., 
1] -SPECIFIC OR STRUCTURE FILES: 

il) By “kind” of structure as reservoir, aqueduct, 
filter, ete. 

(2) Under each kind by “type” as cut-and-cover 
equeduct, grade tunnel, steel pipe siphon, ete. 

(3) Under each “type” by the localities where that 
type“ has been used or considered; as grade 
tunnel at Garrison, Cat Hill, ete. Steel pipe 
siphon at Peekskill Creek, Hunter’s Brook, 
ete. 

i Under each locality by “treatment” or phase; 
as design of steel pipe siphon at Peekskill 
Creek, ete. 

(5) Under each treatment by decimal subdivisions 
of “type” as leakage of steel pipe siphon, ex- 
cavation for steel pipe siphon, ete. 

4 -pecific or structure file would then appear as follows: 
Aqueducts G' kind“ of structure). 


+ 
. Grade tunnels (‘‘type’’ of structure). 
%% Catskill aqueduct, Garrison tunnel (locality). 
e Design of Garrison tunnel (‘‘treatment’’ or 


phase). 
“VCG Quantities per foot (subdivision of ‘‘type’’). 
6 Excavation (subdivision of ‘‘type’’). 
“Ch Catskill aqueduct, Cat Hill tunnel. 
h Design, Cat Hill tunnel. 
.ch Excavation, Cat Hill tunnel. 
a, 
JT-—CONTRACT FILES: 
The order of filing here will depend on what it is de- 
sred the contract file should show, that is, it would 
denend on the classification of accounts on the con- 
trait or the splitting up of the contract into parts 
on which it is desired to keep the cost. A sugges- 
ton is as follows: for example, take a contract 
that includes a stretch of aqueduct (‘‘kind’’ of struc- 
ture) composed of a stretch of cut-and-cover (‘‘type’’ 

323, a grade tunnel (‘‘type’’ 5.3), a steel pipe si- 

phon (type 5.42), and a pressure tunnel (type“ 

SEL. The arrangement would be as follows: 

t By contract numbers 1, 2, 3, ete. 

(2) Under contract by ‘‘kind’’ of structure, as 
kes. Ag., ete. 

mM) Under “kind” by “type,” cut-and-cover, grade 

tunnel, pressure tunnel, ete 

4) Under each “type?” by natural subdivisions or 
parts on which it is determined to keep the 
cast. 

m By decimal subdivisions under each “type.” or 
under each part of work on which it has been 
determined to keep the cost, or under each 
“type” or part” by item of the contract. For 
example. it might be decided to keep the cost 
on a certain stretch of cut-and-cover aqueduct 
between stations 100 and 200 and also on a 
culvert at station 125. The arrangement would 
then be looking down the file Contract No. 2 
kind“ of structure), aqueduct 5.0, 5.2 
itype" of aqueduct). Cut-and-cover stations 
100-230. Under cut-and-cover, culvert at sta- 
tian 125. and the latter split by the various 
items of the contract that enter into its con- 
struction, as item 15, excavation; item 17, refill; 
item 12. concrete, ete. Another stretch of cut- 
and-cover aqueduct between stations 300 and 
ya might be divided in exactly the same way. 
The apnlieition of the system to estimates and 
foree accounts has intimate bearing on the ar- 
rangement of contract files. 


4 previously noted “kinds”? and “types? will be found 
Dot the list regardless of decimal place, but 


wherever found, 
followed. 


ESTIMATE AND FORCE ACCOUNT. 

The method of filing or Segregating data by 
item and file number admits of two possibili- 
ties: the division of the item by file number and 
the division of the file number by item. Under 
cut-and-cover aqueduct, for example, the file 
number for excavation is 5.23 and it may be 
further subdivided under a contract (as 5.23, 
item No. 1, excavation in rock; and 5.23, item 
No, 2, excavation in earth). Again, under grade 
tunnel excavation, 5.33, item 34, reads: »en- 
largement tunnel section in earth:” item 34 
covers this work. Conversely, a given item of 
concrete or excavation may be split up by file 
number and apportioned among several struc- 
tures or parts of the work. For example, item 
No. 6 for concrete may be distributed among 
Several structures as culverts on cut-and-cover 
aqueduct. 

When it is considered that a contract is, as a 
rule, for one class of work represented in the 
index by a single file number, as aqueduct 5.0, 


the above orders of filing should be 


Siphon under Hudson river 


A Olve Br. dam = 
3.4A0 .4CH 
L_l Ashokan res. Catskill aqueduct 


Fig. 2. Further Illustration of the Use of “Locality 
Letter,“ Filing System of New York Board of 
Water Supply. 


Which may or may not be subdivided suffi- 
ciently to accommodate a large amount of corre- 
spondence and other data that is certain to 
accumulate during its pursuance, it is a decided 
advantage to file by item in the contract files. 
Abstractly, it is quite immaterial whether the 
segregation is accomplished by file numbers 
representing topics or by items representing 
identical topics, the advantage lying with the 
latter method in that file numbers for details 
may be curtailed without sacrificing minute sub- 
divisions in the contract files, where data on de- 
tail accumulate rapidly. 

Moreover, the definition of a given item be- 
comes fixed in the minds of those engaged on 
contract work, and, therefore, it is not an un- 
natural division or an unusual line along which 
to require them to think. On the contrary, field 
men will find it a distinct advantage in contract 
work generally to avoid a duplication of file 
numbers and items and the consequent necessity 
of memorizing a confusing relation between them 
which otherwise would be the inevitable result. 

The usual method of requiring engineers in 
charge of construction to report merely quan- 
tities applicable to making up preliminary or 
final estimates sacrifices a great deal of in- 
formation in regard to the real cost of struc- 
tures, which, in consequence, is never altogether 
obtained. For exauple, a contract quantity of con- 
crete in a given item may contain concrete used 
in different structures stretching over several 
miles within the limits of a contract, and earth- 
work likewise is often lumped in one item, al- 
though it occurs in connection with many struc- 
tures. Computations for the estimate quantities 
must invariably be made for the different struc- 
tures and kept separate, and these partial sums 
are always brought together in a more or less 
orderly way to make up the total of the item. 

In planning the subdivisions of the main 
structures natural divisions of the structures or 
works were borne in mind in order that a sepa- 
ration of the information and costs in accord- 
ance with the subjects would give information 
of interest and walue, and it is proposed that 
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the engineers in charge of construction report 
to headquarters not on the total quantities for 
each item, but on the partial quantities divided 
in accordance with such a portion of the list 
of subjects as is manifestly applicable to the 
work in question. 

ORGANIZATION FOR FILING WORK. 

The two essentials to uniform filing are a uni- 
form rule or subject list for classification, and 
a unit interpretation for its application. With 
any subject list, however well detined, may be 
its parts, legitimate differences in interpretation 
Will arise with different individuals, so that it 
may be stated, as a general principle, that in- 
dexing and filing should be entrusted to as few 
people as conditions will permit. 

The first factor, namely, the subject list, hav- 
ing been chosen, there remained the necessity 
for an organization that would keep files, in- 
dexes and practice in widely-separated offices 
uniform. One man in each office is assigned the 
care of the files and in matters of filing and in- 
dexing he reports to the assistant engineer in 
charge at the headquarters office. He should 
refer all questions of doubt as to interpreting 
index, additions, changes and corrections, 
therein, to the headquarters office, and under no 
circumstances should changes take place with- 
out sanction. Each office is supplied with as 
many copies of the subject list as it requires. 
Each copy is numbered and charged at head- 
quarters to the man in charge of filing in the 
office to which it is sent. He is responsible for 
keeping all such copies up to date. Additions 
and corrections are transmitted in duplicate and 
he is required to return a signed statement to 
the effect that the changes have actually been 
made in the subject lists in his charge. He is 
also required to examine file numbers put on. 
plans and computations by the engineers and 
on correspondence by stenographers. In head- 
quarters office file numbers on correspondence 
are put on by one person and letters from other 
Offices are also seen by him, so that if a change 
of file number is made on a letter or other docu- 
ment the office from which it comes is notified 
so that they can change their copies. 

The natural tendency of the individual, es- 
pecially if he has not been schooled in a large 
organization, is to regard files as a personal 
matter, and one of the first and most important 
things to be done before any filing system can 
work satisfactorily is to secure cooperation with 
the filing force. This is indeed a difficult as 
well as a diplomatic task, for much of the ulti- 
mate success and good feeling toward the filing 
system will depend upon the personnel of the 
filing force; various objections and prejudices 
must be overcome, and it is much easier to make 
an enemy than it is to secure a friend of the 
filing system in the effort. 

Many card indexes and routines are necessary 
to carrying out the details of the organization 
which it is not within the province of this 
article to describe, but it is hoped that the fore- 
roing suggestions will prove sufficient, at least 
as a mode of procedure, to those confronted with 


a similar problem. 
— — — — 

TRADE BETWEEN THE UNITED STATES AND 
Germany for the years ending June 1. 1907 and 1908. 
is compared in tables prepared by the Bureau of Sta- 
tistics of the Department of Commerce and Labor. The 
items of greatest interest to the readers of this journal 
are as follows: 

The total exports to Germany for 1907-8 show an in- 
crease of $20,314.440 over those of 1906-7, while the 
imports have decreased $18,608,009, 


— — — 


1907. 1908. 
Nos. G1 32 
TTT dolls. BENN 124.747 
f ibs. 418.200.8380 218.794.835 
e dolls. Len ery 721.2158 
j Ibs. 6,636,210 4.417.815 
e dolls. 1,128,932 710.908 
| tons. 22.504 2.0 00 
e dolls. 86590207 61.741 
1997. „ 1908. 
„ A G E E dolls, 153.623 178.914 
tons. 53,053 8.9057 
CCC dolls. 16.916 28.473 
j Ibs. 91.016.167 134.987.671 
c dolls. 19.790, 189 19,750, 760 
CCC dolls. 105.793 100,930 
ff ais n a Oa dolis 2,245,364 1,935,468 
Ibs. SON 20 1.142.114 
C dolls 36.463 40.697 
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RECONSTRUCTION OF STREET RAILWAY TRACK AT 
l CHARLOTTE, N. C. 


For street railway track construction in paved 
streets a very general practice is to use deep 
girder rails with either grooved or tee heads, and 
to lay these directly upon the concrete founda- 


tion. In some cases ordinary railway rails are 
used. The rails are usually laid upon ties 10 to 
12 ft. apart, which serve to support them while 
the concrete is being laid beneath them. These 
ties are embedded in the concrete. Examples 
of both of these systems were shown in our issue 
of Nov. 7, 1907. 
STENT 


FIG. 1. 


are thus rigidly anchored to the concrete. The 
purpose of these anchors is to resist the tendency 
of tne brick paving to arch and rise from the sand 
cushion when expanding under the influence of 
heat. At Indianapolis there are two anchors be- 


tween each pair of ties, tne ties being spaced 
from 10 ft. to 12 ft. apart. 


‘Nose Brick 


Concrete Beams and Foundation 


NEW STREET RAILWAY TRACK FOR THE CHARLOTTE CONSOLIDATED CONSTRUC- 


TION CO.; CHARLOTTE, N. C. 


James Nisbet Hazlehurst, M. Am. Soc. C. E., 


The cost of girder rails is generally from $8 to 
$10 more than that of ordinary rails, but the use 
of the latter in paved streets sometimes presents 
difficulties on account of tne shallow depth of the 
rail, and the consequent small cover of concrete 
over the ties if brick or stone paving is used. 
These difficulties may be obviated by reverting to 
the old practice of supporting the rails on chairs, 
and such a system has been adopted in the recon- 
struction of the lines of the Charlotte Consoli- 
dated Construction Co., which owns the street 
railway, lignt and gas plants of Charlotte, N. C. 
The system was designed by Mr. James Nisbet 
Hazlehurst, M. Am. Soc. C. E., of Atlanta, Ga., 
as consulting engineer to the company. We are 
indebted to him for information and drawings, 
and he states that the results are satisfactory to 
the company and to the city engineer. The gen- 
eral construction is shown in Fig. 1. 

The track is laid with 80-lb. rails of the Am. 
Soc. C. E. section (5 ins. high), in 60-ft. lengths. 
These are laid upon wooden ties during construc- 
tion, until supported by the concrete beams. The 
ties are used at the rail joints, and at intervals of 
12% ft., and have iron chairs to carry the rails. 
Between the ties, the rails are anchored by iron 
stirrups embedded in the concrete. The rails are 
connected at intervals by flat tie—bars. 

The special features to which Mr. Hazlehurst 
calls attention are the chairs, the tie-bars, the 
anchors, and the longitudinal expansion joint for 
the paving. These details are shown in Fiz. 2. 
The purpose of the chair is to put the wooden ties 
low enouga for a proper thickness of concrete be- 
tween them and the paving. They are spiked to 
the ties. The tie-bars hold the rails by the base 
instead of being passed through holes in the webs, 
as is the usual way when hig rails are used. 
Each end of the bar is bent to engage the outer 
Side of the rail base, while the inner side is held 
by a lug or clamp bolted to the tie-bar. A slotted 
hole in the bar enables the position of the clamp 
to be adjusted. ; 

Tne anchor consists of a steel tie-plate, having 
riveted to it a rectangular frame or stirrup which 
is embedded in the concrete. The tie-plate holds 
the rail by lugs which are formed by slitting and 
pressing the plate, as shown. These anchors are 
placed at intervals of 644 ft. Their general design 
is similar to that used for the street railways at 
Indianapolis, and illustrated in our issue of Nov. 
7, 1907. In the latter case, however, a combina- 
tion rail-brace and tie-plate is used (on ties and 
for anchors), thus avoiding the necessity for 
using tie-bars or tie-rods. Bolts passed through 
the tie-plates carry anchor plates, and the rails 


Atlanta, Ga. 


The city of Cnarlotte had let contracts to the 
Atlantic Bitulithic Co. for about 30,000 sq. yds. of 
pavement. The railway company, under its fran- 
chise, had tne right to select the material for 
paving along the tracks and for 14 ins. outside 
the rails. Mr. Hazlehurst adopted brick for this 
purpose. The groove or nose bricks are stretchers, 
and a line of stretchers is laid on the outside of 
each rail. These latter, however, are not butted 
against the rail in the usual way, but are -in. 
from the rail head. An asphaltic composition is 
filled between the rail and the brick, thus forming 
longitudinal expansion joints In the pavement. 


Consulting Engineer, 


“Mastic Filler 


With double tracks there are four of these expan- 
gion joints. 

METHODS OF TRACK RECONSTRUCTION.— 
The specifications for the work of track recon- 
struction require that only one line of track 
shall be disturbed at one time, and for a distance 
of not more tnan two city blocks. The opposite 


track will be kept in 
service. 
Upon the removal of 


the track, the roadbed is 
to be graded to a width 
of 8 ft., and compacted 
with a steam roller 
weighing not less than 250 
ibs. per inch run. All soft and spongy places will 
be refilled with selected material. Transverse 
trenches 12% ft. c. to c. are then cut for creosoted 
ties 6 x 8 ins., 7 ft. long. Selected material from 
the street surface is tamped under the ties by 
rammers weighing not less than 20 Ibs. Upon the 
ties are placed the chairs. The rails are then 
laid, with square joints spliced by angle bars (the 
drawing in Fig. 1 shows plain splice bars). The 
tie-plates, anchors and tie-bars already described 
are then put in place. The track is then lined 
and surfaced. 

Under each rail is dug a trench 20 ins. wide and 
9 ins. deep, on the outside of which (and against 
the ties) are set l-in. planks supported by tem- 
porary stakes. These are for the concrete forms. 
Similar planks are set 14 ins. from the outside of 
each rail, and to such a heigat that the 5-in. bed 
of concrete forming the base of the pavement will 
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extend to within 5 ins. from the top of the rails. 
The concrete is a 1:3:6 mixture (using broken 
stone), mixed either by hand or by machine. Upon 
the concrete a l-in. layer of 1:2 mortar is laid for 
i4 ins. on the outside of each rail, and the paving 
bricks are laid directly upon this. Between the 
rails, a cushion bed of sand is laid, and is dressed 
by a template to give a crown of 1 in. at the 
center. The paving bricks are laid upon this bed. 

Expansion joints -in. wide are provided along 
the rails and at intervals of 75 ft. across the 
pavement. These are filled with a composition of 
1% pure asphaltum and 85% finely-ground min- 
eral dust, mixed and heated upon the work. If 
this should not have the proper plasticity, the 
asphalt may be increased to 25%. 

When the brick paving is laid and the expan- 
sion joints are filled, the pavement is to be rolled 
with a steam roller. A grouting of cement and 
sand 1 to 2, mixed to the consistency of cream, is 
then brushed over the surface with rubber-tipped 
floats to fill all spaces between the bricks. After 
this a thin coat of sand is sprinkled and left for a 
ume, being removed by the contractor as re- 
quired. 

The contract for the first part of the work was 
let to the Atlantic Bitulithic Co., of Ricamond, 
Va., at the following prices: Taking up and re- 
laying track (exclusive of bonding), 34 cts. per 
lin. ft.; removing and distributing 195 tons of 
rails, 90 cts. per ton; 1,336 cu. yds. of concrete 
beams and concrete street foundation, $2 per cu. 
yd.; laying 5,833 sq. yds. of vitrified brick paving 
(including expansion joints), 42 cts. per sq. yd. 
The company supplies all material except the 
lumber for the forms, the mastic for the expan- 
sion joints, and the water necessary for concrete. 
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METHOD OF OBTAINING A TRULY CIRCULAR AND 
UNIFORM CHILL IN ROLLS.* 
By THOMAS D. WEST. M. Am. Soc. M. E. 


The determination, by actual test, of the difference 
in strength of turned chill and sand-cast rolls of like 
diameters, both cast from the same ladle of metal, would 
be very valuable to engineers and manufacturers. So far 
as the writer is aware, no such tests have been made. It 
i reasonable to expect, however, that the strength of the 
sand-cast roll will exceed that of the chill roll, if both 


be cast from the same metal, especially if there be any. 


variation in the thickness of the chill. This view will 
doubtless be shared by those who have had extended 
experience in the use of chill rolls. 

In casting a chill roll the general conditions are as 
stown in Fig. 1. The metal in the outer part a (shown 


— 


facture of rolls. If two test bars, under 2 ins. square in 
section, be cast from the same ladle, the one in an iron, 
the other in a sand mold, the shrinkage of the former 
will be about twice that of the latter. This is shown 
by tests made by the author treated more fully in his 
“Metallurgy of Cast Iron” (pp. 413-415). 

When a chill roll mold is being filled with metal the 
cooling qualities of the chill d, Fig. 2, cause the outer 
body of the inflowing metal, as it comes in contact with 
the chill face e, to solidify so rapidly that a contracting 
crust is formed in two to five minutes, according to the 
diameter of the roll. 

The formation of the sustaining crust is easily ex- 
plained as follows: On the side e, Fig. 2, the metal is 
shown as it fills the mold, while on the opposite side f 
the conditions that exist two to five minutes after the 
roll is cast are indicated. It is seen that the chill d has 
ceased to offer any support to the crust a by reason of 
the space created at @ and that the chill d might be 
removed, so far as the body of the roll is concerned, if 
that were practicable. It is also evident that the metal 
inside of the crust @ and the necks of the rolls is still 
in almost as hot and liquid a condition as when first 
poured. Its fluidity may, in fact, be maintained for 
20 to 60 or more minutes, according to the size of the 
roll. This condition serves to explain in large payt the 
difficulty of obtaining satisfactory chill rolls. The thin, 
almost semi-molten, crust @ must sustain, during the 
early period of the operation, the static pressure of the 
confined liquid metal. The result in obtaining a chill 
roll casting is affected by small variations in the level 
of the mold, the quality of the metal, the temperature in 
pouring, the catching of fins at joints or crevices in 
the face of the chill, the operation of feeding devices, 
etc. It is no wonder, therefore, that with a process so 
sensitive and difficult to regulate that the losses range 
from 10 to 30% of the nominal output, by the systems 
now in use, and that the rolls cast in this manner are 
rarely truly circular with a uniform thickness of chill. 

Again, a buyer who accepts a roll of uneven thickness 
of chill and not truly round runs great risks of break- 
age. It is certain, at least, that such rolls cannot stand 
the rough usage and wear that may be expected of truly 
circular ones with a uniform thickness of chill. 

For the successful casting of chill rolls the appliance 
should be such as to enable the chill d to remain con- 
stantly in intimate contact with the crust a, and that 
it be controllable likewise vertically to take care of the 
contraction in that direction.. Numerous devices de- 
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A METHOD OF OBTAINING A CIRCULAR AND UNIFORM CHILL IN ROLLS. 


i black) will present a white appearance for a depth of 
^ to 2 ins. or more, while that in the necks and body, 
b aad c, will be mottled or nearly gray. In a the car- 
‘on exists in the combined form, while in b and c it is 
largely graphitic. The fact that the shrinkage of the 
‘omer in solidifying is considerably greater than that 
of the latter is an important consideration in the manu- 


"Paper presented before the American Society for Test- 
Materials 


, Atlantic City Meeting, June 23-27, 1908. 
‘Thos. D. West Foundry Co., Sharpsville, Pa. 
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signed to overcome the evil effects of a contracting crust 
have been tried, but it is believed that none of these 
meet the requirements in anything like the same measure 
as the appliance represented in Fig. 3, which differs 
radically from anything previously attempted, and is the 
invention of the author’s son, Mr. Ralph H. West, who 
has had considerable experience in the manufacture of 
chill rolls. 

In the use of this device the action of the contracting 
crust was demonstrated in a way never done before, and 


it served to show what may be accomplished to insure a 
truly circular roll casting of uniform thickness of chill. 
To make this clear a detailed description of the operation 
will first be presented. 

The chill d, Fig. 3, has grooves i, which are shown in 
an exaggerated form in the illustration. These grooves 
vary in height and number to suit varying requirements, 
and exhibit gradual variations from bottom to top in the 
inclination of the sloping surfaces h and j for the purpose 
of taking care of the vertical contraction of the solidify- 
ing crust. This serves to insure a close contact between 
the upper slope of every groove and the corresponding 
bead cast on the chill roll during the entire period of 
settlement to final rest, which is brought about in the 
following manner. 

After the metal is poured through the swirl gate k, 
the band l—operated by a lever, not shown—is moved, 
which serves to bring holes in the band to positions op- 
posite m, this action allowing fine sand and other flowable 
material to run out of the partitions n and p at any 
desired speed. The chill d is lowered by this action caus- 
ing the sloping surfaces h and j to remain in intimate 
contact with the upper sloping surfaces of the beads cast 
on the chilled surfaces of the roll. À 

In the first roll cast by this device the chill commenced 
to settle in about two minutes after the pouring was 
finished, and in about seven minutes the grooved face 
r had slid over the bead face i thus giving direct in- 
dication of the internal action of the contracting chill 
crust, a matter never before accomplished. 

In this device the outer diameter at the points i is such 
that when the roll is cold enough to be removed from the 
chill it can be hoisted out of the latter, or the latter off 
the roll, as may be desired. The body of the sample 
roii cast in this chill was 11 ins. in diameter and 14 
ins. long. When put in the lathe to be turned it was 
found to be perfectly round and of an exact thickness 
of chill at all points of its circumference. | 

Five other devices differing in the form of the grooves 
and the method of insuring contact have been designed. 
In one case the chill remains stationary while the cope, 
casting and drag can be lowered. In another the crust is 
depressed. in a third the cope and casting settle into 
the drag, while the chill remains stationary. In some 
of these devices the grooves, or hugging faces, are so 
arranged that they remain in constant contact with the 
beads on the roll until the latter is removed from the 
chill or its molds. 

Chill turners claim that the extra labor in turning 
up chill rolls to remove the slight projections or beads 
cast on the rolls by this system is, on the average, 
much less expensive than that required to turn up 
smooth-faced chill rolls that are not truly circular, man- 
ufactured by processes now in use in our chill roll 
foundries. 

Returning to Fig. 3, the cope is supported from the 
drag independent of the chill by means of four wrought 
iron tubes 8, bolts t, adjustable sleeves u and set screws 
v. Three or four long turned rods or pins w serve to 
center the chill and cope with the drag. 

It is believed that with the above explanation those 
familiar with founding will readily understand the 
operation of the device and appreciate its utility. The 
system is expected to greatly change the present prac- 
tice of casting chill rolls. 


— . ͤ ͤwP—— 


A SYSTEM OF AUTOMATIC SIGNALLING, worked 
entirely by electricity, is being installed on the Metro- 
politan Railway in London. The system is said to be 
less cumbersome than the electro-pneumatic one in 
use on the “Tubes.” “Indian Industry and Power” 
states in the June issue, that the new system provides 
for the brakes of the train being at once automatically. 
applied if a driver should pass a signal set at danger. 


—— —: q 


RAPID WORK AT PANAMA.—A LIidger wood unload- 
ing record was made on Tabernilla dump on June 23, 
when the train crews with four unloaders plowed the 
spoil off 54 trains of 17 cars each, the total amount of 
material unloaded being 17,280 cu. yds. On this same 
day 52 trains were hauled to the dumps south of Pedro 
Miguel. On June 22, the Culebra Division loaded 1,719 
Lidgerwood flats, and hauled 52 trains to Tabernilla and 
a like number south of Pedro Miguel. 

The conductors and engineers hauling dirt trains be- 
tween Culebra and Tabernilla are working hard to 
make three round trips a day over this 16-mile haul 
and load their own trains. The Superintendent of Trans- 
portation in the Culebra Division has maintained con- 
tinuously that he had a sufficient number of engineers 
and crews in this service to move 50 loaded Lidgerwood 
trains a day to Tabernilla, provided the delays on the 
Panama Railroad main line could be eliminated. Since 
the work has been completed at Barbacoas bridge, not 
only this has been accomplished, but in addition one 
engine and crew have been diverted from this service, 
and yet 51 and 52 trains are moved daily. It is in- 
teresting to see these train crews trying to get to the 
best steam shovels in order to load quickly and pass 
other crews in the cut.—‘‘Canal Record,” July 1. 
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A PORTABLE COMPRESSED AIR PLANT FOR CALKING 
PIPE. 
By A. B. WALDEN.* 


In 1906 the Baltimore County Water and Elec- 
tric Co. started to lay about 25 miles of 12, 10 
and Sin. pipe cross country to take care of a 
section that was supplied by deep wells which 
had givem every evidence of failing entirely 
and prevented taking on additional consumers, 
and giving satisfactory service to consumers al- 
ready connected. It was soon found that ex- 
pert and rapid calkers could not be secured 


and a portable compressed air plant for 
caulking, cutting and drilling was purchased 
*B will Vary from Ito lz” 
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Type of Tool Used with Pneumatic Hammer in 
Calking Pipe. Baltimore County Water and 
Electric Co. 


and mounted on a truck, which proved a suc- 
cess in every respect, though some trouble was 
experienced with the gas engine. It was found 
possible to calk a 12-in. pipe satisfactory 
for 250 lbs. working pressure in 2% minutes, 
the average for all joints being between three 
and five minutes. The joints were more satis- 
factory and were tight in every respect. The 
average actual time for hand calking on this 
size pipe was 30 minutes, but the all-day average 
was 45 minutes. At one time two men, with 
the air hammers, calked between 8 a. m. and 
5 p. m. 76 lengths of 12-in. pipe out of a total 
of 87 pieces laid and leaded. This work was 
done in cold weather, which made it difficult 
to get the best results. This line -is operating 
under pressures of from 100 to 250 lbs. per sq. 
in., depending on the elevation, and so far there 
has not been a joint leak where the air tool 
was used. The time required to cut 12-in. pipe 
was 2% minutes. The portable plant was made 
up as follows: 


A 6-HP. gasoline engine was belted to a 
small duplex air compressor capable of main- 
taining 70 to 80 lbs. air pressure when deliver- 
ing 32 to 35 cu. ft. of air per minute, with stor- 
age and cooling tank and a small centrifugal 
circulating pump for circulating the water 
through the jacket. The engine was of the 
single cylinder vertical tyre, but it was found 
that a two-cylinder engine would have been 
better, and it is possible that one of the small, 
air-cooled, multi-cylinder, marine engines would 
have given the best results. The equipment was 
mounted on trucks, and provided with two 
lengths, of 150 ft. each, of %-in. air hose con- 
nected to a storage tank at two different points 
so that it would only be necessary to move the 
machine once in every 300 ft. An air-hammer 
drill was provided operated from the same 
equipment capable of drilling up to 4-ft. holes. 
In the niggerhead formation it was possible to 
drill at the rate of 2 ins. per minute. 


Two sizes of hammers for calking were pur- 
chased, one 3-in. and one 2-in. The 3-in. ham- 
mer was a success, as the shorter-stroke ham- 
mer jarred the operator’s wrists so that they 
could not operate steadily. The proper shape 
calking tools could not be secured from the 
hammer manufacturers so that it became neces- 
sary to have them made up locally. These 
tools are shown in the accompanying figures. 
The cost of the entire equipment ready to oper- 
ate was $665, including engine and truck, all 


*Superintendent and Chief Engineer, Baltimore County 
Water and Electric Co., Baltimore, Md. 


tools, drills, hammers, etc. The usual antip- 0.687-in., the bearing value governs, and we itt 
athy of men toward labor saving devices was have, equating the shearing strength of the web SUN 
encountered but the results obtained demon- to the bearing value of two rivets, J 
strated the possibilities of the equipment to do Qp—1) ts A 2 „ 2 8 „ 6 ke 
even better work than it did here. The same whence p = 2% ins. ig 
truck is now to be equipped with a small cen- For values of t greater than 0.687-in. the 2 5 
eee Pump < e CE CHeRes,. “Ch, rivet shear governs, and we have similarly — 
and will thus make a very compact outfit. It : ° a 
was found that the construction of the hammer x. $ 
could be improved by providing a spring clip 2 p— 1)ts=2x2x— x s = 248, ms 
that would snap over a collar on the tool to 4 
allow of the tool turning easily in the socket, whence, for t = ‘4-in., p = 2.10 ins. | 
but so constructed that it would prevent jump- t == M. in., p = 1.87 ins. f 
ing out when starting the joint. In calking t= l-in., p = 1.70 ins. O 
where a joint “is poured” if the lead slug is ee 
driven in and swedged off (not cut off) with the 5 
tool no leaks will occur at a joint calked with : Ane 
the air hammer and it is possible to drive the $ 7 
joint hard enough to crack the bell. 
O O O O 2 
0 O ON 3 À 
MINIMUM RIVET PITCH IN PLATE-GIRDER FLANGES. i it J 8 =.. 
kpkpkp pp kp pa 
The minimum pitch which may be given to = $ 
the flange-rivets in a plate girder having two Fig. 1. E 7 
lines of rivets connecting the flange- angles = a 
to the web is determined by the horizontal! 4 - Of gd Udy | 
shearing strength of the web, and not, as com- sce 
monly understood, by the mechanical limit of Min. Alt. Rivet Pitch. 
5 c. to c. distance of rivets, N Fliess tesute are “Figs 2 “Minimum: Al: 
en at three diameters. This may be shown awn onea i ternate Pitch for 
very easily by simple calculations of the stress | ; FP Flange Rivets of 
conditions. Referring to Fig. 1, which repre- Fig. 2 herewith, to- Plate Girders, as 
sents a side elevation of part of tne flange- gether with similar re- Varying with Thick- 
y , sults for rivets of %- ness of Web Plate. 
angles with attached section of web, ; Bearing value of rivets 
ere oe in., %4,-in. and i1-in. on web governs in 
p= minimum allowable alternate rivet pitch; diameter. straight segment of 
Wanda pte a per al a bu, een sen vel. ot, spat 
, , girders with Fin. governs in upper seg- 
28 = maximum allowable bearing of rivets on rivets and 1% in alter- ment of curves. 
ein „ 5 m nate spacing at the ends. In view of the above 
E : discussion, such close spacing would seem to be 
t = thickness of web plate, in ins.; bad design, and a source of weakness instead of 
t (% + %) = horizontal area deducted from strength. 
web by one rivet. 
If we assume that the web does not carry any 
bending moment, as is generally done, the hori- LAUNCHING AN ORE-CARRYING STEAMER. 
zontal shear on the web along the inner gage- In our account of the Detroit Convention of the 
line in tne length 2p is equal to the increment American Society of Mechanical Engineers in 
of flange stress in that distance, which is equal our issue of July 2, we recorded the excursion 
to the bearing value of two rivets in the web, down the Detroit River to the shipyards of the 
or to the shearing value of two rivets in double Great Lakes Engineering Works to witness the 
shear, whichever is the greater. launching of a 12,500 ton ore-carrying steamer. 
1 ee WORKS 
LAUNCHING THE ORE-CARRYING STEAMER “DANIEL B. MEACHAM” AT THE GREAT 
LAKES ENGINEERING WORKS, DETROIT, MICH., JUNE 25, 1908. 
The value of t that will give a bearing value The accompanying photograph shows the vessel 
equal to double shear for %-in. rivets is at the moment she slipped off the ways. The 
r photograph was taken from the deck of the ex- 


— x Ain. = 0.687-in. 
4 
*Structural Engineer, 186 State St., Albany, N. Y. 


For values of t less tnan 


cursion steamer which carried the members of 
the Society, and which lay across the end of the 
Slip into which the hull was launched. 
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REINFORCED-CONCRETE BRIDGES FOR TRACK ELEVA- 
TION ON THE ILLINOIS CENTRAL R. R.: FAILURE 
TESTS OF VERY LARGE CONCRETE SLABS. 


The most recent development in the design of 
bridges for track-elevation work in Chicago is 
in the use of reinforced concrete. These struc- 
tures are composed of rectangular slabs or 
beams of reinforced concrete, which are laid side 
by side to form a solid and self-sustaining floor. 
The Illinois Central R. R. is using bridges of this 
kind built entirely of concrete. The slab or’ 
beam construction was first used, however, by 
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a triplex pump. The ground being thus drained, 
the excavations were carried down to hardpan 
without difficulty. Through the sand (about 10 
to 15 ft.), the excavation was lined with ver- 
tical wooden staves braced by interior rings of 
steel. Below this, no lining was used. 

The details of the floor slabs are shown in 
Figs. 34. Those for the roadway spans are 25 
ft. long, 6 ft. 3 ins. wide and 34 ins. deep. These 
weigh about 33 tons each. The slabs for the 
sidewalk spans are 9 ft. 11 ins. long, 6 ft. 3 ins. 
wide and 18 ins. deep. In both cases the rein- 
forcement consists of longitudinal” and trans- 
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REINFORCED-CONCRETE SLAB FLOOR BRIDGES FOR TRACK ELEVATION WORK; 


ILLINOIS CENTRAL R. R. 


the Chicago, Burlington & Quincy Ry., with sup- 
ports consisting of concrete abutments and steel 
intermediate bents. 

The concrete bridges of the Illinois Central 
Ry. are being used on its track elevation-work 
between 67th and 79th Sts. (Grand Crossing). 
On this part of the work there are eight tracks. 
The floor is covered with ballast, so that the 
ordinary track construction is carried unbroken 
across the bridges. The concrete slabs or beams 
are used in the manner above mentioned, but 
they are supported by abutments and inter- 
mediate piers (or bents) all of reinforced-con- 
crete construction. Each bridge has two road- 
way spans 24 ft. 9 ins. c. to c. of piers, and two 
sidewalk spans about 8 ft. long from the center 
of the pier to the face of the abutment. At the 
middle of the street and inside each curb line 
is a wall or pier of monolithic concrete, with 
arched openings. Upon these and the concrete 
abutments rest the concrete slabs or beams. 
Along each side of the bridge are parapet or 
coping slabs which form the fascia girders and 
retain the ballast. Those for the sidewalk form 
arched openings, while those for the roadway 
spans have curved knee-brace extensions at the 
piers. This arrangement gives a better appear- 
ance than would be the case with the plain 
rectangular openings formed by the slab floor. 

The general design of one of these bridges is 
siown in Fig. 1. At some of them a small sta- 
tion building of concrete forms a part of one of 
the abutments. The details of one of the piers 
on the sidewalk curb line are shown in Fig. 2. 
There are six 36 x 30-in. rectangular columns 
(with ehamfered corners), carrying the girder 
upon which. the floor slabs rest, the piers and 
girder forming one monolithic structure. Each 
column stands upon a 4-ft. cylindrical pier, ex- 
tending to a firm foundation on hardpan at a 
depth of from 35 ft. to 40 ft. below the surface 
of the ground. The lower ends of these piers 
are belled out to a bottom diameter of 8 ft., 
the load on the foundation at the base of the 
column being limited to 3.7 tons per sq. ft. 

The wall in the middle of the roadway is of 
similar design, but the columns are 36 x 36 ins., 
with a top girder whose section is 36 x 36 ins. 
at the center of the arches. The columns have 
eizht vertical Min. bars, with 29-in. rectangular 
hoops of -in. bars. These hoops are 12 ins. 
apart. The foundation piers are 4 ft. diameter, 
as at the sidewalks, but they are belled out for 
3 ft. to a base diameter of 9 ft. instead of 8 ft. 
The excavations for the piers were sunk 
through sand and clay containing a considerable 
amount of water, and an interesting feature of 
the work was the drainage of the ground before 
excavation was commenced. This was effected 
by driving well-points into the ground and con- 
necting these by pipes with the suction main of 


verse bars near the upper and lower faces, and 
also inclined shear bars near the ends. The 
larger slabs have also transverse hoops of rect- 
angular form. To provide for handling, steel 
loops and eye-bolts are embedded in the con- 
crete. The loops are used for the larger slabs, 
the upper end lying in a pocket formed in the 
slab, so that the loop bar does not extend above 
the top of the slab. For the smaller slabs, eye- 
bolts are used, as shown. Over the piers, the 
joints between the ends of the slabs are kept 
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Engineer of the IIlinois Central R. R., and Mr. 
R. E. Gaut, M Am Soc. C. E., Engineer of 
Bridges and Buildings. To them we are in— 
debted for plans and other information. The 
Leonard Construction Co., of Chicago, has the 
contract for the work. 

In view of the novelty and importance of this 
design of bridge, the railway company decided 
to have tests made of the strength of the slabs. 
These tests were made under the direction of 
Prof. A. N. Talbot, M. Am. Soc. C. E., of the 
Engineering Experiment Station of the Univer- 
sity of Illinois (Champaign). As the testing of 
reinforced-concrete beams of such size, and made 
for actual use, is a matter of more than ordinary 
interest to the engineering profession, it was 
arranged that full information in regard to the 
tests and their results should be made available. 
We give below the paper prepared by Prof. 
Talbot dealing with this matter: 

TESTS OF LARGE REINFORCED-CONCRETE BEAMS. 

The test here described will be of interest to engineers 
for two reasons. (1) Because the reinforced- concrete 
beams were chosen almost at random from a large 
number of beams made up for use in a railway struc- 
ture, and thus may be considered to be representative 
of actual conditions of construction; (2) Because the 
tests give a comparison of the efficacy of two methods 
of placing the reinforcement to resist diagonal tension 
or so-called shear failures. The beams were perhaps 
the largest reinforced-concrete beams yet tested, and 
the testing apparatus used and the method of making 
the test involved some novel features. 

The beams were tested in the yards of the Illinois 
Central R. R. at 27th St., Chicago, close to the point 
where they were made. They were in the form of slabs 
25 ft. long, 6 ft. 3 ins. wide, and 34 ins. deep at the 
middle. They weighed about 33 tons each. The tests 
were undertaken through the co-operation of the Illinois 
Central R. R. and the Engineering Experiment Station 
of the University of Illinois, to determine the properties 
of large beams made under practical conditions. As 
this is one of the largest and most important pieces of 
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FIG. . 


open by a single thickness or layer of felt paper. 
Two layers of felt paper form an open joint at 
the bearing of the faces of the slabs upon the 
piers. Upon the completed floor will be laid 
some form of waterproof covering, and over this 
will be the ballast. 

The bridges were designed under the direction 
of Mr. A. S. Baldwin, M. Am. Soc. C. E., Chief 
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PIER AND FOUNDATIONS FOR REINFORCED-CONCRETE SLAB FLOOR BRIDGES. 


construction of the kind yet made, it seemed desirable 
to make tests of the slabs before putting the structure 
into service. 

The slabs were built by the Illinois Central R. R. 
force. The concrete was composed of 1 part Owl Port- 
land cement, 2 parts sand, and 5 parts unscreened ' 
limestone. The concrete was machine mixed and was 
made wet, so that little or no tamping was required. 
Tests of the cement gave a tensile strength of 822 Ibs. 
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per sq. in. for the 7-day neat test; 95.2% passed the 
No, 100 sieve. The longitudinal reinforcement was of 
l-in. corrugated bars. Tests made by Robert W. Hunt 
& Co. on bars selected from those used on-the work 
showed an elastic limit of 52,000 lbs. per sq. in. There 
were 29 of the 1-in. bars used in the width of 6 ft. 3 
ins., the spacing being made 2% ins. c. to c.; and as 
the distance from top of slab to center of bars at the 
middie of the beam length was 30% ins. the reinforce- 
ment was about 1.25%. 

Two forms of bending up the bars at the ends were 
used. In No. 70, which was the last slab made in this 
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The lower slab was supported on 12 x 12-in. timbers 
placed transversely across the slab at about 4 ft. from 
the ends. At either end a 12 x 12-in. oak timber was 
placed across the slab. These timbers were 23 ft. 6 ins. 
c. to c., and this distance was considered the span length 
in the test. The other slab was then placed right side 
up on top of these bearing timbers. The timbers were 
bedded in plaster of paris above and below in order 
to overcome small irregularities in the surfaces of the 
slabs. At the one-third points of the span length, yel- 
low-pine timbers, 7 x 14 ins., were placed on top of 
the upper slab, and also on the under side of the lower 
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FIG. 3. REINFORCED-CONCRETE SLAB OR BEAM FOR ROADWAY SPAN. 


way, the bars were bent up at an angle of about 45° 
rather close to the end. The bend for one-fourth of the 
bars started at about 2 ft. from the end, for another 
fourth at 3 ft., and for another fourth at 4 ft., while 
the remaining bars were straight throughout the length 
of the slab. No stirrups were used in No. 70. In the 
slabs made after No. 70 (including No. 71 and No. 72, 
which were tested), stirrups were used and the bars 
were bent up farther back from the end and less 
abruptly. This is seen in the figure showing the posi- 
tion of the beams in the test. In one-fourth of the bars 
the inclination started at a point 6 ft. from the end, 
in one-fourth 4 ft. from the end, and in one-fourth 2 ft. 
from the end. The remaining bars were horizontal. In 
these slabs, U-shaped stirrups made of -in. corru- 
gated bars were placed vertically at distances of 2% ft., 
4 ft., 5% ft. and 7 ft. from the ends of the slabs. Each 
stirrup passed under and included five reinforcing bars 
and reached nearly to the top of the slab. 

In addition to the bottom reinforcing bars, four %-Iin. 
eup bars were placed longitudinally 3 ins. from the top 
of the slab. Transversely across the slab, and 2 ins. 
below the top, were 12 %-in. and six 1-in. bars, while 
transversely across the bottom longitudinal reinforce- 
ment were 21 %-in. bars. At the middle of the width 
of the slab and at 2 ft. 6 ins. from either end, heavy 
steel stirrups were inserted. These were used to fasten 
the lifting device when the slabs were lifted and moved. 

The slabs tested were made Oct. 7 and 8, 1907. No. 
70 was tested on April 15, and No. 72 on April 28, 
1908. In the meantime they were left where made and 
were exposed to the weather.. Although they were over 
six months old, the setting of the concrete during the 
winter weather must have been slow, and the condi- 
tions would be less favorable than is usual for 90-day 
test beams. 

The tests were made as follows: One slab vas 
placed above another (the lower one having been 
turned upside down) with a bearing between them at 
their ends. Two yokes were placed at the one-third 
points of the span length, and four hydraulic jacks 
acting on the yokes were operated to force the slabs 
together. The diagram (Fig. 5) and the accompanying 
photographs will explain the method of making the test. 
The slabs were handled by means of a wrecking car 
of 100 tons capacity (shown in Fig. 6), and this ma- 
chine did tbe work easily and satisfactorily. In invert- 
ing slab No. 71, however, the great weight on one rail 
caused one side of the temporary construction track to 
settle considerably. To avoid possible overturning of 
the derrick car, the hoisting cable was slackened sud 
denly and the slab was dropped. It fell 4 ft., striking 
on a pile of stone and against a rail. One corner of 
the slab was cracked, but so far as the tests show no 
other injury was done. 


slab. These were bedded in the same manner. Two 
24-In. steel girders were placed at each one-third point 
on top of the timbers of the upper slab, and similar 
steel girders at the corresponding points below. Wrought- 
iron rods (four at each of the four points) and thick 
cast-iron blocks were used to complete the connections, 

The hydraulic jacks were placed between the upper 
girders and the upper cast-iron blocks. Each jack had 
an individual pump and gage. The jacks and gages 
had previously been calibrated; the loads given include 
the necessary corrections. The load was applied in 
varying increments, but the amount was kept equally 
divided among the four jacks. The timber pieces formed 
adjustable bearing plates over the unevenness of the 
slabs, and there was evidently a good distribution of the 
load over the full width of the slabs. It seems suffi- 
ciently accurate to consider the distance from center 
to center of supports as the span length. In general, 
it may be said that the action of the jacks, the uni- 
formity of the results, and other circumstances, indi- 
cate that the testing apparatus was trustworthy within 
the limits which may be considered necessary for the 
purposes of the test. 

In the first test the only measurements taken were 
the deflections of the slabs. The high wind prevailing 
at the time of the test made it impracticable. to use 
the apparatus provided, and the deflections measured 
were the sum of the deflections of the upper and lower 
beams. It is probable that the individual deflections of 
the slabs were nearly the same except near the end 
of the test. In the second test, the deflection of each 
beam was measured, and extensometers were used to 
determine the lengthening and shortening of the beam 
and the position of the neutral axis. A second set of 
extensometers was placed in a vertical position to de- 
termine when there was a noticeable increase in ver- 
tical distance, as would be the case upon formation of 
horizontal or diagonal cracks across the line of meas- 
urement. 

The results of the tests are given in the table and 
diagrams. The diagram (Fig. 7) gives the combined 
deflections of No. 70 and No. 71. In Table I are notes 
of the test of No. 70. It should be borne in mind that 
the condition of the surface of the slab was not favor- 
able to the early discovery of cracks. Fig. 8 is a view 
showing the failure of No. 70 by diagonal tension. 

The results of the test of No. 72 are given in Table 
II., and in the diagram (Fig. 9). The calculated stress 
in the steel is based on the formula for resisting mo- 
ment, 0.87 Afd, where A is the area of the reinforcing 
bars, f is the stress, and d is the distance from top of 
slab to center of bars, called here 30% ins. The sur- 
faces of No. 71 and No. 72 were coated with whitewash 
and marked off in 6-in. squares, and the position of the 
cracks at the different loads was noted and traced in 
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TABLE I.—TEST OF BEAM NO. 70. 


25,000 lbs. This load is assumed to be weight of test- 
ing apparatus, men and initial tension 
on rods. 

333,000 Ibs. First tension crack at center of top slab. 

364,000 lbs. a tension crack at north load of top 
slab. 

432,000 Ibs. Seona tension crack near center of top 
slab. 

468,000 Ibs. First diagonal crack outside north load. 

496,000 Ibs. Numerous small tension cracks. 

593,000 lbs. First diagonal crack, lengthening rapidly 
and becoming more marked. 

626,000 lbs. Cracking along the steel at south end. 

693,000 lbs. In the interval after 488,000 lbs. other 
diagonal cracks appeared near the first. 

734,000 Ibs. First diagonal crack opening wide. 

801,000 Ibs. Failed suddenly along first diagonal crack, 


which reached top just inside the load 
point. 


pencil as the test progressed. The cracks were after- 
ward painted with black paint and hence appear greatly 
magnified in the views, Figs. 10-11. The numbers on 
the photographs mark the limit of the cracks at the 
applied load given for the same number in Table II. 
These numbers permit the growth of the cracks to be 
traced. The smooth white surface permitted the cracks 
to be seen while very small, and the tension cracks in 
No. 72 were noted at much lower loads than in No. 70, 
which had not been whitewashed. The measurements on 
the lower slab,, No. 71, in the second test were made 
with a type of instrument which is not entirely suitable 
for this form of test, and as the results are somewhat 
irregular they are not given here. The readings of the 
vertical extensometers showed a marked increase in 
the later stages of the test and will be referred to in the 
discussion of diagonal failure. 

As is usual in such tests, minute cracks become vis- 
ible in the concrete on the tension side of the beam 
between the load points as the load was applied and 
on the outside of the load points at higher loads. These 
cracks grew in height and became more marked ag the 
load was increased. In the first test (No. 70 and No. 
71 together, Fig. 7), in which the beams did not fail 
by the reinforcing steel stretching up to the yield point, 
these cracks closed up upon the release of the load to 
such an extent as to be scarcely detectable. In No. 70 
(not whitewashed) the first tension crack was noted 
at an applied load of 883,000 lbs., and numerous ten- 
sion cracks at 496,000 lbs. In No. 72 (whitewashed 
surfaces), the first tension crack was noted at 159,000 
lbs., and numerous tension cracks at 189,000 Ibs. It 
will be seen from the photographs that some of these 
minute cracks reached points 12 ins. from the top of 
the slab before the reinforcement was stressed to its 
yield point. Even when they had thus grown, their 
size at the bottom was minute. 

Outside the load points (that is, in the outer thirds 
of the beam length), diagonal cracks appeared, fre- 
quently forming from the top of a vertical crack already 
visible and extending diagonally upward and downward 
at the same time. In No. 70, the first diagonal crack 
was visible at an applied load of 468,000 lbs. and in 


No. 72 cracks became distinctly diagonal at 447,000 Ibs. 
The diagonal cracks developed with the addition of 
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load, but the form of this development was not the 
(the slab 
without stirrups and having the bars bent up abruptly 
near the ends), one main diagonal crack formed outside 
each load point making an angle of about 35° with the 
these 
the slab 
In No. 72 (whitewashed sur- 
several marked diagonal cracks had extended 
Some of 
these finally extended to within 12 Ins. of the top face 
of the slab, but they remained small and fine and were 


same in No. 70 and in No. 72. In No. 70 


horizontal. While a few others became visible, 
main cracks enlarged and the final fallure of 
was along one of them. 
faces), 
for some distance at the load of 480,000 Ibs. 


well distributed over the beam, 
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The manner of failure of No. 70 and No. 72 was quite 
different. Although it is evident from calculations that 
the steel of the reinforcing bars in No. 70 had nearly 
reached the yield point, there was no evidence of this 
in the appearance and action of the beam at the time 
of failure. At a load of 593,000 lbs. the main diagonal 
crack outside of one load point was seen to be extend- 
ing rapidly, and at 734,000 Ibs. it was opening wide. 
It was evident for some time that the beam was on 
the verge of total failure. Finally it failed suddenly by 
diagonal tension (so-called shear failure) at an applied 


* 
— — —— — 


rns ae 
22.48. ‘Gas! gaz 
Sta Vin Sine 

2. 5 


~ — — —— 


distance from the top of the slab to the center of the 
reinforcing bars. An examination of the original data 
suggests that there was slip in the top extensometers 
and that the neutral axis must have been lower than 
shown by these results. The vertical position of the line 
for top fiber compression given in the diagram between 
loads of 220,000 lbs. and 320,000 lbs. (showing little 
increase in the compression) shows where the trouble 
lies. It should be noted that with such slip of the 
upper extensometer the real compressive deformation 
would be greater than that given in the diagram and 
that the real tensile de- 
formation would be some- 
what less. 

The vertical shearing 
stress in the concrete at 


the breaking load of No. 
70, is 209 lbs. per sq. 
in. This is calculated by 
A * 
tbe formula v = 
* bd’ 


Here V is the total verti- 


N cal shear at the point 

EE. . where the crack begins, 
n k: including the shear due to 
REIN, = weight of slab; b is the 

wt a NA ~ width of the slab, and d' 

is the distance from the 


center of the reinforcing 
bars to the center of grav- 
ity of the compression area 
of the concrete (called here 
ENG. 0.87 of the depth to center 
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FIG. 5. ARRANGEMENT OF APPARATUS FOR TESTING REINFORCED- 


CONCRETE BEAMS. 


load of 801,000 lbs., the diagonal crack having suddenly 
extended to the top of the slab and opened wide. At 
the same time the horizontal crack which had formed 
along the reinforcing bar (by the action of vertical 
tension) lengthened, and the bar pulled away from the 
concrete above. 

The characteristic of the test was the formation of 
main diagonal cracks at either end and the final sudden 
failure of the beam by diagonal tension. In No. 72, 
the presence of the stirrups and the changed position 
of the reinforcing bars at the ends were sufficient to 
resist the diagonal tension developed. Although the 
diagonal cracks were numerous and although some of 
them finally extended to within 12 ins. of the top face 
of the slab, they remained small and fine and were 
well distributed. They lacked the growth and concen- 
tration which are apparent in failures by diagonal ten- 
sion in beams without metallic web reinforcement. 

The tension cracks in the middle third of the beam 
extended upward as the load was increased, and at 
811,000 Ibs. nine of these were visible to within 12 ins. 
of the top of the slab. At this load, the tension cracks 
were opening wide, indicating that the yield point of 
the reinforcing steel had been passed. The maximum 
load applied was 840,000 lbs., but above 800,000 Ibs. 
the deflection increased rapidly. It seems evident that a 
load of 811,000 lbs. would not have held long, and the 
maximum load applied held but momentarily. After the 
maximum load was reached, the load fell off as the 
deflection was increased. 


The characteristic of the test of No. 72 was slow 
failure by tension of the steel, without sign of com- 
pression failure and without sign of impending failure 
by diagonal tension. The effectiveness of the stirrups 
and the bending of the bars at the ends is made evi- 
dent by the test. This is the more important as the 
diagonal tension failure may give little warning and 
may develop with repetitions of lower loads. It may be 
noted that on the next day the test was continued until 
there was a deflection in No. 72 of 3% ins., and the 
load applied was nearly 800,000 Ibs. Upon release of 
load there was a recovery of 1 in. in the deflection. 
At this time, the stretch of the steel and the conse- 
quent concentration of the compressive stress were so 
much that there was considerable crushing of the con- 
erete. Slab No. 71, which was used as the lower beam 
in both tests, seems not to have suffered from the first 
test, the cracks closing up upon release of load. In the 
second test, the tension cracks opened up and at the 
maximum load there was evidence of the steel being 
stretched beyond the yield point. It should be noted 
that on account of its inverted position and the loca- 
tion of the supports the bending moment developed in 
the lower beam was somewhat smaller than that in the 
upper beam. There was no sign of impending failure 
by diagonal tension. 


The proportionate depth of the neutral axis for the 
amount of reinforcement here used, based upon ordinary 
assumptions, would be in the neighborhood of 0.43 to 
0.47. Calculations from the observed deformations give 
a position which seems abnormally high, averaging 
during the later stages of the test about 0.34 of the 


a means of comparison of 
the resistance to diagonal 
tension. This stress (200 
lbs. per sq. in.) is a high 
value for a beam without stirrups and having bars bent 
up abruptly at the end, and shows a good quality of 
concrete. 

The value of v for the applied load of 468,000 lbs., 
where the first diagonal crack was noted, is 125 Ibs. 
per sq. in. For the applied load of 593,000 lbs., where 
the main diagonal crack was seen to be lengthening 
rapidly and becoming more marked, it was 156 lbs. per 
sq. in. In No. 72, the value of the vertical shearing 
stress, v, at the maximum load applied is 220 lbs. per 
sq. in. As there was no sign of impending failure and 
as the diagonal cracks closed up after the failure of 
the beam, it is seen that the provision against failure 
by diagonal tension was very satisfactery. At the load 
of 447,000 lbs. (giving a vertical shearing stress of 120 
Ibs. per sq. in.) there was a marked increase in the 
reading of the vertical extensometer at one end of the 
beam and an evident development of the diagonal crack. 
A similar development was noted with the extensometer 
at the other end at a load of 514,000 lbs. Above these 
loads the readings of the vertical extensometers in- 
creased rapidly. 

The tension in the reinforcing bars at the middle of 
No. 70, calculated by the usual methods, and including 
the effect of the weight of the beam, was 51,700 lbs. per 
sq. in. at the maximum applied load of 801,000 Ibs. As 
the tension cracks in the concrete closed up after the 
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TABLE II.—RESULTS OF TEST OF REINFORCED- 
CONCRETE BEAM NO. 72. 


Stress in steel! 
lbs. per sq. in. 


Applied Average Á 

Ref. Load. Deflection From From bending 
No. lbs. ins. Deformation. Moment. 
0 25,0002 DOO. ° -sesewins 500 
1 45,000 . 2.700 
2 67.000 0.01 300 4.100 
3 103,000 0.02 1,2 6,300 
4 131,000 0.03 2,100 8,000 

5 159.000 0.05 3.600 9.7 
6 189,0004 0.10 6,000 11,500 
7 220,000% 0.11 7,500 13,400 
8 253,000 0.13 10,500 15,300 
9 285,000 0.17 14,7 17,400 
10 317.000 0.18 17,700 19,300 
11 350,000 0.24 20,100 21,400 
12 382,000 0.28 23,100 23,300 
13 414,000 0.31 25,800 25,300 
14 447,000 0.36 27,900 27,300 
15 480,000 0.40 29,400 29,300 
16 514,000 0.43 31,800 31,400 
17 578,000 0.52 36,900 85,30) 
18 643,000 0.61 42,000 39,300 
19 704,000 0.70 47,700 42, 

20 780,000 0.88 61,200 47,700 
21 811,0007 1.32 108,000 49,600 
2 840,0008 TT (cc 

Add 2,800 Ibs. per sq. in for stress due to weight of 


slab. 

This load of 25,000 Ibs. 
testing apparatus and men, 
the rods. After the jacks were in operation, all but 
9,000 lbs. was indicated by readings of the jacks. The 
average extensometer readings’’ are for a gage dis- 
tance of 50 ins. 

*Short tension crack just inside south load point. 

‘Numerous tension cracks at 189,000 lbs. 

Vertical cracks just outside load points. 

More cracks outside of load points. 

7Tenslon cracks opening wide at 811,000 lbs. 

SMaximum load. Tension failure. 


is assumed as the weight of 
and the initial tension of 


failure of the beam it would seem that the steel had 
not been stretched beyond its yield point. In No. 72, 
the calculated tension in the reinforcing bars, including 
the effect of the weight of the slab, was 54,000 lbs. 
per sq. in. for the maximum applied load of 840,000 lbs. 
For the applied load of 811,000 1bs., where the yield 
point evidently had been passed, the calculated tension 
is 52,300 lbs. per sq. in. These values check up with 
the yield point of the material within the limits of 
variation of such material. 

The compression in the upper fiber calculated by the 
ordinary methods runs up to a high figure, as is usual 
in tests of beams having a considerable amount of re- 
inforcement. Assuming the neutral axis to be at 0.43 
of the depth to the reinforcing bars, and using the 
ordinary straight-line formula, the compressive stress 
in No. 72 at the maximum load was 3,190 lbs. per sq. 
in. Using the parabolic formula and considering that 
the compressive deformation is half of the ultimate com- 
pressive deformation of concrete, the calculated stress is 
2,870 lbs. per sq. in. Even at this high calculated stress 
there was no sign of compression failure until after 
the steel had stretched beyond its yfeld point. Compar- 
ing the deformation developed with that of other ‘tests, 
it seems probable that the beam would have taken at 
least one-third more compressive stress before failure 
in compression at first loading. Of course, repetitive 


loading at any such high load might soon have injured 
the beam. 

The tests showed that the concrete was of excellent 
quality and that the slabs acted similarly to high-grade 
test beams made and tested in laboratories. 


The uni- 


FIG. 6. HANDLING 33-TON CONCRETE BRIDGE BEAMS WITH A 100-TON WRECKING CRANE; 
ILLINOIS CENTRAL R. R. 
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formity and regularity of these large beams are shown 
in various ways in the tests. As these slabs may be 
presumed to be fairly representative of the slabs made 
for the bridges, the tests will add confidence in the qual- 
ity and soundness of the reinforced-concrete used in this 
work. The action of the concrete in compression under 
the high stresses developed was quite satisfactory. The 
tests show the effectiveness of stirrups and of the 
method used in bending up bars at the end in resisting 


Center Deflection in laches. 


Fig. 7. Diagram of Deflections 
Bridge Beams of Concrete 


Nos 70 and 71. and 72. 


diagonal tension. As diagonal tension weakness is par- 
ticularly undesirable, because of possibility of sudden 
failure and of injury with repeated application of the 
load and because of the difficulty of detecting incipient 
failure when the sides of the beam are not available for 
inspection, ample safety against these stresses is im- 
portant. Failures by tension of the steel and by com- 
pression of the concrete give warnings through abnormal 
deflections and in other ways and are less likely, to lead 


to serious results. 
—— —— — 


TRAIN DES PATCH NG BY TELEPHONE is gaining 
in favor with American railways. The Illinois Central 
is now operating 346 miles of its line by telephone, 
and has equipped 502 miles more for telephone opera- 
tion. A committee of the American Railway Association 
recently inspected the system of train despatching by 
telephone in use on the Chicago, Burlington & Quincy 
R. R., and reported favorably upon its convenience 
and efficacy. The advantages and method of this system 
were mentioned in our issue of July 2. 

—— ¶ D—— 
RIVER GRAVEL FOR BALLASTING RAILWAY TRACK: 
ILLINOIS CENTRAL R. R. 

Gravel is used more extensively than any other 
material for ballasting railway track in this coun- 
try. While clean, coarse gravel is an excellent 
material for the purpose, the gravel as generally 
used is to a very large extent unsatisfactory, 
owing to the large proportions of sand, loam or 
clay of varying qualities. Broken stone is gener- 
ally considered preferable for ballast, but in 
many cases it is difficult to obtain, while the cost 
(especially with a long haul) is prohibitive. In 
certain cases, however, it has been found a real 
economy to haul stone for several hundred miles 
to replace dirty gravel ba'last in track carrying 
heavy traffic. Gravel that has been washed or 
screened is superior to that which is used just 
as it comes from the pit, and some methods of 
washing gravel were described in our issue of 
Aug. 1, 1907. An interesting practice on some 
Southern railways is the use of naturally-washed 
gravel obtained from river beds. Particulars of 
this ballast have been furnished us by Mr. H. R. 
Safford, Chief Engineer of Maintenance of Way 
of the Illinois Central R. R. 

The southern lines of the Illinois Central R. R. 
and the lines of the Yazoo & Mississippi Valley 
R. R. traverse the western and central portions 
of Mississippi and the western portion of that 
part of Louisiana lying east of the Mississippi 
River. The geological formation of this portion 
of the Mississippi valley includes practically no 
limestone, a very poor supply of sandstone, and 
none of what is known as free gravel except that 


Deflection 


Fig. 9. Diagram of Deflections and De- 
formation of Concrete Beams Nos. 71 


found in the bed of streams. There is in the 
highlands of the State of Mississippi a great deal 
of gravel material which contains probably 30% 
of good hard pebbles, about 30% of sand, and 
the balance of clay. In the clay there are oxide 
of iron and other ingredients that tend to make 
an extremely strong bond between the pebbles 
and the clay, constituting what is known as a 
cementing gravel. There 
is no gravel or hard 
material of any kind to 
be found east of the 
Yazoo delta, as the soil 
is entirely alluvial. In 
the eastern portions of 
Mississippi there are 
found some small de- 
posits of limestone. These 
are extremely limited in 
area and depth, being 
merely a thin crust 
ranging from 12 to 36 
ins. in thickness, and 
they do not exist at any 
point in sufficient quanti- 
ties to justify establish- 
ing a plant for crushing. 

The lack of good mate- 
rial for ballast has been 
a great drawback in the 
economical maintenance 
of track, and this has 
been an important ques- 
tion for all railways in 
the territory mentioned. 
The bank gravel previous- 
ly described in found in 
large quantities. It can be dug readily with 
steam shovels, and can be handled about as 
cheaply as loose gravel, so far as distribution 
and labor of putting in the track is concerned. 
But it has a large percentage of clay, which dis- 
solves and disintegrates under the action of 
heavy rains. This causes the track to settle very 
readily under heavy traffic, and with such ma- 
terial it is very frequently necessary to resurface 
the track after every heavy rain. As the ma- 
terial contains sand and clay, it readily absorbs 
moisture; and when very moist it resembles earth 
or dirt ballast. In addition, by reason of its 
great absorption, it causes premature decay of 
the ties. All of these conditions conduce to a 
heavy cost of track maintenance. The uncertain 
action of the cementing gravel formerly used is 
a serious objection to its use. Track surfaced 
when the ballast was dry could be made to ride 
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as smoothly as any material. An extremely heavy 
downpour of rain, however, would, in a single 
night, render useless the work of months of sur- 
facing. It was frequently found that a rapid dis- 
solution of material during heavy rains would 
cause places to appear in the track that would 
prove dangerous without careful watching. 

The Illinois Central R. R. and the Yazoo & 
Mississippi Valley R. R. have expended large 
sums in efforts to find suitable ballasting ma- 
terial of such character as to be unaffected by 
the elements. These searches were fruitless until 
it was found that there were large deposits of 
gravel in the bed of the Mississippi River and its 
tributary streams, which afford excellent ma- 
terial for ballasting purposes. This material is 
found in bars, and is composed of pebbles rang- 
ing from the size of a pea to a maximum of 2 
ins. in diameter. These bars usually exist in the 
neighborhood of the mouths of the streams. The 
mass is well mixed with a very clean sand, and 
is almost entirely free from clay. These bars are 
the result of glacial and river action, the pebbles 
coming from the highlands and having been car- 
ried to the river by the tributary streams, being 
well washed in the movement. The action of 
the water in carrying this material has entirely 
removed the soil or earth, so that the gravel beds 
are free from such material. 

It has been found practicable to dredge this 
material from the bottom of the river by hy- 
draulic action. It is lifted onto barges, and 
passed over properly arranged screens to entirely 
wash out any particles of loam that may be in 
it. In the same process, the percentage of sand 
is reduced or increased so as to produce what is 
known as free gravel. The material is lifted 
from 20 to 25 ft., depending upon the stage of 
the river. When washed and treated to secure 
the proper proportion of sand and pebbles, it is 
said to make the best material known for eco- 
nomical maintenance of track. It is not affected 
or washed away by rain storms, and does not 
absorb or hold moisture like the cementing 
gravel. It can be handled cheaply by means of 
self-dumping cars, and when once placed in posi- 
tion and carefully tamped under the ties, it en- 
sures stability for a great length of time. Track 
ballasted with such material will, if properly 
tamped, stay in position for from 6 to 18 months, 
depending upon the character of roadbed and 
amount of traffic. During this time no labor is 
necessary to keep the track in smooth condition. 

Mr. Safford states that while it might be as- 
sumed that ballast of this kind should be entirely 
free from sand, this is not found to be the case. 


— > — - . — 
N g * 


FIG. 8. FAILURE OF CONCRETE BEAM NO. 70 BY DIAGONAL TENSION. 
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The reason is that pebbles without sand would 
roll upon each other (on account of their 
smoothness and lack of cohesion) in such a way 
as to cause the ties to shift their position. Sand 
is required, therefore, in order to fill the voids 
and offer resistance to prevent the mass from 
moving. The proportion ordinarily used is 35% 
sand and 65% pebbles. It has been found from 
experience that a piece of track ballasted with 
such material requires no labor upon it for six or 
eight months, whereas with the previous forms of 
ballast used it necessitated resurfacing about 
four times per year, depending upon the weather. 
This material is obtained by means of a plant 
at Memphis, Tenn., capable of producing from 
1,200 to 1.500 cu. yds. per day. It is now being 
applied to the ballasting of the Yazoo & Missis- 
sippi Valley R. R. between Memphis and Vicks- 
burg. There has been removed from the river 
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for this purpose during the past 18 months, ap- 
proximately 200,000 cu. yds. of material, and 
about 60 miles of track have already been bal- 
lasted. 

In this connection we quote the following from 
Trat man's “Railway Track and Track Work“: 


Gravel Ballast.— This material is more used than any 
other, and is of very varying quality. It may be coarse 
and clean, or sandy and dusty, or loamy and cementing 
(when weeds will grow, drainage will be affected and 
the track will heave); or it may be full of large stones, 
in which case it will make an irregular and rough rid- 
img track. Cementing gravel (containing clay) should 
be avoided as far as possible. The best gravel is clean 
and coarse, with stones of small and fairly uniform 
size, and as little sand as possible. Only very clean 
gravel will drain as well as stone. It is good economy 
tio use plenty of gravel, giving at least 10 ins. (or 
better 12 ins.) under the ties, as this will enable a 


fairly good track to be maintained nearly all the year 
through without excessive work. It can be tamped 
by picks or bars, the latter being usually preferred, and 
is easily taken care of. Sandy gravel may cause undue 


wear of tires, journals, etc., as well as discomfort to 
passengers. As a general thing, the gravel excavated 
at the pit is put directly into the track, although it 
usually contains a considerable portion of undesirable 
material. A few railways have experimented with 
screened and washed gravel with good results, and the 


development in better construction and maintenance is 
likely to increase the use of such material. In Europe, 
gravel is very frequently screened and washed by ma- 
chinery to free it from clay, earth and sand, and this 
practice is coming into use in this country. 
2S -]— ——ẽ—H—e 


THE PRESERVATION OF IRON SUBMERGED IN WATER. 


The recovery of old and long-buried specimens 
of iron and wood has been noted at different 
times in our columns. An interesting case of the 
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FAILURE OF BEAM NO. 72. 


PRA. 11. 


preservation of iron continuously submerged in 
water has come to light during the construction 
of the new Mississippi River bridge of the Chi- 
cago & Northwestern Ry. at Clinton, Iowa. In 
removing part of the cribbing of the center pier 
of the old draw-span, some pieces of heavy strap 
or bar iron were recovered, which had been used 
in the construction of the pier in 1863. The 
straps were 2% x % ins., and had only a single 
coat of red-lead paint. The paint is still mainly 
intact, and there are no indications of corrosion 
of the metal beyond the slight surface rusting. 
Pieces of the straps were shown to a member of 
our editorial staff during a recent visit by Mr. 
F. H. Bainbridge, Resident Engineer of the new 
bridge, who has furnished us with information 
concerning them. 

The river is believed to contain probably more 


sand and loam in suspension than any other large 
river in the country, except perhaps the Ohio and 
Missouri rivers. The water is considerably harder 
than that of many other rivers, but this is not a 
matter of importance in this connection, as the 
neutral alkaline salts are not a material factor in 
the corrosion of iron and steel. What would hap- 
pen to iron or steel submerged in water contain- 
ing acids, such as that of the upper Ohio River, 
is an interesting question.* 

The straps recovered at Clinton are of histor- 
ical interest in that they were made from the old 
wrought-iron strap rails of the Galena Union 
Ry., which was built from Chicago to Freeport, 
Ill., in 1848-50. This line was the first section 
of what is now the Chicago & Northwestern Ry. 
The track from Chicago to Elgin consisted of 
6-in. ties, 9 ft. long, spaced 30 ins. c. to e. and car- 
rying two longitudinal timbers 6 x 6 ins. or 7 x 7 
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ins. On each longitudinal was an oak strip 11⁄4 
x 3 ins., upon which was laid the iron strap rail 
2% x % ins. The rails were probably worn down 
by traffic to the %-in. thickness of the straps 
now recovered. The strap rails were replaced by 
tee rails in 1852. 


*The following remarks concerning steel dams and lock 
gates in the Ohio are from a paper on “The Ohio River“ 
read before the Engineers’ Society of Western Penn- 
sylvania by Mr. J. W. Arras, and from a report ou 
“Lock and Dam No. 4, Ohio River,” by Lieut. E. N. 
Johnston, Engineer Corps, U. S. A. 

ARRAS.—The only apparent evidence of superiority 
of wooden gates over steel gates is that of durability. 
Like all metal lock gates, bear-traps cannot econom- 
ically be painted or otherwise protected from corrosion, 
and must be given over to the merciless action of our 
acid-laden waters. 

JOHNSTON.—Arrangements to coffer off and unwater 
each bear-trap are needed, as it will probably be neces- 
sary to paint the gates frequently because of the cor- 
rosive action of the acid in the water just below Pitts- 
burg; and other repairs may be necessary. 
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SEWER CONSTRUCTION IN RUNNING SAND AT GARY, 
IND.: USE OF DRIVEN WELLS FOR LOWERING 
GROUNDWATER LEVEL IN ADVANCE OF TRENCH- 
ING. 


In constructing a main sewer for the new city 
of Gary, Ind., very successful use is being made 
of the plan of pumping out the groundwater 
ahead of the trench excavation by gangs of 
driven wells alongside the line. The location 
is in low-lying, often marshy ground, com- 
posed largely of sand, much of which may be 
called quicksand—a very difficult material for 
deep trenching. The sand is so fine that when 
it is perfectly dry a person walking on it sinks 
in to the ankles. The bottom of the sewer 
trench is about 30 ft. below the natural ground 
surface, while the groundwater level is but 6 
or 7 ft. below the surface. That the task of con- 
structing the sewer promised to be a very deli- 
cate undertaking will be readily understood. 
The pumping method, however, eliminated the 
special difficulties of the problem almost entirely. 


The pumping is done through longitudinal 
rows of 2-in. and 114-in. driven well- points ex- 
tending one along either side of the work, and 
connected to longitudinal headers which enable 
a small number of pumps to drain all the wells. 
There is a separate group of wells for each of 
the two levels of the trench. The wel's are 
spaced rather closely in the rows, averaging 
perhaps 2 ft. apart. The close cordon of wells 
thus formed extends from a point 100 to 125 ft. 
ahead of the trench back to the point where the 
full depth of trench is attained. The brickwork 
of the sewer is kept as close as possible to the 
latter point, of course, and backfilling follows 
the brickwork as closely as consistent with 
proper setting of the mortar. The principal pro- 
tecting effect is thus concentrated in the region 
where digging is in progress. The sand is dried 
out so much that the soil will stand on a slope 
of 2 on 1, whereas in its natural condition it 
would assume a slope as flat as 1 on 15. The 
sheet-plling which is driven to hold the sides 
of the trench has thus a very greatly reduced 
service to perform. 

The arrangement of the work may be explained 
with reference to the sketch Fig. 1 herewith, 
showing plan and profile of the trench. At the 
head is a Page scraper bucket excavator, which 
excavates down to groundwater level (about 8 
ft.). It deposits the earth partly along the sides 
of the cut but partly also in advance, to form 
itself a level bed on which to move forward. In 
the bottom of this first level is the first group of 
wells, about 130 2-in. points sunk to a depth of 
15 or 16 ft. below water-level. The two rows of 
these wells are rather close together laterally, 
so as‘not to interfere with the work of driving 
the sheeting outside of them. A longitudinal 
4-in. header midway between the two rows re- 
celves a hose connection from each well, and a 
single No. 8 Emerson vacuum pump, mounted on 
an A-frame, pumps from the entire group. This 
pump, with 5-in. suction and 4-in. discharge, 
has a rated capacity of 725 gals. per min. 


The A-frame is set on rollers on 3 x 12-in. 
plank, so that it can be moved forward quickly. 
The header pipe is made up in sections 22 ft. 
long joined by flanges and separated by gate- 
valves. The pump is first connected to the for- 
ward section of the group, but as the trench ad- 
vances the rear section is cut off, disconnected, 
and connected up again at the front of the 
group, etc., so that finally the pump is on the 
last section and requires to be shifted. This is 
done as rapidly as possible, to keep the water 
down steadily. The valves in the header, how- 
ever, permit the transfer of header sections to 
go on without cessation of pumping, only one 
section being shut down at a time. At the front 
of the header a 4-in. suction pipe with strainer 
is attached, to draw surface water from a small 
sump pit; this, of course, is shifted to the head 
whenever a section is transferred. 

Each 22-ft. section of header has 11 valved 
double branches, with bushings for hose coup- 
lings (see Fig. 2). To these the wells are con- 
nected by 4-ft. lengths of 4-in. wire-lined rub- 


the bottom of the finished sewer trench. 


ber hose. The valves permit shutting off any 
well or wells of the group. 

The first group of wells extends longitudinally 
about 130 ft. Near its rearward end the trench- 
sheeting is begun. This is of 2 x 8-in. plank, 
12 ft. long, driven by mauls. Between the lines 
of sheeting the trench is excavated about 6 ft. 
deeper, by hand shoveling, and in this lower 
level is driven the second group of wells, to 
drain the subsoil down to the full depth of the 
sewer. 

These wells are 1% ins. in diameter, and are 
jetted to a depth of about 16 ft., which is 4 to 
6 ft. below the sheeting and about level with 
They 
are driven within the sheeting, but as close to 
it as possible, as the shovelers must work be- 
tween the rows of wells. A 2-in. header along 
the top of each row connects the wells with the 
pumps. There are two pumps on this group, 
working in parallel, each being sufficient, how- 
ever, to serve the entire group in emergency. 
They are hung from tripods set over the sheet- 
ing, and as it was not practicable to arrange 
these tripods on rollers, as in the first section, 
they require a longer time for shifting; the pro- 
vision of two pumps has the result that pump- 
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FIG. 1. 


ing on the group need never be interrupted as 
the work advances. 

The arrangement of the headers and connectors 
in the second group of wells is quite similar to 
that described for the first group. The extension 
of the group forward as the trenching proceeds 
is accomplished in the same way. N 

The work of jetting down the well points 
proved simple and rapid. A l-in. jet pipe with 


water at 100. lbs. per sq. in. carried the points. 


down very quickly, and in a particular instance, 
where the time required was observed, two men 
sunk four 1 -in. wells their full depth of 16 ft. 
in one minute. 

The pumps discharge into a 10-in. tile drain- 
pipe laid in a trench alongside the main exca- 
vation, leading to the completed sewer, which is 
closed near its upper (uncompleted) end by a dam 
of sandbags. The seepage through this dam, 
and water draining in from other sources, are 
removed from the sewer by a fourth Emerson 
pump, of 250 gals. per min.; this pump is hung 
through a temporary manhole built in the top of 
the sewer. 

The brickwork of the sewer is laid in a mortar 
composed of equal parts of Universal Portland 
and Utica natural cement. The invert is fin- 
ished first, and the arch is built in a second 
stage. The lowest set of sheeting braces is taken 
out after the invert is completed, as the braces 
interfere with the construction of the arch. 

The well and pumping equipment, as described, 
has given complete satisfaction. The sand, 


drained from excess water by the wells, was left 
in a damp, coherent condition in which it was 
handled easily and expeditiously. The pumps 
have given no trouble from sand or air, although 
considerable amounts of both these troublesome 
elements enter the system. They are of the 
peculiar steam displacement type, as described 
in our issue of Oct. 31, 1901, p. 334, and were 
built by the Emerson Steam Pump Co., Alex- 
andria, Va. Their performance—no interruptions 
are reported—is especially important, as any 
shut-down of the pumps, even for an hour, would 
allow the water to return into the sand and 
saturate it, creating great danger of serious dam- 
age to the work by flow of the material and by 
the greatly increased pressure on the sheeting. 
The contractor's plant employed in the con- 
Struction of the sewer comprises, besides the 
four Emerson pumps, piping and about 800 well- 
points, as mentioned, the following items: Two- 
yard Page & Shnable drag bucket excavator, 
with 40-HP. engine; one-yard Hayward clam- 
shell excavator for backfilling; three 30-HP. 


horizontal boilers for the well-pumps, and a pile- 
driver boiler used for supplying the backwater 
drainage pump; a small duplex force-pump for 
and boiler; and 


jetting down the well-points, 
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PLAN AND PROFILE SKETCH OF GARY SEWER CONSTRUCTION, SHOWING ARRANGE- 
MENT OF WELLS AND PUMPS FOR LOWERING THE GROUND WATER. 


2,800 ft. of industrial railway with 12 dump 
cars, which is laid along the side of the route 
for transporting materlal and supplies. 

This description, based on notes made by Mr. 
C. M. Ripley during a visit to the work, is sup- 
plemented by some figures of labor cost col- 
lected by him at the same time. 


SOME LABOR COSTS. 
COST OF PUMPING, ETC.—The total fuel 


used on the work amounts to about $25 per 


day. Of this it is estimated one-half goes to 
supplying the four Emerson drainage pumps and 
the force-pump used for jetting down the wells; 
the pumping goes on night and day. The labor 
employed is seen from the table: 


Fuel (24 rr ⁵ð ͤ Sawer eens $12.50 
12 pipe line ae at r 27.00 
8 firemen, $3.00. h ð K Gree 24.00 
2 e at 33.000000 6.00 

$69.50 


Of this, $61 may be charged to the well pump- 
ing, while the remainder is the cost of pumping 
backwater. 


COST OF SHEETING AND BRACING.— 
Twelve men employed during the 9-hr. working 
day in driving sheeting, setting braces, and pull- 
ing sheeting, make this part of the work cost as 
follows: 


3 men driving sheeting, at oe O $7.50 
4 men setting braces, at $2.25.......... 9.00 
4 men pulling sheeting, at 52.50 Terre cere 10.00 
1 carp enter siete Seeks 3.00 

$..9.50 
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This corresponds to a daily advance of about 
60 ft., making the labor cost about 50 cts. per 
lin. ft. 

COST OF TRENCH EXCAVATION.— The drag 
bucket excavator and the clamshell backfilling 
shovel consume half the total fuel, or $12.50 per 
day. Dividing this between them, we have a 
labor and fuel cost for the excavator of $20.25 
per day (1 engineer, 1 fireman, 3 laborers, $14). 
A similar force employed on the backfilling gives 
the same cost. In the trench there are 140 
shovelers, at $2.15, totaling 8301. The total 


FIG. 2. VIEW AT HEAD OF SHEET PILING, SHOWING ADVANCE 
GROUP OF WELLS, HEADER AND VACUUM PUMP. 


cost of excavating and backfilling, including 
pumping, sheeting, etc., is as follows: 


LABOR AND FUEL COST OF nena OX 


OCR: GERTAE ̃⅛˙e a cen 25 
Pumping and shifting pipes............. 69.50 
Shooting GRE PERCE. AWA... 29.50 
%«[Ü⁰[—r)̃⁴ ĩ]êꝭI? oF SA CN DEKE woINO CRS 301.00 
Backfill ..... EA AETR ee ee ee TT ree 20.25 
/ ² ˙ i. Cet bees 3.00 

$443.50 


The backfill cost properly includes part of the 
shovelers’ time, as some of the fill around the 
brickwork is done by them as soon as the arch 
is keyed up. 

The excavator, on the other hand, was not 
worked to its full capacity in the normal pro- 
gress of the work. In one emergency case it 
dug 850 cu. yds. in a single working day, which 
would give a labor and fuel cost of about 2% cts. 
per cu. yd. on the basis of the figure above. 
For 600 cu. yds. per day normally excavated, 
this would reduce the expense chargeable to the 
excavator from $20.25 to about $15. In con- 
sidering the very low unit-cost of this excava- 
tion, however, it must be remembered that a 
good share of its excavation is a charge on the 
machine itself, as some of the excavated ma- 
terial was dumped ahead of the machine to 
make a bed for it, and this amount necessarily 
appears twice in the total of excavation. 

The total running cost of the work per day is: 


/ ↄ ⁰˙¹mmmwꝛĩ·ĩmĩm̃ĩĩĩ̃˙;ʃx̃ ˙ r. 8277.50 
n 239. 75 
MNeavating, pumping, sheeting, etc.... 443.50 
Clearing timber ....... n e e keane 4.00 
Superintendence ......... ere 8 50.00 


"$1,014.75 


To this must be added the cost of repairs, in- 
terest on plant, depreciation, etc., and cost of 
tools and miscellaneous supplies. Taking an 
average of 60 lin. ft. of sewer completed per 
day, the cost per foot from the above table is 
$16.91, plus allowance for the fixed charges and 
accessory expenses mentioned. 

This sewer is part of a complete system, com- 

prising about 20 miles of sewer, now under con- 
struction at a cost of some $350,000. Mr. A. P. 
Melton is City Engineer of Gary. About half 
of the work is being done by Green & Sons Co., 
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Under similar conditions the engineman of an Ameri- 
can locomotive would have had his hand upon the throt- 
tle lever, opening and closing it as the adhesion of the 
wheel might require. If it were suggested to him that 
the throttle be left well open, and that the output of 
power be controlled by means of the reverse lever, he 
would probably smile and tell you that the reverse lever 
is too clumsy a device to serve in giving the delicate 
gradations of power needed. But here stands the Ger- 
man at a screw-driven reverse gear (which has always 
been regarded by Americans as too slow and laborious 
for successful use) feeling with a sensitiveness of touch 
which is fine, the adhesion of drivers upon the rail, and 
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FIG. 3. PUMP DRAWING FROM 
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THIRD GROUP OF WELLS AND FROM 


of Chicago, Ill., and this concern is building the 
outfall sewer above described. Mr. J. W. Alvord, 
of Chicago, is Consulting Engineer for the 
sewer system, and Mr. W. F. Sargent is his 
representative on the work. Mr. E. M. Scheflow 
is Engineer of Construction for the contractors. 
OO amma 


THE METHODS OF HANDLING A GERMAN LOCOMOTIVE. 


A short paper on “The Fastest Train in Prus- 
sia,” by Dr. W. F. M. Goss, Dean of the College 
of Engineering at the University of Illinois, is 
published in “The Technograph” (issued by the 
University). This gives an interesting descrip- 
tion of the methods of operating the locomotive, 
as compared with American practice. 

The train in question runs from Berlin to 
Halle, 102 miles, in 110 minutes, making no in- 
termediate stop. The train when seen by Dr. 
Goss had cars aggregating 40 axles carrying 
approximately 8 tons each, or 320 tons in all. 
The locomotive was a single-expansion engine of 
the 4:4:0 class, with large driving wheels, piston 
valves, Walschaerts valve gear and the Schmidt 
superheater. The handling of the engine is de- 
scribed by Dr. Goss as follows: 

The signal is given. With both hands the engineman 
pulls down on his throttle lever, which moves in a ver- 
tical plane, until it is more than half way open. Now 
that the engine is starting, he gives the throttle no 
further attention, but stands with his hands on the 
reverse-wheel, watching the struggle of the locomotive 
for mastery over its train. When the drivers slip, he 
catches them with a quick turn of the reverse-wheel 
before they have made a single revolution. If they hold 
well, he slowly turns reverse-wheel to lengthen cut-off. 


TRENCH BOTTOM AT HEAD OF SEWER BRICKWORK. 


with one hand and little effort holding his engine to the 
hardest work it is capable of doing. 

High up upon the side of the cab is a speed indicator, 
which shows the engineman at a glance the rate at 
which he is running. In front of him besides the usual 
boiler gage, is another gage which gives the pressure 
of steam in the valve-box. The maximum boiler pres- 
sure is 180 lbs., and it is explained that the purpose of 
the engineman is to keep the valve-box pressure approx- 
imately 150 lbs. As the speed increases, he adjusts, by 
small increments, first the cut-off and then the throttle 
until the output of power and the conditions of pressure 
are to his liking. Another dial before him is that of a 
thermometer indicating the temperature of the steam in 
the valve-box. This at the instant of starting was but 
little above 400° F., but has since risen steadily. It is 
desirable that it should not go above 660° F. By the 
time we are at speed it has passed the 550° mark, and 
the engineman crossing over to the fireman’s side turns 
a wheel attached to a light shaft running forward over 
the boiler. This partially closes the damper and thereby 
diminishes the flow of furnace gases through the super- 
heater. 

At the crossing of the Elbe, 63 miles from Berlin, for 
the first time during the run the throttle was closed 
and the brakes applied for a slow at the bridge. The 
engineer of an American locomotive, after closing the 
throttle, must move the reverse lever to its extreme 
position on the quadrant in order that the compression 


‘effects in the cylinders may be reduced. But our engine- 


man does nothing of the sort. He allows his reverse gear 
to stand in running position, but pulls a handle which 
opens a valve in a by-pass connecting the two ends of 
the cylinder. This open by-pass affords relief from the 
compression that would otherwise occur. 

Toward the close of our journey we were running 
ahead of our schedule and were several times required 
to slow on signal, notwithstanding which fact we were at 
Halle two minutes before we were due. 
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A NEW DESIGN OF MOVING-COIL VOLTMETERS. 


Several instrument makers in past years have 
endeavored to put out a line of electrical in- 
struments of good grade and fair accuracy at a 
low price to satisfy the demand which the 
higher-priced instruments could not fill. Here- 
tofore the cheaper direct-current instruments 
have been of that general type of construction 
in which a mass of iron is moved by the mag- 
netic effect of a coil. The accuracy of most of 
these instruments has not been all that was de- 
sired; they do not show a reversal of voltage; 
they are rather too much affected by tempera- 
ture and external magnetism; and they waste 


CONTROL OF FLOOD WATER AT A SMALL RESERVOIR. 
By ALEX. R. HOLLIDAY,* Assoc. M. Am. Soc. C. E. 


It occasionally happens in landscape archi- 
tectural deve'opment that miniature engineering 
problems arise that can be solved by methods 
used in the general practice on a large scale. 
A problem of this character came up a few years 
ago in the development of a country estate. 

The source of water supply for this estate had 
been a small spring-fed pond lying in a valley 
between steep hills. These springs had a uni- 
form flow of 6 cu. ft. per min. During storms, 
however, the surface flow was fifty times this 
amount, due to the steep hills, and all of this 


View of Assembled Mechanism of West- 
inghouse Single-Gap, Moving-Coil Voltmeter. 


Fig. 1. 


more energy in operating than does the moving- 
coil type. 

The Westinghouse Electric & Manufacturing 
Co. has developed a line of direct-current volt- 
meters and ammeters (milli-voltmeters with a 
heavy shunt) of the permanent-magnet, D'Ar- 
sonval type. It is claimed that the price of 
these is as low as the best of the ‘‘moving-iron’”’ 
instruments and that they possess nearly all the 
advantages of the high-class moving-coll instru- 
ments. 

The general mechanism is shown in Figs. 1 
and 2. The most interesting feature of the de- 
sign is the single-air gap by which the instru- 
ments depart from the common D’Arsonval de- 
sign of a bipolar permanent magnet and two air 
gaps in series. The peculiar shape of pole 
piece to enable the use of a single air-gap is 
shown in Fig. 2. The permanent magnets may 
be removed without disturbing the moving 
parts. The moving coil balances the weight of 
the pointer. The mechanism is mounted in a 
black electrose case, 5 ins. in diameter. Brass 
studs projecting from: the rear of the works, 
and serving as terminals, support the instru- 
ment on the switchboard. 

The low cost is largely due to the lightness 
of the instrument, and to the fact that there are 
no hand operations in its manufacture aside 
from the assembly. The parts are all machine 
made in large quantities, with accurate tool 
equipment, the assembler merely attaching these 
parts together without the necessity of further 


fitting. 
—— ee 


IN THE KEYSER VALLEY PLANT, recently com- 
pleted by the Delaware, Lackawanna & Western R. R., 
to supply power and light to the collieries of their 
anthracite mines near Scranton, Pa., the ashes are made 
use of in a rather unusual way. They fall from the fire- 
boxes into a tunnel which slopes at a grade of -in. per 
foot. Water pumped from one of the nearby mines is 
brought into this tunnel and flushes the ashes into a 
borehole leading to another part of the mine. The ashes 
are carried by the flow of water to the abandoned work- 
ings, where they pile into a mass and become solid when 
the water drains off. It is stated by Parker & Bridge, 
20 Broad St., New York, that the ashes in this way form 
pillars which support the rock and earth above and per- 
mit the removal of that coal which had to be left un- 
mined to prevent surface cave-ins, It is estimated that 
about 50 tons of ashes are flushed into the mines from 
under the boilers every day. 


Fig. 2. New Westinghouse Voltmeter, With One 


Magnet Removed. 


went through the pond. The surface water car- 
ried debris and a large quantity of gravel 
sediment from a wash up the valley. Each year 
the small pond had to be dredged out. In the 
development of the estate a larger pond was 
desired for landscape purposes, and also some 
method for caring for the debris and sediment 
carried by storm water. Accordingly, the old 
pond and adjacent part of the valley were ex- 
cavated, and the material was deposited in em- 
bankments to form the new pond and a divert- 
ing levee to throw a!l storm water into a chan- 
nel excavated for this purpose, on one side of 
the vallcy. On account of the rapid drop in 
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Sketch Section of 
Storm Water Channel. 


Sketches of Method Employed to Divert Storm 
Water from a Small Reservoir. 


the valley, dams were necessary in the storm 
channel to maintain its level and prevent erosion 
on the embankment between it and the pond. 
The embankment and storm channel were 
placed, presumably, so that all springs would 
be inside the protected area and flow directly 
into the pond. The accompanying sketches show 
the embankment and storm channel as designed 
and built. 


*The National Concrete Co., 


Indianapolis, Ind. 


As the storm channel was being excavated, it 
developed that the sources of over half the 
spring water were being tapped by the new ex- 
cavation. In order to get all spring water into 
the pond, the plans were modified by placing a 
10-in. pipe through the embankment above Dam 
1 and protecting the mouth of the pipe by a 
concrete wing. The mouth of the pipe was 
placed 0.1-ft. below the top of the dam and a 
3-in. horizontal space left between the end of 
the wing and the dam. As the dam was 0.2-ft. 
above the pond water level this allowed all 
spring water originating above the dam to flow 
through the narrow opening between the wing 
and the dam to the pipe and thence to the pond. 
In flood times the debris and sediment is di- 
verted from the narrow opening by the wing 
and goes over the dam. The flow through the 
pipe during floods is of course increased, but 
so little material reaches the pipe that the iron 
grating originally placed over its mouth has 
been abandoned. 

This arrangement has now been in successful 
operation three years and has been entirely auto- 
matic. Somewhat similar problems in storm 
water disposal arise in connection with city 
water supply, as in the Altoona reservoirs and 
storm channel so noticeable from the Horse- 
shoe Bend of the Pennsylvania R. R. It is 
hardly possible, however, to reproduce the auto- 
matic control feature of this small water supply 
on works of magnitude. 
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A PETITION TO REMOVE THE HIGH TENSION LINES 
OF THE NEW YORK CENTRAL & HUDSON RIVER 
R. R. IN NEW YORK CITY. 


Copies have just been issued of the brief of 
the counsel for the Commissioner of Water 
Supply, Gas and Electricity in the matter of 
the petition to the Public Service Commission 
for an order directing the New York Central & 
Hudson River R. R. to place underground all its 
transmission and distribution conductors within 
the limits of the City of New York. The Com- 
missioner claims that the New York Central has 
erected an aerial transmission line along its 
right-of-way and over the streets of the city 
without a permit and contrary to law. The 
Commissioner has brought the petition to the 
Public Service Commission, as he claims no 
jurisdiction over the right-of-way of the rail- 
road where it does not cross streets. The Com- 
missioner of Water Supply, Gas and Electricity, 
the brief shows, does not desire to order a con- 
duit system at street crossings if the commis- 
sion proposes to allow overhead lines between 
Streets along the right-of-way. Therefore the 
Public Service Commission is petitioned to order 
al! conductors underground. This order would 
not affect the third-rail installation, in itself, 
but merely the overhead lines now carried on 
steel poles. 

The brief reviews the history of the case and 
cites “the laws and public policy” in relation to 
placing electrical wires underground in the City 
of New York. The voluminous evidence in re- 
gard to the public safety and cost of aerial or 
conduit lines and in regard to the legality of the 
New York Central’s action is summarized very 
briefly. 


One interesting part of the brief is the in- 
clusion of a report on a recent accident on the 
New York, New Haven & Hartford R. R., at 
Greenwich, Conn. This accident was briefly de— 
scribed in Engineering News, July 23. The 
train, as noted, was derailed on a 3° curve, and 
while the train with several overturned cars 
traveled along the track and seemed to be 
guided by the rails, yet the trucks flew off at 
a tangent and would have knocked out the sup- 
ports for the 11,000-volt catenary construction, 
letting it down on the tracks, had not a con- 
siderable part of the curve been along a rock 
cut into the face of which deep niches had been 
cut to receive the catenary-system supports. 
One steel pole not in such a protected situation 
had its concrete base cracked, although this 
pole was at the far end of the disturbed area 
and where the force of the truck would be ex- 
pected to be much lessened. 
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A wise limitation of the supervision over pub- 
lic-service corporations has been made by the 
State of New York Public Service Commission, 
Second District, in a recent decision. Certain 
applications of an electric light and power com- 
pany, for approval of an issue of new securities, 
came before the Commission, and opposing in- 
terests raised the point that the company was 
already over-capitalized, wherefore the Com- 
mission should not authorize further capitaliza- 
tion until it had investigated the value of the 
company's property and compared it with the 
capitalization and indebtedness. The Commis- 
sion, however, took another view of its duty, 
based on the principle that its primary object 
must be to promote the efficiency of the service 
rendered to the public by such corporations. A 
company, says the Commission in substance, 
may have erred greatly in the past by wasteful 
management, improper accounting and inflated 
capitalization, but if the Commission were to 
take cognizance of these past conditions and 
because of them refuse to permit the issue of 
further securities, it would in many cases pre- 
vent the raising of money for improvements 
necessary to enable the company to give proper 
service to the public. 

— . — — 

The bridges for track elevation work in Chi- 
Cago present a great variety of designs, each 
railway having its own systems of construction. 
As a rule, through plate-girder spans are used, 
with floors of varying design. Self-sustaining 
floors composed of troughs which form girders or 

beams in themselves, are used in many cases 

where there are numerous tracks and where pro- 
vision is required for switches and crossovers, 

0 that girders rising above the tracks are inad- 

missible. The headway being limited, deck 

bridges cannot be used, and for the same reason 
shallow floors are desirable. Under these limit- 
ing Conditions, the spans are very frequently 
subdivided by intermediate supports on the curb 
lines and in the street. 

One curious feature in some of these struc- 
tures is that two different systems are employed 
for a single bridge or subway. This is due to 


the fact that in some cases two railways occupy 
parallel and adjacent right-of-way so that their 
bridges form practically one structure. Where 
both roads use steel Structures, the differences 
in design do not as a rule affect the general ap- 
pearance of the bridge as a whole. But when 
(as in a recent case) half of each intermediate 
Support in the street is a concrete wall pierced 
with arched openings, while the other half con- 
Sists of steel columns and girders, the appear- 
ance is incongruous and unsightly. 


Most of the bridges, of eourse, are of steel 
construction. Perhaps the most interesting de- 
velopment, however, is in the use of spans com- 
posed of rectangular beams or slabs of reinforced 
concrete. These slabs are laid close together to 
form a solid floor. At first they were supported 
by steel columns and girders, but in more recent 
designs the intermediate supports consist of re- 
inforced-concrete walls. This new system of 
construction is described in another column, to- 
gether with tests of concrete girder slabs 25 ft. 
long. The record of these tests forms an im- 
portant addition to our knowledge of the be- 
havior of reinforced-concrete beams under load. 
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Bridge floor design is a special feature in the 
design of bridges crossing public streets, as in 
the case of track-elevation work. Two important 
features are to make the floor watertight and to 
reduce the noise resulting from the passage of 
trains. Steel trough floors, and deck floors of 
steel plates carried by I-beams, have been used 
extensively, both with and without ballast. 
Where no ballast is used, the thundering sound 
as a train crosses the bridge is liable to frighten 
horses near or passing under the bridge. The 
noise is, of course, aggravated where through 
plate-girders are used. In a number of cases, 
the floor consists of transverse I-beams covered 
with a deck of planking to carry the ballast. A 
development of the steel-and-plank deck is a 
concrete deck. The concrete may be filled be- 
tween the I-beams and against the girders, so 
that it becomes an integral part of the struc- 
ture; or it may take the form of a concrete 
slab laid upon the floor system and having curb 
walls to retain the ballast. All these various 
systems, together with other modifications, are in 
use. In the new type of reinforced-concrete 
structure which is mentioned above, the difficul- 
ties due to waterproofing and noise would seem 
to be reduced to a minimum. The slabs or 
beams are laid close together and have the upper 
surface slightly inclined. When this solid sur- 
face is covered with a sheet of waterproofing 
material, any water passing through the ballast 
would drain easily to gutters provided at the 
ends of the bridge. The floor of massive con- 
crete slabs would be practically noiseless in it- 
self, due to its absorption of vibrations, and the 
ballast acts as a further noise deadener by dis- 
sipating the vibrations before they reach the 
floor. 

— . —ä——ñ—̃ 

An unexpected danger with serious possibilities 
which affects ballasted solid floors has recently 
been pointed out by a bridge ‘engineer. This 
danger lies in the fact that some time during the 
life of the structure, track maintenance gangs 
may put more ballast on the floor than it was de- 
Signed to carry. The floor may thus be subjected 
to a considerably increased load In resurfacing 
and reballasting, the maintenance forces are not 
limited by a fixed track grade over the bridge, 
as they are in case of open floors, and only by 
special care will they be able to maintain the 
original grade without change. It is quite pos- 
sible that in this way the depth of ballast may 
in time grow enough to put a considerable ex- 
cess of weight on the bridge, the more so if the 
allowance figured on in the design was not much 
more than the minimum depth of ballast. Since 
there is nothing in the appearance or arrange- 
ment of such bridge floors to automatically fix 
the track level, or even to make it easy for 
maintenance gangs to find the proper level, the 
matter needs to be watched for by the bridge 
and maintenance engineers. Possibly the dan- 
ger may be largely removed, in the case of a 


new design, by providing a coping (or, in case of 
girders rising above the track level, an offset or 
other permanent and obvious feature of the gir- 
ders) approximately level with top of rail. Such 
a device would be a constant and obvious guide 
to maintaining the proper limit of ballast 
depth. 
— . — 

The use of groundwater pumping to facilitate 
excavation in difficult soil is so rarely employed 
that we feel special pleasure in reporting two 
separate examples of such work in this issue: the 
Sewer work at Gary, Ind., and the pier founda- 
tions at Chicago. In spite of its infrequent use, 
the method is by no means one of last resort, a 
device outside the field of ordinary construction. 
The successful work at Gary in constructing a 
deep sewer through what must be classed as very 
dificult ground indeed, amply demonstrates the 
simplicity of the method. It is true that not all 
of the complications which may attend ground- 
water pumping are clearly apparent in this case. 
But with abundant pump capacity and a suffi- 
ciently close grouping of wells good results are 
almost certain. The cost of the process does not 
restrict it to large and elaborate undertakings, as 
the cost-figures of this job indicate. Even a 
contract of moderate size, with very simple plant 
of machinery, can afford to employ the method. 


— — — — 


THE DESIGN OF THE QUEBEC BRIDGE. 


Mr. C. C. Schneider’s report on the design of 
the Quebec Bridge amply confirms the general 
opinion with which that ill-fated structure has 
been regarded since the searching investigations 
of the Canadian Government's commission of 
inquiry. The Commission found that the bridge 
had turned out to be some 20% heavier than was 
contemplated by the stress-sheets. Although the 
collapse was shown to be due to quite another 
cause, such an overrun of dead weight, in a 
structure whose own weight constitutes by far 
the largest part of the load it has to carry, is un- 
avoidably fatal. With the bridge fully completed 
and in service, the stresses would have risen to 
the limit of strength of the members, and if it 
did not at once fail, it could at best stand trem- 
bling on the verge of collapse. 

The computed percentages of excess stress, 
which we have quoted in another column from 
Mr. Schneider's report, reveal this clearly enough, 
though the actual stress figures themselves are 
rather more striking. To have reproduced the 
whole series of stress tables given in the report 
would have transcended due limits of space, but 
in this place we may present as typical illustra- 
tions two selected examples, a compression and a 
tension member, respectively. One of these is 
the famous lower-chord member in the ninth 
panel from the anchorage (second panel of the 
anchor arm counting from the main pier), the 
member whose failure by buckling brought about 
the fall of the bridge. The other is the top 
chord of the cantilever arm directly adjoining the 
main pier. The figures of total stress give a pic- 
ture of the relative importance of dead and live- 
load, while the unit-stress figures represent di- 
rectly the tax on the metal. In considering the 
latter, it is convenient to remember that the 
elastic limit of the steel—its real or virtual 
failure point—is not far from 30,000 lbs. per sq. 
in. But the figures below, while they do not 
quite reach this point, really exceed it because 
they contain no allowance for the numerous 
minor effects, the so-called secondary stresses. 


Anchor Arm Lower Cantilever Arm Upper 
Chord, Panel 9. Chord, Panel 10. 
Section, sq. ins.... 781 669 
l/r 42.2 ass 
Total stresses, thousands of pounds: 


Dead-load ......... —13,690 +11,950 
Live-load ..... er { =å 11 18, 760 
Snow ...... blero —1,025 +930 
Winaeaeae 6 —7,370 +1,140 
Unit stresses, pounds per square inch: 

D+L+#+S......... —24,000 (21,200) +24,900 (21,100) 
D +1% L 

+ 8 W. . . 29. 700 (24,000) +28,300 (24,000) 
Erection, Aug. ; 

19000 8 16, 800 717,500 


The figures in parentheses are the stresses 
which were permitted in these members for the 
respective load-combinations, under Mr. Cooper's 
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specifications. Mr. Schneider’s estimate of the 
highest stress intensity compatible with bare 
safety is not far different from these specified 
stresses, in the case of the eyebar chord; but for 
the compression chord his values are lower by 
some 4,000 Ibs. per sq. in. 

We need do no more than point to the fact that 
in the eyebar chord the stress even under the 
working load, and without wind, is higher by 
1,000 Ibs. per sq. in. than the extreme or emer- 
gency strength estimated by Mr. Schneider. Still 
worse, in the compression chord, whose emer- 
gency strength is valued at slightly less than 
20,000 lbs. per sq. in., the working load causes 
a stress of no less than 24,000 lbs., and the stress 
under extreme load rises practically to 30,000 
Ibs. per sq. in., fully one-half higher than the 
extreme assignable strength. 

Let it be remembered that Mr. Schneider's fig- 
ures for limits of permissible stress are intended 
as real limits, and would by no means be de- 
fensible or admissible in the design of a bridge. 
“The writer does not advocate these high unit- 
strains,” we read in the report. And while this 
warning is unobtrusive, we conceive it worthy 
of very strong emphasis. Tendencies in recent 
years toward the regular use of very high unit- 
Stresses in design, even in cases where economy 
of weight is of no particular importance, receive 
a sharp but needed rebuke in this brief sentence. 

Under the circumstances as revealed by the 
stress analysis, there will be few to raise objec- 
tion to Mr. Schneider’s statement that none of 
the material which has been fabricated for the 
north half of the bridge can be used in rebuilding 
the structure. The strengthening which would 
be necessary if the trusses were to be rebuilt on 
the same outline, but with adequate cross-sec- 
tions, would have to extend to virtually every 
part except floor and bracing. Even this exten- 
sive work—if it is to be considered feasible at all 
—would involve so many difficulties that the re- 
sult could but be an unsatisfactory patchwork. 
And if patchwork and halfway measures are 
ever justified, assuredly they must be kept out 
of the rebuilding of the Quebec Bridge. The en- 
gineering world can hardly afford to contemplate 
the chance of a second Quebec disaster. 

The most difficult subject which the eminent 
bridge engineer who wrote the report had to 
deal with is, curiously enough, the one which he 
treats most briefly: the suggestions for a new de- 
sign. It may be premature to ask for anything 
very specific in this matter at the present stage, 
or in any case without giving time and opportun- 
ity for exhaustive studies. But the existing de- 
sign, originated both in general outline and in de- 
tails by the engineers of the Phoenix Bridge Co., 
stands criticized, and one looks very naturally for 
justification of the criticism in the shape of sug- 
gestions for better design. Yet we find hardly 
more than a single suggestion in the report. 

An explanation for this which has some force 
is to be found in the fact that so huge an under- 
taking as this bridge is by no means susceptible 
of systematic and progressive designing. The de- 
sign must, in a sense, be evolved by a process of 
development, a sort of trial and error method. In 
a structure of ordinary dimensions the engineer 
knows in advance all of the limitations which 
will affect his work, and can allow for them in 
his planning in advance. But in the present case 
the limitations appear only as the design unfolds. 
THe necessary arrangement of the details, the 
limits of manufacturing tools and processes, the 
shipping limits of weight and bulk, the erection 
problems, etc., have an influence even on the 
choice of outline that is easily underestimated; 
yet their full bearing cannot appear until an out- 
line is adopted and has been elaborated to an ad- 
vanced stage. The testimony of the Phoenix 
Bridge Co.’s designers before the Commission 
gives some idea of these conditions. It seems 
idle, therefore, to seek a very full statement of 
governing features as a matter of abstract de- 
duction. 

The recommendation of straight chords must 
enlist general approval, as being unexceptionable 
in its general reasoning. But it fixes a principle 
hard to adapt to the original requirement that 
the maximum underclearance is to be maintained 


over so great a width as 1,200 ft., two-thirds the 
span. The two conditions together would pro- 
duce a remarkably radical design indeed, unless 
perhaps the changes were begun still farther 
back and the railway approaches raised to a 
much higher elevation. If this is true for the 
present clearance of 150 ft., still more so will 
it hold if the recent clamor of St. Lawrence 
shipping interests for increased clearance—to 
nearly 200 ft., if we recall correctly—is heard 
with approval. In fact, it is not too much to say 
that, just as the determinative features of the 
Phoenix design were fixed by the adoption of 
sharply-curved chords to meet the clearance re- 
quirement, so the principle of straight chords in 
conjunction with the same requirement would 
establish the chief characteristics of the new 
bridge. The single suggestion, therefore, may 
well appear complete and sufficient for present 
purposes. 

There should be joined to this, we believe, an- 
other principle which is clearly inculcated by the 
report, though Mr. Schneider makes no explicit 
mention of it. This has for its object the reduc- 
tion of the high secondary stresses. The calcu- 
lations show that these stresses attain alarming 
values—alarming when we consider how destruc- 
tive they are to economical, and therefore prac- 
ticable and safe, design. In a bridge of such pro- 
portion that each pound of useless metal requires 
three or four pounds of effective metal for its 
support, it cannot be tolerated that even 5% of 
the useful metal should be put out of service by 
being appropriated for secondary stresses, if this 
be at all avoidable. 

It is true that secondary stresses are insepar- 
able from bridge construction, especially when 
continuously riveted chords are employed; and 
the unfortunate fact is that any attempt to make 
the members stronger to resist the secondary 
bending, by making them stiffer, defeats its own 
purpose and actually increases the secondary 
stress. How high they will be, in proportion to 
the n.ain stresses, depends, however, to a large 
extent on the truss outline or network. We be- 
lieve it may be said broadly that two things are 
most influential in contributing to high secondary 
bending stresses: flexibility of the truss system 


as a whole, and short length of panel. The 
former creates large angular distortion, while 
the latter concentrates the distortions. Relief 


from high secondary stress may therefore be 
sought by making the truss system rigid and by 
employing long panels. The former is promoted 
to some extent by straight chords, still more hy 
increased truss depth; and the profile of the 
Quebec Bridge clearly evidences that the shallow 
depth of the structure causes relatively hi:sh 


flexibility. The effect of long panels is obvious. 


Secondary stresses of the intensities as exisi- 
ing in the original Quebec design must, in our 
opinion, be eliminated in a new design. To this 
end the two expedients of (1) increasing the 
depth of truss, and (2) employing larger pane!s— 
in the trusses, not necessarily in the floor-system 
—must receive primary attention in the work 
of outlining the new bridge. 


LETTERS TO THE EDITOR. 


Elimination of Friction In Hydraulic Testing Devices. 


Sir: In view of the recent articles in your columns 
relating to packing friction in hydraullc testing machines, 
permit me to call attention to the feasibility of practically 
eliminating such friction by using such a method of 
construction as to avoid the use of packing. The method 
consists in makfng the piston with a long, close fit in 
the cylinder, and using ofl instead of water for the 
working fluid. To many persons this might not at first 
thought seem a practicable method, and indeed it seemed 
unpromising when first considered by the writer, about 
18 years ago. However, a testing machine constructed 
on this principle at that time proved a most satisfactory 
piece of apparatus, and it has been in frequent use ever 
since, requiring no alteration or repairs, so far as this 
feature is concerned. A full description of the machine 
is given in the Transactions of the American Society 
of Mechanical Engineers, Vol. XVII., p. 96. The machine 
was designed for testing the friction of screws, and the 
special requirement was that the piston should both slide 
and rotate without appreciable friction while exerting a 
thrust of 20,000 Ibs. upon the screw to be tested. These 


- to above, 


„for testing machines: 


requirements were satisfactorily met by the design. The 
piston was 6 ins. in diameter, 6% ins. long; the cylinder 
wall was 114 ins. thick. Both parts were of cast iron 
and they were used with their axis horizontal. The fit- 
ting was done in an ordinary lathe, finishing by lapping. 
The diameter of the piston was from .001 to .002 in. 
smaller than the bore of the cylinder. This is, however, 
an unnecessarily loose fit; much better results could be 
obtained in a modern grinding lathe. The oil used was 
a mineral oil known as heavy machinery oil’’—some- 
what thicker than engine oils, but less viscous than steam 
cylinder oils. Animal oils could not be used because of 
summing. The pressure was applied, as required, by a 
hand pump. The most satisfactory pressure gage proved 
to be a cylinder of about %-in. bore with a nicely fitted 
piston. The arrangement was similar to the main piston 
and cylinder; this was set with axis vertical and the 
piston was weighted as required. Of course all this re- 
quires careful workmanship, but the extra care is amply 
repaid by the accuracy of test results and the permanence 
of the apparatus. 

After the tests of screws, described in the paper referred 
the machine was used for various other ex- 
periments, including tests for the friction of pivots. In 
the latter case the piston exerted the thrust on the ro- 
tating pivot, and also indicated the frictional torque of 
the pivot by its tendency to rotate with the pivot. Under 
a load of 10,000 Ibs. the frictional torque of the pivot, 
indicated by the deflecfion of a pendulum, was sometimes 
as low as 12 in.-lbs.; but even this small torque was in- 
dicated with great accuracy, the piston offering no appre- 
ciable resistance to slow rotation, as was shown by small 
oscillations of tfe pendulum past the point of mean de- 
fiection. The film of oil between the cylindrical surfaces 
kept the piston and cylinder out of contact, and at the 
same time the viscosity of the oll in the film prevented 
excessive oscillations which might otherwise arise from 
variations of the pivot friction. 

The film was first formed by rotating the piston by 
hand by a device provided for the purpose, but after 
being formed it generally persisted for an hour or more 
without further attention. An apparatus of this kind 
was previously used for pivot tests by Beauchamp Tower 
in his famous experiments for the Institution of Me- 
chanical Engineers. 

Some peculiar properties of fluid films such as that 
between the cylindrical surfaces were investigated ex- 
perimentally by the writer. The results were given in a 
paper entitled Experiments with an Air-Lubricated 
Journal,’’ published in the ‘‘Journal of the American So- 
ciety of Naval Engineers,” 1897, Vol. IX., No. 2, also in 
the “Journal of the Worcester Polytechnic Institute,“ 
March, 1900. The experiments proved that even as light 
a fluid as hydrogen could be made to form a separating 
film vy rotation of one surface relatively to the other, and 
led co a fuller appreciation of the reasons for the forma- 
tion and persistence of the film of viscous oil im the 
testing machine. 

To return to the construction of cylinders and pistons 
apparently such parts, made of 
steel for greater rigidity, and ui greater diameter and 
lengtb of fit than those described, should be quite prac- 
tiiable for machines of great capacity. The leakage of 
oll past the piston, which inevitably occurs to some ex- 
tent, was very slight in the apparatus described above. 
This leakage must of course be supplied by the pump if 
constant load is to be maintained. The leakage is pro- 
portional to th. pressure, to the diameter of the cylinder, 
and to the cube of the film thickness; it is inversely 
proportional to the length of the piston fit and to the co- 
efficient of viscosity of the ojl. Leakage is reduced by 
good fitting, by thick oil, by great length of piston, and 
by rigidity of the cylinder, the latter quality opposing 
the increase of diameter due to the fluid pressure. It 
should even be possible to partly offset the stretching of 
the cylinder by making the piston hollow, admitting the 
oil from the pressure side and thereby expanding the pis- 
ton by an amount nearly equal to the expansion of the 
cylinder. The use of such a cylinder and piston with . 
a similar piston pressure gage, renders callbration easy 
by comparison of the areas determined from micrometer 
measurements of the diameters. 


Albert Kingsbury, M. Am. Soc. M. BL 
Pittsburg, July 6, 1908. 


—— — 


Examiaing and Licensing Irrigation Surveyors and 
Engineers in Wyoming. 


Sir: I am interested in your editorial note of July 
23 and in the recent legislation in Louisiana relating to 
the registration of engineers and surveyors. Inclosed is 
a copy of the Wyoming law which may be of interest to 
you in this connection. As irrigation matters have been 
under the supervision of a State or Territorial Engineer 
in Wyoming for more than twenty years, it was not 
difficult to require those engineers and surveyors wha 
are engaged in a general practice to conform with the 
provisions of the new law. Examinations were required 
generally. The good man usually desired to take the 
examination, while the man of questionable standing 
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sought to avoid it. At the present time we have within 
the state 140 licensed engineers and surveyors. 

Our law docs not provide any way by which incom- 
patents could continue to practice. This was discussed, 
but as the object of the law is to protect the public 
aod classify the engineers and surveyors, in a way, but 
litle heed was given those who held that those who 
had heretofore performed work of the kind had a vested 
right. 

As all of the work of this kind finally comes to my 
ofice I have had an opportunity to study the result of 
the legislation enacted a year and a half ago. The 
work submitted has improved rapidly from the time the 
jaw went into effect. Engineers and surveyors generally, 
within and without the state, indorse our law and there 
js no doubt as to its value, not only to the profession, 
but to those who depend on the engineer's work. 

It is a good thing, as you say, to have a central office 
where plans can be inspected. It in like manner improves 
conditions to have all members of any profession show 
certain qualifications before being allowed to practice. 
This has been found to be necessary in medicine and in 
law. I am satisfied that where any state provides proper 
legislation along the line of the Wyoming law it will 
never take a backward step. I regard the Louisiana law 
as very imperfect. Its main object will not be reached 
until the next generation at least. 

Our Board of Examining Engineers works without 
compensation. Its expenses are paid by the small fees 
received. Members of the American Society of Civil 
Engineers have taken the examinations and those who 
bave never had a great deal of training, but who by 
experience have become of value to their own com- 
munities, have been able to qualify in the first grade at 
least. The questions asked by the board are of a practical 
nature and relate to surveying and engineering. We have 
tot attempted to cover the whole field of learning, but 
have tried to obtain some idea as to the judgment of the 
applicant for a license relative to questions with which 
an engineer or surveyor must deal. 

] agree with you, therefore, in that there should be a 
central public office for inspecting and passing upon en- 
gineering plans, but this office should be aided by having 
engineers and surveyors employed in the field who can be 
held responsible for their acts. 

Sincerely yours, 
Clarence T. Johnston, State Engineer. 

Cheyenne, Wyo., July 25, 1908. 


[The legislative requirement 
Mr. Johnston is as follows: 


EXAMINING ENGINEERS. 


See. 28. All engineers and surveyors who shall here- 
alier perform any field work preliminary to the prepa- 
ration of an application for permit to use the water of 
the state or who shall make surveys or do engineering 
work relative to the utilization or use of water, shall 
&tisfy a board to be known as the Board of Examining 
Engineers, who shall consist of the State Engineer and 
two engineers of thorough training and experience, to be 
appointed by the Governor and serve without compen- 


sation, that they belong to one or more of the following 
classes: 


(D Land Surveyor (Examination, Plane Surveying). 

(2) Topographic Engineer (Examination, Plane Sur- 
veving and Topographic Surveying). 

% Hydraulic and Hydrographic Engineer (Examina- 
tion. Plane Surveying and Hydraulics). 

4) Construction and Designing Engineer (Examination, 
Plane Surveying. Design of Irrigation Works and Struc- 
‘ures and the Computation of Earth Work). 

Administrative Irrigation Engineer (Examination, 
Plane Surveyiog, Hydraulics, Construction Work, Irrl- 
&s''on Law and Practice). 

Tte Board of Examining Engineers may satisfy itself 
ty conducting examinations or by investigations of the 
rord, training and experience of those who may desire 
to qualify. In case the Board is satisfied as to the 
flanding of any applicant it shall issue a license, upon 
payment of a fee of five dollars, which shall be applied 
to cover the expenses of said Board; said license shall 
he signed by the President of the Board and attested by 
the Secretary under his seal. The Board of Examining 
Engineers shall in all cases make inquiry relative to the 
mora] character of every applicant for a license and no 
license shall be issued to any applicant who is incom- 
ent. dishonest, intemperate or addicted to any habit 
which would, in the judgment of the Board, render him 
an unsafe emplovee of any citizen, corporation or asso- 
‘ition of the State. Any engineer or surveyor who 
vav qualify under any one or under any number of the 
(lastes gpecified herein, who shall indicate by the charac- 
ter of the work he performs that he is not capable of 
rtrvipg on such work as set forth in his license, or who 
te omes morally unfit to practice under any class, may 
t- disqualified and his license revoked. The State En- 
rr is hereby authorized to refuse to accept any and 
al. work of those who do not avail themselves of the 
t-refira of this section. 
hap. &, S. L. 1907.) 


mentioned by 


[While this law, in a state like Wyoming, must 
result in the examination and licensing of a con- 
‘idtrable percentage of the engineers of the 
state, yet it differs from the Louisiana law, 
and those proposed from time to time elsewhere, 
in that it is limited to engineers who have oc- 
casion to do work involving water rights. It 
is one thing for a state to say that no one shall 
practice as an engineer unless he holds a license 
to do so and quite another to require licenses 
a3 a condition to having the state recognize the 


engineer as such when he or his employer sub- 
mits an application to a state department for 
approval. 

In Wyoming, licensing is a part of the ma- 
chinery provided for conserving and equitably 
dividing one of the natural resources of the state. 
As such, it is necessary that it apply to all en- 
gineers engaged in a certain class of work, re- 
gardless of how long they have been in practice. 

We quite agree with Mr. Johnston that the 
Louisiana law is very imperfect: not so much 
because it applies to would-be engineers, only, 
as because the difference between the prescribed 
examinations for surveyors and for engineers 
is so slight, or at least so indefinite. Altogether, 
the Wyoming legislation is much better de- 
signed to suit its end than is the Louisiana; 
largely, no doubt, because it has a very specific 
instead of a broadly general object in view, 
and readily perceived reasons for justifying its 
existence.-—Ed. ] 

a ae 


The Salaries of Engineering Graduates: Another Story. 


Sir: The article by Mr. Walter H. Snow, on salaries of 
engineering graduates of five years’ standing, in your 
issue of July 23, is of peculiar interest to me, who 
graduated from a good school about five years ago. 

From my reading of the article I gather that approxi- 
mately 200 graduates of some school five years after 
graduation are getting about $2,000 per year on the 
average. My opinion is that the graduate in reporting 
to Mr. Snow ‘‘watered their stock,” and it is my opinion 
that if the whole bunch of ‘‘five-year-olds’’ were gathered 
together they could be hired in a lump for about $1,400 
each per year. 

I am now employed in the engineering department of 
the largest company of its kind in the world. In this 
office are 14 engineers whose average salary is not over 
$30 per week, and at least three of these engineers are 
graduates of over ten years’ standing and directly re- 
sponsible for work running into millions of dollars per 
year. The rest of the men are of just about five years’ 
standing (after graduation) and their salary is not over 
$25 per week on the average. This average will apply 
to more than 75 engineers of five years’ standing em- 
ployed by the same company. 

This is a special case, of course, but here is another 
instance: A couple of years ago, by reason of a consoli- 
dation, a considerable number of experienced engineers 
were on the market. In flush times, and backed by all 
the machinery of a powerful organization, $2,000 was 
more than any one of them could obtain, and most of 
them are now with the same old company at, I should 
say, about $1,500 per year. 

For one year I worked for one of the largest coal-car- 
rying railroads in this country as engineer in charge of 
bridges on a division in the mountains. The salary of 
the division engineer of 25 years’ standing was less than 
$2,000 per year. 

I spent two years working on water power work in a 
distant country. Towards the close of the last year I 
had occasion to work for a ‘’consulter!’ (the biggest show 
of the kind in America). In a confidential talk with a 
millionaire promoter the ‘‘consulter’’ informed him that 
the most he paid his “very best” men in any capacity 
in any land was $150 per month and they maintained 
themselves. 

The chief engineer of a large commission said he would 
not pay a young engineer over $18 per week on in- 
spection work, and he could get all he wanted for less, 

The ‘‘tragedy’’ comes in when some of us who bor- 
rowed money to pay for our education are asked by 
those who helped us ‘‘how about it?” Mr. —— says that 
five years after graduation you should be getting $2, 
per year. Certainly you can livé on one-half of that 
and repay those who sacrificed to help you, and who 
are now getting old and need the money. You reply 
that Mr. —— average salary has missed you by about 
50%. They then say we thought you had brains, but 
see you have not and we are ‘‘stung.’’ The reply is that 
you are in charge of responsible work for the largest 
company in the world, but you do not get any more 
than any one else doing the same work. Something is 
wrong somewhere. 

I do not wish to cast any reflection on Mr. Snow’s 
statements, but I do wonder how many affidavits were 
sent along with the salary statements. 

The discussion now going on among Engineering 
Educators” on ‘‘How Shall the Technical Schools Fil 
the Wants of Three or Four Trusts” is a very refreshing 
one. I am gathering opinions on it from some of the 
recent victims of this policy. 

If there is anywhere in America or elsewhere a place 
paying graduates of five years’ standing $2,000 per year 
don't tell where it is for the rush to the Klondike 
will be outdone. 

Yours, $1,400. 
July 27, 1908. 


Ashes as Fuel. 

Sir: In connection with your articles on the subject 
of ash burning, the enclosed advertisement from a 
theater program tn a large Eastern city will probably 
be of interest to you. 

Very truly yours, 
A. D. Morris. 

New York City, July 18, 1908. 


(The advertisement in question, with the name 
of the promoters omitted, is as follows: 


BURN UP YOUR ASHES. 

The city of New York saves $50,000 a 
year by burning ashes. 

Our product, which is similar to the one 
used in New York, saves you }4 of your 
coal bill. 

Come in or send 50 cents for enough to 
treat 500 pounds ashes. 

Two Sizes—o0c. and $1.00. 
Come in and see Demonstration. 


This confirms our past contentions that the 
malign influence of the practice of the Board of 
Education, in forcing firemen to reburn ashes, 
is more than local. The quotation of $0.50 for 
chemicals to treat 500 lbs. of ashes suggests 
an interesting comment on the cost of the oxalic 
acid-salt hoax. It has been found that about 
1 gal. of liquid will sufficiently moisten 1 cu. ft. 
of cinders, weighing approximately 40 lbs., so 
that dust will not fly in shoveling. With rock 
salt at 65 cts. per 100 lbs. and oxalic acid at 
6144 cts. per lb., the cost of chemicals for 500 
Ibs. of cinders would be about 18 cts. Accord- 
ing to the appended advertisement there is not 
as heavy a profit as might have been suspected. 
If the coal burned shows, on analysis, 10% ash, 
which is a common figure, and if the cinder is 
50% fixed carbon, which is not very high, then 
the purchaser of the magic compound needs to 
pay about 50 cts. extra per ton of fuel bought. 
The cost of the chemicals can be eliminated and 
the wasted carbon can be recovered if the firemen 
of the small plants would give some adequate 
attention to dampers, grates and methods of 
firing and perhaps to sifting the ashes to re- 
cover unburned coal.—Ed.] 


K— . a —— 


THE DESIGN OF THE QUEBEC BRIDGE: REPORT BY 
c. C. SCHNEIDER, WITH THEODORE COOPER'S 
SPECIFICATIONS. _ 


To supplement the exhaustive investigation of 
the collapse of the Quebec Bridge, which was 
carried out by a governmental commission of en- 
gineers and has been fully reported in these 
columns (see Eng. News March 12, 1908, to 
April 30, 1908), the government of Canada di- 
rected a full investigation of the Phoenix 
Bridge Company's design. This investigation 
was entrusted to Mr. C. C. Schneider, Past- 
President Am. Soc. C. E. The Quebec Bridge 
Commission was concerned directly only with 
those matters that related to the collapse of the 
structure, and was not required to deal with 
those parts of the design that did not affect the 
collapse. But the government was vitally in- 
terested in the future of the bridge as well as in 
its past, and was no less desirous of knowing 
whether the design was satisfactory and, if not, 
what were its defects, than of learning the cir- 
cumstances of the failure. 

Mr. Schneider’s report, a document of great in- 
terest, has now become available, through its 
publication in the same volume with the com- 
mission’s report, just issued in printed form. 

Mr. Schneider deals with the specific questions 
submitted to him in a very concise report. More 
extensive results and studies are contained in 
several appendices. An important feature of the 
report, further, is the fact that Mr. Theodore 
Cooper’s specifications for the design and con- 
struction of the bridge, which up to the present 
have not been published, are printed as Ap- 
pendix A. The three other appendices contain: 

A tabulation of component and combined 
stresses in all the members of the bridge. 

A monograph on the Theory of Columns. 

A discussion of Secondary Strains in 
Trusses of the Quebec Bridge. 

To preface our abstract—necessarily brief, as 
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compared with the original—of this report, we 
reproduce in full the specifications which Mr. 
Cooper drew to govern the design and execution. 


Theodore Cooper’s Specifications for Loads and Straias, 
Quebec Bridge. 


FLOOR SYSTEM. 

Railroad Stringers.—To be designed to carry 
Cooper's E-40 engines with unit strains not exceeding 
10,000 Ibs. per sq. in. of net section. 

Trolley Stringers.—Loaded with cars weighing 56,000 
Ibs. on two axles 10 ft. apart, not to be strained above 
13,000 Ibs. per sq. in. of net section. Cars 30 ft. over 
all. 

Highway Stringers.—Loaded with 24,000 Ibs. on two 
axles 10 ft. apart, strains not te exceed 15,000 Ibs. per 
sq. in. of net section. 

Transverse Floor Beams.—With all tracks loaded as 
above they must not be strained above 15,000 lbs. per 
sq. in. of net section, or 12,000 lbs. with both railroad 
tracks loaded. 

The webs of all girders shall be considered as resist- 
ing shearing strains only and will not be estimated as 
doing any flange duty. 


TRUSSES. 

The maximum strains produced by the following live- 
loads and wind shall be used for proportioning all mem- 
bers of the trusses or towers: 

1. A continuous train of any length weighing 3,000 
Ibs. per ft. of track, moving in either direction on each 
track. 

2. A train 900 ft. long consisting of two E-33 en- 
gines followed by a load of 3,300 Ibs. per lin. ft. upon 
each railroad track and moving in either direction. 

3. A train load 550 ft. long consisting of one E-40 
engine followed by 4,000 lbs. per lin. ft. of track, on 
euch track. 

4. For the suspended span a lateral wind force of 
700 lbs. per lin. ft. of the top chord and 1,700 lbs. per 
lin. ft. of the lower chord, one-half of which shall be 
used for lateral and diagonal bracing. 

For the cantilever and anchor arms a lateral force 
of 500 lbs. on the top chord and 1,000 lbs. on the lower 
chord, per lin. ft. in addition to the wind force on the 
suspended span, shall be considered. 

Only one-third of this maximum wind force need be 
considered in proportioning the chords. It shall be con- 
sidered as a live-load. Unless this increases the strains 
due to the live and dead loads only more than 25% the 
sections need not be increased. 

Reversal of strains by the wind acting in opposite di- 
rections need not be considered; but where the maximum 
wind forces reverse the strains in any member the mem- 
ber must be designed to resist each kind of strain. 

Allowed Working Straine.—Under the avove working 
loads in combination with the dead loads, the allowed 
strains in all members of the trusses and towers shall 
not exceed the following limits: 

Tension Chords and Diagonals.— 


Min. 
l+ —— 
Max. 


12,000 lbs. per sq. in of net section. 


Compression Chords.—(Where I does not exceed 50 r.). 


Min. 
12,000 {1 + per sq. in. 
Max. 
Main Posts.— 
l Min. 
12,000 — 50 — }{ 1 + ——— } lbs. per sq. in. 
r Max. 


TRUSSED FLOORBEAMS. 
Tension Struts.— 


Min. 
10,000 { 1 + ——— } for R.R. loading. 
Max. 
Min. 
12,000 { 1 + ——— } for total loading. 
Max. 
Compression Struts.— 
l £ Min. 
10,000 — 40 — }( 1 + ——-— for R.R. loading. 
r Max. 
j l Min. 
12,000 — 50 — }{ 1 + ——— ] for total loading. 
r Max. 


WIND STRUTS AND LATERALS. 
Tension.—20,000 lbs. per sq. in. 


1 
Compression. — 20,000 — 90 — per sq. in. 
r 


For counters and intermediate posts, the live load on 
the railroad tracks shall be increased 15%. 


COMBINED AND REVERSED STRAINS. 

The allowed positive and negative strains upon any 
member subject to any combination of +D, + L, F L' 
shall be determined by the following formulae: 

D— L 
Allowed = strain, 12,000{ 1 + —————— 
D+L+L’ 
i 
Allowed = strain, 12,000 — — 
DELL 
PROVISION FOR FUTURE INCREASE OF LIVE LOAD. 


In addition to the previous provisions as to the work- 
ing loads and strains, no member of the trusses or tow- 
ers shall be strained to exceed three-quarters of the 
elastic limit under the extreme assumption of an increase 
in the train loads of 50% above those previously speci- 
fied. Or, not to exceed 24,000 for the chords and main 


l 
diagonals, or 24,000 — 100 — for the posts. 
r 


The material to be medium steel of the best quality 
and made by the open-hearth process. 
All details, proportion of parts, workmanship, etc., to 
be in accordance with the best accepted practice. 
Corrected to date, March 2, 1901. 
Appenda. June 13, 1905. 
For the cantilever arms, the full wind on the 
suspended span should be considered. 
A snow load of 1,600 Ibs, per ft. of bridge should 
be used. 


In applying these specifications to check the 
design, Mr. Schneider makes the following in- 
terpretations: 

maz. 


a. The value of by which the permissible unit- 
min. 

strains are determined is derived from the dead and 

live-loads only; but in proportioning the members these 

unit-strains shall be used for the sum of the strains 

from dead, live and snow loads. 

b. As the specifications require that ‘‘only of the 
maximum wind force need be considered in proportion- 
ing the chords,” and nothing is mentioned in reference 
to the web system [of the main trusses—Ed.J, this also 
applies to wind strains in web members. 

c. In the formulas under the head of Combined and 
Reversed Strains,” L’ denotes the live-load strain of 
Opposite sign from that of the dead-load; the expression 
D — UL’ is the arithmetical difference between these 
Strains; and D + L + JL’ is the arithmetical sum of 
these strains. 


As the terms of the appointment under which 
Mr. Schneider acted were not altogether specitic 


Mr. Schneider sets himself the following ques- 
tions, which his report answers: 


1. The sufficiency of the present plans of the Quebec 
Bridge, as to their conformity to the specifications as 
approved by the government. i 

2. The advisability of modifications in the present 
plans, should they be found inadequate, using as far as 
practicable the fabricated material now on band. 

3. The advisability of discarding the present plans of 
the Quebec Bridge, and recommendations as to a new 
design. 

Much of what the author says in discussing 
these questions is of general bearing, beyond 
its application to the particular structure con- 
sidered, and as it comes from a bridge engineer 
of highest standing and long experience both in 
design and in manufacturing, it will have added 
value. 


Does the Desiga Satisfy the Specifications? 


The answers to this question, resulting as to 
the trusses from the stress tables appended to 
the report, may be summarized categorically. 

The floorbeams and stringers, the lateral and 
Sway bracing of the trusses, and the bracing of 
the floor-system, satisfy the specifications. The 
details and connections of these members also 
Satisfy the specifications. 

The trusses do not meet the specification re- 
quirements, because the assumed dead-load was 
considerably lower than the actual weights. [The 
amount of the excess of weight, and its causes, 
were fully discussed in the Commission's report. 
See Eng. News March 19, 1908, p. 308, and 
April 16, 1908, p. 422.—Ed.] 


The actual unit-strains in most of the members of the 
trusses exceed the limits of the specifications. In the 
upper chords of the cantilever arm * * from 10 to 18%; 
and in the lower chords * * from 7.5 to 24%. In the up- 
per and lower chords of the anchor arms, the unit strains 
in all panels exceed these limits from 11 to 20%. The 
unit-strains in the chords of the suspended Span also 
exceed the limits of the specifications, the upper chords 
16 to 18%; the lower from 7% to 9%%. While the strains 
in some web members come within the limits, in some 
cases they are in excess as much as 21%, and in one 
case 57%. 


The details are generally in proportion to the 
members which they connect and in accordance 
with good practice. Many of the compression 


members, however, are defective because their 
connections, such as the latticing, are not suffi- 
cient to make the parts composing the member 
act as a unit. 


The most pronounced defect in this respect exists in 
the lower chord members of the cantilever and anchor 
arms. These members consist of four separate ribs, not 
particularly well developed as compression members, and 
their connections to each other are not of sufficient 
strength to make them act as a unit. 


This subject is further studied by Mr. Schnei- 
der only to the extent of analyzing the required 
lattice section and riveting, in connection with 
the appendix on Theory Columns. The general 
criticism above is not detailed or analyzed as 
regards either a better development of the ribs 
or proper connections other than the lattice; 
nor are the broad questions of (1) best arrange- 
ment of section in very large columns and (2) 
proper connections between abutting members, 
given detailed consideration. 

To explain the criticism of the lattice, the fol- 
lowing extract from the appendix mentioned may 
be interesting. It represents an application of 
formulas derived from a theoretical study of 
column shear. 

LATTICE REQUIRED IN BOTTOM CHORD 9 OF AN- 
CHOR ARM. 

The top latticing as sketched [see drawing h}rewith-- 
Ed.} in Fig. 21 (the circles 
indicating rivets) will first 
be considered. 

The latticing angles between 


the outer and inner web 
practically form a complete 
system, only insignificant 


bending on the ribs being 
caused by the center lines of 
the diagonals not meeting at 
the center line of the ribs. 
We can apply formula 8* to 
find the area which would 
be required in these angles, 
assuming hinges at points H. 

Let it be assumed that the actual area has been found 


. l 
by the formula 16,000 — 70 z where r’ is taken parallel 


l 
16,000 — 70 Z 

to the web. This area must be multiplied bj i 
16,000 — TO — 

r 


in order to find the area a required for buckling laterally. 
The actual area is 781 sq. ins., 
ins., “ = 16.1 ins. Therefore 


13,000 
a = 781 155 = 746 sq. Ins. 


U 


a 
and @ =e” = 3 = 186.5 sq. ins. 


e = 5.8 ins., 6“ = 27.2 ins., d = 67.5 ins., L = 
ns. 


5,070 x 73 
8” = 8 x 70 x ——-—— = 156,000 lbs. 
67.5 x 19.7 
*Formula 8 is : 
8g” 0 M” L” 
— O8 a 


A = —- cosec a = 8 — 
k k 


P 
in which A = cross-sectional area of lattice bar total 


for top and bottom planes of lattice. 


8” = longitudinal shear between 


by the expression 8” = L”, 
ar 
S being the total transverse shear. 


L” = panel length of lattice between inner and 
outer rib, but in this calculation taken 
equal to L, thus including the stress of 


two lattice-bars. 


k = yield-point in tension, or reduced yield- 


point for compression. 


c = constant of reduction term in straight- 


line column formula. 


c/k = constant for a given bar, which may be 
taken from a column formula for work- 
ing load instead of a formula for ul- 

The author uses er = 


timate load. 
70 — 16,000. 


M” = static moment of outer rib about middle 


axis, or M” = a” e“. 


d = width of column out to out, in plane of 


latticing. 


r = radius of gyration of column, in plane 


of latticing. 


This formula is derived for a four-rib column from the 
general equation for column shear which Mr. Schneider 
(1) tbat the deflected col- 
umn axis is parabolic, (2) that the reduction factor of 
the column formula expresses the difference between the 
fiber and the average 


deduces on the assumptions: 


maximum stress in the extreme 


r = 19.7 ins., 1 = 684 


inner and 
outer rib for one asain L, given 


stress, and (3) that the load is applied centrally to the 


ends. This shear equation is 
ar 


8 maz. = 8c —- 


d 
where a is the total area of the column, 


or rather the 


( 
] 
| 
l 


total area that would be required for the /r in the Dlane 


of the lattice.— Nd. 
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Area of one diagonal required 


1 156,000 


A net = — x 1.4 = 3.40 sq. ins. 
4 16,000 


? [for tension.—Ed.] 


18,000 
s = 3.97 sq. ins. 
00 s 


[for compression. —Ed.] 


Actually used: 1 angle 4 x 3 x % = 2.5 sq. ins. gross 
= 1.1 sq. in. net, as one leg of angle is cut off at the 
intersection at center. 

Number of %-in. rivets required in one angle, 


Actual number of rivets used = 2. 

Between the inner ribs there is no complete lattice 
aystem; the intersecting diagonals have to transmit the 
longitudinal shear 8“ of one panel- length L, which can 
be found by formula 9.* 


a 
1 = (e + 6’) = 6,060. 


6,060 x 73 
8’ = 8 x 70 x —-——_—— = 186,000 lbs. 
67.5 x 19.7 
Area of one diagonal required, 
1 186,000 


A nett = — ——— 
4 16,000 

Actual effective area as above = 1.1 sq. in. 

Besides there are secondary strains in the lattice an- 
gles owing to their continuity, the riveted end connec- 
tions, and the presence of the lateral struts. 

The rivets at the inner rib have to transmit the shear 

8“ — &” = 30,000 lbs. 
Their number should be 
1 4 30,000 1 
= — — — —- = 2 rivets, gin. diam. 

2 3 16,000 0.6 

Actually used, 2 rivets -in. diameter. 

In consideration of these results, the lattice diagonals 
and their connections are decidedly too weak. It is evi- 
dent that even under conservative loads certain parts 
must have been overstrained. 

The bottom lacing is somewhat better. The tie-plate at 
the intersection of the angles takes the longitudinal shear 
and is connected by 4 rivets to each rib. 


x 1.4 = 4.07 sq. ins. 


* 


Is the Design Sufficient ladependend of the Specifica- 
tions; What Unit Stresses May be Allowed? 


While the design, as shown, involves stresses 
exceeding those allowed by the specifications, it 
might still be safe for the intended service, in 
case the specified stresses are low enough that 
they may be exceeded without producing risk of 
failure. Mr. Schneider, therefore, has con- 
Sidered the question of permissible unit-stresses. 


Adopting the plan of considering two alter- 
native load conditions—a regu'ar working load 
and a merely possible emergency loading—as 
found in Cooper's specifications for the bridge 
land as also used for the large East River 
bridges at New York City since the report of 
Morison, Schneider, Merriman, Hodge and Cooper 
(Eng. News March 12, 1903, p. 243) on the Man- 
hattan Bridge plans in 1903.—Ed.], Mr. Schnei- 
der seeks to determine what unit stresses may 
be considered the highest permissible, for the 
two conditions. That is, he seeks to fix a limit 
of safe working stress and a limiting emergency 
stress. The argument by which these values are 
deduced is worth careful study: 

The strains produced by the working load, which is 
by no means excessive, should leave a reasonable mar- 
gia for safety. The strains produced by the extreme 


loads should remain within the elastic limit of the 
Material. : 

EYEBARS.—tThe elastic limit in full-sized annealed 
eyebars cannot be depended upon to be more than 28,- 
ü Ibs. per sq. in. A direct tension of 24,000 lbs. per 
s4. in., together with secondary strains caused by the 
friction on the pins during deformation, and the un- 
certainty of a uniform distribution of the strains over 
all the bars, may increase the strain to at least 27,000 
Ibs. per sq. in., which is just within the elastic limit, 
With practically no margin for safety. 

A strain of 21,000 lbs. per sq. in. in direct tension 
Combined with the secondary strains, etc., may produce 


("The same as given in the precoding footnote in de- 
ficing 8“, except that M’ and L’ are substituted for M” 
and L”, M’ being the static moment of the entire column 
half. or a” e” + a’ e, and I being the lattice panel 
length at the inner rib, for a complete lattice system. In 
‘he calculation, L is used in place of L’, and the stress 
is distributed over the two lattice bars. Two lattice an- 
ries in each plane of latticing, four in all, account for 
ihe factor 44 in the calculation of 4 fet.—Ed.] 


an extreme fiber strain of about 24,000 lbs. per sq. in., 
or 6/7 of the elastic limit of the eyebars. 

The unit-strains to be allowed on eyebars for direct 
tension, therefore, should not exceed 24,000 lbs. per sq. 
in. for the extreme load. 

COMPRESSION MEMBERS.—In accordance with the 
accepted theory of compression members the fiber strain 
near the center of a column increases in proportion of 
the length to the least radius of gyration, and, there- 
fore, an allowance must be made for the buckling caused 
by the tendency to bend. 

The usual practice in bridges of ordinary span is to 
consider the gross section of the compression members 
in computing their strength. This is generally done in 
connection with the conservative unit strains of about 
half of the elastic limit, thus giving a considerable mar- 
gin for safety; but in the case of the Quebec Bridge, 
where the unit-strains are unusually high, approaching 
the elastic limit, the net areas of the members should 
be used in estimating the safe limit. Some of the com- 
pression members consist of sections which are com- 
posed of angles and a number of plates riveted to- 
gether. The rivet holes reduce the sectional area, and, 
while these holes are filled up with rivets, they do not 
fill the holes so perfectly as to make them take the place 
of the material punched out of the rivet-holes. In some 
of the lower chord members, the net section is about 86% 
of the gross section, and the elastic limit, which is esti- 
mated to be 32,000 lbs. per sd. in., is thereby reduced 
to about 27,500 Ibs. per sq. in. of gross area. 
therefore, assume the maximum permissible unit-strain 
on the gross section for the specified extreme loading as 
24,000 Ibs. per 8q. in., and the secondary strains as only 
3,000 lbs. per sq. in., or approximately 12%% of the 
direct strain, the total fiber strain per sq. in. would 
be 24,000 + 3,000 = 27,000 lbs. This strain nearly 
reaches the elastic limit of 27,500 lbs. per sq. in. with 
scarcely any margin for safety. 

The maximum permissible strain of 24,000 Ibs. per 
sq. in. for the direct compression caused by the ex- 
treme load would have to be reduced in accordance with 
the accepted formulas for compression members, making 
it 24,000 — 100 l/r; where | = length and r = least 
radius of gyration of member. 

For the working load there should bethe same margins 
for safety as in tension members. As stated before, the 
elastic limit in compression members, owing to the 
reduction of their sections by the rivet-holes, may be 
reduced to 27,500 lbs. per sq. in. of gross section. De- 
ducting 3,000 Ibs. per sq. in. for secondary strains 
would leave 24,500 lbs. per sq. in. on the gross section 
as the maximum strain in direct compression within 
the elastic limit. Allowing 6/7 of this strain the same 
as for tension members, we have 21,000 Ibs. per sq. in. 
as permissible strain for direct compression, which 
should be reduced by the usual formulas, making it 
21,000 — 90 /r. These limiting strains should be ap- 
plied to all compression members. The writer does not 
advocate these high unit-strains, but only desires to tix 


a limit within which the strains may be considered safe, 


and which could be used in comparison with the tables 
in Appendix B. 

The extreme unit-strains within which in the writer’s 
judgment the structure may be considered to be able to 
sustain the loads provided for in the specifications are: 

1. For the dead and live loads combined with the 
snow load: For tension, 21,000 lbs. per sq. in. of net 
section; for compression, 21,000 — 90 l/r per sd. in. of 
gross section. 

2. For the extreme provision of 1% times the live- 
load, dead and snow loads, combined with 1-3 of the 
wind strains: For tension, 24,000 lbs. per sq. in. of net 
section; for compression, 24,000 — 100 l/r per sq. in. 
of gross section. 

Applying these maximum values, it is found 
from the full table of stresses, that the upper 
chord eyebars are overstressed for both condi- 
tions of loading, except in those panels where 
erection stresses governed. . 

The lower chords, with three or four exceptions 
due to this same cause, are also deficient, irre- 
spective of their latticing; the inadequate lat- 
ticing already studied makes the deficiency still 
greater, of course. 

All but one of the posts are overstressed. 

About one-half of all the main diagonals are 
overstressed. 

The center posts [posts over the piers— Ed.] are 
overstressed. 

The stresses in the hangers and in the Sub- 
diagonals come practically within the limits of 
safety. 

The upper chords of the suspended span are 
greatly overstressed [44 to 48% excess], whereas 
most of the lower chords and web members of this 
span are safe. 

Comparison of the stresses as fixed by the 
specifications for the several members with Mr. 
Schneider’s limits shows that the former do not 


If we, 


materially exceed the latter in most of the truss 
members. However, the specifications do exceed 


the limits of safe stress, deduced above, in the 


entire lower chord of anchor and cantilever arms, 
and in the posts over the piers. 
This appears to be due in large part to the 


min. 


effect of the formula for permissible stress. 


max. 
Mr. Schneider 


considers the use of a formula for the permissible strains 
based on the minimum and maximum strains in each 
member, as given in the specifications of the Quebec 
Bridge, to be unsuitable for practical purposes, as it is 
not supported by facts established by recent experi- 
ments, and causes unnecessary complications in the 
computation of the strength of the members; giving, 
besides, anomalous results. 

Mr. Schneider advocates using a suitable im- 
pact allowance to make the live-load stress 
directly comparable with dead-load stress, and 
then using a uniform permissible unit-stress for 
the combined stresses. He is opposed to all 
methods which pretend to consider the effect of 
repetition of load, or fatigue. 

It is noteworthy that this section of the re- 
port restricts itself to the stress specifications 
and makes no inquiry into the load specifica- 
tions. There has been considerable criticism of 
the Quebec Bridge specifications on the score 
of low loading, with the claim not only that the 
engine and train weights are unduly light, but 
a'so that trolley and roadway loads, and snow 
and wind, did not enter into the stress totals 
by which the members were proportioned. In 
how far these claims are justified may now be 
determined according to individual opinion. 
from the precise terms of the specification as 
Above given. 


The Amount of the Priacipal Secondary Stress. 


The estimate of 3,000 lbs. per sq. in. for 
secondary stress, which appears in the above 
determination of permissible unit-stresses, is 
based on a calculation of secondary stresses 
given in Appendix D of the report. This con- 
tains first, the outline of a method of calcu- 
lating the stresses caused (a) by bending of fhe 
several members under the distortion of the 
strained truss, -and (b) by the bending due to 
weight of the individual members; second, a 
tabulation of secondary stresses in the lower 
chord members of cantilever and anchor arms 
for the following loads: 


Full dead-load [“‘d’’}. 

A live-load of 3,000 Ibs. per lin. ft. on one truss of the 
centilever arm fnd suspended span [“ c]. 

A live-load of 3,000 lbs. per lin. ft. on one truss of the 
anchor arm [‘‘a‘’]. 

Own weight of lower chord [‘'w’’]. 

The table gives these stresses in thousands 
of pounds per square inch. Beginning at the 
anchorage end, the sum of the stresses due to 
the first, second and fourth of the above loads, 
Sa + Se + Sw, has the following values, the 
bending ‘stress at each end of each member 
being given: 


L 0 45.8 C10 = 10.6 +14.0 
L2? 45.8 F50 C9 +15.2 211.1 
L3 F3.5 28.8 C8 11.1 J15.1 
L4 28.8 511.4 C7 +15.9 10.6 
L53 +9.0 +17.7 C6 510.6 +13.1 
16 +176  ¥15.4 C5 +13.4 26.0 
L7 F 15.0 222.4 C4 76.8 +6.4 
L8 221.6 717.2 C3 +6.4 F19 
LO F169. +19.4 -C2 2.2 +4.0 
L10 +182 +106 C1 +4.0 0 


The stress due to the dead-load distortion 
makes up the larger part of these stresses, of 
course. Mr. Schneider discusses whether it is 
feasible to conduct the erection in such a way 
as to eliminate the secondary stress due to dead- 
load. To this end it would be necessary that 
the chord splices should come without restraint 
into perfect bearing after the full dead-load is 
on the bridge. He holds that it is almost an 
impossibility for the shop to work so accurately 
as to fulfil this condition, especialy for a poly- 
gonal chord like that of the Quebec Bridge. 
Even if this result were attained, however, the 
stress from live-load distortion could not be 
avoided. l 

No matter for what condition of loading the length of 
the members of the trusses may be adjusted to give the 
joints of the lower chord an even bearing, secondary 
strains will occur, and It is reasonable to suppose that 


158 


ENGINEERING NEWS. 


Vol. 60. No. 6. 


at least those produced by the live-load will occur in 
any case. These range from 3 to 20% of the total direct 
strains. 

The total secondary strains may therefore range from 
the values S, in the table to the values of S. + S4 + Sw, 
since 8, (from live-load of anchor arm) is always of 
opposite sign to 84. 

The greatest secondary strain occurs in member Le-Ly 
of the anchor arm, where it is between 4,600 and 22,- 
400 1b. per sq. in. - 

The secondary strains in the lower chord are from 
18 to 95% of the corresponding direct strains; this per- 
centage is smallest at the ends of the cantilever and 
anchor arms and increases towards the pier. 

In figuring the secondary strains, the pins have been 
assumed frictionless. A calculation has shown that the 
strains caused in the lower chord by friction of the pins 
are negligible, being less than 1% of the secondary 
strains where the latter read the maximum. 

SECONDARY STRESS IN EYEBARS.—The effect of 
friction of the pins is considerably greater on the eye- 
bars of the upper chord. Approximate computations 
show that the secondary strains in the eyebars for assumed 
rigid end connections would be from 30 to 40% of the 
direct strains. Since for a coefficient of friction of 0.15 
the strains caused by this assumed friction amount to 
about the same as for rigid end connections, it follows 
that the ends are prevented from turning under any 
load and the secondary strains can, therefore, amount 
to the above-given percentages of the direct strain. 

It is probable, however, that during erection as well 
as afterwards, through vibrations from moving loads, 
the eyebars gradually turn on the pins, thus eliminat- 
ing partly the secondary strains from the dead-load. 
The most favorable condition which could be assumed 
is that the secondary strains are produced by the live- 
load only. The live-load strains in the upper chord 


forced, new trusses of stronger design might be 
built to the original outline and spacing, so as 
to permit using the floor and bracing. This Mr. 
Schneider considers so difficult as to be im- 
practicable. Moreover, he believes that the 
present design of the trusses can be improved 
upon, and that therefore 


the new design should be worked out on entirely differ- 
ent lines to avoid many of the complications and objec- 
tionable features existing in the present design. 


In working out a new design, the span length 
might be retained and the main piers used, but 
to reconstruct the anchorages the anchor piers 
would have to be partially rebuilt. The main 
piers are considered adequate to carry a heavier 
structure, except that Mr. Schneider does not 
pass opinion on whether the foundation is suffi- 
cient to sustain the increased pressure. 


Concerning A New Desigu 

Very brief criticisms and statements make up 
the recommendations for the general features 
of a new design. It appears. that Mr. Schneider 
finds no objection to retaining the span length 
and therefore to some extent the general type 
of truss. The following is a full reprint of his 
comments on a new design: 

Referring to the features which appear to be objec- 
tlonable in the present design, the writer begs to call 
your attention to the following: 

The polygonal! lower chords of the cantilever and 
anchor arms are not well adapted for a cantilever 
bridge on account of the difficulties in fabrication and 
proper fitting, which make them not only more costly 
than chords forming a straight line, but also less safe. 


THE PERSONAL FACTOR IN CONNECTION WITH THE 
CARE AND INSPECTION OF BOILERS AND MA- 


CHINERY. 
By J. W. RAUSCH.+ 


At some plants care is exercised to keep everything 
in first-class condition. The work is done in an orderly 
and systematic manner, and everything possible con- 
sistent with the nature of the business appears to be 
done for the welfare and safety of the employees. It is 
a pleasure to make an inspection at a plant of this 
kind, not because the inspection is less thorough, but the 
inspector knows that if he does find anything which is 
dangerous and liable to cause accident, such dangerous 
defects will be remedied if a practical way can be 
devised. 

Unfortunately, however, there are many plants where 


the conditions are just the opposite.. The inspector at 


the outset is looked upon with suspicion. The superin- 
tendent or manager at the plant may be more interested 
in turning out large quantities of goods at the least 
possible expense than in the safety of the employees. 
He may be aware of the fact that certain safeguards 
recommended by the inspector are absolutely necessary | 
for safety, but is afraid that they will hamper the 
work, and instead of giving the improvements a fair 
trial, a letter is liable to find its way to the office of 
the chief inspector, complaining that the inspector is 
too critical and is insisting upon impracticable things. 
Thoroughly competent engineers are sometimes of an 
exceedingly jealous and sensitive disposition, and are 
under the impression that their ability is questioned 
when an inspection is made of the machinery, boilers 
and other appurtenances, of which they may be in 
charge. This is all wrong. Banks and trust companies 
are periodically examined by government examiners, 
yet no one would question the ability of the officials 
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bars are from 25 to 30% of the total strains; hence, if 
the secondary strains are 40% of the primary strains 
produced by the live-load, they will amount to at least 
from 10 to 12% of the total direct strains. 

Thus it appears that an allowance of 3,000 Jbs. 
per sq. in. corresponds with the calculated re- 
sults for the eyebar chord. For the bottom 
chord, however, it is less than the maximum 
live-load secondary stress actually found in the 
Quebec Bridge (20%, see quotation above), and 
of course far below the total secondary stress 
due to dead and live-load. This means that the 
compression values of 21,000 — 90 l/r and 
24,000 — 100 l/r which Mr. Schneider fixed as 
limits of safe load are by no means too con- 
servatively derived. That these limits were 
considerably exceeded in the Quebec Bridge, 
therefore, argues the more strongly against the 
safety of the design. 


As to Using the Old Material in Reconstruction. 


Mr. Schneider pronounces against the prac- 
ticability of using any of the old material 
(meaning that for the north half of the bridge, 
not yet erected—Ed.] in the reconstruction of 
the bridge. The floor-system and bracing not 
being overstressed, the question is how they can 
be utilized. Strengthening the deficient mem- 
bers of the trusses as built, by adding section, 
is considered impracticable from a manufactur- 
ing standpoint. The lower chords would have 
to be increased 50% or more, which would mean 
complete cutting apart and re-assembling with 
additional material, and of course refacing and 
reboring. The latter operation alone would 
make the members unserviceable by shortening 
them. The reinforcement of the overstressed 
upper chords by adding new bars, in some panels 
as many as 20%, would require not only putting 
in new pins but also changing the upper ends 
of the posts, which is equally impracticable. 

If the existing truss material cannot be rein- 


SAMPLES OF SCALE FROM INTERIOR OF A BOILER. 


The polygonal chords of the present design produce a 
reversal of strains in some web members, which on that 
account require not only more material than members 
with strains in one direction only, but also cause un- 
necessary complications in their details and connec- 
tions. 

The wind forces in a rationally designed bridge should 
produce strains in the chords, the lateral and sway 
bracing only. On account of the shape of the chords of 
the Quebec Bridge, the wind strains affect also the 
web members of the trusses, producing in these mem- 
bers additional strains, consequently requiring in these 
members more material and more complicated details. 

The writer considers that in a rationally designed 
structure the strains should be carried in the most d.- 
rect line to the piers. The more complicated the de- 
sign and the oftener the strains have to change their di- 
rection before reaching their destination, the more as- 
sumptions have to be made, which again reduce the de- 
gree of accuracy of the results of the computations ; 
therefore, the simpler the design, the safer it will be 
with the same unit strains. 

———— — 


THE BALTIMORE SHWAGE TESTING Station has 
been practically shut down. Mr. Calvin W. Hendrick, 
Chief Engineer to the Baltimore Sewerage Commission, in 
a report dated July 31, stated that the results obtained 
„have been most gratifying,” and that the information 
gathered will enable’’ the city to save ‘‘a large amount 
of money. A total of 70 acres of land have been 
cleared at the site of the disposal works; 256,275 cu. 
yds. of excavation and 181,174 of embankment have 
been completed. 
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THE PRESERVATION OF SLOPES in earth cuttings 
and embankments is accomplished on a railroad in Bo- 
hemia by the use of locomotive ashes. The slopes of 
banks which have been washed down are cut into steps 
2 ft. or 2% ft. high and wide, and the profile is then 
reestablished with a mixture of earth and locomotive 
ashes, half and half. The new slopes are seeded with 
grass and 10% white clover, and then planted with 
young locusts, 40 ins. apart both ways, which make a 
perfect network of roots but a few inches below the sur- 
face. Where the climate is too severe for the locust, 
the Siberian pea bush takes its place, l 


of the banks and trust companies because of such ex- 
amination. 

Then, there Is the engineer who does things knowing 
that they are dangerous, but who is reckless and would 
rather take chances than encounter inconvenience. For 
example, inspectors often find the governor of an over- 
loaded engine blocked. The engineer knows full well 
that the belt of an overloaded engine is under its most 
severe strain and that it is liable to break at any time. 
He also knows that if the belt does break, the engine 
will be adrift and race immediately, for the simple rea- 
son that with the governor blocked there is nothing to 
control the speed, and a disastrous fly-wheel explosion 
is inevitable; and this is only one of the many causes 
which, combined with a blocked governor, result in fly- 
wheel explosions. Strange to say, this is being done 
every day and sometimes with the full knowledge of 
the management. This practice cannot be condemned 
too severely, for while the engineer may be willing to 
risk his life and the manager may be willing to run 
the chances of a heavy property loss, they certainly have 
no right to jeopardize the lives of the employees and 
other persons who may be about the plant. 

Blocking the safety attachment of a passenger elevator 
is another favorite pastime with some men, who do this 
rather than take the trouble of adjusting the governor 
to the proper speed limit. Imagine an elevator full of 
passengers with the safety attachment purposely put 
out of commission because it was found a little trouble 
some to adjust it—yet I have personally found cases 
of this kind, and in one instance was told by the mam 
in charge that safeties as a rule did not work anyway 
in the event of accident. However, safetles do work, 
and the necessity of keeping safety attachments in proper 
working order can not be too strongly emphasized. 
It is true that no mechanical devise is absolutely re— 
liable under all conditions, but thorough inspections and 
the proper care of safety attachments have in actual 
experience prevented many accidents. 

It may not be amiss to say a few words regarding 
the engineer who depends entirely upon his subordin — 
ates. It is true that the responsible head of a large 


*Extracts from a paper read at the 22d Annual Con — 
vention of the International Association of Factory In— 
spectors, held at Toronto, June 23 to 26. 

n ugerinteudent Inspection Diviston, Maryland Casu — 
alty Co.. 


August 6, 1908. 
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exgineering plant cannot be expected and neither would 
de bave the time to look after every detail, but as 
wi] be shown by the following experience, which is 
ony one of many, @ personal inspection now and then 
will often pay well. One of our inspectors visited an 
ur ugually large power plant for the purpose of in- 
specting boilers. Everything about the plant was appar- 
ety in the very best condition. At this plant special 
men are detailed to do nothing but look after the 
repairs, and the cleaning out of the boilers. The chief 
engineer pointed to one of the boilers, saying, “You 
may start on that one, but I hardly think it necessary 
to get inside, as J have just received a report from the 
man in charge, who reports everything ju first-class 
condition," and on holding a light inside of the man- 
hole the boiler certainly did look to be in excellent 
edition. However, the inspector, like the man from 
Missourl. wanted to see,” and it is well that he did. 
He first got Into the manhole above the tubes. The 
tudes were found fairly clean, but a solid mass of scale 
was found on the back head between the tubes and 
the shell. This scale extended down to the lower row 
ef tubes, the water space being solid with scale for a 
distance of one foot from the back head; also both 
ces were practically the same. In breaking out the 
eale we succeeded in getting a piece twelve inches long. 
three Inches thick and six inches wide. An external 
examination showed that the shell plates at the points 
where the scale was found were very badly bulged and 
bumt. The rivets and the edge of the lap of the head 
seam were nearly gone. In order to put the boiler in 
safe condition, extensive repairs were necessary. 

The old adage that ‘‘You can catch more flies with 
sugar than with vinegar” cannot be more forcibly illus- 
trated than when making inspections. The inspector 
with the requisite amount of tact and diplomacy can say 
things the right way. He will succeed in having im- 
provemen’s made where the other man will make an 
titer failure. If, for example, there is anything that 
mikes a manager or superintendent indignant, it is to 
have an inspector come around and criticise or find fault 
wth certain dangerous conditions without being able to 
show In a clear, concise and practical way how the 
dirger can be overcome. It may at times be advisable 
ia order to emphasize the necessity of certain safeguards 
to refer to other plants, and if the inspector will use 
dseretion there can be no harm in this. On the con- 
tary, it will go a long way toward convincing the 
macagement that certain safeguards are necessary if he 
ean show from actual experfence that accidents have 
occurred due to the lack of them. 
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REPAIRS TO A 72-IN. REINFORCED-CONCRETE-JACK- 
ETED STEEL CONDUIT UNDER 30 FT. OF WATER.* 
By A. W. CUDDEBACK. T Assoc, M. Am. Soc. C. E. 


The pipe to which these repairs were made is a 
part of the plant of the Jersey City Water Supply Co., 
‘urishing Jersey City, N. J., with water. This line is 
atut 21 miles long, and runs from a large storage res- 
ervoir at Boonton, N. J., across country to Jersey City, 
and consists of concrete conduits, tunnel and steel 
ri, The portion of this line in question under the 
Harkensack River was laid in 1902, and consists of 
-In. riveted steel pipe, 6 ft. in diameter. [See Eng. 
News, March 12, 1993.—Ed.] 

The method employed in laying the pipe was as fol- 
ers: The pipe was furnished on the ground in about 
it. lengths, made up of four sheets. These were con- 
tested upon the west bank of the Hackensack River 
ca saging suitable for the purpose, carried out across 
the river and supported on floats. As the pipe was 
~tanected, It was enclosed in reinforced concrete rings, 
reh were made in forms and slipped over the pipe 
ard afterwards grouted, making eventually a continuous 
“rerete covering. The weight of the pipe and concrete 
Wering was just sufficient to sink it. After pipe com- 
wring the river crossing was completed and entirely 
“irrorted by barges, it was lowered to its final position 
da trench that had been prepared for it by dredging. 
At the time the pipe was lowered into place and just 
€ it was filled with water, a break occurred in a field 
‘at at approximately the center of the river. This 
tzak was first noticed Dec. 15, 1902, shortly after the 
+2 was lowered into place and filled with water, and 
fore the ends of the pipe were connected to the bal- 
of the line. After discussing the possible character 
X'te break and the method to be employed in repairing 
n was decided to build bulkheads in each end of the 
Nee, force the water out by alr pressure, go in and 
Rake an examination. After considerable trouble the 
“s:ractor who laid the pipe, and who was making the 
ers, succeeded in getting the water out on about 
las. 10. 1903. It was then discovered that the pipe had 
xerred up. In other words, a plate had parted about 
*ieu-elghths of the way around the pipe, the widest 
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by putting a complete ring of steel plate inside the pipe 
over the break and fastening with stud bolts. The ring 
was put on in five pieces and the repairs finally com- 
pleted about Feb. 16, 1903, two months after the break 
was first discovered. 

No further trouble was experienced with this pipe until 
some time in 1904, when an examination of the river 
crossing developed the fact that there was a small leak. 
This was discovered by the sound which was plainly 
audible when passing over the pipe in the river in a 
boat. In November, 1004, a dive: was employed to 
make an external examination ot the pipe, but he 
could discover no evidence of a leak. except the noise. 
Shortly afterward it was observed that considerable 
water was being lost between Boonton and Jersey City. 
The measurement of the water flowing into the pipe 
was made through sluice gates at the intake at Boon- 
ton, and at Jersey City through a 72-In. Venturi meter. 
The noise at the river crossing made by the leak con- 
tinued to increase, and the difference in the quantities, 
as measured at Boonton and Jersey City also increased, 
until the loss was between five and six million gallons 
daily. 

In the fall of 1907, we again employed a diver to 
examine this pipe from the outside, and this examina- 
tion, made Oct. 7. 1907, showed that there was a sub- 
stantial stream of water coming out of the pipe [some 
distance from the first break and near to the shore.] 
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Method of Repairing a 72-in. Reinforced-Concrete- 
Jacketed Steel Water Main Beneath the 
Hackensack River, Jersey City Water Supply. 


The diver reported that the stream coming from the pipe 
was of sufficient velocity and volume to force his body 
to one side when he passed in front of it, and that there 
was a hole in the concrete covering on the side of the 
pipe about 10 ins. square, and that th@ velocity was so 
great that he could not feel of the pipe to determine the 
character of the injury to the steel plates. The diver’s 
description of the leak and the quantity of water being 
lost convinced us that we should make repairs at once. 

It was at first decided that repairs might be made 
more economically without the aid of air pressure, and 
plans were made to get at the leak by pumping out the 
water. This pipe crossing in the Hackensack River is 
in the middle of the Hackensack Meadows, and: about 
two miles from the nearest point that could be reached 
by wagon road, and at least two miles from the nearest 
point where power could be obtained. After consider- 
ing the feasibility of getting electric power to operate 
the pumps, which would of necessity have to be placed 
inside the pipe in order to handle the water, it was de- 
cided that the cost of getting electric power would be 
excessive, and the difficulty of getting a steam plant 
there and handling the exhaust pipes within the main 
pipe led us to decide to abandon this method and make 
the repairs by means of compressed air. 

A compressed air plant of sufficient capacity to handle 
the job, together with the necessary boiler power to 
operate it, was secured from the O’Rourke Construction 
Co. of New York, shipped to the river crossing by 
barge, and set up on the west bank of the river. At 
about 400 ft. west from the break a 48-in. tee had been 
placed in the line when it was built, with a main line 
48-in. valve on either side of it, and a 48-in. valve on 
the tee; also a main line 48-in. valve on the east side 
of the river. This afforded means of gettting into the 


pipe without cutting the main line. An air lock was 
obtained and fitted to the flange of the valve in the tee, 
the plant set up and got in working order. About 200 
ft. east of the 4S-in. branch which afforded a means 
of entering the pipe, and therefore 200 ft. nearer the 
river and the break, was a manhole. As soon as the 
pressure was off the main line, the cover was removed 
from this manhole, and another cover, which had been 
previously fitted with a 3-in. tapped opening through 
which a 3-in. nipple was screwed, was put on in its 
place. From this manhole we then connected a line 
of 3-in. screw wrought iron pipe, which had been pre- 
viously prepared in suitable lengths and carried this 
3-in. pipe down the 72-in. pipe toward the break, as the 
water was forced out of the 72-in. pipe through the 
break by the pressure of the air. This 3-in. pipe acted 
as a discharge for the water after the break had been 
stopped up and no more water could be forced out that 
way, and proved of sufficient capacity. 

On Dec. 1, 1907, we made the first move towards get- 
ting into the pipe to determine the nature of the break. 
We shut down the main Iine valve on either side of the 
river, thus isolating the river crossing, which is about 
1,000 ft. in length. These valves were finally closed at 
about 2 p. m. After these valves were closed the 4S-in. 
valve on the branch was opened and as much water 
allowed to run out this section of pipe through the air 
lock as would do so. Then the air lock was closed and 
the air compressor was started. No difficulty was met 
in forcing out the water until it got to such a level in 
the pipe that the air would escape through the top of the 
break. As soon as this point was reached the air es- 
caped with such rapidity that no further progress could 
be made towards forcing out the water. Several schemes 
were tried before we finally succeeded In plugging up 
the crack sufficiently to hold the air and force out the 
rest of the water. It being in the winter time it was 
exceedingly unpleasant to wade in water up to ones 
neck and by hand plug up the crack with clay. Large 
quantities of waste and gasket yarn were floated out on 
boards in the pipe and the crack partially plugged in 
this way, but this method was found to be slow and 
unsatisfactory. Finally the foreman in charge of the 
work waded out in the water In a diver’s suit and suc- 
ceeded in plugging up the crack with clay, after which 
there was no further difficulty in forcing out the water 
sufficiently to allow men to enter and examine the pipe 
thoroughly. It was discovered that the pipe had cracked 
about three-fifths of the way around, the crack being 
on top, and open at its widest part from % ft. to % In. 
This work took all Sunday afternoon, Dec. 1, all day 
Monday, the 2d, and up to 2.30 p. m. on the 8d, when 
we finally got down so we could make an examination 
and determine the nature of the rupture in the pipe. At 
this time we were notified by Jersey City that they 
were getting short of water, and that we would have 
to turn the water through this 72-in. pipe again in 
order to maintain their supply. The water was again 
sent through the pipe at 6 p. m., Dec. 3. 

Owing to the difficulty of maintaining the supply to 
Jersey City without this 72-in. main being in service, 
and therefore the time for making repairs being lim- 
ited to practically a 48-hour period, it was seen that 
it would be utterly impracticable to repair this break 
in the manner that the first break had been fixed. It 
had been our intention before examining the break to 
make repairs as before, I. e., to rivet on patches with 
stud bolts, but we now decided that this could not be 
done without delay and that repairs must be made in the 
shortest possible time, and the question was, how re- 
pairs could be made so that they might be completed 
in the least possible time. After considerable discussion 
of various plans proposed, it was decided to put an in- 
ternal ring in the pipe, and our first thought was to 
make this ring of cast iron. After considering the sub- 
ject in all its phases, especially the difficulty of hand- 
ling the heavy weight of iron that would be necessary, 
it was finally decided to make the internal sleeve of steel 
plate. This sleeve was made up of three steel plates, 2 
ft. wide x 6 ft. long, as shown by the accompanying sec- 
tion. It was thought that these plates could be bent to 
form an angle for bolting together, but it was discov- 
ered that this could not be done without cracking the 
plates, and angles were riveted to the plates to form 
fianges. Set screws were put in the plates to assist 
in adjusting and holding the sleeve in position in the 
pipe. 

Several materials were considered as filling between 
the sleeve and the pipe. Pyrocenit was one of these; 
this is a patent cement which will expand upon setting. 
This cement was rejected as a filling because of the 
time necessary for its setting, which in that position 
would have been at least 24 hours before It would have 
been safe to let water come in contact with it. Lead, 
in its usual form, was rejected because of the imprac- 
ticability of pouring the joint completely, and the fact 
that even if it were possible to pour it, it could not be 
calked its entire depth. Lead wool was finally decided 
upon as the material to be used in filling the jolnt. 
This was selected on account of the facility with which 
it could be handled, the fact that it could be placed in 
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the pressure of water, and that it could be calked in the 
entire depth of the joint. 

After the first examination of the pipe was made, the 
actual starting or repairs was delayed for several days 
until arrangement to supply Jersey City with water 
while the conduit was out of service were_made, and the 
repairs proper were begun on Dec. 19, 1907. The water 
was turned off at 8.45 a. m. on this date, and the pipe 
finally emptied below the position of the break, 
necessary tools, sleeve, materials, etc., gotten in the 
pipe by 6 p. m. During the night the sleeve was placed 
in position ready for the filling material. 

After the sleeve was placed in position, the center of 
the joint around the row of circumferential rivets of the 
pipe, where the crack was located, was thoroughly 
calked with ordinary gasket yarn smeared with clay, in 
order to prevent the water working in and getting in 
around the layers of lead wool which were to follow, 
and to act as backing for the first layer of lead. Then 
the filling was continued from either side with lead 
wool and thoroughly calked to withim about 2 ins. of 
the outside edge of the sleeve. This outside space was 
filled with strips of solid lead, 3 or 4 ft. long, which 
had been poured in moulds the thickness of the joint, 
thoroughly calked, and leaving the sleeve finished in 
position as shown. The work of calking in the lead 
wool was begun at 6 a. m., Dec. 20, and carried on 
continuously until finished, and the water again turned 
on about 7 p. m. of the same day, making the total 
time that the conduit was out of service approximately 
36 hours. The pipe was tested for leakage when the 
water was turned on and found to be tight. 

Special homemade calking tools were used in placing 
the lead wool in the joint. The men who actually made 
the repairs worked in two shifts of five men and fore- 
man for each; two hours in and two hours out of the 
Andult, the same men working in this way from start 
to finish of the job. The men were all from the regular 
working force of the company, and were selected for 
their known qualities of endurance, and to their faith- 
fulness is due very largely the successful completion of 
the job in so short a time. 

To Chris McGarry, the general foreman in charge of 
the work, great credit is due for the careful and com- 
plete manner in which he carried out the plans, and 
provided for all emergencies likely to arise in such an 
undertaking. 

Acknowledgment is hereby made of the assistance 
and advice given in planning and carrying out this 
work to John H. Cook, Hydraulic Engineer of the Com- 
pany; Edlow Harrison, Chief Engineer of the Com- 
pany; J. Waldo Smith, Consulting Engineer, and Fred 
Gubelman, of the O’Rourke Construction Cò., of New 
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AN INSTANCE OF RIVER SCOURING AT TUCSON, 


ARIZONA. 
By G. BH P. SMITH.“ Assoc. M. Am. Soc. C. E. 


The results of a study in the scouring of the 
Santa Cruz River at Tucson, Ariz., as shown by 
the accompanying figure, may be of interest as 
an indicator of the proper depth for bridge piers, 
canal inverts, etc. The figure shows a cross 
section of the Santa Cruz River, at this place, 
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CROSS-SECTION OF THE SANTA CRUZ RIVER’ AT TUCSON, ARIZONA. 


and gaging measurements during a flood. The 
corresponding discharges are as follows: 


8 a. m., Jan. 111 1100 second - feet. 
4 P. m., Jan I Ey E 8 300 8 
8 a. m., Jan 186 ovivs a wesiwess - 925 i 


Re Sn ace A ae a a a L 
“Irrigation Engineer of the Agricultural Experiment 
Station, Tucson, Ariz. 
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This flood rose overnight, the flow the previous 
evening having been but 15 sec.-ft. It is 
evident that the cutting continued after the flood 
had commenced to recede. Since the flood waters 
in western rivers are very muddy it is impos- 
sible to estimate the depth from a previous 
knowledge of the river bed. The rancher or 
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Completed Window Sheave. 
Details of Weld of a Window Sheave. 


traveler often drives into such rivers quite con- 
fident!y, but soon has to swim his horses to 
safety. Thus many disasters ascribed to quick- 
sand should properly be attributed to scoured 
holes. 

At the time of the last measurement, as shown 
in the figure, the depth of scour was 4 ft., while 
the apparent depth of the river was only 2.5 ft. 
It is evident that the cylinder piers should have 
extended deeper into the river bed. 
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AN IMPROVED METHOD OF ELECTRIC WELDING. 


A process which makes possible the substitution 
of steel for malleable iron in many articles of 
light hardware has been invented by Mr. Law- 
rence S. Lachman, and in conjunction wita the 
Thomson electric welding machine has been de- 
veloped to a point of practical commercial utility 
by the Universal Electric Welding Co., of New 
York City. The method is founded primarily 
upon the idea that as two pieces of metal of 
unequal section do not unite readily to form a 
good weld, two points, or a point and a ridge must 
be raised on the pieces to be united. These raised 
contacts are forced together under hydraulic 
pressure and, forming the link of lowest conduc- 
tivity in an electric cir- 
cuit, are heated by the 
current to a temperature 
at or near fusion; the 
two projections are thus 
quickly united and form 
a bond or rivet which is 


Fig. 1. 
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8 n even stronger than an 


ordinary rivet, because it 
is one piece with the 
body of the metal. 

An illustration of the 
practical application of 
this process is the manu- 
facture of light steel pul- 
leys for window frames. 
, The two halves of the 
pulley are stamped from 
sheet metal, and in the 
stamping, as shown in 
Fig. 1, projecting joints 
are raised on the 
faces which are to 
be in contact. The 
two halves to form a 
pulley are then placed 
in an electric welding machine and forced to- 
gether at the same time that the welding cur- 
rent is applied. The machine shown in Fig. 2 
turns out these pulleys at the rate of 40 a minute. 

Pieces to be united may possess any form, at- 
tention being paid to accurate and secure clamp- 
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ing during the manipulation. The temperature to 
whicn the metal is raised can be controlled either 
automatically or by hand. No difficulty is ex- 
perienced when using parts of widely differing 
thickness or other dimension, or of different 
metals; the union of brass, copper or sheet zinc to 
iron is accomplished in the manufacture of va- 


Fig. 2. Universal Electric Welding Company’s 
Welding Machine. 


Arranged to Unite the Two Plates of a 4-in. Window 
Sheave. 


rious commercial appliances; a spade of unusual 
strength is made by joining a shank of Bessemer 
steel to a plate of locomotive-tire steel. 

The speed attainable by this process is well in- 
stanced in the results accomplished in the manu- 
facture of bath tubs; formerly it was a day’s 
work for four men to join tne feet to the bottoms 
of 80 tubs. In the shops of the Universal Electric 
Welding Co., at Lynn, Mass., two men now turn 
out 250 tubs per day. One man assembles 380 12- 
toothed steel garden rakes a day—the former pro- 
duction of a whole shop, as it was then necessary 
to put the same rake into the fire 22 times. By 
the present system, the cold rolled teeth are sim- 
ply pressed into place under the action of the 
electric current. At present the process is being 
applied to tne manufacture of small farm imple- 
ments, cooking utensils, letter-boxes and various 
light articles which formerly required careful and 
tedious riveting. Experiments are being carried 
on in the manufacture of heavier articles. 


— — 
THE HUMAN SIDE OF A MINING ENGINEER'S WORK.“ 


The special work of the engineer is to apply the dis- 
coveries and methods of science to the practical busi- - 
ness of the world. Often he forgets how many-sided a 
man must be for this end, and then, enthusiastic and 
absorbed in technical details, he overlooks the funda- 
mental requirements of life. I urge you, therefore, not. 
to forget that the world is made up of things and of 
folks and that nine-tenths of your life is going to be: 
with folks. 

The enthusiasm kindled in a student’s heart by con-, 
tact with the scientific spirit is and must always be, 
the inspiration of the mining engineer, but his own life 
work is most sternly practical. It is the production of, 
wealth from the forces and materials of nature. It 
leads out of the library and the laboratory, and into tha. 
busy world of men and affairs. Year by year it cali 
more and more, not for the intense and narrow sp 
cialist, but for many-sided ability, for the well balan 
man. The practical business of an engineer seldom 
quires profound technical knowledge, but it does demand 
a working knowledge of men and skill in dealing wit 
them. He can often prosper without the former, b 

*Extract from an address before the graduating cla 
of the School of Mines and Metallurgy, University 


Missouri, Rolla, Mo., June 10, 1908, by Edm und 
Kirby, Manager Federal Lead Co., Flat River, Mo. 


August 6, 1908. 


his chances are small. The special 

ni I bring vou today, therefore, is to seek for suc- 
id among human beings and throw off the personal 
9 5 «bich handicap you in the world of men and 


without the latter 


en. 
ae busiaess world is not interested in the details of 


vorr education. It is generally understood that the 
completion of a course like yours indicates that the man 
das made good in his first test, that he has carried 
beeugh successfully his first serious undertaking. This 
gives promise for the future, and the fact of technical 
naning assures ease in breaking a new man into the 
business. But you do not yet know that the questions 
an employer asks are merely these: Has he good sense 
above the average? What is his personal bearing and 
address: 

You wil find that a diploma is of little interest to 
others, but a likeable personality is a passport, good 
er life in all countries. In time you are to discover 
‘nat taci and diplomacy solve more problems than 
Ig ntering formulae. That a memory for names and 
(cca will belp you more than one for minerals and 
maka. Sooner or later you will know that good sense, 
ttt ability to decide which of any two things is the 
mere important, is an asset beyond price. You will 
„vake 0 the fact that valuable as is skill in the higher 
satnematics, it will never push you to the front like 
ire ability to write a letter which will really do its 
werk. How will you deal with people if not through 
noguage, that means by which your thoughts and will 
nay teach the consciousness of others; that delicate and 
subtle medium necessary for the most simple affairs of 
da iy life, yet capable under a master’s touch of sway- 
og a multitude, of moving the world? How far have 
yu learned its use? You have studied the reactions of 
itenistry, but how much have you learned of those 
siyle human reactions which break down indifference 
anj create friendship? 

Bet you say this wanders from engineering matters. 
These are the winning qualities for all men. I answer 
‘yue so, the successful mining engineer is the suc- 
rscful man.” 

Tte technical side of a mining engineer’s work is and 
zest remain its distinctive feature. Next to the funda- 
rental requirements of life its importance is conceded 
by all. Not only is it necessary for him to shape his 
sia] qualities and general attainments upon broad-gage 
jars, but it is well to recognize that the technical 
kresledge demanded by the mining world is broaden- 
ing. The single specialist of former days is now under 
a disadvantage. 

Taere are men who shut themselves up, and out of 
heir inner consciousness evolve some great Work, such 
3: an invention, or a book. Occasionally, also, men go 
19 the wilderness and discover a mine. But sucn 
‘xividual play is rare and its chances are small. The 
m:i business of the world is done by team-work, and 
ver must qualify for this. It is done by innumerable 
dees of men, each of which is under some kind of 
rranizaticn, intended to combine its units Into an effi- 
ez: buman machine, capable of the business on hand. 
Naw, every such machine, whether it be a baseball nine, 
2 silon gang, the force of a great steel plant, a rail- 
t.f system, or an army, works more or less badly. The 
E. v. duals who compose it, from the general to the 
pusate, from the business head to the lowest employee 
‘are human weaknesses which are much alike, and the 
alis are friction, loose joints, lost motion and sand 
a the gears. Nevertheless, the outfit goes creaking 

1. 4g. and usually gets there, often to its own surprise. 

tere sre weak points in abundance, not only on the 
buwan, but also on the technical side of every busi- 
ass. There is a best way to do each operation, from 
‘te bandling of a shovel, up, and it is not always done 
‘2 this best way. Moreover, methods, processes and 
Ca d. aes are constantly changing, constantly advancing. 
Tesa two conditions, the imperfections of technical 
.es, and the faults of human organization, will 
wiv de your openings. It is because of them that the 
cd is o full of opportunities for men who have the 
, dation of sound techincal training and good sense. 

Xtian, therefore, you hold a job, do not waste time 
2‘onplaiats and fault-finding. You will continually see 
siste and loss; things which are wrong, things which 
“td improvement. Others see them, too. If you have 
» s you will notice everything, but will keep your 
Weib shut. Some day your chance will come. Your 
re will be asked. Some day you will be given 
‘targe or a small piece of work, of a few men, and may 
sz bring out your ideas by doing this work better 
: wore cheaply than the man before yeu. 

Ar able man will move up from any job and there 
“™ 20 rules for fortune. But in your profession the 
„ers are generally somewhat better for those who 
Ai to start as workmen, or in positions close to 
* working force. If the machine of which you are 
1 (at is too bad. get out, but while you are in any 
= ter organization, be loyal to it, hold up the hands 
‘ lise above you, and keep your own work às free 
ble from the faults you notice elsewhere. 

ii fay sometime be of service to know that to be 
4 frum a job is often the best thing that can happen 
17 1 Lan, if be is really built of the right stuff. It gal- 
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vanizes him into life, jerks him out of a rut, tests his 
own resources and makes him start fresh in new sur- 
roundings and with new people. 

Throughout your career you will make errors and 
have occasional bad falls. Avoid the delusion that such 
occurrences are fatal. No error is serious, unless you 
fail to learn its lesson, or allow it to weaken your 
courage. Some of the most successful men I have 
known had failed so many times that they stopped 
remembering. Because they stopped, they succeeded. 
If by the caprice of fortune, any of you should eventu- 
ally meet with disappointment, if you should fail to 
realize your hopes and ambitions, you will by that time 
have learned that your only failure has been to escape 
the common lot of many. You will by that time under- 
stand the Arizona epitaph, ‘‘Life ain't in holding a 
good hand, but in playing a poor one well.’’ 

Under normal conditions your status will long be 
simply that of the human animal, struggling for the 
existence of self and family, differing from other animals 
only in the complexity of itself, its environment and its 
struggles. This struggle for existence is your first 
duty, and may long demand your whole attention. But 
for those of you who respond to the spirit of the age, 
the time should come, by middle life if at all, when 
your eyes will be lifted from the details of self seeking. 
you will suddenly become conscious of the great human 
organism of which you are a part and of your relations 
to it. You will have attained intelligence. Thenceforth 
a part of the awakening soul of humanity, you will 
see through the surface and into the injustice and 
unhappiness of the world around you. When this 
awakening comes, with the new duties it imposes upon 
your conscience, follow them. Choose what line of 
action you please, but do something. You may elect 
either to pick up wounded, or to get into the fighting 
line somewhere, but get busy. Join tbose who are 
trying to make the world a decent place to live in. 


a  —-O— —— — 


SPREADING RAILS caused the wreck of a northbound 
passenger train on the St. Louis & San Francisco R. R., 
near Hugo, Okla., July 26. The locomotive and three 
of the cars left the track and were overturned, and 
three men were killed. 

— — 

AN ELEVATED EXPRESS TRAIN of the Ninth 
Avenue line in New York City crashed into the rear of 
a local train at Sth St. and Columbus Ave., July 29. 
The guard on the rear car of the local was seriously 
injured. The local had stopped, according to the state- 
ment made by the railway company, to wait for an- 
other train to pull out of the station, and the express 
ran at high speed against the rear car. The rear plat- 
form of this car was demolished and the roof splintered 
nearly to the middle of the car, while the body of the 
first car on the express train was forced from the 
trucks. Although the passengers were obliged to walk 
some distance along the track to the station, no one 
was injured by contact with the third rail. 

— 1B. 

A NEW RAILWAY IN BOLIVIA was completed Aug. 
1, connecting the cities of Oruro and La Paz. This road, 
125 miles in length, connects with the Peruvian South- 
ern which runs south to Antofogasta, a Pacific port in 
Chile. It was constructed by American contractors, and 
the National City Bank and Speyer and Co., of New 
York, are interested in the financial side of the under- 
taking. 

— . = 

A COAL TRAIN was wrecked on the Philadelphia & 
Reading Ry., Aug. 2, near Meadow Brook, a suburb of 
Philadelphia. The train was made up of 27 steel cars 
and one wooden car, and said to be running at the rate 
of 50 mi. per hr., when a wheel flange broke on the 
wooden car. This car left the rails, and, being near the 
front of the train, dragged the others after it. Nine- 
teen of the 28 cars were wrecked and the tracks were 
torn up for a distance of 400 ft. Traffic was delayed 
for ten hours. 

ee —— 


THE GOLDEN STATE LIMITED of the Chicago, Rock 
Island & Pacific Ry., westbound, was wrecked Aug. 3. 
The accident occurred 40 miles east of Benson, Ariz., 
on the Southern Pacific line, over which the Rock 
Island trains run to the coast from El Paso, Tex., and 
was caused by the breaking of a rail. Two sleepers and 
the observation car were turned over and the dining car 
derailed. Eight persons were injured. The failure of 
the rail is ascribed to an interior defect which could not 
be detected by inspection. The track at this point was 
protected by automatic electric signal, but since the 
break occurred under the train no advance warning was 
given. 

— 52. 

THE CALIFORNIA LIMITED, of the Atchison, 
Topeka Santa Fe Ry. was wrecked at Wakarusa, 
Kan., 15 miles south of Topeka, at noon, July 30. The 
train was running at 50 mi. per hour, its regular 
speed through Wakarusa, when the tender jumped the 
track. After leaving the rails it ran along the ties 
for 800 ft., when it struck a switch and was led 
away to the side, jerking the locomotive around at 
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right angles to the track. The mail car, baggage com- 
posite, diner and the first sleeping car were piled in 
a heap against the locomotive. The engineer was 
killed, and 20 persons were injured. 

— . —— 


THE PHILADELPHIA SUBWAY was opened for in- 
spection on July 30, and the first train was run 
through on August 3. This addition to the transit 
facilities of the city is a continuation of the elevated 
railway, which extends out Market St. from the Schuyl- 
kill River to 69th St. (Engineering News, December 29, 
1904, p. 584). The subway takes up the line at the 
Schuylkill and extends eastward down Market St. around 
the City Hall to the Delaware River, a total distance of 
about two miles. On account of the short distance, only 
local traffic is provided for, to be carried on two tracks. 

— 5sð2B. 


THE CAVING-IN OF A COAL MINE at Crow's Nest 
Pass, B. C., July 31, entombed 23 of the miners. It 
will be necessary to tunnel through 400 ft. of earth to 
reach the buried men. Crow's Nest Pass is within the 
region swept by the extensive forest fire of Aug. 1, 
which may interfere with the work of rescue. 

— . ——: — 

AN EXTENSIVE CONFLAGRATION IN CHICAGO, 
said to be the most destructive since the great fire of 
1871, burned over an area of six city blocks in the 
elevator and freight warehouse district Aug. 3. Eight 
men are reported dead in the ruins. The fire started 
in the outbound freight house of the Chicago, Burling- 
ton & Quincy R. R. Co., which fronts on the west side 
of the Chicago River. This building was of wooden 
construction and contained, besides other merchandise, 
a number of barrels of chemicals and oil. Some of these 
exploded soon after the fire started and caused a rapid 
spread of the flames. Among the buildings destroyed 
were Armour & Co.'s grain elevators “Ð” and “F” and 
a large elevator belonging to the Union Hlevator Co. 
They contained 1,875,000 bushels of wheat. More than 
500 freight cars, many of which were loaded, were de- 
stroyed in the Burlington yards. The steel fireboat 
“Tllinois’’ was caught by a fulling wall, Aug. 4, near 
16th St., and sank immediately. 

— . — — 


A FOREST FIRE in the East Kootenay District, B. C., 
destroyed an immense tract of forest growth and 25,000,- 
000 ft. of cut timber and lumber. It is estimated that at 
least 100 lives were lost in the flames. The fire first be- 
came dangerous Aug. 1, and at last reports (Aug. 4) is 
still burning. Under the influence of a strong wind, it 
swept along the line of the Canadian Pacific Ry. from 
the town of Fernie to Crow's Nest Pass, a distance of 
about 70 miles. Its path is said to have varied in width 
from one to three miles. Fernie was entirely destroyed, 
and the towns of Hosmer and Michel were partially 
burned. The 5,000 inhabitants of Fernie were obliged 
to seek safety in flight and are left homeless. Among 
the buildings reported as destroyed at Fernie was the 
reinforced- concrete mill of the Elk River Lumber Co., 
which had been considered to be fireproof. Apart from 
the lumber companies, the Canadian Pacific Ry. bore 
the heaviest loss, suffering the destruction of their 
buildings and coal bunkers and 100 cars at Fernie, in 
addition to the extensive damage to tracks and bridges. 

—_—_____ 4 

THE CHINESE TYPHOON of July 28 swept over 
Hong Kong Harbor with great destruction of life and 
property. Four foreign war vessels werd disabled, and 
two large British steamers were blown ashore, while 
hundreds of native craft were wrecked and several 
hundred people drowned. Buildings were blown down 
in the towns along the coast for several hundred miles. 
The granite building in which were the offices of the 
Pacific Mail Steamship Co. was among those destroyed. 

— . —U—A— 


THE FIRST SKELETON SKYSCRAPER in New 
York is soon to be razed to make way for a much 
higher structure. The old building, known as the 
Tower Building, located on lower Broadway, was built 
in 1888 on a very narrow lot, so narrow that the 
architect had to adopt the then novel cast-iron column 
and wrought-iron girder construction in order to have 
any floor space at all in the lower of its eleven stories. 
The new building, which is to cover the site of the 
Tower Building and several other adjoining lots, is to 
be 38 storics high, second only to the Singer Tower 
in lower New York. Mr. Bradford L. Gilbert was 
architect of the original Tower Building. 

g a — 

THE DEVELOPMENT OF THE HARBOR of Wash- 
ington, D. C., has recently been made the subject of 
an exhaustive report by a special committee, composed 
of the harbor master, the engineer of bridges and 
the chief clerk of the engineer department of the city, 
these three officers representing, respectively, the com- 
mercial, the engineering and the legal phases of the 
question. The report has been printed as a public 
document and submitted to Congress for its future 
action. The available water frontage of the District 
of Columbia was found to be about 18 miles, of which 
eight miles have been withdrawn from commercial and 
public use by the United States for its own use. At 
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present only two miles are used for commercial pur- 
poses, but according to the new scheme eight miles 
can be made available by a proper development. The 
plan for improvement covers a good many years of 
the future, and would cost nearly $3,000,000 to fulfil. 
It contemplates the purchase and the control for future 
rental to private interests of that portion of the 
waterfront not already governmentally owned, the 
deepening of the northerly or Washington channel and 
the construction of wharves and port facilities therein, 
the improvement of the southerly or Georgetown chan- 
nel, the improvement of the Anacostia River in both 
channel and banks, and, finally, the improvement of 
the eastern bank of the Potomac below the Anacostia 
to the District line. The report contains full esti- 
mates and many designs of channels, harbors and 
wharf and dock structures. 
— — 

HENRY FARMAN, the aeronaut recently made famous 
by the performance of his acroplane, has been making 
short exhibition flights of up to SOV yds. at the Brighton 
Beach race track, near New York City, since July 31 
and will continue to do so until Aug. 15. 

The Zeppelin dirigible balloon, on Aug. 4, started on 
its much heralded 24-hr. flight, 
on Lake Constance, Germany. After flying 261 miles 
to Mayence over two legs of the triangular course it 
was necessary to descend for repairs to the driving 
nfMchanism. After a stop of about four hours, the 
dirigible again ascended and started on the return 
course to Friedrichshafen. After going some 50 miles 
further, it was necessary to descend and summon me- 
chanics to complete repairs. These descents spoiled the 
%4-hr. flight, of course, but the trip to Mayence gives 
Count Zeppelin the distance record for flight in a diri- 
gible balloon. The huge air craft carried 12 persons in 
all. 

Preliminary tests of the dirigible balloon made by 
Capt. T. S. Baldwin for the signal corps of the United 
States army, were held Aug. 4 and 5 at Fort Meyer, 
Va., previous to the official trials. Complete control 
of the movements was obtained. 

— . 


PANAMA CANAL EXCAVATION during the month of 
July totaled 3,168,840 cu. yds. in the 26 working days, 
a daily average of 121,494 cu. yds., as against the June 
total of 3,056,976 cu. yds., or a daily average of 117,576 
cu. yds. for the 26 working days. The rainfall in July 
was 11.14 ins. and in June 9.99 ins. On account of the 
changes recently made in the organization of the various 
divisions of the canal work, it is impossible to give com- 
parative figures by divisions, as has been our custom for 
the past year. The itemized excavation for July in cubic 
yards place measurement is as follows: 


Steam Shovels— 


Atlantic division ..... Bie Pee Loe T8 160,331 
Central. division 606 4.4%46e0ks 240% Sessa T 1,441,119 
Pacific a iodss ee ees oe ee . 122,839 
Dredging— 

Atlantic division 2... cc. ec ce we ce te ee e A 625,497 
Pacific division a S a eats “„ 8 8 696,170 
3,045,956 

Accessory works outside canal prism by steam 
Shovels ll sade Seba 8 122,884 
Total excavatiloil eee .. . . 3, 168, 840 


— . — — 

EXTENSIVE GRADE-CROSSING REVISION is to be 
begun in the Sar future in the city of Baltimore, prin- 
cipally upon the right-of-way of the Baltimore & Ohio 
R. R., at South Baltimore. Plans are now in prepara 
tion, for the work which is estimated to cost about 
$12,000,000 and to cover some five years in the execution. 


— — — 


IN THE FERRO-BORON COMPETITION, 
by the Pacific Coast Borax Co., 
York City, 
ciety, 
committee of the society. 
been deposited in trust as a research fund, to be 
awarded as a prize for a commercial method of manu- 
facturing ferro-boron alloy direct from colemanite. It 
is essential that the process be economical and appli- 
cable on a large scale. 

Commercial ferro-boron, as now made, contains 20% 
of boron, less than 3% of carbon, with sulphur and 
phosphorus practically absent. The following condi- 
tions of the contest have been imposed: 


(1) The treatise on the subject must be in typewritten 
form and accompanied by a sample produced by the 
process described in same. (2) The competition for the 
prize is open to any one and is not restricted to mem- 
bers of this society. The treatise on the subject must 
be enclosed in a plain, sealed envelope, not bearing the 
author’s name, but identified by a pseudonym. The 
outside of the envelope, containing the paper, must be 
labeled with the pseudonym and with it should be sent 
another plain sealed envelope, also labeled with the 
same pseudonym, which should contain inside the en- 
velope the name and address of the competitor. Both 
these envelopes should be sent to Prof. Morris Loeb, 
273 Madison Avenue, New York City. 

(3) All papers competing for the prize must be in 
the hands of Prof. Locb before October 1, 1909. Prof. 
Loeb shall retain the small sealed envelope, contain- 


instituted 
100 William St., New 
through the American Electrochemical So- 


from Friedrichshafen, 


governing regulations have been drawn up by a a 
Five Hundred dollars has 


ing Mills, 


summer home in Stockbridge, Mass., 


ing the address of the competitor, and forward the 
large envelope to the Secretary of the American Hlec- 
trochemical Society, to be submitted to the Board of 
directors, who will award the prize. In this manner, 
as the treatise must be typewritten, the Board can 
act with entire impartiality, and the paper shall be 
judged on its own merits, so that the author's stand- 
ing can have no influence whatever on the decision. 
The competitors for the prize forfeit none of their 
property rights in the process submitted. 

(4) As soon as the Board of Directors has agreed 
upon the best treatise it will request from Prof. Loeb 
the address of the author thereof, who will then be 
required to demonstrate his process before the prize 
will be finally awarded. 

(5) The Pacific Coast Borax Co. has offered to supply 
anyone who desires to compete for the prize seriously 
with all the crude colemanite that the parties making 
the experiment may require, provided that the request 
for this colemanite be accompanied by a letter signed 
by one member of the Board of Directors of the 
American Electrochemical Society, endorsing the ap- 
plication for the material. This condition is merely 
made so as to furnish the material only to those who 
may have the proper qualifications to experiment in- 
telligently and with some chance of success. 


—— — 


PERSONALS. 


Mr. A. H. Julian has been appointed to succeed Mr. 
Joseph McInnis as Superintendent of Sewers of San 
Diego, Cal. 


Col. Thomas W. Symons, Corps of Engineers, and 
Col. Richard L. Hoxie, Corps of Engineers, have retired 
from active service. 


Mr. D. O. Ives, General Traffic Manager of the Wabash 
R. R., left that position August 1 to become chairman 
of the Official Classification Committee, New York City. 


Mr. J. R. Dillon, Superintendent of the Houston Belt 
& Terminal Ry., has been appointed Vice-President and 
General Manager of the Gulf & Interstate Ry. of Texas. 


Mr. George Wagstaff, Supervisor of Boilers for the 
New York Central lines, has résigned that position and 
will enter the service of the Railway Materials Co., of 
Chicago. 


Mr. T. Brooke White, an Assistant Engineer of the 
U. 8S. Reclamation Service, has been transferred from 
the Washington office to the office of the Supervising 
Engineer, Portland, Ore. 


Mr. Eugene W. Stern, M. Am. Soc. C. E., and Mr. 
Samuel C. Weiskopf, M. Am. Soc. C. E., have dissolved 
partnership, and will continue their practice as consult- 
ing engineers separately. 


Mr. R. J. Newell, an Assistant Engineer of the Idaho 
Division of the U. S. Reclamation Service, resigned that 
position, July 15, to take a position with the Great 
Shoshone & Twin Falls Water Power Co. 


Mr. Oliver Snyder, Superintendent of the southern and 
Galveston divisions of the Guif, Colorado & Santa Fe Ry., 
will be transferred to the northern division. Mr. A. P. 
Hall, who is now in charge of the northern division, 
will be transferred to the Galveston division, and Mr. 
K. S. Hull, Supt. of the Texas & Gulf Ry., will take 
charge of the southern division. This change goes into 
effect Aug. 15. 


Obitaary. 


James J. Phelan, Commissioner of Docks of New York 
City in 1894 and 1895, under Mayors Gilroy and Strong, 
died Aug. 3 at Allenhurst, N. J., after a long illness 
from cancer. Mr. Phelan was born in New York about 
61 years ago, and was educated at St. Francis Xavier 
College. He was for many years Secretary and Treas- 
urer of the American Contracting & Dredging Co. 


Arthur S. Farwell, a Canadian surveyor, was found 
dead in his bed in his home in Nelson, B. C., July 29. 
Mr. Farwell located the town of Farwell, now the city 
of Revelstoke, B. C., and surveyed large portions of 
the Kootenay districts. In the early eighties he acted 
for the government and the Canadian Pacific Ry. in 
locating the line of that road through Bagle and Rogers 
passes in the Rockies. 


Captain David Z. Brickell, former Vice-President of 
the Chambers & McKee Glass Co., of Pittsburg, Pa., 
died in that city, July 29, at the age of 83 years. Cap- 
tain Brickell was in charge of the transport steamer 
“Florence” during the Civil War. Since the war he 
has been successively part owner of the Kittaning Roll- 
Superintendent of the Castle Shannon Coal 
Yard, and President of the Southside Ry. Co. He be- 
came a member of the Chambers & McKee Glass Co. 
in 1891. His only son, William D. Brickell, of Colum- 
bus, was present at his death. 


James Duncan Hague, M. Am. Inst. M. E., died at his 
Aug. 4, of heart 
disease. He was born at Boston in 1836, the son of 
William Hague, a Baptist clergyman. His early educa- 
tion was obtained in the Boston public schools, and he 
afterward successively attended the Lawrence Scientific 
School at Harvard; Georgia Augusta University, Göttin- 
gen, Germany, and the Royal School of Mines, Freiberg, 
Saxony. He completed his studies in the last-named in- 
stitution in 1858. 

In the two following years he was engaged in an ex- 
ploration of the South Seas, and in 1862-3 he served for 


a short period in the U. S. Navy. He became the man- 
ager of some of the Lake Superior copper mines in 1863 
and participated in the early development of the Calumet 
& Hecla mine. In 1867 he became First Assistant Geolo- 
gist of the U. S. Geological Survey of the 40th parallel, 
and later spent several years in an examination of mines 
and mineral resources in Nevada and Colorado, and in 
the preparation of an elaborate report of the survey, 
which was published in 1870 under the title of “Mining 
Industry.” From 1871 to ’78, he resided in California 
as a consulting mining engineer. In 1878 he went to 
the Paris Exposition as a U. S. Commissioner. Afterwards 
he published a book, entitled ‘‘Mining Industries of the 
Paris Exposition.” Since 1879, Mr. Hague has made 
his headquarters in New York City, and has been con- 
nected with a number of mining enterprises. His wife, 
formerly Mary Ward Foote, of Guilford, Conn., died in 
1898, leaving two daughters and a son. Mr. Hague was 
a member of the New York Chamber of Commerce, the 
American Museum of Natural History, the Metropolitan 
Museum of Art, the American Geographical Society, and 
of a numbrr of prominent New York clubs. 
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ENGINEERING SOCIETIES. 


COMING MBETINGS. 


THE TRAVELING ENGINEERS’ ASSOCIATION. 
Aug. 25. Annual convention at Detroit, Mich. 


W. O. Thompson, New York Central Shops, 
Buffalo, N. Y. 


NEW ENGLAND WATER-WORKS ASSOCIATION. 

Sept. 23-25. Annual convention at Atlantic City, N. J. 
1 105 Willard Kent, 715 Tremont Temple, Boston, 

ass. 
AMERICAN INSTITUTE OF MINING ENGINEERS. 

Sept. 29. Annual meeting at Birmingham, Ala. Secy., 

R. W. Raymond, 29 West 39th St., New York City. 
LEAGUE OF AMERICAN MUNICIPALITIES. 

Sept. 30-Oet. 2. Annual convention at Omaha, Neb. 

Secy., John MacVicar, Des Moines, Iowa. 
ILLUMINATING ENGINEERING SOCIETY. 

Oct. 6-7. Annual convention at Philadelphia, Pa. 
Secy., Van Renselacr Lansingh, Engineering Socie- 
ties’ Building, 33 West 39th St., New York City. 

AMERICAN STREET AND INTERURBAN RAILWAY 
ASSOCIATION. 

Oct. 12-16. Annual convention at Atlantic City, N. J. 
a B. V. Swenson, 29 West 39th St., New York 
ity. 

RAILWAY SIGNAL ASSOCIATION. 
Oct. 13-15. Annual meeting at Washington, 


D. C. 
Secy., C. C. Rosenberg, 12 North Linden St., Beth- 
lehem, Pa. 


ASSOCIATION OF RAILWAY SUPERINTENDENTS OF 
BRIDGES AND BUILDINGS. 
Oct. 20-22. Annual convention at Washington, D. C. 
Secy., R. H. Reid, Lake Shore & Mich. Southern Ry., 
Cleveland, Ohio. 


AMERICAN ELECTROCHEMICAL SOCIETY. 
Oct. 30-31. Fall meeting at New York City. 
Dr. J. W. Richards, Bethlehem, Pa. 


Secy., 
East 


Secy., 


MASTER CAR AND LOCOMOTIVE PAINTERS’ AS- 
SOCIATION.—Secy., A. P. Dane, B. & M. R. R., Read. 
ing, Mass. The 39th annual convention will be helt 
Sept. 8-11 at Atlantic City, N. J. Among the subject: 
to be treated are the following: The Painting of Stee 
Cars; Substitutes for Turpentine; Fire Precautions i 
Railway Paint Shops. 


THE INSTITUTION OF MUNICIPAL ENGINEERBS..- 
At a meeting of the executive committee of this ne 
society held in London, England, July 8, a committe 
was formed to draft by-laws for the institution. It 
proposed to inaugurate a system of examinations of 
severely practical character, for which certificates w: 
be granted, in the chief branches of professional wor 
These examinations will be subsequent, and not prec 
dent, to admission to membership, and will be co 
ducted for the satisfaction of those members who m: 
desire to have their special knowledge of some bran 
of municipal engineering tested. The carrying out 
practical work is the only qualification for admissi 
to the Institution. A committee was also formed at t! 
meeting to consider the question of the publication 
a quarterly journal for circulation among the membe 
Thirty-six new members were admitted. The Insti! 
tion has already a membership of over two hundred 


AMERICAN ELECTROCHEMICAL SOCIETY.—A n 
class of members has been provided, as shown in 
following amendment to the constitution, adopted 
the last meeting of the Board of Directors: 


Students in High Schools, Technical Schools, Colle 
or Universities, or assistants in technical laborator 
furnishing references of good character from their 1 
fessors or employers, subject to the approval of 
Board of Directors, may, by the payment of the anr 
dues, without entrance fee, become affiliated with 
American Electrochemical Society as “Junior A: 
ciates. They will be printed as such on the roll 
the society, will receive the Transactions, mont htl? 
letin and other notices of the society, may att end m 
ings, offer papers, take part in discussions of pap 
and participate in visits and social functions; but 1 
do not have the right to hold office, vote for officocrs 
to vote on or discuss business motions brought be 
the society. Said “Junior Associates’ may remnair 
such not over five years from their first enrolment 
may become members at any time by being reriul 
elected by the Board of Directors and paying the 
trunce fee. 
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EVAPORATION FROM THE SALTON SEA. 
By C. E. GRUNSKY,* M. Am. Soc. C. E. 


The surface of Salton Sea, California, is 200 
ft below sea-level. The greatest depth of the 
water in this sea is nearly 80 ft. Its area is 
about 440 sq. miles. It may be accepted as a 
fact that there is no loss of water from the sea 
in appreciable amount by infiltration into the 
crust of the earth. Neither does the sea receive 
any appreciable accession to its waters from 
submerged springs. It lies in a basin which 
had a dry bed until flooded with water from 
the Colorado River. The accession to its waters 
comes in the form of rain; local run-off from 
adjacent areas due to occasional storms of small 

extent, and the dis- 
charge of Alamo and 
New rivers. 

, The rain is ordinarily 
only 2 to 3 ins. per year. 
The local run-off before 
there was a sea was 
inadequate to cover the 
bottom of the basin with 
water. It may, in 
its effect upon the water 

surface, so far as this 

preliminary discussion is 
concerned, be neglected. 

The discharge of Alamo 


and New rivers for 
a year past can be 
_ approximated with a 


fair degree of accuracy. 
The elevation of the sur- 
face of the sea has been 
recorded from day to 
tay. It is therefore pos- 
sible to reach some con- 
clusion relating to evap- 
ration from this 
large body of water, lo- 
fated in a region where the summer is long and 
warm and the relative humidity of the air is 
low, 


The facts relating to the flow of Alamo and 


New rivers, which were used in estimating the 
‘fect of these rivers upon the stage of the sea, 
have been furnished by Mr. F. C. Herrmann, 
Chief Engineer of the California Development 
©. Under his direction gagings were made of 
New River at Calexico, covering the period June, 
Jay, August and September, 1907. Subsequent 
that time the flow in New River has been 


mall at Calexico. To the flow of New River 


èt Calexico, however, there is to be added the 
paga from the irrigated lands, amounting, 
“ys Mr. Herrmann, to about 40 sec.-ft., as an 
average. 

The fow in the Alamo is made up of the water 
died from the canal system at Sharps, of 
"ich Mr. Herrmann has kept careful record, 
£ the flow in the Holton power canal, of wastage 
tm the canals of the mutual water companies 
mi of seepage. Concerning the wastage of 
‘ster by the canal companies Mr. Herrmann 
*ates that this cannot be determined accu- 


“Consulting Engineer, 45 Broadway, New York City. 


rately, but that he believes that it will rarely 
exceed 25 sec.-ft. Of the seepage, he says that 
three times as much irrigated land is tributary 
to the Alamo as to the New River and that 
therefore seepage to the amount of 100 to 150 
ft. may be expected in the Alamo. This is 
probably an overestimate, if intended to apply 
to the entire year. It appears from gagings 
of the Alamo, made at Brawley, March 23 to 
31, 1908, and of gagings of the Holton power 
canal, and of the wastage at Sharps during the 
same time, that the excess flow at Brawley 
over the combined flow into the Alamo at 
Sharps and through the power canal averaged 
about 100 sec.-ft. The assumption may there- 
fore be made that 100 sec.-ft. or 200 acre-ft. 


TRESTLE OF THE SOUTHERN PACIFIC CO. OVER SALT CREEK, NEAR DRUMID, 
SALTON SEA, CAL.; MAY, 1907. 
(By courtesy of the U. S. Geological Survey.) 


per day is the amount to be allowed for wastage 
from the mutual canals, together with the 
seepage which reaches the sea through the 
channel of Alamo River. 

The accession of water to Salton Sea 
from all sources, except local run-off (which, 
as stated, is negligible) and rain for a year com- 
mencing with April, 1907, are given in Table I. 

The elevation of the sea from month to month, 
based on information furnished by the Southern 
Pacific Co., is shown in Fig. 1. and in Table II. 

Any of the individual readings, on which these 
elevations are based, may be in error one way 
or the other, a small amount, probably not ex- 
ceeding 0.05 ft., due to wind ripples. Some of 
them may be in error, larger amounts due to 
the effect of strong wind in piling the water 
up at one end or the other of the sea. The 
gage on which water-surface elevation is ob- 


served is attached to a pile of the railroad trestle 


across Salt Creek, not far from Durmid, on the 
northeast shore of the sea. (See half-tone on p. 
163.) Using the foregoing data, and rainfall as 


taken from records at stations both to the north 


and to the south of Salton Sea, Table III., printed 
on the next page, has been prepared. 


The rainfall was estimated from the data 
from the published records of the U. S. Weather 
Bureau, as shown by Table IV., on the next page. 

The rates of evaporation per 24 hours, as shown 
in the table, are plotted in Fig. 2. For com- 
parison with the resulting irregular line repre- 
senting rates of evaporation, there are platted 
in the same diagram the observed rates of 
evaporation at Kingsburgh, Cal., and the esti- 
mated rates of evaporation at Indio, Cal., located 
in the Salton Sink, 15 miles north of Salton 
Sea. Two curves are shown for the latter point: 
one based on evaporation results at Kingsburgh 
and Indio temperatures for individual months 
of 1907 and 1908; the other based on the normal 
monthly mean temperature and the rates of 

evaporation shown by 

the Kingsburgh observa- 
tions for temperature as 

a variable, as explained 

further on. 

It is at once seen that 
the observed evaporation 
from Salton Sea in July 
and August is undoubt-— 
edly less and that the 
observed evaporation in 

November and December 

is greater than what 

actually took place. The 
discrepancy between the 
evaporation rates for 
single months, as deter- 
mined from tempera- 
tures at Indio and those 
deduced from the water 
elevation of the sea, is 
probably mainly due to 
wind effect upon the 
water elevation at the 

Salt Creek gage. It 

seems probable that the 

gage readings at that 
point show elevations that are too low by 0.2 
to 0.3 ft. for June 1 and July 1, 1907, and ele- 
vations that are about 0.5 to 0.4 ft. too high 
on Sept. 1, Oct. 1 and Nov. 1, and 0.1 to 0.2 ft. 
too high on Dec. 1. 

By assuming that wind or some other cause is 
accountable for the larger part of the incon- 
sistencies in the observed monthly rate of evapo- 
ration at Salton Sea, and smoothing out the 


rate curve based on observation, as shown in 


Fig. 2, it is possible to predict, from the single 
year’s record, probable rates of evaporation 
from Salton Sea. The smoothed-out curve, as 
shown in Fig. 2, is in some measure made to 
conform in general shape to the other evapora- 
tion curves shown in the same figure. Using 
the smoothed-out curve as an index the rates of 
evaporation from Salton Sea given in Table V. 
appear probable: 

These rates indicated by the curve are equiva- 
lent to 6.12 ft. per year, which is, as a matter of 


course, in substantial accord with the evapora- 


tion determined from the decreasing elevation 
of Salton Sea, above noted, at 6.14 ft. for the 
12 months April 1, 1907, to April 1, 1908. 

It is known, however, that the temperature 
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for these 12 months was 0.4° below the normal 
temperature at Indio and 2.9° below the normal 
at Mammoth Tank, southeast of Salton Sea; 
therefore without doubt to some extent below 
normal at Salton Sea. If, therefore, it were de- 
sired to approximate more closely the probable 
evaporation from Salton Sea a temperature cor- 
rection could be applied the basis for which can 
readily be found in the published records of 
temperature and the experimental data subse- 
quently noted. 

In the years 1881 to 1885 evaporation observa- 
tions were made at Kingsburgh, Cal. These ob- 
servations were in charge of the writer and 


gaged vessel, the contents of which represented 
U.01-ft. of water depth. Observations of tem- 
perature were made daily. The water was re- 
plenished daily in the warm months and in win- 
ter, whenever it had fallen about -in. below 
the top of the peg. It was always replenished 
when the weather was threatening. After a 
rain storm the excess water was dipped out, a 
record of the water taken out being made. 

The purpose of the Kingsburgh observations 
was not to establish any law of evaporation but 
to ascertain the probable annual total from a 
water surface. The four-year record at that 
point showed 3.85 ft. as the depth of water 
evaporating annually 
from the pan floated in 
the river, and 4.96 ft. as 


. 196 the depth of water 
$ evaporating from the 
® 199 pan on the ground. 

It is beleved that 

3200 the evaporation meas- 
ured from the pan 

350 floating in the, river at 
* Kingsburgh was some- 
$ what less than would 
u- 202 have occurred from a 
large body of open water, 

OOS Jon. Feb; Mar lane ‘May Jone July Aug Sept Oet. Nov Dec Jan. Feb. / for the . reason 
J / E E E T that some protection 
FIG. 1. ELEVATIONS OF WATER SURFACE IN SALTON SEA, CAL. Was afforded to the pan 
(From records of the Southern Pacific Co.) by high river banks, 

a fringe of low trees 


were made under the direction of Mr. Wm. Ham. 
Hall, then State Engineer of California. The re- 
sults of the observations are published in Physical 
Data and Statistics for California, 1886. Two pans 
were used, one floated in the river, the other for 
a time (the first three months) on a bridge, 
later on the ground, with sand banked around 
its sides to the hetght of the water surface. The 
pans were 3 ft. sq., about 15 ins. deep and the 
water surface was kept at about 5 ins. below 
the tops of the sides. They were constructed of 
galvanized iron, a peg tapering to a point rose 
in the center of each pan to the water surface. 
The observer was required to replenish the 
evaporated water from time to time, using a 


TABLE I.—ACCHSSION OF WATER TO SALTON SEA, 
IN ACRE-FEET, YEAR ENDING MARCH, 1908. 


(Figures in Parenthesis are estimated.) 


New River. Alamo River. 
Seepage 
Hol- and 

At Seep- At ton wast- 
1907. Calexico. age. Sharps. Canal. age. Total. 
April (5,000) (2,400) 18,250 650 (6,000) 32.300 
May (15,000) (2,480) 8.950 1,260 (6,200) ,890 
June 73,470 (2,400) 11,380 1,890 (6,000) 95,140 
July ..... 108,160 (2,480) „380 2,150 (6,200) 152,370 
August 27,539 (2,480) 25,430 2,120 (6,200) 63,769 
Sept. 13,597 (2,400) 11,770 2,100 (6,000) 35,867 
Oct. 8,720 (2,480) 7, 2,140 (6,200) 27,200 
Nov. (4,000) (2.400) 6,950 2,180 (6,000) 21.530 
Dee (2,000) ,480) 14,420 2,480 (6,200) ,580 
1 
Jan. esie: (1,000) (2,480) 12,020 1,840 (6,200) 23,540 
Feb (1,000) (2,320) 5,800 1,000 (5,800) 16,010 
March ....(1,000) (2,480) 1,500 2,560 (6,200) 13,740 


TABLE II.—ELEVATIONS OF SALTON SEA AT THE 
BEGINNING OF EACH CALENDAR MONTH, 


JANUARY, 1907, TO APRIL, 1908. 

Feet below Feet below 

sea level. sea level. 
Jan. 1, 19070 200. Sept. 1, 1907.......199.25 
Feb. 1, 1907.. 198.15 Oct. 1, 1907....... 200. 
March 1, 1907..... 197.45 Nov. 1, 1907.......200.40 
April 1, 1907......197.50 Dec. 1, 1907.......200.85 
May 1, 1907....... 197.82 Jan. 1, 1908........201.10 
June 1, 1907....... 198.40 Feb. 1, 1908....... 201.15 
July 1, 1907....... 198.80 March 1. 1908..... 201.25 
August 1, 1907.....198.95 April 1, 1908...... 201.45 


TABLE III.—FALL OF WATER SURFACE, INFLOW, 
RAINFALL AND EVAPORATION AT SALTON SEA, 
1907-8. 


Inflow. 
Fall Effect Evaporation, ft. 
of upon 
water elev. of Rate 
surface, Acre- sea, Rain, per 

1907. ft. ft. ft. ft Amt. 24 hrs 
April ....... 0.32 32,300 90.11 0 0.43 0143 
May ....... 0.58 „890 90.12 001 0.71 -0230 
June . 0.40 95,140 0.34 0 0.74 .0247 
July ....... 0.15 152,870 0.54 0 0.69 .0223 
Aug. 0.30 „760 0.23 0 0.53 .0171 
Sept. 0.80 35,867 0.13 0 0.93 .0310 
Det. 0.35 27,200 0.10 0.12 90.57 0184 
Nov. 0.45 21.530 0.08 0.01 0.54 . 0180 
Dec. 0.25 $ 0.10 0 0.35 .0113 
1908. 
Jan. .......0. 05 23,540 0.08 0.05 0.18 
Feb 0. 10 16.010 0.06 0.06 0.22 0078 
March ..... 0.20 13,740 0.05 0 0.25 .0081 
12 months. .3.95 1.94 0.25 6.14 


and a nearby bridge, and for the further reason 
that the river temperature was probably a little 
below what would have been the temperature 
of an open body of water. But the pan on the 
ground probably showed evaporation in excess 
of what would have taken place from a large 
water surface, particulariy for the reason that 
the water in this pan was warmer than the water 
surface of any large water body would have 
been. It is believed proper to introduce the 
measured values into a calculation by giving 
those of the pan in the river triple weight, and 
combining the two sets. The result may be ac- 
cepted for the present as the probable evapora- 
tion from a water surface in the central por- 
tion of the San Joaquin Valley. 

The observations at Kingsburgh gave results 
which are shown in Table VI. 


The formulas that have heretofore been recom- 
mended for determining evaporation are based 
on Dalton’s law, which is in the form: 

E = C (ew — ca) +A v) 


where C is a constant, €w is the vapor pressure 
at the temperature of the water, ea is the vapor 


TABLE 1V.—RAINFALL SOUTH AND NORTH OF AND 
AT SALTON SEA, 1907-8. 


c——— Rain in inches 


South of North of Rain on 
Salton Sea. Salton Sea. Salton Sea 
HF 
Month. Heber. Imperial. Indio. Mecca. Inches. Feet. 
Jan. 1907. 90.11 0.25 0.59 0.33 0.32 0.08 
Feb. ..... 0.19 0.40 0.63 0.34 0.36 0.83 
Mar 0.46 sieve 0.96 1.25 0.75 0.06 
Apr. isc. 0 0 0 0 
May ..... 0.14 0.05 0 0.09 0.01 
June 0 0 0 0 0 
July ..... T 0 0 0 0 
Aug 0.10 0 0 0.05 0 
Sept 0 0 0 0 ‘ 
Het. 1.14 1.60 1.95 1.45 0.12 
Nov. ..... 8 0.05 0.05 0.05 0.01 
Dee 0 eae T 0 0 0 
Jan., 1908. 0.30 0.22 0.95 8 0.60 0.05 
Feb 0.75 ee 0.57 0.66 0.06 
Mar. ..... seks ees 0.01 0.01 0.01 0 
ADEs. 624% T 0.03 0 0.03 0 


TABLE V.—PROBABLE RATES OF EVAPORATION 


FROM SALTON SEA BY MONTHS. 

Ft. in 24 hrs. Ft. in 24 hrs. Ft. in 24 hrs. 
Jan.. 0000 May .... 0188 Sept.. .0261 
Feb. .... 0065 June. 025 Oet . 0174 
Mar. .... 0090 July .... .0308 Nov. 0102 
Apr. 0132 Aug. .... .0308 Dec. .... 0070 


TABLE VI.—EVAPORATION AT KINGSBURGH, CAL. 
(Evaporation records Nov., 1881, to Oct., 1885. Tem- 
perature based on U. S. Weather Bureau records, 188 
to 1902.) 
r Kingsbur gp 
Evaporation in feet per 24 hours. 


5 
Fresno — Pan on 

Mean Pan in river. the ground. Open water. 

monthly temp. Wgt. 3. Wet. 1. (Probable. ) 
Jan 45.3 . 0021 0026 -0022 
Feb. ...... 50.2 .0036 .0033 -0035 
March 54.4 .0066 .0073 -0068 
April ..... 0. 8 0071 i -0077 
May ...... 67.4 0091 0178 0113 
June 74.1 0161 .0259 . 0185 
July ...... . 1 0203 .0292 0225 
Aug 81.0 0233 . O278 0244 
Sept. ..... 73.8 .0180 -0205 -0186 
Oct. a.s... 64.2 .0109 .0093 .0096 
Nov. ..... 54.6 .0059 0058 0059 
Dec. 47.0 .0032 .0034 .0032 

de 
E =C f (h) ea (17 4 r), 


ds 


where Cf (h) is a variable, a function of the 
height of a water pan above the ground, €a i: 
the vapor pressure corresponding with the dew. 
point of the air, de/d8 is the rate of change o 
the vapor pressure with the change of the tem 
perature of the water at the surface, 4 is a win 
constant, and v is the wind velocity. 

No formula in either of the above forms wi 
meet the ordinary requirement of the enginee 
who is frequently called upon to determine froi 
Known weather conditions, usually temperatur 
humidity and rainfall records, frequently ten 
perature and rainfall only, the amount of evap 
ration from a body of water not yet in exis 
ence. To make use of the ordinary formulas fi 
evaporation, there is requisite, among other bas 
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FIG. 2. MONTHLY RATES OF EVAPORATION AT KINGSBURGH, SALTON SEA AND INDIO, C, 


pressure at the dew-point temperature, A is a 
wind constant and v is the velocity of the wind. 
A number of values have been determined for 
C and A, but they lack agreement. (See 
Monthly Weather Review for July, 1907.) 

There is a new formula now under considera- 
tion, suggested by Prof. F. H. Bigelow, of the 
U. S. Weather Bureau (Monthly Weather Review 
for Feb., 1908) which has the form, 


facts, a knowledge of the water temperat! 
practically from hour to hour, and this 

viously is in most cases as much an unknc 
fact as the rate of evaporation itself. Perh; 
therefore, it may be allowable to compare 

rate of evaporation during a moderately 1 
time unit, as for a month, directly with the m 
temperature of the air for the same time An 
apply the relation thus established between t 


August 13, 1908. 
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perature and evaporation to regions that are 
known to have climates similar to those at which 
evaporation measurements have been made. 

Such a comparison, with complete disregard 
of water temperature and of wind movement, is 
justified because the water temperature of large 
open bodies of water will, in some measure, 
fluctuate with the long period (monthly) mean 
temperature of the air, and the wind effect, on 
the assumption of similar climatic conditions, 
will not be so greatly at variance in the long 
run as to materially invalidate the conclusions. 
Taking this view, and making the attempt to 
find a method for approximating the daily rate 
of evaporation when the mean temperature of 
the air by months is known, the diagram, Fig. 3, 
has been prepared. Curves are shown based on 
the Kingsburgh records, on the 6 years of ob- 
servation (between 1876 and 1886) at the Chest- 
nut Hill Reservoir, Boston, as reported by Mr. 
Desmond Fitzgerald to the American Society 
of Civil Engineers, in 1886, and on a 14-year 
series (1560-1873) of evaporation observations, 
at the Lee Bridge, near Greenwich, England, 
by Mr. Chas. Greaves, C. E. (Proc. Inst. C. B., 
Vol. xlv.). 

The evaporation records for the Chestnut Hill 
Reservoir, Boston, water-works, and for the pan 
floating in water at Lee Bridge, England, are 
shown in condensed form in Table VII. 

The Boston curve follows closely the evapo- 
ration rates as determined from Mr. Fitz- 
gerald's smoothed-out curve of monthly evapo- 
ration depth. These rates differ somewhat from 
the observed and approximated values for the 
individual months. (The evaporation rates 
during the winter months, in which observations 
were not continuous, at Chestnut Hill are based 
on estimates by Mr. FitzGerald.) Both sets 
of monthly evaporation rates are shown in the 
diagram. It will be noted in the case of the 
observations made by Mr. Greaves, and also in 
the case of the observed values for Chestnut 
Hill Reservoir, that there must have been some 
peculiarities of wind movement, or of water 
temperature, or of temperature fluctuations, or 
of humidity of the air, or other climatic con- 
ditions, that bring the observed points for the 
months in the first half of the calendar year, 
particularly March to June, considerably above, 
and for the months later in the year, notably 
August to November, in like measure below the 
curves representing mean values. A much more 
satisfactory agreement exists between the ob- 
served values for the several months at Kings- 
burgh and the means indicated by the resulting 
curve. 

Is it not possible that in certain climates, as 
at Boston and at Lee Bridge, England, evapo- 
ration takes place more rapidly when the air 
temperature is rising from day to day, as in 
the spring months, than when the temperature 
is falling? If this be the case it may be ten- 
‘atively suggested that as a second approxima- 
tion the evaporation rates determined from 
monthly mean temperature of the air may be 
corrected by adding the following: 

q=C (At, 
where q is the quantity to be added, A t is the 
temperature change (30-day means only being 
considered) that takes place during’ the 
month and C is a constant to be determined 


TABLE VIII.—TEMPERATURES AT KINGSBURGH AND INDIO, CAL., 1881 TO 1885.* 
(Authority, Central Pacific R. R. Co.) 
Temperature at Kingsburgh, Cal. 


Month. — 1881 — — 188 — — 16 —— — 188. — — 1885 
Max. Min. Mean Max. Min. Mean. Max. Min. Mean. Max. Min. Mean. Max. Min. Mean. 
Ann 70 30 49.2 62 10 41.7 76 16 41.1 82 33 56.2 79 30 51.7 
„„ 68 42 5.3.4 70 31 48.2 N 25 46.8 90 32 53.5 90 32 56.8 
March ...... &4 33 54.7 89 34 57.4 89 10 60.5 90 39 56.4 82 42 59.4 
April RA 45 64.6 95 46 59.4 106 36 61.8 90 43 61.7 87 45 61.5 
Mar- 92 70 71.5 106 46 75.3 108 38 6.6 98 5 71.5 102 54 71.5 
June 10 57 75.4 106 55 79.8 105 686 84.2 95 61 75.8 90 56 73.4 
Jüly sereeess 107 6 84.9 110 71 87.7 105 68 86.8 105 65 83.6 105 tht 81.5 
AUB: \ 4 2nts iden 105 55 83.1 110 68 88. 8 112 61 81.0 106 60 814.7 111 62 84. 5 
Sept. 104 45 74.4 107 49 77.8 103 65 79.8 100 52 72.2 104 57 77.9 
„„ 7 0 600.6 S8 46 63.3 87 15 67. 6 80 48 66.0 w 44 65.6 
NOV enoni 75 28 48.7 RO 30 49.6 T9 44 61.3 82 46 60.8 70 30 54.1 
Dee ters 68 32 48.0 74 28 47.4 85 31 57.9 x : ns ‘i 
Year ....... .. 107 28 64.0 110 10 64.7 112 16 66.7 106 es 62.4 111 se 65.5 
Temperature at Indio, Cal 
Jan: rerai T 36 52.5 7 30 47.2 sO 19 46.2 78 32 52.3 83 32 52.3 
FEB 90 32 64.6 77 30 54.4 87 31 56.4 88 32 78.1 87 40 61.5 
March ....... 100 32 68.2 94 30 65.3 R7 53 57.9 81 49 61.7 94 40 64.1 
Apri»s 105 60 77.6 104 58 72.7 98 49 70.8 98 51 68.0 98 56 73.4 
Mi 104 70 82.8 101 70 81.4 111 58 78.6 103 60 76.0 106 66 83.6 
June igen o86 108 T 80.8 108 70 87.2 116 72 82.8 106 65 82.5 104 66 83.0 
I 113 85 97.1 117 82 95.1 110 75 94.14 112 82 93.2 108 72 92.7 
AUC. Secs es 113 87 93.8 112 82 92.9 114 70 91.1 112 74 91.7 114 76 94.7 
Sk 110 7 86.1 108 57 84.7 114 63 86.8 104 58 82. 108 62 88.6 
Gel. acaee sa 98 51 73.1 98 50 74.5 98 147 74.6 97 52 74.6 104 54 79.2 
NOV: saeuses> RĀ 2 57.9 RO 35 61.5 % 34 63.8 91 41 62.6 90 35 64.3 
Det- cassie R2 30 58.9 89 42 59.6 90 40 9.9 88 28 61.9 1 sai 
Fear 113 30 75.2 117 30 73.0 116 19 72.9 112 28 71.9 114 75.0 
From Physical Data and Statistics, California State Engineer, Wm. Ham. Hall, 1886. 
TABLE IX. —TEMPERATURE. RAINFALL AND HUMIDITY, FRESNO, CAL., AND YUMA, ARIZ. 
r Fresno, Cal... a -—~_—_—-————-Yuma, Ariz.ł1é—ẽ. 
Relative humidity. Relative humidity. 
„„ ee | — — 
en F. Rain, ins. Sa. m. 8 p.m. Temp., F. Rain, ins. S a. m. 8 pm. 
/ ³˙-w-w-w A aN a 45 1.6 91 71 i 0. 4 55 45 
Ff ³ ³ AAA 51 1.3 89 57 59 0.5 57 41 
Mareh /;!ͤ·§]˙⁰˙ ⁵ ³ H 1.5 88 49 64 0. 3 58 34 
p uncee sa erae e e oes 60 0.6 81 34 7 0.1 53 25 
JJ ⁵ ͤ Ad a S 67 0.5 74 27 7 T 55 28 
V’'Iiłitlnnnn swore wa eee eels To 0.1 11 19 85 T 55 24 
July aie’ cee einer e nen S 82 T 70 14 92 0.1 61 35 
III/ es E oie eee 81 T 74 16 91 0.3 65 40 
September .......0-0cces see eeaee 74 0.3 82 22 84 0. 62 36 
Geiehb err oes ees 64 0.6 75 37 73 0.2 ng 39 
November!, 57 1.1 76 47 62 0.3 53 42 
December een aR eo ke 46 1.6 91 70 56 0.4 54 48 
— — — — — oo. 
Year sce y wie se ek Serr 63 9.2 74 39 72 2.7 57 36 


Note: Fresno is about 20 miles northwest of Kingsburgh. Both Fresno and Kingsburgh are on the same vast 
San Joaquin Valley plain, practically on a line parallel with the axis of the valley, which here has a width of 
over 50 miles. 


be positive during the rising temperatures of the northwesterly from Salton Sea, in the Salton 
spring months and negative during the falling Basin, at an elevation about 20 ft. below sea. 
temperatures of the autumn months. For Bos- During the period covered by the Kingsburgh 
ton (temperature in degrees F. and evaporation evaporation record, the rainfall at Kingsburgh 
in ft. per 24 hours) the value of C is about .0002; and at Indio, in inches, was as follows: 


for Lee Bridge, England, about .0003, and for EEA 1 Ve eras 1883-4 1884-5 
’ nesburgh ......... . T .85 .50* 
Kingsburgh, zero. Indio ae EEEE 1.55 3.04 16.62 bse 


However, as a rule, the engineer deals only 


with the total evaporation in a year, and is * Approximate. 
rarely concerned with its correct distribution to Yuma, Ariz., may also be cited as a point with 
the individual months: a climate similar to that of the Salton Basin. 


The wide divergence of the Boston curve from Yuma being the nearest station of the U. S. 
the curves based on the Lee Bridge and on the Weather Bureau to Salton Sea the comparison 
Kingsburgh records must for the present be shown by Table IX. has been made between 
attributed to general climatic conditions other temperature, rainfall and humidity records at 
than mean monthly temperature. The daily Yuma and Fresno. The temperature and rain- 
temperature range may be suggested as one fall records at Yuma cover 28 years, the humid- 
among other possible disturbing factors. ity records 15 years. The data for Fresno (which 

The Kingsburgh curve, as platted on the dia- has a climate practically identical with Kings- 
gram, may serve for approximating evaporation burgh) are based on records covering a 15-year 
rates for points in the West and in the South- period. 


west. The Boston curve should give better re- Expressed in tabular form the relation of the 
sults for the Atlantic Coast and probably the Tate of evaporation to the mean monthly tem- 
Middle West. perature for climatic conditions similar to those 

The similarity of climates at Kingsburgh and at Kingsburgh, Cal. (indicated by records at 
at the Salton Sea will appear from the compari- Fresno the nearest U. S. Weather Bureau sta- 


sons of temperature and rainfall, shown in tion), may be noted as in Table X. 


Table VIII. Indio, selected as representative of TABLH X.—MONTHLY TEMPERATURES AND COR- 
RESPONDING RATES OF EVAPORATION IN 24 


for each locality under consideration. At wil the Salton Sea region, lies a short distance HOURS. 
Ses Bee she re ͤ K ·ʒCCCĩõĩ§xè%.᷑0h!mk « ðß⅛.' M mD ee eee 5 rat e Mean Corresponding rate 
— mea „ monthly of evaporation, monthly of evaporation, 
TABLE VII. _EVAPORATION RECORDS AT CHESTNUT HILL Bee one BOSTON WATER- WORKS, AND temp., F. ft. in 24 hrs. temp., F. ft. in 24 brs. 
; LEE BRIDGH, ENGLAND 35° 0010 65° 0109 
— Boston.“ — ö > — Chestnut Hill Res.—— —Lee Bridge, England. 455 0325 185 pur 
—Relative h umidity— Evaporation, ins. 50 6038 15 $ 1 
8 i adond T Evaporation 55° 0065 S. 6270 
T ii Rain, 8 a. m. 8 p. m. or smoothed- emp., vapo r 99. 00. l 027 
Month. F. iaa: % 95 approximated. out curve. F. ins. 60 0078 90 0312 
En... - 27 3.9 T3 70 0.90 0.98 38.5 0.761 By use of these evaporation rates, indicated by 
V 3.6 73 70 1.20 1.01 40.8 0.603 
5 705 3 43 71 én 18 1.45 42. 1.065 the Kingsburgh evaporation curve, the determi- 
Abril 45 3.5 67 66 3.10 2.39 5 25 nation of probable evaporation at Indio. which 
May „„ 57 3.4 79 is 5 80 51 an 3.142 may for the present be accepted as applicable 
N 72 3.4 71 T2 6.288 6.21 iol 2819 to Salton Sea, has been made (Table XI.). 
es e ae a6 the <2 00 Pee voy 1.606 According to this estimate the evaporation 
„„ BS 3.9 77 73 2.95 3.47 50.6 1.056 from Salton Sea from April 1, 1907, to April 1, 
1555 FFF 33 A h D 120 133 35 0.622 1908, should have been 6.54 ft., and the normal 
we == a = —— =n = oe es annual] evaporation should be 6.70 ft. If later 
TAP 2 AEE 49 43.7 73 71 39.11 39.12 50.3 20.705 observations show that the sea has had an ap- 


From U. S. Weather Bureau records: Temp. and Rain, 1873 to 1903, and Relative Humidity, 1889 to 1903. preciable effect upon temperature then even the 
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small discrepancy between the value, 6.54 ft., 
estimated, and 6.14 ft., heretofore noted as ob- 
served, may disappear. In this event, a suitable 
factor for temperature reduction resulting from 
the creation of a new body of water may have to 
be introduced. 

It may be that a closer approximation to actual 
evaporation from a large water surface could 
have been made by giving the results of obser- 
vations in the pan floating in the river at Kings- 
burgh still greater weight than herein above 
noted. : 

Special evaporation studies are about to be 
made in the Salton Basin by the U. S. Weather 
Bureau, under cooperation of the U. S. Geo- 
logical Survey and the U. S. Reclamation Ser- 
vice. These will, it is expected, determine with 
precision the actual evaporation by months and 
years from the Salton Sea. The direct observa- 
tions to accomplish this should include, at least 
three times per month, simultaneous water-sur- 
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and the small easily measured inflow into the 
Salton Sea should make the Salton Basin studies 
extremely valuable in determining the best 
formulas for estimating evaporation from known 
meteorological conditions. 


— — — — 


EXPERIMENTAL ELECTRICAL TREATMENT OF WATER 
TO REMOVE INCRUSTATING SOLIDS.* 
By J. L. CAMPBELL, M. Am. Soc. C. E.t 


The water supply of the El Paso & Southwestern Ry. 
at Alamogordo, N. M., is secured by gravity from the 
town of Alamogordo, which brings the water down from 
the Sacramento Mountains by gravity through a pipe 
line. For treatment in the electrical plant this water 
is delivered to the receiving tank direct from the city 
pressure and is pumped from the settling basin after 
treatment through a Jewell filter to the railway service 
tank. 

The results of the treatment are quite satisfactory, 
except in the matter of cost. The incrusting properties 
of the untreated water are very materially reduced, with- 
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FIG. 3. EVAPORATION FROM A WATER SURFACE IN ITS RELATION TO THE TEMPERATURE 
OF THE AIR. i 


face observations at opposite ends of the sea. 
But the information sought that will be of great- 
est value to the engineer will be the relation 
that the evaporation thus ascertained from a 
large open water-surface bears to experimental 
observations, made with small pans, placed upon 
the open ground, with no more protection against 
sun and wind than will result from sinking the 
pans into the ground to such depth that their 
water-surfaces will conform to the ground level. 
Incidentally, the great range of temperature, 
the dryness of the air, the insignificant rainfall 


out adding to its foaming propensities, as in the case of 
treatment by soda ash or caustic soda. The Alamogordo 
water, however, can be very economically softened by 
the use of lime, without the addition of soda ash. Up 
to the present time, the electrical power supplying the 
current has been purchased at the rate of % ct. per 
HP. hour, but in the future this will cost 1% cts. This 
will add 7% cts. per 1,000 gallons treated to the present 
cost of 47.9 cts. There are economies which we could 

*From Bulletin No. 99 (May, 1908), of the American 
Railway Engineering and Maintenance-of-Way Associa- 
tion, 962 Monadnock Block, Chicago. 


Engineer of Maintenance-of-Way, El Paso & South- 
western Ry, El Paso, Tex. 


TABLE XI.—EVAPORATION AT INDIO. (From Open Water.) 


1907-8. 
5 
Estimated evap., ft. 
Temp., Rate Amount 
Month F. per day. per month. 

Jan., 07 „„ „464 „460 52.7 0046 14 
Fe 946% 64.5 0106 30 
Marg 62.0 0000 28 
April asese 73.8 .0176 .53 
Maypae 77.4 0205 64 
June Q. .0259 T8 
July oes cg os ae wks 92.0 .0329 1.02 
Kuss 90.3 0314 97 
Sept. ...essesese 85.2 .0271 81 
OCG. ˖ wshe ae 74.5 .0182 56 
NOV: AA e 64.8 .0108 32 
Dee 57.0 003 20 
Jan., 8. 55.4 0058 17 
FS b 56.7 . 0082 18 
March .......... 66.2 .0118 36 


Normal year. 


f Estimated evap., ft. 
Temp., Rate Amount 
Month F. per ord per month. 
nnn 52.9 004 15 
DDD 58.7 . 0072 20 
March ....... 65.3 0112 35 
April ........ 72.5 .0166 . 50 
Mar 80.1 0228 71 
June 88.3 .0297 . 89 
Jr ess 89.5 0308 . 98 
Augs 93.0 0337 1.04 
Sept. 86.5 .0282 85 
Get. 75.4 . 0190 59 
No 62.6 .0094 28 
Dees 56.6 0062 19 
Year ........ 6.70 


introduce in the permanent operation of the plant, which 
would probably more than offset the increased cost of 
power. Apparently, however, it would not be ‘safe to 
assume, at the present time, that we could reduce the 
cost much below 45 cts. per 1,000 gallons. 

For the exceptionally bad waters of the original sup- 
ply on the division between Carrizozo and Santa Rosa, 
which are now eliminated by a pipe line supply, the 
successful treatment by electricity would cost twice as 
much as the treatment at Alamogordo. In fact, we have 
not yet successfully demonstrated that water containing 
as high as 100 to 150 grains of incrustating and foam- 
ing solids can be successfully treated by electricity, al- 
though the indications are that it would be practicable 
to secure results as good as those obtained by the lime 
and soda ash treatment, but at a greatly increased cost. 

From the financial standpoint it does not appear at 
present that we can afford to continue the electrical 
treatment in competition with lime and soda ash, al- 
though the results obtained by electricity on water that 
contains a Jarge amount of foaming solids would be 
very much better than with lime and soda ash. The 
tabulated statement herewith and the specific data rel- 
ative to the plant have been prepared by Mr. H. W. 
Cutshall, our Superintendent of Electrical Installation 
and Operation. 


REPORT ON ALAMOGORDO ELECTRIC WATER 
TREATING PLANT (March 6, 1908.) 

With the attached tabulated statement based on the 
January (1908) run for 29 days in the treatment of 
water at Alamogordo, several features have developed 
which will be briefly mentioned in this report. 

The plant (shown in the accompanying cut) consists 
of three parallel tanks, 79 ft. 3% ins. in length and 5 ft. 
2 ins. in width, subdivided into 25 vats. Each vat is 
5 ft. 2 ins. long, 8% ins. wide and 3 ft. 5% ins. deep. 
The tanks and vats are constructed of clear yellow-pine 
matched lumber. The sides of each. vat are provided 


DESCRIPTION OF ELECTRIC TREATING PLANT. 


No. of i ð y ce lke 3 
No. Of VAS 8 xii Ü Pao bt ke Mie 75 
Capacity of each tank...............; 7,200 gals. 
Steel plates, gage and size....No. 14, 36 x 38 ins. 
Steel plates, number 4. 500 
No. of plates per takk kk. 1.500 
No. of eee Per t ei inane eaa 

Total weight of plates.............. 125.370 Ibs. 
Weight of single plate.............. 27.84 Ibs. 
Direct-current voltaghie sst 115 

MONTH’S RUN. 
Amount treated dg 1,562,400 gals. 
No. tanks treated in 29 days..............002- 217 
Total electric HP.- hours. 15,650 
Total consumption of plates........... . 9, 360 Ibs. 
Loss on single plate 3 2.08 Ibs. 
RUN PER 1,000 GALLONS. 
Electric HP. hours 1,000 gals............ 10 HP. 


Loss of iron per 1,000 gals.............. 6.63 Ibs. 


Average time of treatment ............ 4.5 hours 
Voltage at starrrrttrtet᷑ttettt eceee 115 
Amperes at starrtttt cree 230 
Amperes after 4.5 hours 195 
Average voltagnniiie 112 
Gallons treated in test.. o ses 14,400 

COST PER KON: GALLONS TREATED. 
Electric pose i cece etek 50.075 
Ir... ⅛ͤ K shee oes 108 
lll; 8 018 
Plates actually cons ume 212 
Loss by unserviceable part of plate left at 

end of ten monteass. aa vg 
Cost of treatment per 1,000 gallons........$0.479 


ANALYSIS OF UNTREATED WATER FROM ALA- 


MOGORDO PLANT (Grains per U. 8. Gallon.) 
Analysis. Probably Combined. 
Silica ĩ ĩ 700 SIIl aa 700 
Oxides of iron and Oxides of iron and 
aluminum ..... 233 aluminum ........ 2323 
Calcium oxide ...... 7.725 Sodium chloride . 2.112 
Magnesium oxide . . 2.625 Sodium sulphate. 1.235 
Sodium oxide . 1.660 Calcium sulphate -12.248 
Sulphuric acid 800. 7.900 Calcium carbonate .. 4.720 
Chlorine (Cl) . . 1.280 Magnesium carbonate. 5.512 
Carbonic acid (CO,).. 4.995 
26.830 
27. 7.118 
Less oxygen equiv. Cl .288 
26.830 
Volatile and organic 
matter 883 
Total solids .......27.603 27.69% 
10 incrusting solids 23.483 equal to 3.347 Ibs. per 
llons. 
ate non-incrusting solids 3.347. - 
ANALYSIS OF TRESTED r (Grains per U. S. 
allon 
Analysis. Probably Combined. 
Sillea ...... ieee eee Trace Silica ....:........ Trace 
Oxide of iron and Oxide of iron and 
aluminum .........Trace aluminum Trace 
Calcium oxide 2,915 Sodium chloride .... 1,731 
Magnesium oxide. .210 Sodium sulphate 1.579 
Sodium oxide . Calcium sulphate 6.818 
Sulphuric acid (503). 4.900 Calcium carbonate .. 1193 
Chlorine (Cl.) ...... 1, Magnesium carbonate. -441 
Carbonic acid (CO) 316 ac 
10.998 782 
Less oxygen equiv. CI. .236 
Total solids . . 10,762 
Total Inerusting solids 7.452 equal to 1.065 lbs. per 


1,000 gallons. 
Total non- -incrusting solids, 3.810. 
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with horizontal strips & in. x 1 in., spaced 1 in. c. to c. 
This leaves -in. slots between the strips, allowing the 
insertion of 60 steel plates No. 14 gage, 36 x 36 ins. 
These plates are provided with copper connecting strips 
attached to the top and 12 ins. from the side, each plate 
being so placed that the copper strips alternate, leaving 
a space of 12 ins. between them. These copper strips 
are connected by rods -in. diameter, 5 ft. 6 ins. long, 
fitted with sleeves of -in. copper tubing. They are 
spaced approximately 2 ins. apart and secured by wing 
nuts at each end of the rod, which allow the fastening 
of the electrical conductors as well as clamp the plate 
connecting strips. This arrangement makes two con- 
necting rods to each tank of 60 plates, making 30 plates 
to each rod. 

In wiring for the electrical connection, four sets of 
plates in four consecutive vats are connected in multi- 


e Bruce 


Nees 


to be treated at one time. The voltage used is 110 or 
115, direct current. 

The electrical action on the plates is most marked 
upon the positive, which after a short time becomes 
bright, as if polished. Upon the negative plates a sort 
of slime or sludge is collected; this is caused by the 
chemical properties combining with what little organic 
matter may be found in the water. All of the heavier 
matter drops to the floor of the tank. A great amount 
of matter remains suspended in the water, which after- 
ward settles in a large settling tank provided for that 


purpose. 

During the process of treatment it is found that the. 
consumption of the plates is greater where the current 
passes between the series connections of the plates, and 
where the sediment dropping to the bottom of the tank 
rests high enough to form a partial electrical connec- 
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ple, and these four are then connected in series with 
the two adjacent tanks on either side. In operation, the 
two tanks of 25 vats each containing a total of 3.000 
stæl plates are connected electrically, so that the posi- 
ive current passes through one tank, the water forming 
the passage for the electric current between the series- 
connected plates and vats, thus allowing the positive 
current to pass in at one end of the tanks and the 
negative current at one end of the other tank, the cur- 
rent becoming neutralized near the junction of the two 
tanks. 

Switches for controlling the electric current are so 
arranged that any two of the tanks may be used to- 
gether while the third one is emptying. The total ca- 
pacity of each tank is 7,200 gals., allowing 14,400 gals. 
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Side Elevation of Supply Tank. 
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Side Elevation of Vats. 


gradually poured until its weight was sufficient 
to break the prism in flexure. A counterweight 
was applied to the cross-arm on the opposite end 


to that from which the load was suspended, this 


counterweight being so adjusted as to balance 
the horizontal system, exclusive of the applied 
weight. 

The material used in making the test pieces 
was a mixture of one part Portland cement to 
two parts of clean sharp sand, care being ex- 
ercised to secure a uniform quality of each. A 
mortar of this character, rather than a concrete, 
was chosen in the belief that a more uniform 
structure could be obtained which in test pleces 
of so small a cross-section was important. In 


Side Elevation of Storage Tank. 


A PLANT FOR THE ELECTRICAL TREATMENT OR SOFTENING OF WATER FOR LOCOMOTIVES: 
i EL PASO & SOUTHWESTERN RY. 
J. L. Campbell, M. Am. Soc. C. E., Engineer of Maintenance-of-Way. 


tion between the plates. The benefit derived from’ elec- 
trical treatment lies in the fact that when the current 
passes from the plates through the water, hydrate of iron 
is liberated. This causes a precipitation of all incrus- 
tating solids contained in the water. 

From the chemical analysis it is found that calcium 
carbonate, calclum sulphate, magnesium sulphate and 
silica are all reduced very much. 
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TESTS ON BONDING NEW CONCRETE TO OLD. 
By RAYMOND B. PERRY.* 


In Engineering News of Dec. 12, 1907, p. 646, 
were reported some tests on the efficiency of 
various bonding methods in joining new concrete 
to old, 
“Annales des Ponts et Chaussees,” the third part 
of v. 27, 1907. With these tests as a basis, the 
writer has recently carried on some experiments 
along the same line, as a thesis presented for 
the degree of civil engineer to the Case School 
of Applied Science. In the present tests the 
general method of making test pieces for the 
tests above referred to was followed, although 
certain changes were made which render a com- 
parison of the two series only an approximation. 

This method consisted of making a series of 
prisms 2% ins. square and 13% ins. long, the 
ends of which were prepared for the various 
bonds tested and a second prism of the same 
dimensions added. The pieces were then al- 
lowed to set for a time before being broken. 

The apparatus for testing consisted of a socket 
into which the test piece was set vertically, a 
cross-arm attached in a horizontal position to the 
top of the test piece, and a pail suspended from 
the end of this cross-arm into which sand was 
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tests which were first published in. 


practice, moreover, the surface to be treated is 
usually finished with cement mortar, so that 
actual conditions of surface were obtained in the 
test pieces. This mortar was placed in the forms 
wet, being tamped only enough to drive out alir- 
bubbles. This method was followed also with 
the idea of obtaining a uniform structure by 
eliminating the possibility of unequal density 
in the pieces which might result otherwise from 
variation in the amount of tamping. The first 
half of the block was molded in a horizontal 
position, the second half in a vertical. 


In these experiments five test pieces of each 
variety were made. The first sections were al- 
lowed to set 14 days, being kept moistened dur- 
ing this time. The second sections were then 
placed and the prisms allowed to set an addi- 
tional 21 days before breaking, being kept 
moistened during this time also. ö 

The first set, designated (A), was made up 
with the end of the first section roughened with 
a cold chisel, the cuts varying from Min. to 
-in. in depth. 

The second set, (B), was made up with the 
end of the first section smooth but covered with 
a cement paste to a depth of in. 

The third set, (C), was made up with the end 
of the first section moistened only. 

The fourth set, (D), was made up with the 
end roughened as in (A) and covered with ce- 
ment paste as in (B). 


The fifth set, (E), was made up with a pat- 
ented bonding solution (Ransomite) according 
to the directions given by its makers for its 
use. The end of the first section was first thor- 
oughly cleaned, the solution was then applied 
and after a short time washed off. A thin ce- 
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ment grout was then rubbed in and was followed 
by an application of cement paste to a depth 
of about Min. The action of this bond is ap- 
parently the formation of pores by the appli- 
cation of the solution, the filling of these pores 
by the thin grout and the confinement of this 
grout in the pores by the cement paste, which 
acts also to strengthen the bond. 

The sixth set, (F), was made up with a bond- 
ing groove in the end of the first section. This 
groove extended lengthways across the piece 
and was in. wide and in. deep. In break- 
ing, the test piece was so placed that the cross- 
arm of the breaking device was at right angles 
to the long dimension of the groove. 

The seventh set, (G) was made up full length, 
27% ins., without a bond. This set was broken 
at the age of 21 days, so that it approximated 
the average age of the test pieces made in two 
sections. 

All of the full length pieces broke approxi- 

mately at their centers and the other sets broke 
without exception at the bond. 
The values of the various breaking loads are 
shown in the accompanying tab'e, as are values 
of tension in the outer fiber, this latter value 
being computed in the manner noted in the pre- 
vious article, that is, by taking account of the 
combined stresses due to dead load of the cen- 
trally applied testing apparatus and to the ec- 
centric load of the sand in the pail. 

Examination of the results shows that in each 
set of five there are one or two pieces which 
break under a load widely different from the 
others. For this reason it was considered that 
a more reliable average value could be obtained 
by taking the mean of those three values most 
nearly alike, the other two being considered ec- 
centric test pieces. 

There is apparently a very clean-cut difference 
between the strength of various bonds. The 
series designated (C) made up by applying new 
mortar to the old without other preparation than 
wetting were so weak that all of them broke in 
handling, or under load of not more than two 
or three pounds. Series (A) and (B) show about 
equal strength, while (D), a combination of the 
two preceding methods, shows almost twice the 
strength of either, singly, or about 90% of the 
strength developed by the full length pieces. 
Series (E), those bonded with the patent solu- 
tion, show very good results, the strength of 
bond being equal to the greatest obtained by the 
other methods. Series (F) show a strength 
about equal to that of series (A) and (B). 

While experiments of so limited character are 
not absolute in their results, it may be con- 
cluded with some degree of certainty: 

(1) That the bond existing between new mor- 
tar or concrete and old, where the old surface 
is smooth, is very slight. 


TABLE SHOWING EFFECT OF VARIOUS METHODS OF 
JOINING NEW CONCRETE TO OLD. 


T (a) Cb) of full & of full 


Ys Tension strength strength 
28 in outer Average devel- devel- 
8 2 fiber. of three oped ac- oped ac- 
Ag Character lbs. per Aver- nearest cording cording. 
of joint. sq. in. age. tests. to (a). to (b). 
Al 158 ce ere 
As) Endrough- | 128 eo 19 
1. ened and 1 las 8 ee Swin 
4 wot. 24 sse. booo eee oeee 
| 128 124 125 49% 49% 
Pi End smooth 181 „„ 0 595 one 
B and treated 207 eces @ees eve 
B. with neat 82 e... e... eee 
B;) Cement grout. | 124 138 125 58% 49% 
D; End rough- (ai visa swi ive 
Dg ened and 211 eye are sie 
Ds treated with |225 re ae dacs 
4 neat 5 ce — acne or 
D; j cement grout. |227 236 229 94% 90% 
E. End smooth 128 99 5 Vii 8 85 as 
E and treated 220 eee s.s... esco Bee 
E | wita 2 1 Soo ogo o ggo 
Es) Bansomite.” 146 isi 228 76% 90% 
Fr | End previous- (178 wee sodu i 
T2 Being molded 133 owes s ies 8 
F; perme moroa 128 8 cose ie 
F. witha bond- | 1 siwa aks sae 
F; ing groove. 110 138 127 53% 50% 
Gi 255 eave . 
Ga! Ful length 249 : 
6. Prisms. FT as. a antes 
a] 257 252 254 


(2) That about one-half of the strength of thé 
concrete is developed in a joint bonded (a) by 
roughening the old surface; (b) by applying a 
layer of cement paste; (c) by providing the old 
surface with a bonding groove. 

(3) That a large part of the strength of the 
concrete, perhaps as much as 90%, is developed 
where the old surface is roughened and a layer 
of cement paste is applied 

(4) That such a solution as Ransomite“ prac- 
tically takes the place of the roughening, since a 
bond made with it is otherwise similar to the 
one made in these tests by roughening the old 
surface and applying a layer of cement paste. 
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THE WASHINGTON MILLS DYE-HOUSE. 


An unusual composite structure was con- 
structed recently for the American Woolen Co. 
at its Washington Mills, Lawrence, Mass., as a 
dye-house. Tne building covers over an acre of 
ground, being 529 ft. long by 111 ft. wide, out 
to out, and for the greater part of its length is 
only one story high. It has brick walls footing 
on concrete and rubble foundation piers, steel 
roof-trusses, a reinforced-concrete roof, and a 
wooden shelter roof. The space between the con- 
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FIG. 1. 


trusses 12 ft. 83%, ins. deep o. to o., with top 
and bottom chords of two 12-in. channels rein- 
forced by a cover plate where needed, inclined 
end-posts of similar make-up, and double-angle 
web-members. Immediately over these trusses 
is a reinforced-concrete ceiling, designed for a 
load of 75 lbs. per sq. ft., and about 2 to 3 ft. 
over this is a timber roof. The walls of tne 
building and the timber roof can be raised one 
story at a later time, and the present ceiling 
will then form a working floor for the second 
story. As built at present, the space between 
ceiling and roof forms a dead-air space which 
serves as heat-insulation for the first story and 
prevents trouble from condensation. 

This ceiling consists of a reinforced slab, 5 ins. 
tnick for the most part but 6 ins. thick near 
the walls, spanning from truss to truss. Di- 
rectly on the top chord of each truss is a con- 
crete beam about 8 x 12 ins. in section, running 
the full length of the top chord and spanning 
from the first panel-point at each end to the 
wall, over the inclined end-post. The slab is 
reinforced wita %-in. square twisted rods 6 ins. 
on centers running from truss to truss, sup- 
plemented by %-in. rods 5 ft. long as upper re- 
Inforcement over the trusses; in the other di- 
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STEEL TRUSSES AND REINFORCED-CONCRETE CEILING, WASHINGTON MILLS DYE- 


HOUSE. 


crete roof (more properly ceiling) and the wooden 
roof forms a dead air space to insulate the in- 
terior thoroughly in the matter of heat and 
thereby prevent condensation of tne highly 
humid air in the dye-house; at the same time 
the interior of the building is completely fire- 
proof. 

The sketches in Fig. 2 illustrate the typical 
construction of the building. The walls are 36 
ins. thick to the underside of trusses, in the 
single-story part. One end of the building, for 
a length of about 90 ft., is two stories high, 
and here the walls are 36 ins. in the first story 
and 32 ins. in the second; the roof section of the 
walls is 28 ins. thick. The two-story portion con- 
sists of reinforced-concrete columns carrying re- 
inforced-concrete beams, on which rests the 
wooden flooring. Similar construction is used to 
form a second floor over a small section of the 
main or one-story part of the building, par- 
titloned off to serve as office below and store- 
room above. The roof over the two-story por- 
tion is of reinforced concrete, beams running 
transverse to the building at 10-ft. spacing being 
covered by a slab. 

The main part of the building, one story hign, 
is clear of columns (except in a few instances 
where columns were necessary to support tank 
framing), and is spanned from wall to wall by 
steel trusses, 107 ft. long c. to c. of bearings and 
10 ft. apart. These are parallel- chord Pratt 


rection there are -In. rods 12 ins. on centers, 
parallel to the trusses. In the bay at the end 
of the building the span is longer than the 
normal 10 ft., as the last truss is 14 ft. 8 ins. 
from the inner face of tne end wall. Here the 
slab is supported by reinforced-concrete beams 
spanning from truss to wall. 

The slab was built in sections 30 ft. long, 
making a separation over every third truss, so 
as to leave joints for expansion and contraction. 

Over each truss are three short 4-in. pipe 
columns resting on the concrete ceiling. These 
carry a long-leaf pine roof beam in the vertical 
plane of the truss. A roof of 3-in. splined 
plank is nailed on these beams, and is made 
tight by a 6-ply tar and gravel roofing. The 
timber roof is pitcned on a very flat pitch from 
the middle to the eaves, but the concrete ceiling 
and the truss chords are level. 

There is a basement under the building for 
its whole length, in which are brick piers for 
supporting the first floor. The latter is of 
wooden beam-apd-plank “mill construction,“ 
witn Southern pine beams, 3%-in. spruce plank 
and %-in. oak wearing surface. Brick walls 
generally 12 ins. thick serve as foundations 
under the dye-kettles and machines. 

The building is equipped with live-steam and 
exhaust-steam lines, shafting to drive the ma 
chinery, a plenum hot air system for heating, 
and a set of air exhausting fans. The steam 
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nnes are carried overnead; the live-steam main 
piping comprises five longitudinal lines of 3-in. 
and Ein. main just below the trusses fed from 
, lin. supply main, and the exhaust piping 
„hree longitudinal lines varying from 4-in. near 
the ends of the building to 10-in. near the center, 
fel from a 24-in. main. The live-steam main 
enters the building from the boiler-house at the 
twextory end. The exhaust main enters from 
tae engine-room at a point about one-third the 
length of the building from this end. Cross- 
Emnection between live and exhaust-steam pipes 
at varlous points, fitted with reducing valves, 
provide for supplying low-pressure steam to the 
exhaust system when needed. 

The shafting is arranged in three to five longi- 
tudinal lines, to suit the arrangement of dye- 
kettes and other machines. Tne shafts are 
hung to the bottom chords of the trusses by 
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of this wall (20 ft. apart) discharging into the 
building above head level. The pilasters are, of 
course, suitably enlarged in section in their 
lower portions to contain tnese upcasts. The 
hot-air duct in the basement is square in cross- 
section, about 7 x 5 ft. inside, and has walls 
of reinforced concrete except on the outer side, 
which is formed by the concrete foundation wall 
of the building. The fan-rooms are partitioned 
off from the basement by 134-in. cement-plaster 
partitions. Each room contains two sets of fans 
and heaters, each of whicn comprises two engine- 
driven fans and the necessary coils. The ex- 
haust from the fan engines, supplemented when 
necessary by steam from the main exhaust line, 
is used in the heating coils. 

Mr. Charles T. Main, of Boston, Mass., de- 
signed this dye-house. The general contractor 
was the E. W. Pitman Co., of Lawrence, Mass., 
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ECONOMY TESTS OF HIGH SPEED- ENGINES.“ 


By F. W. DEAN,t M. Am. Soc. M. A, and A. C. 
WOOD,t M. Am. Soc. M. E. 


It became necessary to make tests of several high- 
speed engines, direct connected to electric generators, 
for the purpose of determining the quantity of steam 
used per I. HP.-hr. and per KW.-hr. The idea was to 
take the engines as they were found, in order to ascer- 
tain their economy after having been run for some time. 


{The authors then give a detailed description of the 
engines and tests which we condense as follows: Seven 
non-condensing engines were tested; three with single 
flat valves; one with four flat valves; two with single 
piston valves; one with two fiat inlet and two rotating 
exhaust valves. These units range from 75 to 150 KW. 
and are of types and makes frequently used in isolated 
plants in office buildings and elsewhere. They had been 
in actual running service for periods of from 719 to 
32,000 hours. The results show the mean water rate 
of the seven engines to be about 34 lbs. per I. HP.-hr. 
at full load. The authors’ 
conclusions will be given in 
their own words.— Ed.] 

There are several striking 
features in these results, as 


G follows: They show that ef- 
— N$ forts to realize economy by 
; J duplication, or multiplication, 
D lie 5 8 = of parts, even if ports are 
P/A A a) a 70 7 N shortened and clearances re- 
7 — t = duced, accomplish nothing. 
— 5 The duplication of valves 
93 : 3 used in both four-valve en- 
— yoo ~~ gines simply increased the 
Ny ‘ x| 7 2 opportunity for leakage. 
à After considering these 
i Haudan ee ee 8 EH ISS 1 tests, we do not hesitate to 
Weldon i Weldon Extractor TRE INN (|7 advise builders to abandon 
C0 sp m a EN four valves for high-speed en- 
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FIG. 2. SECTIONS OF DYE-HOUSE FOR WASHINGTON MILLS OF AMERICAN WOOLEN CO, 


‘LAWRENCE, MASS. 


*f-alining hangers, bolted to wood-blocks fast- 
‘ted to the truss chords. The shafting is made 
ip in lengths of 20 ft., connected by couplings. 
lis driven by three electric motors of 175 HP. 
rach. 

In the middle of the building are located two 
‘mall vertical engines driving exhaust fans sup- 
ee on opposite sides of a gallery. Two similar 
‘408 are mounted on smaller galleries in other 
Mra of the building. These fans have open 
“ction, drawing the air directly from the upper 
batt of the house. They discharge through the 
‘of Uniformity of ventilation is secured by the 
tstribution of these fans. 


The heating equipment comprises taree fan- 
'»ms under the floor, containing fans and ex- 
haust-steam heating coils; a hot-air duct under 
‘ne floor along one of the longitudinal walls; and 
uſcasts arranged in the alternate brick pilasters 


the foundation work being done by W. N. Pike 
& Sons of the same city while the roof -trusses 
Were built by the New England Structural Co., 
of Boston, Mass. The water piping was put in 
by W. F. Rutler Co., of Lawrence, and the steam 
piping by the Merrill Co., of Boston. The B. F. 
Sturtevant Co., of Hyde Park, Mass., installed 
the heating and ventilation eqtipment. A com- 
plete sprinkler system was put in the building 
by the General Fire Extinguisher Co., of Provi- 
dence, R. I. 
— ꝗ——— 

A “TRACKLESS” TROLLEY line has been projected 
from Chattanooga, Tenn., to the top of Walden’s Ridge, 
a distance of some 15 miles. Current reports state that 
the cars will carry 30 persons each and will receive power 
from a double trolley. It is also reported that the 
cars will be steered much like an ordinary automobile. 
The cars will run on ordinary good roadway. The pro- 
ject is being promoted by Mr. D. J. Duncan, Chattanooga. 


6"Exhaust Steam 
to Fans 


gines unless they are pre- 
me © Aira pared to build a really high- 
of E class engine having four Cor- 

2 liss or gridiron valves, made 
eee ee S L and fitted in the best manner. 
HEDE Even then it would be neces- 

1. sary for them to prove their 
: case. Steam engines of what- 
ever type should have valves 
that are not only tigħt originally, but that will become 
so by wear if they are not so originally. l 

Comparing the results of the flat-valve engines, the 
most economical results were obtained from Engine No. 
3, which had a valve which automatically takes up wear, 
and if it does not cut, must maintain itself tight for 
long periods. The valve of this engine is evidently its 
saving feature, for the ports are long and tortuous, have 
great surface and the clearance volume must be large. 

Comparing the flat and piston-valve engines, if we do 
not consider the loads, the most economical result was 
obtained from a piston-valve engine. This result was, 
however, obtained when the engine was heavily loaded. 
With the lighter loads that are comparable the flat-valve 
Engine No. 3 surpassed the piston-valve Engine A in 
economy. Moreover, the flat-valve engines give a flatter 
load curve than the piston-valve engines, which is a 
valuable feature. 

The performances of the perfectly balanced flat-valve 
engines are relatively so poor that it seems to disqualify 
them, unless this type of valve can be made with some 
mechanism by which wear will not increase leakage. 

The results show that heavy loads with high-speed 
engines give the most economical results, and this con- 
firms the statement of D. K. Clark in the early fifties 
that the most economical point of cut-off in locomotives 
is at about one-third stroke. This was again substan- 
tiated by Professor Goss with the experimental locomo- 
tive at Purdue University. 

One interesting thing about the results is that no sta- 
tionary high-speed engine is as economical as passenger 
locomotives that are in good order. We expect that 
such locomotives will use as little as 26 Ibs. of steam 
per indicated horse-power per hour, and better results 
have been obtained. This economy was realized before 
very high steam pressures were used. 

In regard to the relative economies of flat and piston- 
valve engines, we are inclined to believe that the former 
are the more economical, if the valves are self-adjusting 
with wear, and are of a good design. They must have 
less port surface and less clearance, and can be made to 
adjust themselves for more wear than piston valves. 

Persons who are familiar with guarantees of steam 
consumption which accompany sales of high-speed engines 
are aware that these guarantees are usually met in shop 
tests, but these tests show that no engine realized 
economies which would have been guaranteed. 

From the results we are justified in thinking that 
most high-speed engines rapidly deteriorate in economy. 
at the spring meeting of the American Society of Me- 


chanical Engineers, Detroit, Mich., June 23-26. 
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LOWERING A 24-IN. WATER PIPE IN STREET GRADE 
CHANGES AT DETROIT, MICH. 
By W. F. WARD.* 


The separation of street and railroad grades is 
being accomplished in Detroit, by lowering the 
Streets and elevating the railroad tracks by such 
amounts as to give a clear head room of 13 ft. 
between the pavement and the bottom of the rail- 
road bridges. This lowering of street grades ne- 
cessitates a lowering of water mains to conform 
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and upon completion of this work the pipe was 
left in the condition shown by Fig. 5. (The 
method of setting grade stakes in the bottom 
of the trench is shown by Fig. 4. On comple- 
tion of the preliminary trenching the pipe line 
for a considerable distance was supported on 
earth piers, as shown in Fig. 6. The earth form- 
ing these piers was the so-called blue clay of this 
region, found at a depth at this point of about 
10 ft. This clay is tenacious, stiff, blue gray in 
color and is best worked with short-handled con- 


FIG. 1. AND 2. OLD AND NEW GRADE AND ALINEMENT OF 24-IN. WATER MAIN AT THE IN- 
TERSECTION OF VINEWOOD AVE., AND THE MICHIGAN CENTRAL R. R., DETROIT, MICH. 


therewith, and because of the unusual character 
of much of the work the writer has thought that 
the details of a portion of it would be of more 
than local interest. 

The earth is removed from the cut by means 
of a steam shovel, drag scrapers and dump 
wagons. This work is performed by the city, 
and with it the Board of Water Commissioners 
is in no way concerned. Since the mains suffer 
more or less from rough handling, it is necessary 
to shut off the affected section and supply con- 
sumers by means of temporary connections, which 
consist of galvanized piping laid across the lawns, 
etc. This temporary system is installed before 
the work of excavating the street has begun. 
Upon completion of the excavating, the Board of 
Water Commissioners commences operations, em- 
ploying in this work one of its regular pipe-laying 
gangs, together with such extra help as is needed. 

As a good specific example of this work the 
grade separation at the Intersection of Vinewood 
Ave. by the Michigan Central R. R. has been 
taken. 

Here the completion of excavation left a stretch 
of 24-in.: pipe 688 ft. long to be lowered to grade. 
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Section. 


| Vinewood Ave, 


cave-bladed clay spades and clay forks. In dry 
weather it holds its form, but rain will cause it 
to soften, shell off or crumble. On this account 
the holes between piers were kept dry by pump- 
ing and for fear of rain the pipe was supported 
by blocking. i 

In this particular location it was possible by 
laying the 149-ft. piece, which had to be relaid, 
separately and by not shutting off and cutting 
out the affected section, to maintain the pipe 
under pressure and in service for a period of 
twelve days; until the actual lowering operations 
took place. 

The alinement of the main, as originally laid, 
not having been maintained, it was necessary to 
shift 120 ft. of pipe a distance of 3 ft. horizon- 
tally as well as to drop it a distance of 6 ft. 6 ins. 
vertically. It was at first intended to do this by 
means of jack-screws ranged along the pipe, but 
the shift was accomplished by removing the 
earth from the tops of the piers on the sides 
towards which it was desired to cause the pipe 
to move, and allowing it to slide into line of its 
own weight, which it did without cracking any 
hubs. Fig. 7 shows the pipe at this point be- 
fore shifting, while Fig. 
8 shows the work about 
completed on one sec- 
tion. 

The pipe was then 
lowered to place by dis- 
tributing the men four 
at each pier, two on each 
side of the pipe, work- 
ing face to face with 
long-handled_ shovels. 
The foreman and two as- 
sistants stationed them- 


24"Main Laid in 18681 selves upon the pipe. 

— —— | | About 25 pliers were 

| le -Srraig meq ` worked in this manner at 
E Lowered - “ak zobis —— Relaid------>k- - ------Lowered------->| one time, work being be- 
8 gun at the flxed end, 


Plan. 


FIG. 3. CHANGES IN GRADE AND ALINEMENT OF WATER MAIN AT 

THE INTERSECTION OF VINEWOOD AVE., BY THE MICHIGAN 
DETROIT, MICH., MADE NECESSARY BY THE 
SEPARATION OF STREET AND RAILWAY GRADES. 


CENTRAL R. R, 


Of this amount it was necessary to relay 149 ft. 
in a new location, forming an elbow, as shown 
in Figs. 1 and 2, in order to avoid bridge piers 
and abutments; which were to come later. A 
trench was excavated about the pipe to be low- 
ered, lines and grades for this purpose having 
been furnished by the Engineering Department, 


232 Jefferson Ave., Detroit, Mich. 


i. e., the end already at 
grade and working to- 
wards the free end, thus 
allowing the pipe to 
creep forward towards 
the free end, and thus 
preventing the formation of humps or bulges in 
a vertical plane which, if they once appear, are 
dificult to get rid of. The actual time of low- 
ering the pipe was two days and seven hours, 
and the work was accomplished without accident 
or breakage. Fig. 9 shows the portion of original 
line replaced by the relaid portion, and gives a 
good idea of the change in grade. The water 


from the main, when cut off, was allowed to 
drain into the sewer in Vinewood Ave. through 
an open cut, this being afterward used for the 
location of a blow-off. 

The accompanying table presents a summary 
of data of work at this particular track inter- 
section. 

SUMMARY OF WORK IN LOWERING AND RE-ALIN- 

ING WATER MAIN. INTERSECTION OF VINE- 


WOOD AVE., AND THE MICHIGAN CENTRAL R. R., 
DETROIT, MICH. N 


JJ ˙·¹.. 149 
IfJJ!Ä“ K 688 
Actual time of lowering.................. 2 days 7 hrs. 
Ft. lowered at one tinmnmnmnmmeee ee cee eees 250 
Time of preparatioonun nn ccees 12 days 
Average number of men employee 
Cu. yds. of dirt excavated...........c. cc cece ccees 1,270 
Soil—Blue Clay. 

Width trench relaylnngg ggg. 4'0" 
Width trench lowerlnnnnng gg 6'0” 
Average depth relaying...........ccccccscccccccees 6'8"" 
Average depth loweringn ggg. ͥ 8˙0 
One rainy day during lowering. 

Precipitation «ios ß eee daede eae aiawue & 25 in 


Date of beginning, Nov 1, 1907. 
Date of completion, Nov. 22, 1907. 


Personnel: 
Foreman ssns hos Va oP nash Seed cd daneSauad a a ed 1 
Assistant to foreman 1 
Calkers (experienced menᷣ)ʒj) 6 
Helpers (experienced mençß )))) 3 
7 Sia So ha wo ete 2 
Laborers (35% experienced)..........ccccccecnces 75 


3½% days alete $65.00 per month 
12% “ c OS Sore aye aa aa .00 
3443 B33)VFCFͥͥFṍõ;]ͤ eee 55.00 
4075 N e Wray Ga acevocs 228 á 
5 ß er rr ee per day 
589 ss i E EEN 
Gradvated 
Pole chorale 
Straight Edge. re rere 
VIRIAL x A ; 


8 7 SIRF 
AA EEE DEEN A í 


1 8 : 8 7 2 
2 S Z Grade Stake — 
ee 88 Set by Engineer 
55 CS 
7 S 
Bottom of 8 22 
Completed -42 = Sst by Foreman 
om D 7 as a Guide 
Trench... A 8 yF 15 p 
i 8 A 8 H 
NO. wr co 
NE — ; 


Fig. 4. Sketch Showing Method of Setting Grade 
Stakes at Bottom of Trenches. Detroit Street 
Grade Changes. 


Cost of Labor of Lowering, Relaying and Backfilling: 


/// AAA $60.00 per month 
6 8 A E E A AT E E 65.00 
6 ae / ORS agave eee 55.00 
11% s Sree ere a a a a .00 
ss EA e 2.25 per da 
561 ae BO egal aaNet My I od. tas tas . p z 
Watchmen included in labor at...... 2.00 


Make-up of Gang: 
1% English foreman. 


young men. 
30% Huns 
fairly good. 
29% Poles, good, experienced. 
15% Germans, fair. 


ſcalkers. 
15% Irish { 
(laborers, old men. 
10% Italians, no good. 
Supplies: 
2 tons coal. 
15 pigs lead. 
25 gals. kerosene. 
5 gals. gasoline. 


—— —— 


A UNION RAILWAY STATION AT LEIPZIG, German: 
which will be among the largest in the world, is no 
in course of construction. At present there are im Lei; 
zig five terminal stations, all of which are to be r. 
moved after the new one is put in service. This latt. 
is to have 26 parallel tracks, all on the same leve 
to accommodate the trains of 13 different lines, and d 
tween each pair of tracks is to be a walk about 40 1 
wide, so that the total width of the trainshed will 1 
nearly 1,000 ft. The main facade of the building Will 
1,115 ft. wide, over 350 ft. greater than the 760-rt_ ¢ 
cade of the new Union Terminal at Washington, D. 
at present the largest in this country. The total co 
of the Leipzig terminal and approaches will be $3) 
600,000, of which $12,000,000 will be furnished by t 
state of Saxony, $12,800,000 by Prussia, $4,800,000 
the city of Leipzig, and $1,200,000 by the imperial poe 
office. The above information is given by M. Vict 
Cambon in a paper published in the Bulletin of the 8 
ciété des Ingenieurs Civils de France for April, 1908 
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AIR WASHING AND HUMIDIFYING, AND SOME OF ITS 


APPLICATIONS TO INDUSTRIAL PURPOSES.* 
By W. A. ROWE.t 


In introducing a subject of this nature, attention should 
be called to the fact that the air washer has been de- 
veloped through the use of the fan system of heating 
and ventilating. For years it had been taken for granted 
that good ventilation must be obtained, even at the ex- 
pense of cleanliness. 

This is particularly noticeable in communities where 
soft coal is used. The necessity for properly cleansing 
the air which is taken into buildings has long been felt, 
and many were the devices used to effect this. Promi- 
nent among them might be mentioned the use of cheese- 
cloth screens, long bags of the same material, and coke 
filters. These all had the disadvantage of offering too 
great a resistance to the passage of the air, besides giving 
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usually found in warmed buildings. If we take outside 
winter air at 30° F. and 80% saturation, we find it con- 
tains 1.5 grains of moisture per cu. ft. If its tempera- 
ture is raised to 70° without adding any moisture to it, 
we find that its percentage of saturation is but 19.5, 
because of the fact that air at 70° can absorb 8 grains 
of moisture. We can thus see that not only is it desir- 
able to humidify the air, but also to regulate the degree 
of humidity. 
THE WATER SPRAY. 

These considerations all lead to the use of a water 
spray by which to cleanse and humidify at the same 
time. There are various essential features which must 
be incorporated in the design of such an apparatus to 
make it successful, not only from a theoretical point of 
view, but also from the practical or commercial stand- 
point. In discussing these features the writer will de- 
scribe one apparatus in particular which, by reason of 
its having met all the require- 
ments successfully, has en- 
abled its manufacturer to re- 
alize certain results of great 
commercial importance. 1 
refer particularly to the ap- 
paratus manufactured by the 
Buffalo Forge Co. 

INTIMATH CONTACT BE- 
TWEEN AIR AND WATER. 

The first requisite of a suc- 
cessful washer is an intimate 
contact between the air and 
the water. The more finely 


rere (al — the water can be divided the 
e © i — greater will be the contact 
1 A - 4 (Blocking surface and, consequently, the 

a ~ -bi renee greater degree of success 

S E Lowering realized. Hence a finely di- 

ix — o vided mist is essential. A 

A 15 j E nozzle has been devised with 

7 933882 3 2 4 ——— which an almost invisible, 

A 330% : ne fgg Sa finely-divided spray is ob- 

birar. Soh a agi tained with a pressure of but 

` Hub Hole for Jacks placed F; — 20 lbs. per sq. in. In this 

Purpose of ` as shown while v.. . nozzle the outlet orifice is 

9 W but /-in. in diameter, yet 

it will deliver 3.5 lbs. of 

water per min. The result 

Part Longitudinal Section. is obtained by giving the 


FIG. 5. METHOD OF EXCAVATING TRENCHES AND SUPPORTING 
PIPES IN THE WORK OF LOWERING WATER MAINS AT DETROIT, 


MICH. 


onty crude cleansing effect. They were also unsatis- 
factory in that they did not affect the humidity of the 
air to any extent. 


REGULATION OF HUMIDITY DESIRABLE. 

The desirability of properly controlling the humidity 
of buildings has been well brought out in a paper by 
Dr. Henry Mitchell Smith, read by him before the 
Brooklyn Medical Society in May, 1903. In it he points 
out that the sensible temperature of the human body 
more nearly corresponds to the temperature indicated by 
the wet bulb of a hygrometer, rather than to the dry- 
bulb temperature. 

Air at 68° F. and containing 50% humidity, feels more 
comfortable than air at 75° and having but 20% humidity. 
Extremely dry air produces a more rapid evaporation 
from the mucous membranes as well as from the entire 
surface of one’s body. This causes the lower sensible 
temperature and, in the case of the former, has an un- 
healthful effect. 

It is this condition which is obtained where external 
air at a low temperature is heated to the temperature 


*Condensed from a paper read before the Ohio Society 


of Mechanical, Electrical and Steam Engineers. 
Buffalo Forge Co., Cleveland, Ohio. 


water a centrifugal motion 
which causes it to burst into 
spray. 

In the completed air washer 
these nozzles are spaced 
2 per sq. ft. of cross-sectional area, a velocity of from 
400 to 450 ft. per min. through the washer being main- 
tained. Thus, where 42,000 cu. ft. of air per min. is to 
be handled, a cross-section area of 93.5 sq. ft., with 188 
nozzles, is provided. 

SHPARATION FROM AIR OF EXCESS MOISTURE. 

The second important feature to be secured is thorough 
separation of the excess free moisture which is carried 
along by the air current. This is done by a series of 
galvanized plates, placed %-in. apart and containing 
bends 2 ins. in length. There are usually six sections, 
the first three allowing a film of running water to cover 
them completely. The last three have slight projections 
which completely separate all traces of free moisture from 
the air. This eliminator thus presents a large washing 
surface upon which every particle of foreign matter will 
impinge. 

CONTROL OF HUMIDITY. 

The proper control of the humidity is accomplished by 
controlling the temperature of the air in the spray 
chamber, and taking advantage of the law that air at 
any given temperature has a definite moisture-absorbing 
capacity, this amount increasing as the temperature is 
raised. For example, air at 50° and 70° F. can absorb 


FIGS. 7. AND 8. RELINING A WATER MAIN PRIOR TO LOWERING; DETROIT STREET GRADE 
CHANGES. 


Fig. 6. Water Main Resting on Earth Piers, Prior 


to Lowering, Detroit, Mich. 


4 and 8 grains of moisture, respectively, per cu. ft., at 
which point it becomes saturaied. If it is desired to 
maintain 50% humidity at 70° F. in a building, it is only 
necessary that the air in the spray chamber be saturated 
at a temperature of 50° F., and afterwards raised in 
temperature to that of the room, without the addition of 
any more moisture. In this way any desired humidity 
can be maintained. The best results are obtained by 
dispensing with tempering coils entirely, depending on 
heated spray water to bring the temperature of the air up 
to the desired point. This circulating water can be heated 
in any type of heater, its temperature being controlled 
automatically by “means of a thermostat in the spray 
chamber. 


REQUIREMENT OF DESIGN AND USUAL EQUIPMENT 


The apparatus must be free from all necessity for con- 
stant personal attention. It must be easily accessible, 
the nozzles easily cleaned if such necessity should arise, 
and ample provision be made for keeping foreign matter 
out of recirculating water. 

Usually a motor-driven centrifugal pump is used, the 
water collecting in a settling tank at the base of the 


Fig. 9. Original and Relaid Portions of Water 
Main; Intersection of Vinewood Ave., and Michi- 
gan Central R. R., Detroit, Mich. ; 


washer and being recirculated. Usually the settling tank 
is flushed out once a week and entirely new water pro- 
vided. 

Some idea of the extent to which the cleansing effect 
may be carried may be obtained from recent tests made 
on the Carnegie Branch Library at St. Louis, by Wm. H. 
Bryan, consulting engineer. While not going into details 
it is sufficient to say that, using lampblack, over 99% 
was removed by the washer. . 


CONDENSATION OF HUMIDIFIED AIR MAY BE 
PREVENTED. 


Objection has been raised that excessive condensation 
on windows might result from humidifying the air. It 
has been found that this can be obviated by maintaining 
a temperature in the spray chamber never higher than a 
mean between the temperature of the external air, and 
that of the room. For example, if we are maintaining 
a temperature of 70° F. in the building, with an outside 
temperature of 10°, a temperature of 40° in the spray 
chamber will prevent any condensation or frosting on the 
windows. This is true because the glass itself is at a 
temperature midway between the two extremes and, 
therefore, is unable to lower the temperature of the air 
to its dew point. 
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HUMIDITY LOWERS THMPERATURE OF AIR. 


As a rule the fan system of heating and ventilating is 
used only when the outside temperature is under 60° to 
65°. Under these conditions an excessive humidity is 
absolutely impossible because of the fact that the air is 
raised in temperature before being brought into the 
room. When, however, the system is used throughout 
the year it oftentimes becomes desirable to get away 
from the high humidities quite common in warm weather. 
It is found that the external air can be appreciably low- 
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ered in temperature during the warm months because 
the air in passing through the washer absorbs some of 
the moisture. The latent heat to vaporize this moisture 
is furnished by the air itself, hence the lowering in tem- 
perature. It is found that an absorption of from 0.8 to 
0.9 grain per cu. ft. gives a lowering in temperature of 
from 7° to 8°. Greater reduction in temperature may be 
obtained, providing, of course, the air already has not 
too high a percentage of humidity. 

In the greater part of our warm weather this cooling 
effect is not accompanied by any unpleasant humidity. 
Where, however, this slight increase would cause in- 
convenience it is possible to produce a cleansing effect 
without appreciable absorption of moisture, with its con- 
sequent cooling effect, by merely flooding the eliminator 
plates and dispensing with the fine spray. Where ex- 
ceptionally high humidities are encountered, it is possibie 
to substitute a solution of calcium chloride, 28° Baumé. 
This solution will thoroughly wash the air without a par- 
ticle being evaporated. It neither gives up nor will it 
absorb moisture. 

In a recent test of the Carnegie Library installation, 
about which we have previously spoken, with an outside 
temperature of 86° and 40% humidity, an average tem- 
perature was maintained inside the building of 77.5° with 
70% humidity, this being an average temperature decrease 
of 8.57. It was found that a lower temperature was 
maintained in the room where the windows were kept 
shut. 

EXTRACTING MOISTURE FROM AIR. 


So far we have touched only on the humidifying or 
adding of moisture to the air. In some branches of in- 
dustrial work it is necessary to extract the moisture 
from air, or to dehumidify it. This is particularly true 
in the case of drying many substances which cannot 
stand a high temperature. Among these might be men- 
tioned gelatine and glue products, photographic paper, 
rubber, sulphur, matches, etc. 

Where the material to be dried can stand the maximum 
probable temperature that we are likely to encounter in 
summer weather, say 90°, we can get sufficiently dry air 
at any time by the use of calcium chloride solution, 40° 
Baumé, in the air washer. This solution will extract 
moisture from the air, the amount depending on the 
strength of the solution. It is not necessary to use out- 
side air in this instance. The air from the drying room 
can be returned to the washer where it is relieved of a 
portion of its moisture. 

This chemical extraction of the moisture from the air 
liberates the heat of vaporization, which results in rais- 
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ing the temperature of the air itself. This warmer and 
dryer alr is then returned to the drying room, where it 
absorbs additional moisture from the material being 
dried. Of course, the calcium chloride solution is being 
continually weakened while this cycle is progressing. It 
is necessary to use an automatically-controlled evapo- 
rator, to which the solution is returned and reconcen- 
trated. 
A more simple solution of this problem can be effected 
where a sufficient supply of cold water is available. With 
a temperature of water of 50° to 55°, 
it is possible to reduce the tempera- 
ture of the air to 58° to 63°, leaving 
but 5.5 to 6.5 grains of moisture per 
cu. ft. in the air. By then reheating 
this air to 80° to 85°, we would have 
a 50% saturation, in which condition 
the air will readily absorb moisture. 
The large amount of cooling water 
necessary makes this plan too expen- 
sive in many localities, in which 
event the calcium chloride solution 
can be used with small expense. 


LOW-TEMPERATURE DRYING. 


Again we have materials, such as 
photographic paper, which must be 
dried at a relatively low temperature 
all the year round. A temperature 
not exceeding 57° is necessary or de- 
sirable. In cases like this, no external 
air whatever is used except in cold 


weather. The air from the drying 
room is recirculated through the 
washer, in which the circulating 
water is cooled by refrigeration. 


The lowering of the temperature of 
the air condenses the excess moisture 
in it. In a recent installation this 
water entered the spray chamber at 
about 35°. The air was reduced in 
temperature to 45°, at which tempera- 
ture it contains 3.4 grains per cu. ft. 
at saturation. The air is then re- 
heated to approximately 59°, when its 
percentage of humidity is 60. It is 
then returned to the drying room and 
the cycle repeated. 

In connection with this last process it 
might be mentioned that a high degree 
of economy results from the fact thata 
back pressure of 45 lbs. may be carried 
on the refrigerating machine, whereas 15 lbs. is usually 
figured for ordinary refrigeration. We also have a 
maximum of efficiency in the transfer of heat or cold 
between the water and the air, because of the intimate 
contact between the two. When we realize the condition 
that usually obtains in refrigeration work, with the frost 
covering the pipes and cutting down the efficiency of the 
conducting material, the importance of this feature can 


be realized. 
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RECENT WORK IN DRAINING MINES ON THE COMSTOCK 


LODE. * 
By WALTER D. O’BRIEN. 

The drainage of the Comstock mines 25 years ago was 
accomplished by a pumping plant the moving parts of 
which weighed 6,496,400 lbs. This enormous weight was 
raised and lowered 10 ft. nine times per minute. In the 
Cornish system of pumps then in use 2.7 miles of pump- 
rod were employed, which, 
with the balance-bobs, pumps, 
and moving parts, actually 
weighed 2,230 lbs. for every 
gallon of water raised. A 
train of cars nearly a mile : 
long would be required to 
transport this machinery. 
Can one then wonder that 
when this stupendous plant 
was found inadequate, pump- 
ing ceased and the mines 
were allowed to fill with 
water? 

The abandoned pumps, not 
including foundations in- 
stallation, or freight, cost 
about $1,300,000. Their maxi- 
mum pumping capacity all 
told was less than 5,400 gals. 
per min., raised to an average 
height of 1,152 ft. The 
cost of operating this plant 
was about $58,120 per month, 
or $697,440 per year. This did not include the cost of 
broken parts, but represented daily operating expenses 
for pumping alone. One would think that such a plant 
could pump the ocean dry, but it could not handle the 
water of the Comstock lode. The old records show that 
in almost every instance where any extensive prospecting 


gees age A Sag a a ee 
*Reprinted from the ‘‘Mining and Scientific Press’’ of 
San Francisco, Cal., June 13, 1908. 
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work was tried on the lower levels, heavy flows of water 
were encountered. 

In February, 1882, a heavy flow of water from the 
2,810-ft. level of the Exchequer mine, estimated at 120 
miner's inches, flooded the lower levels. The pumps were 
run to their fuil capacity, but the water still rose, and not 
being able with pumps and bailing tanks to control it, all 
pumping operations were stopped for good on March 28, 
1882. 

At the time the lower levels were abandoned, the pumps 
were daily discharging about 4,000,000 gals. hot water 
(in some places the water was, and still is, 160° F.) to 
the Sutro Tunnel level. The expense of these operations, 
under the then existing conditions, ‘was enormous, so that 
finally one company after another withdrew its financial 
support, and the greatest of all gold and silver mines 
were practically abandoned, until the Comstock Pumping 
Association was organized in 1898. 

This association was originally composed of 24 mining 
companies, and each company agreed to defray its per- 
centage of the expense of unwatering the mines. The 
water then stood a few feet below the Sutro Tunnel level; 
in fact, some of the South. End mines were then over- 
fiowing into the south lateral of the Sutro Tunnel. 

The old superintendents who had charge of the mines 
previous to 1886 made extenslve reports on the conditions 
and the amount of ore in reserve before the mines were 
closed down. These reports showed that 5000, O00, O00 had 
been extracted from the Comstock lode, and that the 
lower levels had not been thoroughly prospected, on ac- 
count of the flow of water. In many instances, known 
bodies of good milling ore were left in the old workings. 

The best engineers in the country were then em- 
ployed to devise ways and means of unwatering the mines 
and to design and equip the mines with the most modern 
pumping plants. For nine years, the Pumping Association 
has kept alive the old mines, and the fruits of its past 
efforts should be realized from one to three years hence. 

Instead of trying to open each of the old shafts, groups 
of the companies combined to repair and operate through 
common shafts. The shafts that drain the different mines 
are the C. & C. shaft and the Ward shaft. The Union 
shaft is also below the Sutro Tunnel. The mines are now 
drained to the 2,550-ft. level of the Ward, 2,450-ft. level 
in the C. & C., and the 2,450-ft. level of the Union shaft. 

By the use of hydraulic elevators, the water in the 
C. & C. shaft was lowered from the Sutro Tunnel level to 
the 2,150-ft. level, it having required 200 miner’s inches 
under a pressure of 900 Ibs. per sq. in. to accomplish this 
feat. On the 2,150-ft. level of this shaft, three 6/1. x 
24-in. Riedler pumps have been installed. The station 
containing the pumps is 20 x 20 x 119 ft. in the clear. 
The timbers are 14 x 14-in. and lagged. These pumps 
have a capacity of 4,500 gals. per min. and are operated 
by means of three 200-HP. Westinghouse induction mo- 
tors. They handle all the water in the North End mines, 
lifting the water from the 2,150 level to the 1,650 or 
Sutro Tunnel level, through which it is discharged. 

By the use of hydraulic pumps, the water has been 
lowered to the 2,475-ft. level, where there is installed a 
hydraulic pump that makes one lift of 3,000 gals. per 
min. to the electric Riedler pumps on the 2,150 level. 
For operating this pump, 1,400 gals. per min. pressure 
water is used, under a pressure of 1,100 Ibs. per aq. in. 

On the 2,400-ft. level of the Ward shaft, there is an 
electric pump, operated by means of a 200-HP. motor at 
1,720 r. p. m., that makes one lift of 900 ft. to the Sutro 
Tunnel level, pumping 600 gals. per min. On the 2,475-ft. 


level of this shaft, the finest electrically-driven pumping 


plant in the world is now being installed. The ca- 
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pacity of this one unit of the ultimate system is 1,850 
gals. per min. The mine will be equipped with this 
unit to sink to the 3,100-ft. level, where a second unit 
will be installed. 

The cost of this new pumping system, net including in- 
stallation, was about $200,000, this price covering the 
two new units on hand and to be installed in the Ward 
shaft. Compare this cost with $1,300,000, the cost of the 
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antiquated pumping plants. The capacity of the old in- 
stallation was about 5,000,000 gals. daily, as against 
940,000 gals., the capacity of the new installation. 

The following gives an itemized list of the present 
monthly expenditures and cost of operating the pumps 
to unwater the mines on the Comstock lode: 


C. & C. SHAFT. 


Electric: eee ersa POSNETE $2,360 
Nerd ð- ĩ⅛ð K ĩ Rea ee A 2.200 
(«% ( 8 N nw eee se 10 
Labor changing throattn nns. 25 
Repairs and renew als Oe Bie 400 
Oil waste, . oe boN aaa 100 
Compressed afhhhkhk one 100 

$6,085 

WARD SHAFT. 

Electric power for pumps? zz $1,125 
Electric power for compressor............ 400 
(( ³ðO ae eae ORES Se OEE Cees 660 
Repairs, et —- eee ecg eee eee 100 
Oil Waste: een. E ES 75 

$2,300 


The total monthly cost of pumping is, therefore, about 
$8,445, as against $58,120, the former monthly expense of 
operating the abandoned pumping system, of little more 
than half the capacity of the new, which makes a saving 
of $598,100 per year. The present pumps also save from 
0, 000 to $100,000 on repairs and new parts not included 
in the above saving. 

A hoisting plant recently installed in the Union shaft 
is operated by means of a 100-HP. General Electric mo- 
tor. This hoist handled 20 tons an hour’ from the 2,000- 
ft. level, at a cost of about 3 cts. per ton for power. 
This does not include expense of engineering or mining. 
The hoist uses a continuous cable with two cages. A 
similar boist is installed at the C. & C. shaft and is set 
up back of the old steam hoist now in use. 

When the new pump is installed on the 2,475-ft. level 
of the Ward shaft, connections can be made with the 
Combination shaft and the mines can then be drained 
and explored to a depth of 3,100 ft. with good ventila- 


tion. 
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REMEDYING LEAKY ELEVATOR PITS. 
By MYRON H. LEWIS. 


The G. Siegle Company’s building, at Rosebank, 
Staten Island, is a three-story reinforced-con- 
crete structure, designed for a color factory. 
The substructure of the building is 16 ft. below 
the grade and several feet below the ground 
water level. This substructure was originally 
waterproofed with an exterior bituminous coat- 
ing, but through some undetermined cause water 
found its way into the cellar, and collected in 
the elevator pits to a depth of 3 ft. A system 
of continuous pumping had, therefore, to be 
adopted, to protect the machinery from the 
danger which thus menaced it. As leaky eleva- 
tor pits are frequent sources of trouble and diffi- 
cult to remedy the method of waterproofing here 
used may have some interest. 

There were two pits repaired in practically 
the same manner. The first pit, 7 ft. 6 ins. x 8 
ft. 6 ins. in plan, was built originally of reinforced 
concrete; one part cement, two parts sand, four 
parts gravel. In making the repairs for the 
waterproofing, there were cut out 4 ins. of con- 
crete on walls and 5 ins. of concrete on floor. A 
sump hole was dug in the floor of the pit (see 
accompanying figure) 1 ft. square and 1 ft. deep. 
The forms were next placed, of the neat size 
of pit and square and plumb, with two pouring 
holes at top. Over the sump-hole there was then 
laid a thin board with a hole in the center. 
Over this sump was erected a cast-iron stand- 
pipe with an 8-in. flange having holes therein, 
as shown, and this was made tight to a 3-in. 
nipple, threaded full length, with cap loose, and 
a sheet of felt with holes bored through, placed 
underneath. 

A flooring of concrete was then laid in the 
bottom of the pit, to the exact depth required. 
This was well puddled and tamped, especially 
around standpipe, and reinforced horizontally at 
least every 12 ins. with iron bars, these being 
placed within 1% ins. of the surface. The com- 
position of this concrete was one part cement, 
to which was added some “Hydratite” water- 
proofing compound, this being thoroughly mixed 
with the cement in the following manner: One 
barrel of cement was spread out flat, then 15 
lbs. of the compound spread over evenly and 
turned over three times. To this was added two 
barrels of building sand, well dampened, spread 
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out evenly and turned over three times. To this 
again was added three barrels of roofing gravel, 
spread out evenly and turned over three times, 
with enough .water added to make a fairly wet 
composition. 

This was applied on the floor of the pit, and 
was well tamped and puddled, particularly around 
standpipe. The work was finished at 5 o’clock 
p. m.; the pouring of the wall was started at 
about 8 o'clock the following morning, finished 
at 10.30 o'clock and allowed to set until 11 
o'clock the following morning. The following 
day, when the forms were taken away, the top 
part, on which it was impossible to place con- 
crete, was finished with a cement mortar com- 
position. 

The object of the sump was to relieve the 
pressure of water which appeared in the pit at 
the time of the cutting out of concrete. Sub- 
drains were dug around the entire pit on the in- 
terior leading to this sump, and the water was 
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taken out through the standpipe for three or 
four days, allowing the concrete sufficient time 
to set. The cap was then screwed down and 
made watertight on nipple, and this completed 
the work. 

The same method as above was followed in the 
other pit, except that 1% ins. instead of 4 ins. 
was cut out of the wall. The reason for the 
difference was that in the latter case the walls 
were plastered, first with a rough coating of 
cement mortar mixed with waterproofing com- 
pound. Where the waterproofed cement mortar 
was applied to the old concrete surface, the 
latter was well prepared to receive it, to in- 
sure a strong and permanent bond. The sur- 
face was scratched and “hacked” and also 
washed with a solution made of a bonding com- 
pound, which was allowed to remain on about 
10 minutes, and then the surface was thoroughly 
washed with water to remove all traces of the 
acid which enters into the composition of the 
material. 

The top coat was well floated and troweled 
hard, making a smooth, hard finish, the entire 
operation resulting in a watertight job at the 
present writing. 

The contractors for the work were A. C. 
Horn & Co. 

— A c . — ee 
SELF- INSURANCE OF STRUCTURES BY THE U. S. 
RECLAMATION SERVICE. 

The U. S. Reclamation Service, in connection 
with numerous irrigation works it is building 
in the West, has adopted the plan of self-insur- 
ance against fire. From reports on the insur- 
ance status of its various structures, as 
submitted by its supervising engineers, the 


Service has made an interesting study for its 
periodical called the Reclamation Record. We 
quote as follows: 


From the data submitted, covering the calendar years 
of 1907 and 1908, much information has been gathered 
relative to precautionary measures employed or omitted 
on the various projects. So far losses to the Service 
have been small, when the number and character of 
structures in use is considered, and by the application of 
reasonable methods of protection, etc., it is hoped to 
maintain this low average in future. 

Determination of risks in the Service Insurance scheme 
is based on facts that have been developed by the Stand- 
ard Commercial Underwriters’ Associations. Each build- 
ing reported is given a series of risk debits governed by 
conditions of construction, occupancy, exposure, etc., 
and from the total of these debits is deducted the total 
of credits from the various kinds of fire protection 
provided, and from non-inflammability of valuable con- 
tents and the quickness with which they might be re- 
moved in case of fire. The net debit is then multiplied 
by the value of the building and contents, and the 
product is taken as the “weight” of risk for the item. 
The sum of all these weights on a given project is taken 
as a unit weight for the project, and its relation to the 
sum of the weights of all projects is taken as a basis 
for computing assessments to reimburse N% of losses 
sustained in each calendar year. 

The most important items of debit and credit affecting 
risks are given below: 


DEBITS. 

Construction. Weight. Chimneys: Weight. 
i seus eure S Brick- 2:35 jade eee wee & ag 0 
Frame- hia thre eiaeuas 13 Terra-cotta or shect- iron. X 
Tin, or Cor. iron roof... 2 On brackets (additional). 2 
Shingle or tar paper roof. 6 
Board roof .........e0.% 4 Heating: 

Stove or open fireplaces. 4 
Hot air furnace .,...... 2 

Lighting: Occupancy: 

Gas or electricity ....... © Office, warehouse or resi- 
Oii rr whew Seen 5 oo ( a eee 5 


Mercantile store 
Mess or bunk- house 15 
Stable ossa K 8 20 


Acetylene lamps 


Steam power plant 50 
General: Exposure: 
Oils stored ........... 5-25 (Distance to other risks.) 0 


Oil waste not removed. .2 

Sweepings removed daily. O 

Sweepings removed oth- 
SWise Pera § 


9 ft., according to nature 
of exposure, a weight of 
8 to 40; 10 to 19 ft., 6 to 
24; 20 to 50 ft., 2 to 12. 


CREDITS. 

Per cent. 
Gravity water system ........... ccc cee ee ec ce nes 20 
Power water system 
Fire hose in or near buildingg ng 
Patent chemical extinguishers 
Paid flre department 
Volunteer flre department 
Watchman 
Exceptional 


oor ev aeeteoeeoezr „ ovene 


features 


A study of the examples below should be of interest 
as illustrating the increase of risk to a building by 
apparently trivial conditions. 


A. Subject, a warehouse. 
tents, $10,000. 
Debit. 


Frame construction ....13 
Corrugated iron roof ... 2 
Occupancy (storage of Gravity water supply...20 

ordinary supplies) ... 5 Chemical extinguisher ..20 
Exposure, none in 50 ft. 0 Fire hose mear building. 7 
No lightikg or heating... 0 Watchman 12 


Value of building and con- 


Protective meas- Credit, 
ures per ct. 


„ „„ „„ „„ „„ „„ „ „% „ „„ eve E 


Total debits .......... 20 Total per cent. credit. .39 


20 less 39% = 12.2 x 10,000 (value) = 122,000, which 
is taken as the unit weight of risk. 

Instead of above reasonable conditions, assume that 
the following changes were made. A shingle roof is 
substituted. A small room is arranged inside for the 
watchman, necessitating the use of a stove, a lamp and 
terra-cotta flue on brackets. Five barrels of oil are 
stored inside. A small table is built within 9 ft. on 
one side, a carpenter shop attached to another side and 
a granary and hay shed are located within 19 ft. of 
the rear. No fire protection is provided except a watch- 
man. (All of these unfavorable conditions have been 
reported in a number of cases.) Result as follows: 


B. Protective meas- Credit, 
Construction (as before).13 ures. per ct 
Roof (shingle) ......... Watchman ............. 12 

Occupancy (same as 132 less 12 per cent. = 
bunk-house) ........ 15 116.16 x 10,000 (value) = 
Exposures, 24, 20 and 18.62 1.181.600, or more than 
Stove, 4; lamp. ...... 912 times the unit weight 
Terra-cotta flue, 8; on of the first example. 
brackets, 22222 10 
Occupancy (same as 
bunk-house) .......... 15 
Oils stored ....... ..... 10 
Sweepings seldom re- 
moe! e 
Total debits ..... 25.2132 


The most important deduction to be made from the 
above is not the incidental increase of insurance assess- 
ment in the case cited, but the actual increase of risk to 
valuable property by ruch conditions. 
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POWER PLANT OPERATION ON PRODUCER GAS.* 
By GODFREY M. S. TAIT,+ M. Am. Soc. M. E. 


The gas producer consists essentially of an apparatus 
arranged for the partial combustion of carbon, which re- 
sult is achieved by means of a deep fuel bed, so ar- 
ranged that while the free air is admitted to one side 
of the fire, allowing complete combustion in the first 
zone, the succeeding zones, containing carbon heated 
by radiation and convection, are utilized for the re- 
conversion of the COs, back into a combustible gas by its 


5 ö 22 
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"FIG. 1. 
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of the foregoing in which combinatlons of up and down 
drafts are utilized for the double purpose of keeping 
the fuel beds in a well broken up condition, and for 
the purpose of generating special qualities of gas, such 
as ‘‘alternate’’ water gas and air gas. 

Unfortunately the utilization of these plants in this 
country has been attended with considerable difficulty, 
due to the unsatisfactory nature of American fuels, high 
jn fusible ash, 

To explain this point, it will be noted that the 
producer business in Europe has reached a very much 
more advanced stage than in this 
country, and upon investigation it was 
found that this was almost entirely 
= due to the fact that the European 
coals employed have very little if any 
fusible ash, and a very high percent- 
age of fixed carbon which enables the 
operation of these plants at a 
rate of gasification per square foot of 
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ELEVATION OF GAS PRODUCER PLANT AND ENGINE USING TAIT SYSTEM OF GAS 


GENERATION. 


1 Gas Generator T Exbaust Inlet Pipe 


2 Coal Hopper Valve 
3 Automatic Gas-tight Hop 8 Three-Way Automatic 
per Valve. Gas Valve 
4 Poke Holes 9, 9! Safety Release Wa- 
5 Gas Outlet Pipe . ter Seals 
6 Air Inlet Pipe and 10 Purge Pipe 
Valve. 11 Scrubber 


coming in contact with the Incandescent fuel, which is 
so arranged that no free oxygen has access to this part 
of the fuel bed. 

Producers may be divided into three classes; the 
up-draft pressure producer, the up-draft suction pro- 
ducer, and the down-draft producer, either suction or 
pressure, to which may also be added a combination of 
these types especially designed for bituminous fuel, in 
which both the up and down drafts are either used al- 
ternately or in combination for the purpose of fixing 
the volatile hydro-carbons encountered when using this 
type of fuel. 

The up-draft pressure producer, which is perhaps the 
oldest and most familiar type, is well known in its 
application for supplying a fuel gas for furnaces. This 
producer is usually used by steel works, glass works, 
and other industries requiring large volumes of fuel 
gas for direct burning, and consists essentially of a ver- 
tical chamber lined with refractory material, the lower 
end of which is immersed in a water pan, so that the 
water contained therein forms a liquid seal, which 
prevents the escape of gas at that point. This type of 
producer is generally designed without any form of grate 
(although the use of a grate does not affect the prin- 
ciple), a pile of ashes in the lower part supporting the 
fuel bed, and the draft being supplied through a central 
tuyere to the fuel. 

This blast usually consists of a mixture of steam and 
air under pressure, which is obtained by means of a 
steam jet blower, and the gas so obtained, consists of 
a mixture of H, CO, COs, N and CH, the amount of 
the latter depending upon the nature of the fuel em- 
ployed. 

The gas thus generated, while answering all the re- 
quirements of the furnace is, due to its uncertain and 
varying composition, somewhat difficult to utliize for the 
operation of gas engines, for the reasons that will be 
noted later. 

The suction producer is practically the same appara- 
tus, although usually supplied with a grate, instead of 
a water seal, and has its draft induced instead of forced, 
as in the former type. This style of producer has so far 
been used successfully for power purposes, the engine 
itself usually supplies the necessary suction, and by 
means of steam or water vapor regulating apparatus, a 
fairly uniform quality of gas is obtained. 

The third type, or down-draft producer consists in a 
reverse of the foregoing, the draft being admitted above 
the bed from the same orifice or similar orifices as those 
used for supplying fuel, the object being the fixation 
of the volatile hydro-carbons contained in the fuel em- 
ployed, by causing them to pass off through the incan- 
descent bed of fuel in the producer. 

To these types may be added various arrangements 


*A paper presented before the Gas Power Section of 
The American Society of Mechanical Engineers at the 
Detroit Meeting. 
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inside diameter entirely out of the question in this coun- 
try, as the temperatures so obtained would fuse our 
ashes into a regular slag. 

But for the question of fusible ash, it would be very 
much more advantageous, as has been found in Europe, 
to operate producers at a high rate of gasification, as by 


so doing, the temperature of the complete combustion 


zone may be maintained well above 2,000° F., with the 
result that all steam fed to the producer, even at fairly 
low loads, will become dissociated, and will supply a 
hydrogen constituent to the gas, directly proportionate 
to the amount of steam fed into the producer. This 
being the case, it was only necessary to design a steam 
or water vapor regulating apparatus of a sufficiently 
automatic nature to take care of all variations in load, 
to enable the plant to generate a gas containing a fairly 
uniform amount of hydrogen. 

However, all attempts to obtain the same results in 
this country have failed, for the reason that in order 
to obviate trouble from clinker, due to the high per- 
centage of fusible ash in American fuels, it was found 


able variation, the hydrogen constituent varying any- 
where from 5 to 20% by volume of the gas generated 
according to the temperature of the combustion zone in 
the producer, which in turn was absolutely controlled 
by the amount of load on the plant. 

Of course these defects were not recognized imme- 
diately, and it took several years of practical experi- 
ence to demonstrate that it was a physical impossibility 
to generate a producer gas under European methods in 
America and to have the hydrogen constituent of the 
same remain uniform at varying loads. 


While this variation in the hydrogen constituent was 
of comparatively little moment, when the operation of 
furnaces with gas was considered, on the other hand, it 
produced a very serious defect when using this gas for 
the operation of engines. Not so much for the reason 
that the total British thermal units changed, because 
such change was slight, and should have been handled 
by the governors om the engine, but that as hydrogen 
burns approximately twice as rapidly in an engine cyl- 
inder as carbon monoxide, and as the ignition point was 
usually set to conform with the ignition period of the 
more rapidly burning constituent hydrogen, it followed 
that when this constituent fell off in quantity, that the 
engine would be firing at too late a period of the stroke 
to be economical, in addition to the fact that the late 
fire caused excessive heating of the exhaust valves. 

Having obtained this information the writer then set 
about to obtain if possible some other means of pro- 
ducer operation, so as to eliminate the most changeable 
constituent of the gas, namely hydrogen, having by this 
time become thoroughly convinced that it was more es- 
sential that an engine should have for its operation a 
gas with an absolutely fixed ignition point, than it 
was to supply that engine with a gas of high heat value, 
and having come to this conclusion, a series of experi- 
ments were made with a view to determining if possible 
a remedy for the difficulty. 

A producer was equipped with a draft supply consist- 
ing of pure air alone, and yielded a gas consisting essen- 
tially of carbon monoxid and nitrogen, with only a slight 
percentage of hydrogen corresponding to the hydrogen 
constituent of the fuel employed. 

This gas had a British thermal unit value of about 
105, which was of course very much lower than would 
have been the case had the usual steam saturated draft 
been employed. 

On the other hand, although having a lower Treating 
value, the fixed ignition point of the gas and its uni- 
formity of composition was very striking, and but for 
the fact that the producer, in the absence of any draft 
diluent became overheated to such a degree as to cause 
clinkers from the fusible ash in the coal, very satisfac- 
tory results would have been obtained, 

This gas was washed and scrubbed in the usual man- 
ner, and used for the operation of a 100-HP. three-cyl- 
inder-vertical-engine of well known make, and the 
remarkable fact was noted that this engine, which had 
formerly given great trouble from premature ignitions 
at certain loads while operating on regular producer 
gas, in this case operated with complete smoothness, and 
what was perhaps more surprising still, by an advance 
of the igniters to the correct position, it developed 


horsepower slightly in excess of its builder’s rating. 


FIG. 2. SIDE ELEVATION AND CROSS SECTION OF AUTOMATIC GAS PRESSURE REGULATOR 
FOR USE WITH TAIT SYSTEM. 


necessary to make the grate surface very much larger 
per horsepower than was the case in foreign practice, 
and while this change practically obviated clinker 
troubles, we found ourselves confronted with an even 
worse difficulty, due to the fact that on half or quarter 
load, the temperature of the combustion zone in the 
producer was very much below the point necessary for 
complete dissociation of the steam supply for the pro- 
ducer. This gave us a gas which from 5,000 or more 
analyses which the writer has made, showed consider- 


This apparent increase of power, however, was un 
doubtedly due to the fact that with this very uniform 
gas, which had a fixed high limit, it was possible to set 
the ignition at exactly the correct point, which point 
remained absolutely constant, barring changes due to 
the action of the throttling governor under load varia- 
tions. 

After making a short run under these conditions, it 
was found possible by increasing the compression of the 
engine to 200 lbs., combined with setting the ignitera as 
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exactly the right point, to carry about 15% more power 
on the engine than the builders cared to guarantee. In 
other words, it was obvious that the builders of producer 
gas engines, knowing the variable quality of the ordinary 
producer gas upon which their engines have to operate, 
are very conservative in their engine ratings, as they 
have to be, in order to be on the safe side when the 
ignition point in the gas changes. 

This and other similar experiments proved that the 
most essential feature in a power gas is its uniformity 
of composition, which in turn means its fixed ignition 
point, and that no matter how low the British thermal 
units within reasonable limits, it is perfectly possible 
to operate the gas engine successfully, provided that the 
ignition point always remains the same, it being obvious 
that the throttling governor on the engine would merely 
open wider for the leaner gas and take in more gas 
per stroke. 

After settling this fact thoroughly by continued experi- 
ments, the writer then looked about for some means of 
cooling the fire to take the place of the usual steam 
eaturated draft, and finally decided that the use of 
carbon dioxide in fixed amounts might answer the pur- 
pose, 

The exhaust from the engine was piped back with a 
by-pass to a mixing valve on the producer, so arranged 
that part air and part exhaust could be admitted to the 
ash pit. With a proper mixture of exhaust and free air 
the producer could be operated at a sufficiently high 
temperature to make gas, while at the same time, low 
enough to obviate any dangers of clinkers of the fusible 
ash. 
Reference to Fig. 1 will show an elevation of a com- 
plete producer and engine plant of this kind which was 
installed in Brooklyn about 18 months ago. The plant 
consists of (1) a gas producer of the suction type 
equipped with the usual type of coal feeding hopper but 
having no evaporator or other vapor supply; this pro- 
ducer is supplied with the usual down-take pipe (5) 
communicating with a two-way valve (8) for throwing 
the purge pipe into operation when the plant is shut 
down, scrubber (11), purifier (12) and gas pipe (13), 
which in this case delivers gas to the automatic ex- 
hauster (14), a piece of apparatus which will be de- 
scribed later. From here the gas flows through pipe (18) 
to the two engines shown. The exhaust from these 
engines passes off through pipes (21) and (21“ to the 
exhaust main (22), which leaves the building at a point 
under the producer and is by-passed thrqugh pipe (7) 
up to the mixing valves (6) and (7), where air and ex- 
haust gases enter the base of the producer. 

The apparatus (14) of which a cut is also shown in 
Fig. 2 consists of a postive type exhauster operated by 
motor or other suitable means, and which draws the 
gas from the producer as indicated by the arrow points, 
and discharges the same toward the engines and at a 
predetermined and absolutely fixed pressure. 

This pressure regulation is very simply obtained, by 
the fact that the outlet of the exhauster communicates 
through several pipes, as shown in the drawing, to a seal 
of water contained in the base of the apparatus, this 
seal of water being set to the desired point to give best 
results at the engines. Any excess gas over and above 
this pressure naturally bubbles up through this water 
seal, returning to the inlet side of the exhauster. This 
apparatus in a very simple manner takes the place of 
the usual gas holder and enables engines to be operated 
in parallel from the same suction producer. 

This apparatus is not an essential part of the experl- 
ment above alluded to, but it was found to greatly assist 
in steadying up the conditions upon which the plant 
operated and was absolutely necessary to close regula- 
tion when it was desired to operate more than one engine 
from a single suction producer. 

The plant of which Fig. 1 is an illustration has now 
operated for about 18 months, part ^f the time 24 hours 
per day, six days a week. and at loais varying from onc- 
quarter to 10% above builders’ rating, and has 
during that entire period given no trouble from varia- 
tions in the quality of the gas, such as would have 
been encountered, had this gas been generated in the 
usual manner and containing the usual fluctuating 
amount of hydrogen. 

Furthermore it was ascertained in practice that the 
exhaust pressure in the ash pit was just sufficient to 
offset the suction caused by the gas being drawn off 
the producer, with the result that the poke-holes on 
top of the producer could be opened and kept open 
without any gas escaping or any air getting into the 
producer, and for this same reason it was found possiblo 
to open the ash pit and grate bar doors wide and to 
clean the fires thoroughly while the full load was on 
the engines, without in any way interfering with the 
quality of the gas. This latter point proved to be a 
very satisfactory one with the operators of the plant, 
as it enabled them to clean their fires while the daily 


rea was going om and no overtime had to be charged to 


this operation. Also the pulsation of the exhaust gave 
a very beneficia] shaking action upon the fuel bed in 
the producer and seems to entirely obviate the tendency 
for fissures to form in the fuel bed, with the result 
that the average carbon dioxid obtained in the producer 
gas made under this arrangement is only 1%%, which, 


compared with the average obtained under the old 
method of producer operation, shows a very great saving. 

While from a thermal standpoint it is a doubtful 
question whether the producer itself is as efficient a 
converter of heat values, under this system, as when 
using a steam saturated draft under test conditions, it 
has been found in actual practice that the fuel saving 
on the plant is considerable, due to the fact that the 
entire absence of necessity for rebuilding the fire at 
any time and the ability to operate continuously, nat- 
urally conserved the fuel consumption to a remarkable 
degree. In fact, the actual coal consumption on this 
plant, taken for a period of six months, and including 
all standby losses, showed that the plant is burning 
1% Ibs. of coal per B. HP.-hr., while the load factor 
was less than two-thirds, and the working day but 
ten hours, while Sundays the plant was shut down. 
Further, when the occasion arose to operate this pro- 
ducer 24 hours per day at full load, it was found 
that the coal consumption was 0.7 Ib. per B.-HP. de- 
veloped during time of operation, and that this economy 
could be maintained for as long a period as the load 
conditions allowed. 

For operation on anthracite fuels, the up-draft suction 
producer shows by long odds the best economy, as it 
eliminates all leakages of gas while operating, which 
losses, in addition to the heat value thrown away, miti- 
gate greatly against the plant by annoyances to the op- 
erators from the gas poisoning entailed, it being a phys- 
ical impossibility for the operator of a producer plant 


to do justice to his work when suffering from a splitting 


headache, such as is too 
often the case with men em- 
ployed around pressure pro- 
ducer plants. 

The suction producer, on 
the other hand, is extremely 
simple of operation and does 
not pollute the air of the 
producer room to any notice- | 
able extent, with the result 
that the operators take a 
great interest in the plant and | 
a pride in keeping it up to 
the best possible working 
condition. This is a point to | 
which owners of producer 
plants have hitherto given 
very little attention and 
which seems to the writer to 
have a necessarily vital ef- 
fect on the success of the en- 
terprise. 

Some difficulty has been 
found in using a suction pro- 
ducer where a very fine coal, 
such as No. 2 buckwheat, 
is employed, due to the dif- 
ficulty of pulling the draft 
through the heavy fuel bed, 
but the writer has found this 
to be merely a question of 
grate design and draft dis- 
tribution, and one which can 
be easily taken care of, if 
the engineer laying out the 
plant gives the matter its 
merited attention. 

As to operation on bitum- ENG Ne 
inous fuel, the up-draft pro- 
ducer is very much easier 
to handle than the down- 
draft, but it of course in- 
volves the use of some form 
of tar washer to take care of the by-products left in the 
gas after they leave the scrubber, and as these by- 
preducts sometimes represent a considerable percentage 
of the heating value of the fuel employed, this type of 
plant is open to objections. 

The down-draft producer, on the other hand, while it 
“fixes” the gas to quite a considerable extent, is sub- 
ject to the tremendous disadvantage that the fine par- 
ticles of ash form in the upper zone and passing down- 
ward in the fuel bed with the draft, tend to clog up 
the entire fuel bed, so that it is impossibe to operate 
this type of plant for any considerable period without 
breaking up the fuel bed, either mechanically, or by 
means of a reverse blast of considerable pressure, either 
operation necessitating a change of conditions and gas 
output, calling for the Installation of a duplicate unit 
or a large gas holder to steady the output during these 
periods. 

It seems to the writer that the ideal way out of the 
difficulty would be to use a gas producer combining the 
merits of both, as far as possible, and this might be 


7 


obtained by using an up-draft producer in which the 


outlet gas pipe protruded into the fuel bed down to 
within, say, 3 ft. of the grate, and the space 
above the end of this pipe up to the top of the pro- 
ducer being filled with fuel. 

Some such arrangement as this was tried by the 
writer, with the result that a gas very high in CH, was 
obtained, due to the fact that the upper half of the 


producer acted as a destructive distillation retort, while 


the lower part was only called upon to operate on the 
coked fuel. 

There is of course nothing original in this idea, it 
having been tried in Europe in several instances, but it 
would seem that some such arrangement, in conjunction 
with a mechanical tar separator of small dimensions, 
would be found to go a long way toward handling 
bituminous fuel satisfactorily. 

In conclusion the writer has the pleasure to report 
that the gas producer business is now advanced so far 
toward a successful conclusion, that absolute uniform- 
ity, reliability and continuity of operation can now be 
guaranteed and supplied, while at the same time, the 
very attractive economies always claimed for producer 
plants still remain, and barring the possible high first 
cost of the installation, there is no longer any reason 
why this type of power plant should not meet with all 
the requirements of the manufacturing industries. 
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AN ELECTRIC TRAVELING HOIST WITH GRAB 
BUCKET. 

The traveling hoist shown in the accompany- 
ing figure is provided with swivel trucks for 
short-radius curves and is in many ways a com- 
mon type. The equipment with a two-line grab 
bucket, however, is of interest to users of such 
hoists. The hoisting and holding cables are wound 
by one motor through friction clutches oper- 


AN ELECTRIC TRAVELLING HOIST WITH GRAB BUCKET. 
(Built by the Cleveland Crane and Car Co., Wickliffe, Ohio.) 


ated from the cage. The lowering, opening and 
closing of the bucket are all by gravity. When 
the bucket hag reached its highest point it is 
held by a friction brake. The friction clutches 
used in hoisting are designed to slip at a certain 
overload. The intermediate hoisting shaft is 
extended to the rear of the operator’s cage and 
there carries a drum which is given about twice 
the peripheral speed of the hoisting drums. This 
auxiliary drum winds a rope which extends 
under the cage to the grab bucket and steadies 
it. The steadying rope is kept taut, without 
overstrain, at all times, by driving the auxiliary 
drum with friction disks keyed to the shaft and 
held against the drum by spiral springs made 
adjustable for wear and changed requirements in 
the rope tension. Normally they would be ad- 
justed to cause the drum to put a load of 250 
to 300 lbs. on the steady rope. 

The driving truck carries an electric motor the 
speed of which is varied by the drum controller 
in the cage. In ordinary practice in coaling 
plants the track speed of the holst is from 300 to 
500 ft. per min., although this can be changed. 
This hoist was designed and built by the Cleve- 
land Crane & Car Co., of Wickliffe, Ohio. 
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THE NEW CUT-OFF LINE OF THE LACKAWANNA 
RAILROAD. 
By F. L. WHEATON.” 


The Delaware, Lackawanna & Western R. R. 
was at its inception a coal-carrying road built to 
transport its coal from the mines to the eastern 
markets, and when in the early fifties it began 
to extend its line eastward it was like other 
roads of that day, lacking in financial strength. 
As the country through which it necessarily had 
to build was at best exceedingly rugged and 
mountainous, its management was compelled to 
extend it along the line of least resistance at 
some points, rather than by the most direct 
route toward the coast. The road was, therefore, 
built from Scranton southeast over the Pococo 
Mountains and through the Delaware Water Gap 
to a point on the Delaware River near Portland, 
Pa., by the parent company, and from the Dela- 
ware River southeast to Hampton by a leasing 
line, the Warren Co. R. R. Co. 

The drainage of all northwestern New Jersey 
flows southwesterly into the Delaware River, 


ing from Hoboken to Phillipsburg, on the Dela- 
ware River. This road was later leased by the 
D., L. & W. R. R., and in this way the latter 
company obtained a through line from the coal 
fields of Pennsylvania to tidewater at New York. 

There is but one point where a railroad east 
from Scranton can pass the barrier imposed by 
the rugged range of the Kittatinny Mountain, 
and that is at the famous Delaware Water Gap, 
where in past ages the Delaware River cut its 
way through this range. It is, therefore, impos- 
sible to materially shorten the line between 
Scranton and Water Gap, but east of that point 
the present line makes a wide detour to the south 
by way of Washington, and then back toward 
the north through Hackettstown to Lake Hopat- 
cong. Until recently it has been regarded as im- 
practicable to build a more direct line between 
the Water Gap and Hopatcong, as the route 
would necessarily cross the watersheds diago- 
nally and at points where the divides are high and 
rocky and the valleys deep, but, on account of 
the distance and heavy grades and curvature 
by the present line between these points, the 


the Delaware River just below the Water Gap, 
through the county of Northampton, Pa., War- 
ren, Sussex and Morris Counties, N. J., to a 
point about one-fourth of a mile west of Landing 
station at Lake Hopatcong. This survey showed 
that a line could be built, having a maximum 
equated grade of 0.55% equal to 29.04 ft. per mi., 
saving over 11 miles in distance, cutting out a 
very large amount of curvature and eliminating 
tunne's. A final location was then made sub- 
stantially on this preliminary line, including con- 
tour maps, profiles and estimates of cost. 

A tabulated statement is given on the next page 
showing a comparison of the physical features of 
the old and the new line between connecting 
points. 

The new cut-off line will reduce the distance 
between New York City and Buffalo from 411 
miles to less than 400 miles, which amounts to a 
reduction of over 2%%. of the total distance. 

In order to determine whether the annual 
saving in the cost of operation and maintenance 
would justify so large an expenditure as the 
preliminary estimate indicated, a statement was 
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and the watersheds are high and rocky in the 
north, decreasing gradually in height toward the 
south, until comparatively low and level land is 
reached. This formation necessitated the con- 
struction of two tunnels on thd line of the 
Warren County R. R.; one at Manonka Chunk, 
975 ft. in length, and other at Oxford, 2,996 ft. in 
length. 

At Hampton the D., L. & W. R. R. Co., lessee 
of the Warren County R. R., delivered the 
greater part of its coal to the Central R. R. of 
New Jersey for transportation to tide water, and 
at Washington, N. J., a portion was transferred 
to the Morris Canal, then in the height of its 
usefulness and prosperity, for transportation to 
Boonton, Paterson, Newark and other towns 
along the line of the canal. The construction of 
the road to Hampton by way of the Delaware 
Water Gap and Washington was therefore no 
mistake at that time, as it served the needs of 
those early days at the least expense for con- 
struction. 

At Washington the Warren Co. R. R. crossed 
the line of the old Morris & Essex R. R., extend- 
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OF THE HOPATCONG-SLATEFORD CUT-OFF 


management of the railroad has been led to seek 
a shorter route and one having lighter grades 
and fewer curves, over which the heavy traffic 
of its eastern division can be more economically 
handled. The general layout of the eastern end 
of the line is shown in the accompanying map. 
Three lines extending from various points east 
of the Delaware River to points west of Waterloo 
on the present main line had been surveyed pre- 
vious to the year 1902 with this end in view, 
but, while shortening the distance about eight 
miles, these lines were not satisfactory, as they 
left a stretch of five miles of pusher grade and 
bad alinement against eastbound traffic between 
Waterloo and Lake Hopatcong. In the year 
1905 Mr. L. Bush, Chief Engineer of the road, 
projected several lines, the results of which 
showed it to be possible, although at large ex- 
pense, to construct a line from a point below 
the Water Gap to Lake Hopatcong, which would 
fulfill all ‘requirements; viz., shorten the distance 
very largely, and at the same time reduce ma- 
terially the grades and curvature and eliminate 
the tunnels. On Dec. 1, 1905, a party was placed 
in the field and a preliminary line run between 
Slateford, a small village on the west bank of 


SHOWING LOCATION 


made showing what the annual saving would be, 
based on the actual cost of operation, mainte- 
nance of roadway, structures and signals, repairs 
to rolling stock, engine service, etc., for the year 
1905. This cost was then reduced to cost per 
train mile and the annual saving in each item 
computed for the saving in distance, grade, curv- 
ature, rise and fall, etc., as shown in the fore- 
going table. The total cost of operation was 
found to be approximately 57 cts. per train mile 
and the annual saving by the construction of the 
new line showed that an expenditure largely in 
excess of the estimated cost of its construction 
would be warranted. 

In making up the statement of annual saving 
many items were necessarily omitted for the rea 
son that they could not be reduced to dollars and 
cents, as, for instance, the saving of approx i 
mately twenty minutes in running time of every 
passenger train over the new line and one hour 
in the time of every freight train, resulting in a 
corresponding increase in the earning capacity of 
every engine and car in the service, and a reduc— 
tion in per diem charges paid for foreign equip— 
ment. Another item of saving will be a decreage 
in the liability of damage to equipment by rea 
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TABLE SHOWING COMPARISON OF OLD AND NEW 


LINE BETWEEN SLATEFORD, PA., AND HO- 


PATCONG, N. J. 


Old line. 
39.57 mi. 
1.14% = 60.2 ft. per mi. 
1,999° 


Distance 
Maximum grade 
Curvature-central angle 
Number of curves 
Maximum curve 


„ 2 „ „„ „ „%% %%% % „„ „ „6 „46 
eee „ „„ „ „% eevee 
e.s...» 


9ꝙ 22 „ „4 „ 


5 curves 
Length of curved linea 12.98 mi 
Percentage of tan gent 67.2% 
Rise and fall ... 0... ccc ewe eee 248 ft. 
Length of tunnels............ 3,971 lin. ft. 


son of derailments which, other things being 
equal, is in direct proportion to length of line, 
but in this case should show a much greater 
proportional decrease owing to the reduction in 
gradient. curvature and rise and fall. 

The new line as located leaves the present 
main line at Slateford, three miles be- 
low the Water Gap station, curves to the right 
on a 2° curve for a distance of 900 ft. and then 
continues on an ascending east bound grade of 
O. %, along the side of the bluff on the west 
side of the river to a point about three-quarters 
of a mile south of the starting point where it 
swings to the east on a 3° 30° curve, the only 
curve on the line exceeding 2°, and crosses over 
the present main line and the Delaware River 
to the Jersey shore. The new line then runs 
almost directly east along the south slope of the 
beautiful Pauline Kill valley to a point near 
Johnsonburg, where it crosses the divide be- 
tween the Pauline Kill and Pequest rivers. The 
distance from Slateford to this point is 12 
miles in which distance a height of 337 ft. above 
the present main line at Slateford is attained, 
amounting to an average grade of 2S ft. per 
mile for the entire distance. Allowing for com- 
pensation for curvature this is practically the 
maximum grade established. From this point 
eastward to the Pequest River, a distance of 6 
miles, the line will traverse a high rolling table 
land broken by high ridges of limestone thrown 
up by volcanic action. Over this stretch the 
grade is practically level except for a very 
slight rise and fall of 5 ft. adopted for drain- 
age purposes. From the Pequest River east- 
ward to Hopatcong the gradient is the maxi- 
mum of 29.04 ft. per mile compensated for cur- 
vature. 

When the line leaves the bluff on the west 
bank of the Pequest it will continue on a tan- 
gent eastward across the Pequest valley for 
three miles on what is said to be the largest 
railroad embankment in America if not in the 
world. This embankment will be from 75 to 
110 ft. in height and will contain 6,625.650 cu. 
yds. of material. From Kerrs corners near 
Johnsonburg to the mountain east of Andover. 
a distance of 10% miles, there is only one 307 
curve, having but 6° 30’ central angle. 


At a point about one-half mile east of Andover 
the line will curve to the south crossing through 
the divide between the Pequest and Maus- 
conctong watersheds in a rock cut a half-mile 
in length. From this cut will be removed 
44,000 cu. yds. of New Jersey granite. The 
line will then cross the valley of the Lubber 
Run Creek on an embankment containing 1,- 
100,000 cu. yds. and continuing south and south- 
east along the westerly slope of the Walkill 
Mountains will join the present main line again 
one-quarter of a mile west of Hopatcong 
Station. 

On the new line there will be no grade cross- 
ings of either railways or highways, which to- 
gether with the water courses crossed will 
necessitate the construction of 65 concrete 


structures varying in span from 4 ft. to 150 ft.. 


The most important of these structures are the 
arch bridge over the Delaware River, between 
Portland and Slateford, Pa., the one over the 
Pauline Kill, the New York, Susquehanna and 
Western R. R., and a highway near Haines- 
burg, N. J., and the 70-ft. arch over the Pequest 
River, about one mile west of Huntsville. The 
Delaware River bridge crossing will consist of 
five 150-ft. concrete arch spans, two 120-ft. 
arch spans and two 30-ft. arch spans, the lat- 
ter over the present main line tracks, and a 
highway on the Pennsylvania shore. This 
structure will be approximately 1,450 ft. in 


5T 
C 6° 54“ with a large number of 


New line. Saving. 
28.45 mi. 11.12 mi. 
5% = 29.04 ft. per mi. 31.16 ft. per mi. 
439° 1,560° 
15 42 
one max. curve 3° 30’. 
3247 
4. 88 mi 8.1 mi. 
82. 80% 15.677 
11 ft. 2:7 ft 


length, and its height from ordinary high water 
in the river to the base of rail will be 65 ft. 
The track system is supported by spandrel 
arches, resting on the main arch rings. 

The Paulins Kill bridge will be approximately 
1.100 ft. in length and will be about 115 ft. in 
height from water level in the river to base of 
rail. This structure will consist of five 120-ft. 
concrete arch spans and two 100-ft. arch spans, 
and the track will be supported by spandrel 
arches resting upon the main arch rings in the 
same manner as in the Delaware River bridge. 
The abutments of both structures are of the U- 
type, but those of the Paulins Kill are designed 
with three longitudinal reinforced-concrete walls 
supporting a reinforced-concrete slab carrying 
the tracks and ballast, allowing the embank- 
ment to take its natural slope between the walls 
as well as on the outside of them, and thus 
balance the earth pressure and avoid the heavy 
section necessary had they been designed as 
retaining walls. 

In the specifications for grading only two 
classifications were provided, viz.: earth exca- 
vation and rock excavation, with no overhaul. 

To aid the contractors in making up their bids, 
a profile was furnished them showing the ap- 
proximate quantities in each cut and fill, the 
approximate proportions of earth and rock that 
would be encountered and the disposition of ex- 
cavated materials showing approximate aver- 
age distance of hauls from each cut. 

In the specifications for concrete three classes 
of concrete were provided for, of the following 
proportions: 

Class ‘‘A’’ 1 cement, 2 sand, 4 broken stone. 
Class “B” 1 cement, 3 sand, 5 broken stone. 
Class “C” same as class “B” with large quarry stone 

, bedded in concrete. 

Class “A” concrete is to be used in copings 
and ornamental railings, Class “C” in founda- 
tions below ground line and in massive abut- 
ments and piers for arches below the springing 
line, and Class “B” in all other cases. 

The total estimated quantities of earth and 
rock excavation and concrete are as follows: 


Earth excavatiiom bw S. 861.000 cu. yds. 
Rock exca vat iaakx᷑ukxvd ee ees 4.320. % % °° 18 
Embankm een 14.62 1.100 * ee 
Concrete (all classes)... ... 2. ec e ee eee 225,000 “ * 


The contracts for the work were awarded in 
seven sections, each contract including all clear— 
ing, grading, masonry, etc., on the section. 

Following is a list of the successful bidders on 
the several sections: 

Sec. 1. Timothy Burke, Scranton, Pa. 
See. 2. Waltz & Reece Construction Co., Billings, Mont. 


1 
) 
Sec. 3. David W. Flickwir, Terry Bldg., Roanoke, Va. 
Sec. 4. W. H. Gahagan, 189 Montague St., Brooklyn, 
NX. Y 


Sec. ö. Hyde-McFarlin Co., 7 Bast 42d St., New York 
City. 
Sec. 6. 


Reiter, Curtis & Hill, Arcade Bldg., Philadelphia, 
P 
Sec. 7. 


a. 
Smith & McCormick Co., Easton, Pa. 


Actual work was begun Aug. 1, 1908, and is to 
be completed on or before Aug. 1, 1911. 

All the work has been done under the super- 
vision of Mr. Lincoln Bush, M. Am. Soc. C. E., 
Chief Engineer of the D., L. & W. R. R. Co., 
assisted by the writer, who located the line and 
will have charge of construction, and B. H. 
Davis, Assistant Engineer in charge of masonry 
design. 

— 0 — 

AN INTERESTING RAILWAY will be opened in Mos- 
cow, Russia, in the near future. The line forms an jr- 
regular oval round Moscow at various distances from 
the city barriers. It intersects all nine of the Moscow 
railway lines, and will be used for transferring freight 
from one line to another, thereby saving cartage and 
also considerably relieving the congested state of the 
streets of Moscow. It will also tap a whole series of 
factories which have hitherto been off any line. 


TESTING STEEL TAPES AT THE NATIONAL BUREAU 


OF STANDARDS. 
By HERBERT T. WADE.* 


One of the most important functions of the 
National Bureau of Standards at Washington, 
D. C., is the testing and standardization of steel 
tupes of various lengths and forms used in en- 
gineering work. These tests range from the 
minute and critical examination and study of the 
steel and invar tapes of the U. S. Coast & 
Geodetic Survey employed in the accurate meas- 
urement of base-lines to the inspection of the 
ordinary steel tapes of the surveyor and en- 
gineer. All of these tests are carried on in a 
specially designed laboratory, which is, with- 
out doubt, the best equipped for this kind of 
work of any testing bureau or physical labora- 
tory In the world. In fact it can be only com- 
pared with a somewhat similar room of less 
than half the length at the International 
Bureau of Weights and Measures at Sevrés near 
Paris. Both of these laboratories are located 
underground in order to secure a constancy of 
temperature, but the Washington testing room 
not only is better designed and equipped, but 
already its constants are known with a high 
degree of precision. 

It is installed in the tunnel connecting the 
physical laboratory and the mechanical building 
of the National Bureau of Standards. It is about 
8 ft. below the surface of the ground and is sepa- 
rated from a passageway used for pipes, electric 
conductors, and general service between the two 
buildings by a masonry wall. The room thus 
formed is about 171 ft. in length, and is about 
8.2 ft. in width and height. It is lined with 
white enamel brick, lighted by electricity, and 
contains steam and brine coils in addition to 
ventilation inlets and outlets, so that by the aid 
of thermostats the temperature can be controlled 
Within narrow limits. 

On one side against the wall is the United 
States Bench Standard of length, which con- 
sists of a steel bar, mounted on rollers and sup- 
ported horizontally on brackets. Opposite this 
Standard is the comparator proper used for the 
determination and standardization of steel and 
invar tapes for base-line measurement and also 
for standardization of base bars of 5 meters in 
length from the national prototype meter stand- 
ard. 

The floor of the room is of concrete on which 
is laid a track for the carriage containing the 
ice trough in which the bar used as a standard 
is carried when measurements and comparisons 
are being made. There are eleven stone piers 
spaced 16.4 ft. apart, and on these are mounted 
the micrometer-microscopes. Each pier is 14 x 
14 ins. in cross section and is set on a concrcte 
base 16 ins. square and 18 ins. deep, the base 
of the piers being separated from the floor by 
a space of 2 ins. This makes the piers and their 
foundations entirely independent of the floors 
or the structural walls of the building. At the 
north end of the tunnel the base of the terminal 
pier was built through a small vault to solid 
ground beneath and is about 8 ft. in height and 
6 ft. square. The piers at the ends carry not 
only the micrometers but also the marking bolts 
identifying the beginning and end of the stand- 
ard distance. 

The tunnel thus arranged affords a comparator 
0 meters (164 ft.) in length, which is sufficient 
for the long tapes used in geodetic surveying. 
It might be said in passing that the development 
of the accurate use of tapes in the measurement 
of base-lines has been a striking feature of the 
work of the U. S. Coast & Geodetic Survey in 
recent years, and such precision has been at- 
tained in the use of these tapes for measure- 
ments of base-lines that they seem destined to 
supplant the more cumbersome base-bars. 

Within a few years invar tapes, made from an 
alloy of steel and nickel discovered by M. Ch. Ed. 
Guillaume, of the International Bureau of 
Weights and Measures, have been thoroughly 
tested in the fleld after standardization in the 
laboratory, and the accuracy and convenience of 
their use has been clearly demonstrated. In 
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Europe M. Guillaume has carried on similar 
work, but with wires instead of tapes, and he 
as well as other European engineers and geo- 
desists have used invar standards for base-line 
measurements with great success. 

In using the comparator, the first step is to 
standardize a meter steel or other bar in terms 
of the U. S. National Prototype Standard, which 
is a meter bar of platinum-iridium made at the 
International Bureau of Weights and Measures 
at Sevrés, and like the other similar national 
standards of length of the nations of the world 
known most accurately in terms of the Inter- 
national Prototype Meter preserved at the 
Bureau. To transfer the meter to the 5-meter 
bar there are in the third interval of five meters 
between the piers, measuring from the south 
end of the tunnel, four similar and intermediate 
piers spaced a meter apart. These piers are of 
similar size and construction to the others and 
on them the micrometer-microscopes can be 
placed so that the meter bar passed successively 
over the intervening five meter distances will 
give a standard distance of five meters with 
which the five meter standard may be com- 
pared. The micrometer-microscopes are placed 
on iron brackets or arms which are attached 
firmly but in an adjustable manner to the tops 
of the stone piers, each of the latter having a 
hole cut through its top below the microscope 
arm so that light .from an incandescent lamp 


—ͤ— — Ta, t- 
Pre 


Phys. Laboratory 
Basement 


HORIZONTAL AND VERTICAL SECTIONS OF 
TAPE TESTING CHAMBER. 


hung back of the pier can be used for the illu- 
mination of the microscope and bar. 

The micrometer-microscopes used in the stand- 
ardization work of the Bureau have been tested 
for many years by the Division of Weights and 
Measures of the Bureau of Standards and pre- 
vious to its establishment by the Office of Stand- 
ard Weights and Measures of the Coast Survey, 
so that the constants and operation of these in- 
struments are known thoroughly, though the 
usual adjustment Is for one division on the head 
of the micrometer to correspond to one micron 
on the bar. The standard meter is placed in 
shaved ice in a trough mounted on two trucks. 
This trough can be raised or lowered by simple 
and exact adjustments, and in fact the bar in 
the trough may be adjusted under the micro- 
scopes to a micron, or one-thousandth of a milli- 
meter. The standard meter is placed under one 
of the microscopes at the beginning or end of 
the five meter interval and the cross hairs are 
set with great precision on the fiducial line mark- 
ing the limit of the standard distance. Then the 
second microscope and its cross hairs are set 
on the line at the opposite end of the bar with 
similar accuracy. The bar on the supporting 
carriage is then moved along between the second 
and third piers and similar adjustments are 
made. In this way the standard length of five 
meters is obtained and the value of the five 
meter bar which then can take the place of the 
standard meter in the ice trough is obtained. 
The value of the meter at the temperature of 
melting ice, 0° Centigrade, is accurately known, 
and this temperature figures as a standard in all 
metric determinations. 

With a five meter standard accurately de- 
termined it is possible to measure successively 
the ten intervals of the 50 meter base of the 
tunnel, the process being precisely similar to 
that followed in getting the value of the 5- 
meter bar. 

Not only must the temperature of the bars in 
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the ice trough be known and regulated but the 
temperature of the tunnel itself and of the tapes 
under test. For this purpose there are carried 
on the walls of the room 14 lines of pipe, the 
upper twelve of which are used for circulating 
brine cooled to a temperature of — 10° centigrade 
and enabling the temperature of the room to 
be reduced to 0° centigrade with facility. The 
two lower lines of pipe contain steam when de- 
sired, so that not only can the coefficients of 
expansion of the tapes be measured but the 
temperatures of ordinary field work duplicated. 
This, of course, does not obviate the necessity 
of taking exact thermometer readings at each 
observation and determination, and these are 
made as usual with carefully calibrated ther- 
mometers. 

The microscopes at the ends of the 50-meter 
comparator, to which reference has been made, 
are referred to the bronze bolts in the pier foun- 
dation to insure their greater stability. Having 
the distance between the two terminal micro- 
scopes accurately determined with the ice bar 
apparatus it is only necessary to substitute the 
steel or invar tapes and to apply the standard 
tension with spring balances which previously 
have been calibrated with correct weights in 
another laboratory of the Bureau. The tapes 
can be supported at such intervals as would be 
employed in fleld work and by the temperature 
regulating apparatus already described, the tem- 
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perature of the vault cau be varied and the 
coefficients of expansion can be determined with 
great precision. 

In making the standard tests, measurements 
are made with the ice bar apparatus in the 
morning and then again at night, and the mean 
of the two measurements is the standard dis- 
tance for the day. The tapes ordinarily are 
measured after they have remained all night in 
the laboratory comparator room and have as- 
sumed its temperature. 

In recent tests of invar tapes the coefficient 
of expansion of tapes of 50 meters in length 
was determined with precision to a micron, and 
was found to range from .000,000,374 to 
.000,000,44 for 1° centrigrade. Thus invar has 
a coefficient of expansion of about 1/28 that 
of steel, so that working under ordinary con- 
ditions where the refinements of the most pre- 
cise geodetic work are not necessary, a tem- 
perature correction can be neglected. The de- 
termination of the expansion of the invar and 
steel tapes involved a study of the constants of 
the comparator room itself, and it was found 


that the entire tunnel shrinks about six-hun- 


dredths of an inch in passing from a temperature 
of 100° F. to 32° F. 

The work in the laboratory is so arranged that 
there can be measurements made each day, and 
there is a direct comparison of the tapes with 
the five meter bar on each occasion. This bar, 
which has been used for many years, so that 
its constants are known with high precision, 
is of steel, with the terminals of the standard 
distance indicated by lines on platinum-iridium 
plugs. In testing invar tapes the tension used 
is 10 kilograms, while ordinary steel tapes of 
100 ft. are stretched at a tension of 10 lbs. 
The chief practical advantage of the invar tape 
is that its small coefficient of expansion not 
only simplifies measurements generally, but in 
particular permits of accurate measurements be- 
ing made in the daytime instead of at night, as is 


essential in using steel in base-line 
measurement.“ 

On the wall opposite the comparator is the 50 
meter. U. S. Bench Standard for testing ordi- 
nary steel tapes. This has been formed of five 
cold-rolled steel bars, about 33 ft. in length and 
welded end to end with thermite. As previous 
to the welding the bars were well fitted and 
cleaned, the result is a continuous bar 165 ft. 
in length. Not only are the terminal distances 
marked by platinum-iridium plugs with fine 
transverse lines, but at various regular inter- 
vals similar plugs are inserted, so that the in- 
termediate distances on a tape can be verified 
with accuracy. These plugs are inserted every 
10 ft. for the tapes with the customary divisions 
and every five meters for the metric tapes, the 
distances being correct at 62° F. for the cus- 
tomary measures and at 0° centigrade for the 
metric scale. Ordinarily the tapes are laid flat 
on the steel bar, but if desired they can be sus- 
pended on small pins on the outside of the bar 
and the conditions of support arranged to simu- 
late those in the field. The bar itself is free 
to move on rollers carried on brackets fastened 
to the masonry wall and spaced at intervals of 
40 ins. so that not only is it kept horizontal but 
is free to expand and contract with changes in 
temperature. 

The Bureau of Standards not only tests metal 
tapes for the various government departments, 
but also for manufacturers and engineers upon 
payment of nominal fees, depending on the 
length of the tapes and the number of divisions 
examined. The charges range from 75 cts. for 
tapes not longer than 100 ft. and supported 
throughout the entire length, to $2.25 for tapes 
400 ft. in length with comparisons at the 100, 
200 and 300-ft. divisions. If the tape is sup- 
ported at intervals, the Bureau doubles the 
charge, while determining the coefficient of ex- 
pansion, testing under different tensions, de- 
termining the modulus of elasticity, or other 
tests are made for suitable and reasonable fees. 

The tests can be made as elaborate as desired, 
but in most cases it is sufficient to compare the 
tapes merely with the U. S. Bench Standard for 
the total distance and some of the more im- 
portant subdivisions, as the coefficient of ex- 
pansion of the majority of steel tapes is prac- 
tically that of the standard steel bar—.0000063 
per degree Fahrenheit or .0000114 centigrade— 
so that a direct comparison with the latter suf- 
fices and will afford an adequate determination 
of its accuracy for most purposes. If the tape 
in construction and tests complies with the re- 
quirements of the Bureau, it will be certified 
and the Bureau of Standards test number cor- 
responding to the number of the certificate issued 
will be stamped or etched on the tape. 

Since the Bureau has undertaken the testing 
of tapes there has been an increase in the ac- 
curacy of those available for engineers, and 
there is no reason to-day for any one to have 
any uncertainty about the accuracy of his meas- 
ures with the Bureau of Standards ready to 
make final and conclusive tests on payment of 
a small fee. In the year ending June 30, 1907, 
135 tapes were submitted for test by engineers 
and surveyors in all parts of the country. 


— — ͤ —— PE a — 


COLLIERY HXPLOSIONS, according to Mr. Simeon 
Snell, F. R. C. S., Edinburgh, Scotland, are in many 
cases due to miners’ nystagmus, and consequent inability 
of the miner to detect the presence of firedamp until a 
dangerous amount is present. To quote from his address 
at the British Medical Association’s annual conference 
at Sheffield, England, July 28: 


The ordinary method adopted for its detection is by re- 
ducing the oil flame of the safety lamp until the lumin- 
osity almost disappears, and the firedamp then, if pres- 
ent, appears as a pale blue flame or ‘‘cap’’ above it, this 
“cap” being due to the presence of gas in the air. Forty- 
eight miners, from 13 different collieries, were examined, 
and their incapacity to detect a gas cap unless a danger- 
ous amount of gas was present was very marked in all. 
The majority of those tested could not see even a large 
cap. The whole investigation sufficiently demonstrated 
to my satisfaction that a miner suffering from nystagmus 
was unreliable as a detector of the presence of gas in 
the mine. 


tapes 


= — ee — — 


»[An article on the use of invar tapes in base-line 
measurements may be found in Eng. News., Vol. LVIII., 
p. 612.—Ed.] 
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Several months ago, a mining company in the 
interior of Chile requested us to have manu- 
facturers of mining and smelting machinery for- 
ward catalogs and prices. We did so, and quote 
their letter in reply as follows: 

We are In receipt of your letter and note that you have 
advised the manufacturers of mining and smelting ma- 
chinery to forward us catalogs and prices. 

We would state that a number of them have already 
forwarded catalogs, but, with but few exceptions, no 
prices have been given, the writers almost invariably 
stating that upon receipt of a letter giving details and 
specifications, prices would be quoted. 

We wonder if these ‘‘wide awake” manufacturers rea- 
lize that it takes a letter from six weeks to two months 
to reach New York from here and that it is just possible 
that a concern here might be in a hurry and desire to 
order supplies by cable, which would be hardly possible 
without the quotations as well as the catalogs. 

At the same time we requestcd you to have these 
data sent us from the States we sent to various Euro- 
pean manufacturers for the same data, namely, catalogs, 
Price lists and discount sheets. These were promptly 
sent and for the present these concerns have our trade 
and have been given orders for some £15,000 of machin- 
ery and supplies. 

It seems to us that a useful lesson is con- 
tained in the above letter for all concerns doing 
business in engineering supplies. Everyone 
will concede that it is an essential principle of 
business success that the seller shall consult 
the needs and wishes of the customers. Reams 
have been written about English loss of export 
trade because of the pigheadedness of English 
manufacturers in building all their goods to the 
standard English pattern. Yet here ure Ameri- 
can manufacturers violating the same principle 
and losing business to their competitors in con- 
sequence. 
— oe] 

It is not only in foreign trade that it pays to 
quote prices. We believe that a large propor- 
tion of domestic purchasers would welcome more 
explicit statements as to prices in trade cata- 
logs. We believe that manufacturers can well 
take a leaf out of the experience of retail mer- 
chants. It has been well established, now, that 
prices plainly marked on goods displayed in a 
store window are the best means of attracting 


customers. It may seem to some that the same 
rule does not apply to the machine builder that 
applies to the tailor; but let us see if it does not. 
An engineer’s attention is attracted let us say 
by a new machine, claimed to produce certain 
economies over previous practice. The very first 
thing that the engineer wants to know is the 
cost of machine so that he can make some ap- 
proximate figures for himself and determine 
whether its installation would probably pay or 
not, and whether he can advise his firm to make 
the necessary investment. 

Of course it is well understood that prices 
often have to vary with market conditions and 
conditions of sale. This is a valid reason for the 
existence of list prices and discounts there- 
from; but it is not an excuse for the omission 
of all prices as is too often done in trade cata- 
logs. 

As illustrating that all foreign customers par- 
ticularly desire prices in order to be able to pur- 
chase intelligently, we have ancther letter before 
us from an American consul in Africa, request- 
ing that manufacturers send to the consulate 
“Their catalogs with lowest prices and eract erport 
retail and wholesale discounts.” 

If the American manufacturer—or rather the 
American manufacturer’s sales manager—will 
only put himself in the place of the customers 
in a distant foreign land, he will see at once 
how necessary prices are to the transaction of 
business. The trouble is with too many of our 
“publicity engineers” who make up catalogs 
that they have in mind their customers in Chi- 
cago or New Orleans or Denver. They prepare 
the catalog merely as a _ stirring-up rod to 
awaken the prospective customer’s interest and 
they take it for granted that negotiations by a 
salesman or by correspondence will precede the 
actual closing of a contract. 

There are customers, however, to whom time 
is an important element of the contract and who 
would gladly pay a high price, provided they 
know what it is in advance and provided the 
catalog information is explicit enough to enable 
them to order from it. Long experience in the 
export trade has schooled British and German 
manufacturers in catering to the wants of 
such customers. We in the United States will 
do well to study the needs of this class of cus- 
tomers as well as those at home. 

—— 

The name of Bazin has been familiar to all 
civil engineers, and particularly to all those 
engaged in hydraulic work for so many years 
that most members of 
the profession doubt- 
less class Bazin with 
Rankine, Fairbairn, 
‘Stephenson and other 
famous names of a 
generation long since 
passed away. It is of 
much interest, there- 
fore to learn that M. 
Bazin is still living 
and in good health, 
altnough he long ago 
retired from profes- 
sional work. While 
traveling in France 
last month Mr. 
Clemens Herschel, of 
New York City visit- 

| ed M. Bazin at his 

2 Ys. 4 12 home in Dijon, and 

2) found him in good 

health at the age of 

78 years. The photograph of M. Bazin herewita 

reproduced (for which we are indebted to Mr. 

Herschel’s courtesy) was taken about 1880, and 

therefore about the time when the distinguished 
hydraulician passed the half-century mark. 

Since his return, Mr. Herschel has received an 
interesting letter from M. Bazin, which we are 
privileged to print below: 

My dear Sir: I received the pamphlet you announced 
to me at the time of your kind visit to me. I thank 
you for it, and have read with great interest the account 
of these experiments; it is a handsome and useful appli- 
cation of the principle involved. You do right to insist 


upon the benefit which would arise from the creation of 
a permanent laboratory for the study of hydraulics. 

It was absolutely by chance that I found myself in 
1856 at Dijon, “the right man with the right opportun- 
ity”; I had never given any attention to hydraulics, 
my tastes turning only toward mathematical researches. 
Through association with Mr. Darcy, who was already 
failing in health, I became his successor, which occupied 
me several years. 

At a later period, I undertook ‘hier experiments; and 
Dijon is probably the city in the world where the great- 
est number of hydraulic experiments have been made. 
But my successors in the service did not follow the 
same path, and nothing now remains of the temporary 
{nstallations which were established in the course of 
my experiments. 

I am sending you a little paper,* which I probably 
did not send you when it was issued; because I did 
not then distribute them. Perhaps the subject will ap- 
pear to you somewhat singular and of little practical 
value. But I have nevertheless had occasion to ob- 
serve that these unstable conditions of water are not 
as rare as one would be inclined to think. 

Having had occasion to look again into your 115 
Experiments,” I note that you are not a worshipper of 
the formula of Kutter. I was in correspondence with 
the author and assisted in its fabrication. It was for 
the sake of including certain experiments made on the 
Mississippi, that he thus tortured his formula. But he 
should have corrected these from the error’ introduced 
by the use of double floats, and should have suppressed 
certain of them, in which the slope of the water surface 
was really too small to be measurable. He did not do 
this, and in this way this singular form is the result 
of an initial error. It has, it is true, the advantage of 
containing only a single numerical coefficient: n; while 
that of Mr. Darcy contains two; but it was useless and 
even harmful to introduce the slope [in the formula for 
finding the coefficient. Translator’s note] as I believe to 
have demonstrated in 1898, in proposing another formula 
more simple; I am afraid that this last formula is as yet 
but little known in the United States. 

Other formulas will no doubt be sought for: many 
people imagine that there must exist a perfect one, which 
is impossible; the asperities of the perimeter not being 
susceptible of any exact definition. These formulas 
cannot be more than guides, and they will never enable 
the engineer to dispense with his personal experience. 

Unfortunately the works that are put into the hands 
of the practitioner are generally only compilations, which 
are copied and recopied. When an error has been thus 
once taken up it is propagated indefinitely; engineers 
ordinarily have not the time, nor are they willing to 
take the pains to go back to the original sources; but 
we cannot prevail against this tendency. 

Very sincerely yours, 
H. Bazin. 

Dijon, France, June 26, 1908. 


The contribution by M. Bazin proposing a new 
hydraulic formula was printed in “Annales des 
Ponts et Chaussées” for the fourth quarter of 
1897. The formula proposed, using metric meas- 
ures, is as follows: 


87 Vrs 

v= —— 
m 

1+ = 

V8 


The coefficient m varies with the surface of 
the channel as follows: 


Class 1 : Very smooth (cement, planed wood, 
Ole... caw ewaaiane Wiaa ĩ 00 ( m = 0.08 
„ 2: Smooth (plank, brick, cut ‘stone, etc.m = 0.16 
„ 3: Rough masonry ...cccccvcccssccsene m = 0.46 
„% 3a: Mixed, or intermediate, very regular 
earth excavation, paved slopes, etc.m = 0.85 
©“ 4: Ordinary earth channels m = 1.30 
„ 5: Earth channels in bad condition....m = 1. 75 


M. Bazin claims that this formula is more ac- 
curate than the formula of Ganguillet and Kut- 
ter and is easier to use. Interested readers will 
find a discussion of this new formula with tables 
in the eighth edition of Merriman’s “Treatise on 
“Hydraulics,” Art. 118. 

CC ne Bo 


STATE CONTROL OF SEWAGE DISPOSAL WORKS. 


London, Paris, Berlin, and a large proportion 
of the lesser cities of Europe were forced to 
purify their sewage years ago. In contrast, no 
American city of the first rank has sewage puri- 
fication works in operation to-day. Baltimore, 
with a half million population in 1900, is bulld- 
ing sewage works; Providence, R. I., and Wor- 
cester, Mass., both much smaller cities, have 


*NOTE BY THE TRANSLATOR. —This pamphlet is 
a reprint from “Annales des Ponts et Chaussées,” dated 
Feb. 10, 1904, being a note upon ‘'The unstable condi- 
tion and the changes of form of certain liquid veins.’’) 
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works in use; and works are being built by 
Columbus, O. In Canada, Toronto has just voted 
the long-needed money for improved means of, 
sewage disposal. Of smaller cities there are now 
some scores with sewage purification, but the 
number without is many times larger. 

Why this difference between Europe and 
America? The difference, primarily, is one of 
different natural conditions. With a weaker 
sewage and a sparser population we have, in 
addition, far ampler natural waters for sewage 
disposal by dilution than have European coun- 
tries generally. Years back, many of the 
streams of England, for instance, had become 
gross nuisances through sewage pollution. River 
conservancy boards were created to force reme- 
dies of these nuisances in the case of a few 
streams, but probably far more compulsion in 
the establishment of sewage works has come 
from the Local Government Board, which passes 
on bonds for many classes of municipal improve- 
ments and insists on purification of sewage from 
new sewerage systems and from extensions to 
old systems. 

In the United States, with its fifty common- 
wealths, each sovereign over its internal affairs, 
there has been comparatively little central con- 
trol of sewage disposal, For years after the 
awakening of England to the need of such super- 
vision Massachusetts afforded the solitary in- 
stance of effective supervision of plans for sew- 
age disposal. 

To-day, Massachusetts, New York, New Jersey, 
Pennsylvania, Ohio and Kansas exercise a fairly 
rigid control of sewage disposal. This, since the 
recent consolidation of the State Sewerage Com- 
mission and the State Board of Health of New 
Jersey, is all effected through the respective 
state boards or departments of health. Begin- 
ning with power to veto or approve plans for 
new construction, only, all these states save 
Massachusetts now have more or less authority 
to order municipalities to stop polluting natural 
waters. 

As prohibiting pollution is nearly always 
equivalent to ordering the construction of sew- 
age purification works, at greater or less ex- 
pense, the question naturally arises: To what 
extent should pollution be prohibited? The most 
radical would prohibit the discharge of crude 
sewage into any body of water, fresh or salt, 
regardless of size and all other local conditions. 
The least radical, of those who believe in any 
prohibition whatever, would not go beyond the 
protection of public water supplies and the pre- 
vention of gross offenses to the nose and eye. 

The rational course is to judge each case 
on its merits, in the light of a considerable 
variety of local as well as extra-territorial con- 
ditions. And herein lies the imperative need 
for central control over sewage disposal. The 
wisest local authorities may, conceivably, give 
due weight to all their purely local conditions, 
but it is not human nature to expect that they 
will give proper consideration to the effect of 
their sewage disposal methods on that part of 
the public outside their limits. To protect the 
general public the state, as representing that 
public, must intervene. As a matter of experi- 
ence, the locality primarily concerned is often 
in need of protection against its own ignorance 
or negligence in matters of sewage disposal. It 
is for such reasons that a number of states 
have vested the control of sewage disposal in 
their state boards of health, as already noted, 
and that others may be expected to follow with 
increasing rapidity. 

How rapidly can a state board of health move 
in compelling municipalities to build sewage 
purification works, assuming that it has ample 
powers to that end? 

The time has not yet come when all dis- 
charge of crude sewage into water should be 
prohibited, regardless of the degree of dilution 
afforded and the use to which the water is put. 
Until other imperative municipal needs are met 
and until sewage treatment has attained far 
more of a finality and can be effected at far less 
cost than is the case to-day, sewage disposal 
by dilution must continue to be recognized as 
proper; provided, of course, no public water 


supply is endangered, and no grave nuisance is 
created. For the present, varying degrees of 
danger to public water supplies may have to be 
tolerated, in many cases, and the burden of 
protection thrown on the purification of the 
water supply. In fact, sewage purification is far 
from having attained that degree of perfection 
and cheapness which would make it, rather 
than water purification, a safe reliance where 
public water supplies are involved. This state- 
ment should not be interpreted as exempting 
municipalities from so disposing of their sew- 
age as not to obviously endanger public water 
supplies. Where sewage purification will not 
afford safety then diversion to some other point 
of disposal may become necessary. An alter- 
native that has been given little consideration 
as yet is a contribution to the expense of puri- 
fying the water consumed by the other mu- 
nicipality. 

In the matter of nuisances caused by sewage 
disposal methods, nuisances of no or only very 
indirect effect upon the public health, far more 
latitude will have to be granted for years to 
come than would be right where the purity of 
public water supplies is involved. The ideal, 
of course, is to prohibit any such nuisance, but 
in many states such an ideal will be long in the 
attainment. The only or the chief justification 
for continuing nuisances of this sort will be that 
other demands upon the municipal purse are of 
more importance. 


Obviously, far more strictness may be ex- 
pected in the case of new than of existing.sew- 
erage systems. The municipality that is just 
building sewers has a relatively free hand and 
can reasonably be compelled to adopt disposal 
methods that would be over-burdensome as an 
appendage to old works, not designed with puri- 
fication in view. 


We are well aware that quite another view 
may be taken of the matter discussed in the 
last few paragraphs. It may be urged, and with 
much reason, that no municipality, corporation 
or individual has a right to so rid itself of its 
wastes as to cause a nuisance or a menace to 
health. Abstractly, this cannot be contra- 
dicted. Concretely, it applies with great force 
to new works. Practically, as regards old works, 
it becomes absolutely necessary, in many in- 
stances, to tolerate some of the evils of water 
pollution for at least a few years longer. The 
fact of the matter is that all have been sinners 
in the past, in greater or less degree, and all 
must suffer more or less in the future for having 
permitted many sanitary evils to take root and 
wax great. Those who have been sufferers only, 
rather than sinners, in the matter of water pol- 
lution, must bear a share of the blame for the 
long delay in enacting legislation against 
Stream pollution and in providing means to en- 
sure the enforcement of the statutes; and be- 
cause of this they must have some tolerance of 
delay in righting old wrongs. 


There is much more that might be said on 
this large and perplexing subject. Our object 
has been merely to call attention to the progress 
that has already been made in establishing state 
control of sewage disposal and to some of the 
difficulties involved in exercising that control. 
We expect to see that control extended to many 
other states, and eventually to all of them, and 
confidently look forward to some measure of 
federal control over the pollution of interstate 
streams. Meantime hosts of cities and towns, 
including some of first rank, will be added to 
the list of municipalities having works for at 
least the partial purification of their sewage, 
and coincident with this our Knowledge of the 
art will increase and, let us hope, the cost of the 
process will decrease. 


We cannot close without calling attention to 
the fact that effective state control of sewage 
disposal does not stop with passing on plans. 
It is essential that the plans submitted and ap- 
proved be properly executed. But this is only 
the beginning. The works built must be properly 
operated. It is here that we see failure on every 
hand, with all-too-rare exceptions. The State of 
Ohio has recognized this and has become the 


pioneer in giving its State Board of Health 
supervising control over the operation of sewage 
disposal works (see Eng. News, April 9, 1908). 
We may reasonably expect that other states will 
follow this excellent example. 


LETTERS TO THE EDITOR. 


inaccuracy in Turnouts Due to Frog Being Straight. 


Sir: In none of the tables pertaining to frogs are the 
tabulated figures giving frog distance, turnout radius, 
etc., right, that is to say, in none that J have ever seen. 

Referring to Trautwine (p. 786), they are supposedly 
given for all frog numbers from 4 to 12. They are not 
right, because they all assume that the curve starts at 
the frog point, which in no frog I ever saw is the fact. 
The stock frog and what you get when you order is 
ordinarily 15 ft. long and has straight rails; therefore, 
the frog point being midway, you have 7.5 ft. of tangent 
both sides of the point. For example, in a No. 9 frog, 
angle 6° 22’, the center line of the turnout radius is 
586.5 instead of 763, as given by Trautwine, the frog 
distance 76.8 instead of 84.7 ft. 

I have never seen this matter mentioned that I re 
member. It is admitted not of great importance, but it 
is well enough to know it. You cannot with absolute 
accuracy commence at the switch point and run the 
curve around continuously, as there will be 15 ft. of tan- 
gent in it. This also accounts for the remark of the 
roadmaster that when center stakes were given him 
from the frog point, he ‘‘could never get on to the first 
stake, but could on to the second,” stakes being 10 ft. 
apart. 

Of course the middle and side ordinates are not right 
oither, and you can’t get the rails in on them as given. 

On the basis for a No. 9 frog the subtangents are 34.47 
and the external 0.91 ft. 

l E. T. Abbott. 

Thrall, Cal., July 22, 1908. 


— . — 


Friction Error in Waddell’s Columa Tests, and the 
Need for Government Tests of Columns. 


Sir: Referring to the article in your issue of Jan. 16, 
1008, by Mr. J. A. L. Waddell, on certain tests of built 
steel columns, and to a subsequent reference to the sub- 
ject by Mr. A. W. Carpenter, in your issue of May 14, 
1908, it would appear to the writer that a few words 
further “would not be out of place and might afford 
real information to many members of the profession. 

In your issue of Dec. 26, 1907, a number of column 
tests covering ten years or more were reported by Mr. 
C. P. Buchanan, and a discussion on them by Mr. Car- 
penter appeared in the issue of April 9, 1908. Mr. Wad- 
dell in the article above referrcd to reported a set of 
tests of his own, on columns of both carbon-steel and 
nickel-steel, these tests being made on the machine be- 
longing to the Phoenix Iron Co., at Phoenixville, Pa., 
and further, he drew from these tests conclusions of 
various sorts. 

According to the figures there presented, the columns 
tested by Mr. Buchanan showed an elastic limit aver- 
aging some 15% less than his own (referred to the same 
ratio of length to radius of gyration) and the ultimate 
strength averaged about 8% less; a fact which, after 
eliminating other possible reasons, he ascribed to the 
superior detailing of his specimens. He then took up his 
tests in detail, and showed that the elastic limit and ulti- 
mate strength of all the columns tested conformed to 
the results obtained by applying the formulas of “De 
Pontibus,’’ with most surprising accuracy. 

In your issue of May 14, Mr. Carpenter made an in- 
quiry regarding friction in the Phoenixville machine, 
asking whether Mr. Waddell’s figures had been ċor- 
rected for this error. According to the best informa- 
tion obtainable no such deductions were made, though 
Mr. Waddell may be able to correct the writer on this 
point. A calibration of this machine was made by Mr. 
W. W. Ewing of the Department of Buildings of New 
York City (see Engineering News of Jan. 13th, 1898) 
and subsequent investigations have only confirmed his 
results. His figures show the friction error in compres- 
sion tests to be between 15% and 17%, averaging prob- 
ably nearer the larger figure. If this correction be ap- 
plied to Mr. Waddell’s figures it will be seen that his 
columns were no better than Mr. Buchanan's, if as good, 
and further, that the coincidence of the “De Pontibus'“ 
formulas with the results obtained from tests is more 
apparent than real. So far as the writer knows, Mr. 
Carpenter’s question above noted has not been answered 
by Mr. Waddell, and yet it seems sufficiently pertinent 
to deserve some sort of reply. 

It would appear to the writer, moreover, that Mr. 
Waddell's perfect confidence in the commonly accepted 
formulas” for column is hardly warranted by the facts 
cited above. A number of tests which have recently 
been made (and which are stiil going on) on the above- 
mentioned machine, on columns of various design and 
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COST OF REPAIRING ASPHALT PAVEMENTS AT UTICA, N. Y. 


t 


Asphalt pavements lad 


Guar. Age in 

Year Area, expir- 1907, 
laid. sq. yds. ation yrs. 
SSÄ ͤ K ..... 14,571 1891 21 
1 e 21, S88 1593 19 
199949 e 37,229 1894 18 
INU sede ce ceewks . . . 31,686 1895 17 
INA 9««««„%4 „„ „ „46 . . . 5, 906 1891 16 
FC . 28.319 1896 16 
C 6.914 1898 14 
SC ˙ deahens i OG 1894 13 
TSE E a Oeste 83,709 1599 13 
IN aae sirena 4 54,415 1900 12 
ü ens eens 10,639 1901 11 
cc ( ees 28,630 1906 11 
TUG wc coke K . 74,741 1907 10 

Ton! 410,313 Sor a 

Average age, 1907..... „%% e 


ꝶÿVI!: A 


Average for 17 yrs. 


Cost of repairs and yardage out of guaranty 
during each year. 


„ 
Cost of repairs. 


Total Net area 
out of Resur- out of 
guar., faced, guar., Per 
Year. sq. yds. sq. yds. sq. yds. Total. sq. yd. 
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material, make their infallibility appear rather doubt- 
ful; and even what may be called the standard make- 
up of column sections (proportion of webs, angles, 
covers and lattice) seems open to grave question. The 
writer agrees with Mr. Waddell that the greatest need of 
the profession at present is an exhaustive series of com- 
pression tests, made on a machine designed for the 
purpose. Such a machine, of a capacity several times 
that of any existing to-day, should be provided by the 
National Government. 

= Yours very truly, 6 

Sumner Gowen. 

Phoenixville, Pa., July 28, 1908. 


— 
Cost of Repairs to Asphalt Pavements, Utica, N. Y. 


Sir: There have recently been brought to our atten- 
tion some interesting data on the above subject, which 
have been prepared by Mr. Paul Schultze, City Engineer 
of Utica from 1899 to 1908, and which have been certi- 
fied to by him as taken from the city records. They 
are of the greatest interest, and we desire to bring them 
to your notice. 

Considering the average age of the pavements, many 
of them constructed with Obispo and other asphalts, the 
average cost of repairs for 17 years, 1.8 cts. per sq. yd. 
per annum, is surprisingly low, and compares favorably 
with the figures given in a report of Captain Newcomer 
o3 the cost of repairing pavements in Washington, which 
was made public some four years ago, the figures of 
which are reprinted in our [Clifford Richardson’s—Ed.] 
book, “The Modern Asphalt Pavement,” page 471. 

Luring 1907, quite extensive repairs were made to the 
Utica pavements, and in that year the cost was only 
uly cts. per sq. yd, the pavements averaging 14 years 
in age, some of them 21 years old, and none less than 
10 years old. 

During each year there has been deducted from the 
total yardage out of guarantee, the yardage that was 
resurfaced in each respective year, and the average 
cost per square yard per annum has been calculated on 
the net yardage with the resurfaced work left out. All 
of the resurfaced work carries a 10-year guarantee, so 
that the earliest of these resurfaced streets does not 
expire until 1911. We cite this fact in view of possible 
criticism that the cost of resurfacing should also have 
been included in the cost of repairs. Since the resur- 
facing cost the city only about $1.50 per sq. yd. and is 
guaranteed for ten years, it does not seem proper to in- 
clude the resurfacing work in a calculation of this 
kind, at least until the guarantee on it has expired. 

In view of the fact that the Utica repair work has 
aways been done by contract and not by a municipal 
piant, these figures have additional Interest, and you 
may be desirous of noticing this fact, as you have done 
with the figures prepared recently by the municipal 
plant department of the city of New Orleans (Eng. News, 
Jan. 2, 1908) and the Borough of Brooklyn (Eng. News, 
May 21, 1908 Yours very truly, 

New York Testing Laboratory. 

Y Church St., New York City, Aug. 4, 1908. 


— — — — 
Notes and Queries. 


The article on ‘‘Sewer Construction at Gary, Ind.,” in 
Gur issue of Aug. 6, incorrectly mentioned Mr. E. M. 
‘tieflow as Engineer of Construction for the contractors. 
Mr. Scheflow is Assistant City Engineer, and was in 
charge of the work on behalf of the city. 

Mr. Willlam P. Bacon, 50 Lexington Street, New 
britain, Conn., desires the present address of Mr. Alfred 
Us Delano, or, if Mr. Delano is deceased, would 
like to know the date and place of his death. Mr. De- 
lazo was born in 1839, and graduated from Yale College 
wilh Mr. Bacon in the class of 1858. From March, 
188, to September, 1859, Mr. Delano was on the Brook- 
lyn Water-Works, and from then until November, 1860, 


he was successively engaged on government work at 
Sandy Hook, on the Staten Island Railroad, and as 
Assistant Engineer of the Raritan & Delaware Bay 


Railroad. 
— —— ee 


STATEMENT OF THE ASSOCIATION FOR THE DEFENSE 


OF SEPTIC PROCESS SUITS. 

On Jan. 6, 1904, the Cameron Septic Tank Co. brought 
suit against the Village of Saratoga Springs, N. Y., for 
infringement of U. S. Patent No. 634,423, granted Oct. 
3, 1899, to Donald Cameron and others for process of 
and apparatus for treating sewage. On March 12, 1907, 
the opinion of the Circuit Court was filed and in brief 
was as follows: 

(a) That the process claims were invalid in view of the 
prior art, as evidenced by both publications and prior 
uses, being anticipated thereby. 

(b) That the process claims were invalid as covering 
a process of nature. 

(c) That the apparatus claims were invalid in view of 
the prior art and anticipated ‘thereby. 

(d) That, even if valid, defendants did not infringe. 

(e) That there was no patentably new conception in 
the patent in suit. 

The case then went to the Circuit Court of Appeals of 
the Second Circuit, and on Jan. 7, 1908, the Court filed 
{ts opinion affirming the decree of the Circuit Court as 
to apparatus claims, but reversing the decree of the Cir- 
cuit Court as to process claims. 

Petition for rehearing was filed by defendant, setting 
forth what were believed to be actual mistakes of fact 
in the decision of the Court of Appeals, as well as calling 
attention to certain omissions in their consideration 
of the prior art. Such petition for rehearing was denied. 

The opinion of the Court of Appeals as to the process 
claims left in a very uncertain state the very important 
question as to what does or does not constitute infringe- 
ment, and in view of the widespread importance of the 
matter, and the fact that it so intimately involves the 
health of the public at large, authorized representatives 
of a score or more cities and towns met at Harrisburg, 
Pa., on March 9, 1908, and there formed the Association 
for the Defense of Septic Process Suits. 

The primary object of the association thus formed was 
decided to be the carrying of the case in question to the 
Supreme Court of the United States on a writ or cer- 
tiorari. In the petition filed with the Supreme Court on 
April 4, 1908 (October term, 1907), the process claims 1, 
2, 3, 4 and 21, the only ones now involved, were recited 
as consisting in: 

(1) Subjecting the sewage under exclusion of air, of 
light and of agitation to the action of anaerobic bacteria 
until the whole mass of solid organic matter contained 
therein becomes liquefied, or 

(2) Secluding a pool of sewage having a non-disturbing 
inflow and outflow from light, air and agitation until a 
mass of micro-organisms have been developed of a char- 
acter and quantity sufficient to liquefy the solid matter 
of the flowing sewage, the inflow serving to sustain the 
micro-organisms, and then subjecting said pool under 
exclusion of light, air and agitation and under a non- 
disturbing inflow and outflow to the liquefying action of 
the so cultivated micro-organisms until the solid or- 
ganic matter contained in the flowing sewage is dissolved. 

In other words, all the process claims call for is the 
retention of the solids in the tanks (which are free to the 
public to use, and to build for the purpose of holding 
said solids and allow for a non-disturbing inflow and 
outflow with aeration and filtration) long enough for the 
process to work itself out without the aid of man or 
mechanical appliances. 

In the briefest terms, the decision of the Court of Ap- 
peals permits the public to build without infringement 
tanks in strict accordance with Cameron's apparatus 
claims, and to use such tanks for the treatment of sew- 
age. But as the case now stands, while the public may 
do this much without infringement the one thing the 
public must not do is to permit natural agencies to be- 
come operative, for then, the Court decides, Cameron's 
process patent claims are infringed. Nature must be cir- 
cumvented in some way (the Court does not say how), 
or legal difficulties will follow. 


The petition for writ of certiorarl was denied by the 
Supreme Court of the United States and the decision of 
the Circuit Court of Appeals of the Second Circuit was 
upheld. 

As the case now stands it is not at all clear how much 
of the process the Court considers a natural one, how far 
the anaerobic treatment of sewage may be practiced with- 
out infringement, or how far the systems in use prior 
to Cameron may be utilized without infringement of his 
process claims. In this connection a few uncertain 
features in the decision of the Court of Appeals may be 
mentioned. 

(1) Great stress is laid in the clause in the patent 
claims surrounding a continuous flowing current of 
sewage. Would intermittent operation of such tanks be 
an infringement of the process claims? 

(2) The formation of scum in a septic tank is said to 
constitute a cover, and thereby fulfill the requirements 
in the claims as to seclusion from light and air. If 
scum does not form or is not permitted to form in a 
tank and the tank is otherwise uncovered, is the patent 
avoided? 

(3) It is clearly set forth in the testimony of both 
sides and in the decision of the Court, that true septic 
action does not become established in a septic tank until 
such tank has been in continuous operation in the treat- 
ment of sewage for several weeks or months. If the 
sludge which deposits in such tanks is removed at in- 
tervals of six weeks or so, is infringement of the Cam- 
eron patent avoided? 

The Cameron patent, so far as the claims now declared 
valid are concerned, will expire on Nov. 2, 1909. The 
association for the Defense of Septic Process Suits be- 
lieves that the decision of the Circuit Court of Appeals is 
not capable of such sweeping interpretation as the Cam- 
eron Co. desires to put upon it; that the decision is of 
extremely limited application; that the vast majority 
of plants where the so-called septic process of sewage 
treatment is used are not infringements of the process 
claim of said patent; and, furthermore, that there are 
many lines of defense which may be raised even now to 
che process claims as interpreted by the Court of Ap- 
peals of the Second Circuit. The association is deter- 
mined, furthermore, to resist all attempts on the part 
of the Cameron Co. to have the case re-opened so far 
as their apparatus claims are concerned, unless the whole 
case, including the process claims, {s reviewed; and, 
finally, to resist all attempts on the part of the Cam- 
eron Co. to obtain an extension of any part of U. S. 
patent No. 634,423 beyond Nov. 2, 1909. 

Although the Cameron Septic Tank Co. originated in 
England, we learn, from leading English engineers, that 
no royalties are paid in that country for the use of the 
septic process. 

The association has received, and is still receiving, 
contributions to a fund for the legal defense of its 
members in all branches of this matter, and invites con- 
tributions on the part of the municipalities or individuals 
designing, building or utilizing the so-called septic pro- 
cess of sewage treatment. Should demands be made by 
the Cameron Co. upon such municipalities or individuals 
for royalties for infringement it is the advice of the 
association that such demands be referred to this asso- 
ciation for an opinion by its counsel as to the rightful- 
ness of the demands made, and for advice as to pro- 
cedure to avoid infringement if such appears to exist 
according to the recent decision of the Circuit Court of 
Appeals. A full history of the plant and the manner of 
its operation should be submitted at the same time ` 

It is the intent and purpose of this association, further- 
more, to render all possible advice and assistance in the 
equitable adjustment of claims for past use of the so- 
called Cameron process of sewage treatment which ap- 
pear to come within the decision of the Court of Ap- 
peals. It is the final advice of this association that all 
negotiations and correspondence with the Cameron Co. 
be carried on through the Executive Committee of this 
association. 


The executive and finance committee of the association 


is as follows: 
F. Herbert Snow, President, Chief Engineer, 


State 

Department of Health, Harrisburg, Pa. 

R. Winthrop Pratt, Secretary, Chief Engineer, State 
Board of Health, Columbus, Ohio. 

George A. Johnson, Treasurer, 
170 Broadway, New York. 

Robert A. Cairns, City Engineer, Waterbury, Conn. 

Wade H. Ellis, Attorney General, Columbus, Ohio. 

T. Chalkley Hatton, Consulting Engineer, Wilming- 
ton, Del. 

G. Everett Hill, Consulting Engineer, New York City. 


All inquiries should be addressed to the President or 
to the Secretary, and all remittances be made direct to 
the treasurer. 


— 2 


TWO FIRES IN PHILADELPHIA, July 31, destroyed 
Pier 46 of the Hamburg-American Line at the foot of 
Washington Ave. and the fish wharves at Delaware 
Ave., and Spruce St. The fire on Pier 46 was started 
by sparks from a locomotive which pulled a train of 
freight cars into the shed on the pier. Hundreds of 
tons of goods stored for shipment in this shed were 
destroyed. 


Consulting Engineer, 
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A BOILER EXPLOSION at the York Rolling Mill, 
York, Pa., killed eight men and completely wrecked the 
building. The plant of the Broomell, Schmidt & Stacy 
Co. nearby was badly damaged, and windows were 
broken in houses a quarter of a mile away. The mill 
had been closed for a week and 100 men were making re- 
pairs on the engine when, without warning, the boiler 
exploded. 

— . — — 

AN INTERURBAN COLLISION on the Western Ohio 
electric lines, near Sidney, Ohio, Aug. 10, resulted in the 
death of five people, while 40 others are reported injured. 
A south-bound car out of Sidney was late and running 
at great speed. It met a north-bound car from Piqua, 
which was running on time, in front of the Shelby 
County Infirmary. The accident is ascribed to a mis- 
understanding of orders. 

— —— — 

THE ZEPPELIN DIRIGIBLE BALLOON, whose record- 
breaking journey from Lake Constance, Germany, was 
noted in Engineering News, Aug. 6, was demolished in 
a severe storm that arose shortly after the airship had 
landed near Echterdingen. The wind tore the balloon 
from its moorings and, from some unknown cause, the 
gas exploded. Several soldiers who were guarding the 
balloon were severely injured. At the news of the dis- 
aster, contributions, both public and private, from all 
parts of Germany were offered for the immediate con- 
struction of a new dirigible. These contributions are re- 
ported to aggregate nearly $700,000. 


The promoters of the exhibition trip of Henry Farman, 
the Parisian aeronaut, are reported to have abandoned 
the enterprise, and it seems probable that the exhibition 
flights of this aeroplane in this country have come to 
a sudden end. 


Wilbur Wright, of Dayton, Ohio, has made successful 
flights during the past week at Le Mans, France, with 
the type of aeroplane with which his American experi- 
ments have been made. Several noted spectators are re- 
ported to have said that his performances indicate far 
greater progress in aeronautics than has been attained 
by any other inventor. 


In this country the forthcoming tests of dirigibles and 
aeroplanes for the Army Signal Corps continue to promise 
the greatest interest to aerunauts. The dirigible balloon 
of T. S. Baldwin, recently examined by a special board 
of signal officers, has been declared built in acceptable 
accordance with the specifications of the proposal ac- 
cepted by the government. The official trial flights have 
yet to be made. The aeroplanes of A. M. Herring and 
of the Wright Brothers will be tried out after the Bald- 
win dirigible is disposed of. 

— . — — 

THE MANHATTAN SUSPENSION BRIDGE across the 
East River at New York City has progressed so far that 
the work of stringing the wires which form the cables 
has begun. There are 9,472 wires in each of the four 
cables, the wire being No. 6 Birmingham gage. The 
‘method used for stringing them is similar to that used 
in the Williamsburgh Bridge (Eng. News, Dec. 17, 1903, 
p. 541). The Glyndon Construction Co. is doing the 
work. The wire is made by the John A. Roebling Sons’ 
Co., of Trenton, N. J. 

+ 

„ THE NEW CHICAGO TERMINAL STATION of the 
Chicago & Northwestern Ry. will occupy about four 
city blocks and will have its main front on Madison 
St., between Canal and Clinton Sts. The cost of the 
building alone will be about $4,000,000, while the ap- 
proaches (with elevated tracks) will cost about $8,000,000. 
The expenses for land and right-of-way will bring the 
total cost to about $20,000,000. The building will be of 
gray granite. The design is of the classic type, with a 
colonnade 120 ft. high forming the main entrance. The six 
main entrance stairways will aggregate a total width of 
100 ft. There will be three main floors. At the street 
level, the main entrance will open into a concourse 100 x 
250 ft., convenient to the ticket offices, baggage rooms, 
and special accommodations for immigrants. There will 
be a separate concourse and other facilities for the sub- 
urban traffic. On the second floor, level with the station 
platforms, will be the waiting rooms, the main room being 
100 x 200 ft., and 80 ft. high, with a vaulted ceiling. The 
third floor will have ladies’ rooms, barber shop, and 
other accommodations. 

The present terminal station at Wells and Kinzie Sts. 
was built in 1882. An annex for suburban traffic was 
built a few years ago and additional tracks have been 
laid from time to time. The passenger accommodations 
and train facilities are, however, very inadequate for the 
present traffic. All traffic is throttled by having to cross 
a double-track swing bridge just outside the station, but 
this is now being replaced by a four-track Scherzer roll- 
ing-lift bascule bridge. There are now over 300 trains 
entering and leaving the station daily, and there is a very 
heavy suburban traffic. 

The site is now being cleared, ready for sinking the 
foundation caissons, which will go down about 106 ft. 
to bed rock. It is expected to have the station com- 


pleted by January, 1910. The architects are Frost & 

Granger, of Chicago. Mr. E. C. Carter, M. Am. Soc. C. 

E., is Chief Engineer of the Chicago & Northwestern Ry. 
— . —d 

A REMARKABLB RAILWAY ACCIDENT is reported 
by the Pierre (S. Dak.) ‘‘Capital-Journal:’’ A freight 
train on the Chicago & Northwestern Ry., which left 
Pierre on the evening of Aug. 5, lost a car out of the 
middle of the train when a few miles from the city, 
without the knowledge of the train crew. The car in 
question was derailed, the drawbars at both ends pulled 
out, dropping to the track with the attached couplers; 
the rear section of the train pushed the derailed car out 
of the way and on running forward again became 
coupled to the forward section by the automatic coup- 
lers. The drawbars lying on the track nearly derailed 
a passenger train which came by soon afterward in the 
opposite direction. The passenger train crew, finding 
the lost car, wired back to the freight asking whether 
it belonged to their train, and only on checking up their 
cars the freight crew discovered their loss. 

— . — — 

COMPENSATION FOR INJURIES is granted to certain 
employees of the United States by an act which came 
into effect Aug. 1. According to a statement issued by 
the U. 8. Department of Commerce and Labor: 

The new law applies to persons employed by the Gov- 
ernment as artisans or laborers in the following ser- 
vices: Arsenals; navy yards; river and harbor con- 
struction; fortification construction; hazardous employ- 
ment in the Reclamation Service, namely, in construc- 
tion and in contro] and management of works: hazardous 
employment under the Isthmian Canal Commission; 
Government manufacturing establishments. 

The compensation consists of a continuance during the 
period of disability, but not over one year, of the same 
pay which the employee was receiving at the time of the 
injury. If the employee is killed by the accident or dies 
from the results of the injury received and leaves a 
widow, children under 16 years of age or dependent 
parents, the same amount of compensation is paid to 
these dependent relatives until the completion of the 
twelve months’ period. 

The records of the application of this act will furnish 
valuable material for statistics of accidents, which, for 
this country, are quite meager. In order to make the 
statistics more complete and valuable, reports of all 
accidental injuries to Government employees, regardless 
of the application of this act, have been requested from 
all Government establishments and offices. As the 
number of United States Government employees exceeds 
300,000, these statistics will prove of great scientific 
value and practical use in the future. 


— . — 

THE MONTHLY BACTERIAL CONTENTS of the 
Thames River water supplied to the filters of London, 
England, during the year ending with March, 1908, 
ranged from 436 as the average for August, 1907, to 
13,454 for January, 1908, and averaged 3,170 for the 
year. The average effect of subsidence and slow sand 
filtration was to reduce the year-average of 3,170 in the 
raw water to 11 in the treated water, or 99.6%. For 
the whole year 79% of 5,512 samples of filtered Thames 
water contained no B. coli in 100 c. c., the range for the 
year having been 90.9% in June and 23.4% in January. 
Dr. A. C. Houston, Savoy Court, Strand, W. C., London, 
England, is Director of Water Examinations, Metropolitan 


Water Board. 
— —— 


PERSONALS. 
Mr. W. N. Morrill. Assoc. M. Am. Soc. C. E., has re- 
signed as Constructing Euglneer of the Sewer Commis- 
sion of Lexington, Ky., to engage in other business. 


Mr. G. O. Scanland, formerly Assistant Gen. Auditor 
of the American Car & Foundry Co., in St. Louis, has 
been appointed acting district manager of that company 
at Jeffersonville, Ind. 


Mr. R. Fleming Arnott, Assoc. M. Inst. C. E., for- 
merly Mechanical Engineer with the Hudson Co.’s., has 
opened an office as a consulting engineer at 95-97 Lib- 
erty St., New York City. 


Mr. Albert J. Marshall has severed his connection with 
the Holophane Co., and has become Chief Engineer of 
the Bureau of Illuminating Engineering. His office is 
at 437 Fifth Ave., New York City. 


Mr. P. Ney Wilson, for the past two years Superin- 
tendent of Construction for the Rochester Ry. Co., has 
resigned to take a position with the engineering force of 
the Mack Paving & Construction Co., of Philadelphia. 


Mr. F. G. Clapp, of the U. S. Geological Survey, has 
resigned to enter into partnership with A. W. bee, Jr., 
Civil Engineer. They have opened an office as consult- 
ing engineers in Room 610, Fitzsimons Bldg., Pittsburg, 
Pa. 


Mr. John V. Beekman, Jr., Assoc. M. Am. Soc. C. E., 
formerly Boston Manager, Purdy & Henderson, has be- 
come General Manager of the firm of Whidden & Co., 
Inc., consulting engineers. His address will be 155 Milk 
St., Boston, Mass. 


Mr. Willfam Hand Browne, Jr., for the past seven 
years editor of the “Electrical Review.“ has resigned 
that wogk to become Professor of Electrical Engineering 
and Physics at the North Carolina College of Agricul- 
ture and Mechanic Arts, at Raleigh. Mr. Browne grad- 
uated from Johns Hopkins University, was then engaged 
in street railway work, and taught for several years, 


leaving the post of Assistant Professor of Electrical En- 
ginecring at the University of Illinois to take up the 
editorial work of the “Electrical Review.“ 


Obituary. 

Harris Tabor, M. Am. Soc. M. E., died July 29 at his 
home in Philadelphia, as the result of injuries re- 
ceived in an automobile accident July 4, 1907. Mr. Ta- 
bor is best known as the inventor of the Tabor steam 
engine indicator and the Tabor molding machine. He 
was born at Clarence, Erie Co., N. Y., in 1843. At the 
age of 21, he enlisted as a private in Company F, 23d 
New York Volunteer Infantry, and served with that reg- 
iment in the Civil War. He afterward worked with vari- 
ous manufacturing companies in Pennsylvania and New 
York, and, in 1882, became Superintendent of the Hart- 
ford Steam Engine Co., at Hartford, Conn. The fol- 
lowing year he went to Pittsburg as Superintendent of 
the Westinghouse Machine Co., and remained with that 
company about two years. From this time on until 1900, 
he was engaged in the development and manufacture of 
molding machines and other mechanical appliances of 
his own invention. The first successful molding machine 
was put on the market in 1888. It was operated by an 
overhead steam cylinder. From 1900 to 1906, Mr. Tabor 
partially withdrew from the Tabor Mfg. Co., of which 
he had been President, and practised as a consulting en- 
gineer; but afterward (June, 1906), he again took an ac- 
tive part in the affairs of the company, which was then 


located in Philadelphia, and remained with it up to the 


time of his last illness. 
banon, Pa. 


He was buried Aug. 1 at Le- 
— —— — 


ENGINEERING SOCIETIES. 


COMING MEETINGS. 


INTERNATIONAL ASSOCIATION OF MUNICIPAL 
ELECTRICIANS. f 
Aug. 19-21. Annual convention at Detroit, Mich. Secy., 
Frank P. Foster, Corning, N. Y. 


THE TRAVELING ENGINEERS’ ASSOCIATION. 

Aug. 25. Annual convention at Detroit, Mich. Secy., 
W. O. Thompson, New York Central Shope, East 
Buffalo, N. Y. 


NEW ENGLAND WATER- WORKS ASSOCIATION. 
Sept. 24-25. Annual convention at Atlantic City, N. J. 
17 Willard Kent, 715 Tremont Temple, Boston, 
ass. 


AMERICAN INSTITUTE OF MINING ENGINEERS. 
Sept. 20. Annual meeting at Birmingham, Ala. Secy., 
R. W. Raymond, 29 West 39th St., New York City. 


LEAGUE OF AMERICAN MUNICIPALITIES. 
Sept. 30-Oct. 2. Annual convention at Omaha, Neb. 
Secy., John MacVicar, Des Moines, Iowa. 


ILLUMINATING ENGINEERING SOCIETY. 
Oct. 6-7. Annual convention at Philadelphia, Pa. 
Secy., Van Renselaer Lansingh, Engineering Socie- 
ties’ Building, 33 West 39th St., New York City. 


AMERICAN STREET AND INTERURBAN RAILWAY 
ASSOCIATION. 
Oct. 12-16. Annual convention at Atlantic City, N. J. 
5 B. V. Swenson, 29 West 30th St., New York 
ity. 
RAILWAY SIGNAL ASSOCIATION. 
Oct. 13-15. Annual meeting at Washington, D. C. 


Secy., C. C. Rosenberg, 12 North Linden St., Beth- 
lehem, Pa. 


ASSOCIATION OF RAILWAY SUPERINTENDENTS OF 
BRIDGES AND BUILDINGS. 
Oct. 20-22. Annual convention at Washington, D. C. 
Secy., R. H. Reid, Lake Shore & Mich. Southern Ry., 
Cleveland, Ohio. 


AMERICAN ELBCTROCHEMICAL SOCIETY. 
Oct. 30-31. Fall meeting at New York City. 
Dr. J. W. Richards, Bethlehem, Pa. 


VERMONT ELECTRICAL ASSOCIATION.—The seventh 
annual convention will be held at Bennington, Vt., Sept. 
16-17. 


INTERNATIONAL RAILROAD MASTER BLACK- 
SMITHS’ ASSOCIATION. — The annual meeting will be 
held at the Grand Hotel in Cincinnati, Aug. 18-20. 


MICHIGAN GAS ASSOCIATION. —Secy., Alonzo P. 
Ewing, Gas Office Building, Detroit, Mich. The annual 
meeting will be held at Kalamazoo, Mich., Sept. 23-25. 


NATIONAL ASSOCIATION OF RAILWAY COMMIS- 
SIONERS.—The next convention will be held at Wash- 
ington, D. C., Oct. 6. Mr. W. H. Conolly, Washington, 
D. C., was elected Secretary at the last convention. 


THE INCORPORATED ASSOCIATION OF MUNICIPAL 
AND COUNTY ENGINEERS.-—Secy., Thomas Cole, 11 
Victoria St., London, S. W. A delegation of ten mem- 
bers from this association will attend an International 
Roads Congress which will be held in Paris, Oct. 11 and 
following days. 


AMERICAN PUBLIC HEALTH ASSOCIATION.—The 
36th annual meeting will be held at Winnipeg, Man., 
Aug. 25-28. Among the papers prepared for this meet- 
ing are the following: ‘Pollution of the Great Lakes and 
Rivers”; Control of International and Interstate Water 
Supplies”; Control by Patent of Sewage Disposal 
Methods”; “English Sewage Purification Plants.” 


AMERICAN CHEMICAL SOCIETY.—At the New Haven 
meeting, a Division of Industrial Chemists and Chemical 
Engineers was organized, including a large proportion 
of the membership of the society and especially those 
engineering chemists whose work is directly concerned 
with industrial development and progress. The division 
will begin the publication, at an early date, of the 
Journal of Industrial and Engineering Chemistry. 
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Baldwin on Heating. 


Sir: I have read with interest Professor William Kent's 
review of the recent edition of my book, Baldwin on 
Heating,” and I wish to thank Professor Kent for what 
he has to say concerning the same, There are, how- 
ever, one or two of his statements in regard to which I 
would like to say a few words. 

Professor Kent states that I do not show that ‘‘the 
carrying power of pipes, with the same. length and the 
same difference of pressure, is as the 2.5 power instead 
of the square of the diameter.’’ I do point out this very 
fact in connection with the loss of pressure due to fric- 
tion, and I show in the curve, EE, in Fig. 80, a graphi- 
cal illustration of this very fact. There are, however, 


conditions under which the carrying power of the pipes ` 


will not vary as the 24% power of the pipe diameters. 
With short pipes, for example, where the loss due to 
friction is relatively negligible and the loss due to influx 
is relatively large, the quantity of steam passed under 
fired differences of pressure will vary as the square of 
the pipe diameters. 

In a gravity apparatus, also, the allowable loss in 
pressure throughout the entire apparatus is fixed if the 
difference in level between the water line in the boiler 
aod the lowest point in the steam main is a constant. 
Under these conditions, which are the usual ones in a 
gravity apparatus, the increased length of the mains in 
larger apparatus (longer mains), makes necessary a 
smaller drop in pressure per unit length of pipe. For 
this reason the quantity of the radiation supplied is 
more nearly in the proportion of the squares and it is 
not at all as the 2% powers of the diameters of the 
pipes. 

Professor Kent states that a table which has been in 
use for over ten years allows a capacity of 39,000 sq. ft. 
of direct radiation for a 10-in. pipe. This table is fig- 
ured for a loss of pressure of 1/10-Ib. per 100 lin. ft. of 
Straight pipe. The loss of pressure in elbows and fittings 
adds greatly, of course, to the loss of pressure in the 
straight pipe itself. 


Whether so large a drop of pressure is allowable in, 


any particular apparatus depends entirely upon the sur- 
rounding conditions, but it is apparent that any such 
Joss of pressure is prohibitory in practically every 
gravity heating apparatus, which supplies any consid- 
erable amount of heating surface, and this was the sub- 
ject under discussion where the pipe sizes are given, to 
which Professor Kent objects. 

Professor Kent also says that “two methods of pro- 
viding for expansion are shown, a V loop and two right 
angle bends, but a more approved method for long lines, 
(wo swinging joints, is omitted.” 

lf Professor Kent had seen as much trouble result from 
the use of two swinging joints to care for expansion, as I 
have seen, I think he would be delighted to see this 
method omitted in all piping and omitted in all lists 
of recommended methods of allowing for expansion. If 
there is a twisting movement in the joints of a pipe or 
fitting it is almost certain that a leak will result. In my 
owa work I will not accept such a method of allowing 
for expansion, and unless expansion joints are called 
for, I have found it necessary to require a sufficient 


length of pipe so that the expansion may be taken care 
of exclusively in the spring of the pipe. 

There is another point which I might mention in con- 
nection with this subject. This is the placing of what 
may be called a cold strain in the pipes. In other 
words, the pipes are so strained when cold that the 
lengthening due to expansion tends to remove either en- 
tirely or largely all strain in the pipes when hot. This 
method eliminates the strain of expansion from the pipes 
when hot and can often be used to great advantage. 

I believe that I was the first to use this method of 
eliminating expansion strains. I have often used the 
same with great success in stopping leaks due to ex- 
pansion strains as well as in connection with new work. 

Very truly yours, 
William J. Baldwin, 
Consulting Engineer. 
World Building, New York City, July 31, 1908. 
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REVIEWS. 


A New British Work on Sewage Disposal. 
Reviewed by GILBERT T. FOWLER,” D. Sc., F. I. C. 


THE DESIGN, CONSTRUCTION AND MAINTENANCE 
OF SEWAGE DISPOSAL WORKS.—By Hugh P. 
Raikes, Assoc. M. Inst. C. E., Assoc. M. Am. Soc. 
C. E. London: Archibald Constable & Co., Ltd. 
New York: D. Van Nostrand Co. and Engineering 
News Publishing Co. Cloth; 6 x 9 ins.; pp. 414; 
72 illustrations. 16 shillings, net; American price, $4. 


In the course of a conversation the other day 
with a very eminent New York engineer, the 
present reviewer was asked whether the relation 
had been definitely determined between the sur- 
face area of the particles of a sewage filter and 
the oxygen required for effective purification. A 
negative answer being given, the engineer Te- 
joined, Well, you see, in the meantime I have 
to design works.” 

These remarks would appear to indicate pretty 
accurately the present position of the sew- 
age question, and in the cleverly condensed his- 
torical introduction to the book now under con- 
sideration the author shows that while the United 
States, and subsequently workers on the Conti- 
nent of Europe; have been pre-eminent in experi- 
mental investigation, England, by the necessities 
of the case, especially by reason of large popula- 
tions on the banks of comparatively small rivers, 
has been forced to deal with the problem by the 
expensive method of “trial and error.” The con- 
clusions reached by this method, expensive 
though it may be, are, however, of great prac- 
tical value; indeed, many questions, apparently, 
can only be settled in this manner. Mr. Raikes’s 
book, therefore, being the product of quite ex- 
ceptional experience in the design and construc- 
tion of works to meet varying conditions, should 
be especially welcome to all those whose experi- 
ence in this direction has been necessarily more 
limited. 

It should be remarked, in the first place, that 
the author writes as an engineer, for engineers, 
and expressly disclaims any authority as a chem- 
ist or bacteriologist. It is not reasonable, 
therefore, to criticise the book entirely from the 
point of view of the latter. At the same time, 
it is well to emphasize the fact that though no 
doubt in the end most organic debris finds its 
way to the ‘“all-devouring microbe,” yet the 
process is not so rapid or so simple (apart, at any 
rate, from the conditions obtaining in tropical 
countries), as the ‘‘man in the street” is prone to 
imagine, and a great many other factors, chemi- 
cal, physical and biological, enter into the ques- 
tion. It is evident, from scattered passages, that 
the author realizes this; at the same time the 
paragraphs relating to bacteriology in the first 
chapter, though correct so far as they go, tend 
somewhat to confirm the erroneous impressions, 
above mentioned, and should therefore be read 
with caution. 

Frequent reference is made throughout the 
book to the work of the Royal Commission on 
Sewage Disposal during the ten years since it 
was appointed, and a useful list of its reports 
is given in the introductory chapter. The real 
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value of the prolonged investigations of this 
commission thus becomes apparent and Mr. 
Raikes does not make the mistake of certain 
critics who apparently expected from it some 
magical formula which should at once solve all 
difficulties. The real work of the commission 
has been in systematizing a large mass of infor- 
mation and supplementing it by authoritative 
work on the part of its own officials, and fin- 
ally in making recommendations of great impor- 
tance in relation to future progress. Mr. Raikes 
is a warm supporter of the proposed central au- 
thority for the control of rivers’ pollution and 
water supply. Such an authority would have 
many of the functions of the State Boards of 
Health which have done such valuable service 
in America. It is hoped that the creation of such 
a central authority will form one of the proposals 
in a bill on the general question of rivers’ pollu- 
tion to be brought before Parliament at an early 
date. 

Chapter I., on general preliminary considera- 
tions, contains a great deal of valuable matter. 
The list of particulars required by the Local 
Government Board in connection with sewage 
disposal works should facilitate those prelimi- 
nary investigations upon the necessity for which 
the author very rightly insists. It is not difficult 
to point to cases where serious trouble has 
arisen owing to defective information having 
been supplied to the consulting engineer in the 
first instance, often because of the reluctance of 
authorities to spend a very small percentage of 
the total cost of the works in acquiring full data. 
Such preliminary investigations are, if possible, 
even more necessary in the case of sea outfalls, 
which form the subject of Chapter II., as, if an 
outfall is wrongly chosen it affects the whole 
sewerage of the town and may perpetuate a seri- 
Ous nuisance. Reference is made to what may 
be called the secondary effects of sewage dis- 
charge in the well-known case of the Belfast 
Lough, where immense growths of “Ulva Latis- 
sima” develop as a result of sewage pollution, and 
afterwards rot, giving off sulphuretted hydrogen. 
Such a trouble is very difficult to cope with, as 
the weed finds its nitrogen not only in raw sew- 
age but also in oxidized effluents containing ni- 
trate. The problem in Belfast, therefore, is to 
eliminate nitrogen as far as possible in the gase- 
ous state by interaction of nitrates and unoxi- 
dized sewage matter. The case of Belfast has 
received very careful study on the part of Pro- 
fessor Letts; but similar trouble arises very of- 
ten in inland streams owing to the growth of 
“sewage fungus,” even when effluents of a con- 
siderable degree of purity are obtained. A very 
small leakage of unpurified sewage into a land 
drain, for example, will develop fungus even 
though the effluent as a whole is excellent. Much 
important work remains to be done on these lines 
and it is known that the subject is receiving the 
attention of the Royal Commission. . 


Chapter III. deals with land treatment. It is 
rightly stated that the quantities of sewage 
which can be treated on sandy soil in America, 
as given in a recent paper by Dr. L. P. Kinnicutt, 
cannot be approached in England. The author 
ascribes this to the much greater strength of 
English sewage. While this is undoubtedly a 
factor, the matter of climate, one ventures to 
think, is equally important. In the reviewer’s 
experience loamy soil which in hot dry weather 
will efficiently purify quite a considerable amount 
of normal English sewage, becomes hopelessly 
inoperative during a long spell of rainy or damp 
weather. The striking experience of Birming- 
ham, and it may be added the identical experi- 
ence on a smaller scale at the Withington works 
of the Manchester Corporation, have shown that 
where large populations have to be dealt with 
much more satisfactory results can be obtained 
by what may be termed artificial methods than 
by land treatment. Land unsuccessfully used 
for purifying effluents finds entirely satisfactory 
employment in receiving the sludge which is de- 
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livered into trenches in the liquid state and after- 
wards dug in with the effect of raising and im- 
Proving the land. 

The suggestion of the author in a later chap- 
ter that land can be usefully employed for la- 
gooning storm water does not recommend itself 
to the reviewer; the effect of running any consid- 
erable depth of sewage or effluent on to land or 
even on to filter beds is to produce a film of de- 
posited matter which causes percolation to be 
extremely slow, with the consequence that the 
liquid is usualiy run direct into the river. 

Chapter IV. deals with the removal of matters 
in suspension by screening and treatment in 
tanks. One might suggest that the subject of 
scPeening is treated somewhat perfunctorily. 
The technique of this question has received con- 
siderable attention in Germany and reference 
might well have been made to the ingeniously 
designed plants at Hamburg and at Frankfort. 
The difficulty, met with in most of the English 
designs, of the rapid wearing away of bearings 
beneath the surface of the sewage, is largely 
eliminated in these plants. A good deal of in- 
teresting work has also been done in Germany on 
the theory of tank design, a branch of the sub- 
ject which has been somewhat neglected by En- 
glish engineers, pre-occupied often with sim- 
ple questions of cost. The author is certainly 
correct in stating that tanks whose length is 
considerably greater than their breadth give as a 
rule the best results and are to be recommended 
wherever possible. With such a form of tank it 
is much easier to realize the ideal conditions for 
sedimentation, namely, that the liquid should 
move forward as a whole. Carefully-arranged 
baffling walis or boards will also help towards 
this result. In fact the reviewer is aware of a 
case where baffling boards have been made ad- 
justable to compensate for the varying density 
of the liquid, due to différences of temperature at 
different seasons of the year. 

A description is given of the Hampton hydro: 
lytic tank, designed to reduce to a minimum the 
amount of solids escaping after septic action. It 
has always appeared to the reviewer that the 
same result could be obtained by a much simpler 
design on the lines above indicated, and in fact 
practical experience with a very strong sewage 
has confirmed this conclusion. 

Reference is made in this chapter to Mr. Dib- 
din’s slate beds or tanks, but the author does not 
seem quite to have appreciated the real object of 
the process, which is so to change the sludge, 
which would otherwise accumulate in settling 
tanks, that it is no longer offensive in smell and 
can be readily drained and dried. The measure 
of success which this important object has so 
far obtained warrants, one ventures to think, the 
closer attention of engineers, the real point be- 
ing not that a tank filled with slates is much 
more expensive than an empty tank but whether 
this increased cost is not more than compensated 
by the reduction in expenditure on sludge dispo- 
sal by other means. The loss of head involved 
by this process has, of course, to be reckoned 
with, but there are many cases where this objec- 
tion would not apply and where it is important to 
eliminate the risk of nuisance always present 
with septic tanks. 

Chapter V. deals with chemical precipitation 
and disposal of sludge. There is a tendency at 
present in England to revert to chemical treat- 
ment with a view to saving expenditure on sub- 
sequent filtration of the effluent, so this chap- 
ter, therefore, by no means deals with ancient 
history. It may be. recommended to the careful 
consideration of those who are contemplating 
what, in the opinion of the reviewer, must fre- 
quently be a retrograde step. Apart from spe- 
cial cases where everything must be sacrificed 
to economy of area, and where the disposal of 
sludge does not present any great difficulty (of 
which an excellent example is afforded by the 
case of Salford), it does not seem possible, ar- 
guing from first principles, that chemical treat- 
ment can be economically sound. To effect a 
marked reduction in suspended and more espe- 
cially colloidal matters (which are often omitted 
from consideration), as compared with what is 
possible by simple sedimentation, very large 


doses of chemicals are needed, with consequent 
great increase in the quantity of sludge pro- 
duced. Moreover, when this is done, the sewage 
has not been purified, but the impurities have 
merely been separated and have still to be dealt 
with. It is difficult to see that the money thus 
spent can possibly effect as much real purifica- 
tion as if it were capitalized into construction 
and maintenance charges for filter beds. The 
discussion must always come back to the ques- 
tion of sludge, and not only is the sludge remain- 
ing after purely bacterial processes much less in 
amount than that produced by chemical treat- 
ment, but it is much easier to handle and ulti- 
mately to render transportable, 
saleable. 

Chapters VI., VII. and VIII. deal, respectively, 
with the character and preparation of filtering 
media, and with the construction and working 
of contact beds and of percolating filters. These 
chapters abound in useful practical suggestions 
and information. Some attempt is made to deal 
with the theoretical and practical considerations 
involved in determining the right size of frag- 
ments to employ, but, as already indicated, this 
Still affords scope fot prolonged research before 
anything like mathematical accuracy of design 
can be attempted. 

Considerable space is devoted to recently de- 
vised plant for screening and washing filtering 
material, both during constructional work and 
after a prolonged period of use. 

Chapter IX. is entirely devoted to the technic 
of the distribution of sewage in percolating filters. 

The peculiar difficulties of the problem are set 
forth in a manner only possible after a varied 
experience, and, it may be added, not a little 
tribulation. The special experience of the au- 


thor in connection with power-driven sprinklers 


at Hanley is described in detail. Even the cost 
figure given (some £43 per acre per annum), 
which is lower than earlier estimates, is yet con- 
siderable, and one is forced to question whether 
@ greater result from the point of view of purifi- 
cation effected could not be obtained by extend- 
ing the filtration area with the capitalized sum 
involved. Careful comparative tests to settle 
such a question would be of great interest. 


The peculiar difficulties due to storm-water are ` 


well brought out in Chapter X. The whole 
question is one of those which it fs almost im- 
possible to deal with experimentally, apart from 
actual practical experience, owing to the fact 
that in most cases little or no fixed relation ex- 
ists between the volume of liquid reaching the 
works and its composition. Any arrangement of 
fixed weirs will generally have the result that 
highly impure sewage will pass away imperfect- 
ly treated, even after only slight rainfall, if this 
should occur at the period of daily maximum 
flow. The difficulty, one feels sure, will have to 
be met on some such lines as are suggested by 
the author; increased provision of storage tanks, 
compensated by some reduction in the area of 
filter beds. The impurity in storm water is 
largely in the form of suspended solids, and if 
these are removed the remaining liquid can often 
be safely admitted to a stream, especially if the 
latter is in fiood. 

The necessity for further legislation on the 
vexed question of trade wastes is emphasized in 
Chapter XI. This necessity will not be disputed 
in view of the fact that in a quite recent case 
two appeals have been necessary to settle the 
definition of the word “sewer,” and it has been 


-decided that the word is intended also to cover 


disposal works. Not the least important result 
of the labors of the Royal Commission will, it is 
hoped, be legislation to clarify and systematize 
the varying opinions and practice in this connec- 
tion. 

The final chapter is devoted to works manage- 
ment. The author will be heartily supported in 
his plea for greater efficiency in this direction. 
Happily there are indications that the same de- 
velopment is taking place in regard to sewage 
works management as has occurred in connec- 
tion with gas works and chemical works; and the 
steady progress made by the comparatively re- 
cently founded Association of Managers of Sew- 
age Disposal Works augurs well for the future. 


and possibly 


It is becoming more and more recognized that for 
works of any size the manager must be a man of 
many parts, with a special technical training. 
Smaller works will probably need to be grouped 
under a single technical head. One cannot omit 
reference to the highly ingenious scheme de- 
scribed by the author for systematic control of 
the Hanley works, whereby flows can be read 
and samples drawn at any moment in a central 
office. It can only be hoped that such an object 
lesson will be successful, though one has fears 
of pipes and taps becoming clogged with sew- 
age growths, and of other untoward happenings 
which appear inseparable from apparatus deal- 
ing with such necessarily uncleanly liquids as 
sewage effluents. 

Finally, it may be repeated that this is a “Hve” 
book. Any differences of opinion which may be 
felt between author and reviewer are merely such 
as necessarily and usefully exist between work- 
ers in different parts of the same field. The 
practical man will find in its pages many useful 
“tips” and will be led to see where he can be 
helped by scientific investigation, whilst the sci- 
entific worker will be enabled better to realize 
the practical limitations which are often set to 
the ideal design indicated by theory. 

— 5s P̃⸗lä(XX——— 

REPORT OF THE ROYAL COMMISSION, QUEBEC 
BRIDGE INQUIRY; also Report on Design of Que- 
bec Bridge by C. C. Schneider.—Sessional Paper No. 
154, 7-8 Edward VII., A. 1908. Printed by Order of 
Parliament. Ottawa: Paper; 6% x 10 ins.; pp. 206; 
with illustrations and plates in the text and a 
separate volume of folding plates. 

This highly important report has now been is- 
sued in printed form as a Parliament paper. The 
facts brought out by the Commission in the 
course of its inquiry are so numerous and com- 
plex as to make it certain that without an au- 
thoritative governmental investigation the whole 
story of the construction and collapse of the 
bridge would never have been revealed. The ab- 
stracts published in Engineering News, while 
they represent the leading features of its con- 
tents quite fully, were necessarily limited, and 
omitted a great amount of interesting detail 
found in the full report. ‘Therefore the report 
itself, and especially the excellent series of maps 
and plans which accompany it, should be in the 
hands of every bridge engineer. It is to be noted, 
however, that the voluminous testimony given 
before the Commission, much of which was re- 
produced in Engineering News, is not printed in 
this report. 

Mr. Schneider's report on the design of the 
bridge is a necessary supplement to the Commis- 
sion’s report. His full stress tables give an accu- 
rate picture of the design of the bridge. A full 
abstract of his report, and gome editorial com- 
ment on it, which appeared in the Aug. 6 issue 
of Engineering News, makeg more detailed refer- 
ence to its contents in thig place unnecessary. 


—— 

SOME PRINCIPLES UNDERLYING THE DESIGN OF 
SMALL SEWAGE INSTALLATIONS.—A Lecture De- 
livered before the Edinburgh Architectural Associa- 
tion on 27th March, 1907. By Gilbert J. Fowler, D. 
Sc. F. I. C., Consulting Chemist to the Manchester 
Corporation Rivers Committee, Lecturer in Bacteri- 
ological Chemistry, Public Health Department, Uni- 
versity of Manchester. (Manchester, England: The 
Author.) Paper; 5½ x 8% ins.; pp. 16; two plates. 
Is. 6d.; American price, 60 cts. 

The author first sets forth some of the special 
factors that must be considered in treating the 
relatively fresh and highly-concentrated sewage 
of houses and institutions, He then discusses 
the chemical transformation of the organic mat- 
ter of sewage, as effected by the septic tank and 
by filter beds. Next he takes up problems of 
design. The subject is presented clearly through— 
out. The pamphlet will be of interest and value 
to many having to do with large as well as small 
installations, since it embodies some of the re- 
sults of a large and varied experience in sewage 


treatment, 
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Studies of the Hydraulic Ram. 


AN INVESTIGATION OF THE HYDRAULIC RAM.— 
By Leroy Francis Harza. Researches in Hydraulics, 
Daniel W. Mead, Professor of Hydraulic and Sani- 
tary Engineering. Bulletin of the University of 
Wisconsin, No. Madison, Wis.: The Univer- 
sty. Paper: 6 x 9% ins.; pp. 111; one folding plate 
and numerous text illustrations. 25 cts. 


The investigation herein described is an at- 
tempt to put the design of the hydraulic ram on 
a rational basis. Although the ram has been in 
vse for over a hundred years it has received lit- 
tle attention from engineers, and it has gen- 
erally been considered suitable for pumping only 
small amounts, where efficiency is not of great 
importance. It has frequently been shown, how- 
ever, in actual test, to give an efficiency in the 
neighborhood of 70% when the conditions were 
favorable, a figure far in excess of that given by 
any other available means for pumping small 
quantities of water, and much-better than that 
shown by ordinary centrifugal pumps. The 
possibility of high efficiency has always been 
present in the ram, but no one has shown how 
to design the ram itself and to fix its external 
conditions, such as the length and diameter of 
its supply pipe, so as to obtain this efficiency in 
practice. 

Mr. Harza has not completely solved the prob- 
lem, for, as he says, the research is far from 
being finished, but he has made a long step to- 
wards its solution. His method is admirable. 
He tackles the theory of the ram first, and with 
several pages of most formidable mathematics 
he reaches certain formulas for two efficiencies, 
first that during the acceleration period, when 
the water is flowing with increasing velocity in 
the supply pipe, and second that of the retarda- 
tion period, after the closure of the waste valve. 
The product of these two efficiencies is the total 
efficiency. The two formulas are, respectively: 


vz T 2 9 8 N 
E = —— and E, = — X 
298 H 195 


These formulas are innocent-looking, until we 
examine their notation, viz., V = velocity of 
water in the drive-pipe at time t; l = length of 
drive-pipe; g = 32.2; H = supply head; S = dis- 
tance moved by the water column in the drive 
pipe in time f after opening or closing the waste 
valve 


ju 2 1+ eit 29 Nm 
= \—| — loge { ——— ] — t| ; J = —ʃ—, 
m| j 2 l 


ard m is the sum of several quantities represent- 
ing frictional and other losses. The second formula 
is still more of a terror, for S has four different 
values for as many cases. This part of Mr. 
Herza’s work may be commended to those who 
like to wrestle with tough problems in calculus 
and applied mechanics. 

Having obtained his formulas the author now 
tests their value by a series of experiments on 
a ram under different conditions. He enumer- 
ates twelve conditions that may be varied in- 
dependently, such as supply and pumping heads, 
length and size of drive pipe, time the waste 
valve remains open, rate of closing it, etc.; and 
four things to be recorded by autographic de- 
vices, viz., velocity of flow in the drive-pipe, 
Pressure in the drive-pipe, motion of the waste 
valve, and time. The experimental work, there- 
fore, was about as complex and difficult as the 
mathematical. The results of the tests which, 
as Mr. Harza says, were too few in number, are 
given in numerous tables and diagrams. On the 
latter, together with points representing the ac- 
tual results, are plotted curves derived from 
Mr. Harza’s equations. These curves are in 
general higher than the actual results, and con- 
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siderably higher in case of low efficiencies, due 
to lack of experimental bases for some of the 
constants used in the formulae, and other 
causes explained in the texts, but they show a 
general agreement in form and direction with 
the location of the plotted points, and a sur- 
prisingly close agreement in position for the 
higher efficiencies. Mr. Harza has not made a 
brief tabular summary of the results, so the 
reviewer has compiled the accompanying, taking 
approximate figures from thecurves. The supply 
head in all the tests was a little over 8 ft.; the 
length of drive-pipe was 85 ft. in one set of 
tests and 51 ft. in the other. The pumping head 
varied as shown. P, in the table, is the velocity 
of the water in the drive-pipe in feet per second. 
The first column of efficiencies shows the max- 
imum obtained for the given pumping head; the 
second the maximum theoretical efficiency, ac- 
cording to the curve, and the velocity corre- 
sponding to it. The remaining columns show 
the actual and the theoretical efficiencies corre- 
sponding to velocities of 3 and 4 ft. per second. 


It appears from these figures and from the 
curves from which they are derived that the 
prime condition for maximum efficiency of a 
ram, within the range of the experiments de- 
scribed, is that the velocity in the drive-pipe 
shall be about 2 ft. per sec. The efficiency falls 
off rapidly with velocities less than 1 or more 
than 4 ft. per sec. A set of curves for the fol- 
lowing conditions: length of drive-pipe, 85 ft.; 
supply head, 8 ft; pumping head, 12 ft., shows 
that maximum capacity, 4 gals. used per min., 
was obtained with 25 gals. used per min, 20 
strokes per min., 4% ft. per sec. maximum ve- 
locity in drive-pipe, and 35% efficiency, while 
the highest efficiency, 68%, was obtained with 
1 gal. pumped, 4 gals. used and 70 strokes per 
min., and maximum velocity in drive-pipe 1.2 
ft. per sec. 


As to the effect on the efficiency of the several 
variable conditions it appears: The efficiency of 
the ram is increased by increasing the supply 
head; is decreased by increasing the pumping 
head; is decreased by lengthening the drive-pipe, 
except perhaps for short drive-pipes and low 
velocities; is increased with rapid valve closure 
and with the use of a large air chamber. The 
waste valve should be as light as Is convenient 
with strength and durability, and it should be 
held open with a long spring rather than by a 
weight. The necessary valve area should be 
obtained by a number of small valves rather 
than by a large valve. It is the belief of the 
author that the comparison of theory and ex- 
periment has demonstrated the practicability of 
the logical design of a hydraulic ram for any 
given working conditions. Certain constants 
entering into the formulae, however, yet require 
experimental determination. N 

The author discusses the two formulas for de- 
fining what is meant by the efficiency of the 


gh 
hydraulic ram, viz., Rankine’s E = ——, and 
Qh 
q (h + H) 
D'Aubuisson’s E = „ concerning which 
(Q +q) H 


there has been some controversy, and prefers 
the former for his purpose. In these formulas, 
q is the water delivered by the ram and Q that 
escaping through the waste valve. H is the 
height of the water surface in the supply tank 
above the level of the waste valve and A the 
length of the water in discharge tank above 
the level in the supply tank. The author’s 
reasons for preferring the Rankine formula 
are not altogether convincing, and he does 
not show that the D‘Aubuisson formula gives 
the true efficiency of the ram as a machine, viz., 


Length of , 

drive. Pum hog 1 „ Met: 7 at V r na ny: at V T 9 

1, head ft. Effy. at Y = yatV= ctual. eor. ctual. eor. 
T 12 64 2 70 1 48 55 33 42 
. 23 64 2.4 68 2 53 61 40 50 
se 44 64 2.4 64 2.5 55 62 43 52 
a 62 - 59 2.4 55 3 55 55 45 5 
51 13 63 1.5 68 1.3 50 59 42 50 
“ 24 66 2.1 66 2 55 62 47 56 
10 46 61 2.5 61 2.7 59 61 52 57 
“ 65 58 2.3 54 2.5 55 54 51 50 
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the quotient of output by input, the ram receiv- 
ing the energy (Q +q) H, and delivering q (h+ H) 
while Rankine’s may be considered as giving 
the available efficiency of the plant, which is 
less than that of the machine because the quan- 
tity g which is delivered is not elevated directly 
from the supply tank to the discharge tank as 
{t would be by a pump, but is used as part of 
the operating water and is then lifted from the 
lower level. The difference between the two 
formulas is shown by the following example: 


_Two rams of equal efficiency, 70%, by D’Aubuis- 


son's formula, h — H being 2 for one ram and 
10 for the other, give respectively 60.86 and 
67.96% by Rankine’s. Whenever the efficiency 
of a ram is given it should be stated which for- 
mula is used. 

Mr. Harza's investigation is, no doubt, one of 
the most scientific that has ever been made of 
the hydraulic ram, and it is to be regretted that 
he has not had the opportunity to make the ex- 
perimental part of it more extensive. 
———— 


MEAT AND FOOD IN SPECTION. - By Wm. Robertson, 
M. D., Medical Officer of Health, Leith, Author of 
‘Practical First Aid,” etc. With Regulations Gov- 
erning Meat Inspection in the United States, by Max- 
imilian Herzog, M. D., Professor of General and 
Comparative Pathology in the Chicago Veterinary 
College. Chicago, Ill.: W. T. Keener & Co. Cloth; 
5% x 8% ins.: pp. 372 + 16; 40 illustrations in the 
text. $3.50 net. 


Besides detailed instructions for the inspection 
of meat, fish and various foods, this book has a 
few chapters on cow sheds, pigsties, etc., the 
public milk supply, slaughter-houses and other 
allied topics. For the most part the book re- 


. lates to British conditions. 
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CAST-IRON HOUSH DRAINAGE.— With Especial Ref- 
erence to the Drainage of Town Houses. By Gerard 
J. G. Jensen, Author of ‘‘Modern Drainage Inspec- 
tion and Sanitary Surveys,” etc. London, England: 
The Sanitary Publishing Co., Ltd. Cloth; 4% x 7½ 
ins.; pp. 206; 185 illustrations in the text. 48. 6 d.; 
American price, $1.80. 

After advocating the use of cast iron as ma- 
terial for use in house plumbing and drainage, 
the author proceeds to describe British practice 
in plumbing, confining himself chiefly but not 
solely to cast-iron pipe specials and various fit- 


tings. From the British standpoint, and within 


the limits indicated, the book appears to be a 
satisfactory one. 


Two Books of Special 
Interest to Engineers 


Corporate Finance and 


Accounting 
By H. C. Bentley, C. P. A. A practical book treat- 
ing of the treasurer’s duties and liabilities; the cor- 
porate books of account; bank deposits, checks and 
dividends; negotiable instruments; stock and bond 
issues; with numerous forms. The most complete 
and valuable work of the kind. 600 pp. 1908. Buck- 


ram, prepaid, $4.00 


Financing coc se 


A practical book by Francis Cooper, telling how 
money is secured for enterprises. Capitalization, 
prospectus writing, methods of presenting, etc., dis- 
cussed fully. The only successful work on promo- 
tion. Has been sold in every part of the world. 
Endorsed by best business men. 2d Ed. 540 pp. 
Buckram, prepaid, $4.00. 

Send for pamphlets and list of business books. 


THE RONALD PRESS COMPANY 
¢ Roems, 90-92, 229 Broadway, New York 
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Earthwork Computations. | 
Reviewed by CHARLES L. CRANDALL. “ 


ME ODS FOR EARTHWORK COMPUTATIONS. —By 
C. W. Crockett, Professor of Mathematics and As- 
tronomy, Rensselaer Polytechnic Institute. New 
York: John Wiley & Sons. London, Bngland: Chap- 
man & Hall, Ltd. Cloth; 5.5 * 954 ins.; pp. 114; 90 
illustrations in the text. 50, net; English price, 
6s. 6d., net. 


Che author assumes for the general earth- 
work solid a figure having planes or hyperbolic 
paraboloids for its longitudinal faces and par- 
allel-plane cross-sections for its end faces, these 
end sections being determined in the usual man- 
ner by levels and horizontal distances. These 
longitudinal faces intersect in straight lines, 
the two intersections for a hyperbolic par- 
aboloid forming the directrices, while the gen- 
eratrix moves along them parallel to the end 
sections in generating the surface. 

Vertical planes are passed through the longi- 
tudinal edges and extended down to meet a 
horizontal reference plane through the lowest 
vertex. This divides the solid below the upper 
faces, and also that below the lower faces, into 
trapezoidal prismoids in which any end face may 
reduce to a triangle or to a vertical line. 
The prismoidal formula is assumed to give the 
true volume for each of these prismoids, while 


the sum of those below taken from that of. 


those above the original solid will give its total 
volume. This process requires, under Rule 1, 
two products of four factors each for each longi- 
tudinal edge. 

Sixteen pages are devoted to special cases 
and to problems under Rule 1. The general 
railroad earthwork solid is then taken up and 
rules derived for irregular, three-level and five- 
level ground, borrow pits, side hill work and 
end sections, extending the number of rules to 
thirteen and the text to forty pages. 

The method by averaging end areas for the 
general solid, and for railroad work, including 
irregular, three and five-level ground, side hill 
work and level sections, is taken up in Chapter 
II. The prismoidal correction to be applied to 
the result found by averaging end areas in order 
to obtain the true volume is derived in Chapter 
III. 

Chapter IV. takes up preliminary estimates 
for railroad work where the center heights and 
transverse slopes are given. 


The correction for curvature is taken up in 


Chapter V. 

Chapter VI. takes up the Crockett volume slide 
rule, a circular cardboard-disk slide rule some 
15 ins. in diameter and carrying five different 
scales. The greater accuracy due to the 4onger 
scale, about 47 ins. for the outer and 39 for 
the inner, as compared with the ordinary slide 
rule, would be offset in part, at least, by the 
rotating pasteboard disk and the use of a cel- 
luloid arm to project across the 114-in. or larger, 
space from the rotating to the fixed scales. The 
combination of the constant to reduce to cubic 
yards in the graduation of three of the scales 
would: slightly reduce the labor of setting. 

In the appendices the prismoidal formula is 
derived for the assumed trapezoidal prismoid, 
approximate methods of applying the correction 
are given for railroad work, and the book closes 
with a summary of the notation and rules for 
the different cases considered. 

The book as a whole presents the subject of 
the computation of earthwork quite clearly and 
fully. The rules derived could be more readily 
understood by the student if expressed in words 
as well as by formulas, as the notation used in 
some of the special cases is not evident even by 
reference to the summary. In general, however, 
the statements are clearly made and the methods 
easily followed. 

There are many who will not accept the slide 
rule, Crockett or common, as giving satisfactory 
results except for very light work. This may 
be due, as the author intimates, to a lack of 
appreciation of the limits of accuracy attained 
in cross-sectioning, but in many cases it is due 
to a desire to have the computed results check 
accurately with the field data. 

The formulas given, however, are available, for 


professor of Railroad Engineering and Geodesy, Cor- 
aell University, Ithaca, N. Y. 


computation by accurate methods or by the 
Thatcher slide rule or a computing machine. 

The formulas which will be used for sections 
taken by levels are those for the average end- 
area method and usually without the prismoidal 
correction. In this case one product for each 
cross-section for irregular ground can be saved 
by including the grade triangle and finding the 
area by J. Woodbridge Davis’ method.“ 


Gas Piping and Lighting. 


THE AMERICAN PRACTICE OF GAS PIPING AND 
GAS LIGHTING IN BUILDINGS.—By Wm. Paul 
Gerhard, M. Am. Soc. M. E., Consulting Engineer for 
Hydraulic and Sanitary Works. New York: McGraw 
Publishing Co. Cloth; 6 x 9% ins.; pp. 306. $3, net. 


It is the author’s stated intention to take up 
the subject of gas installations at the point 
where the supply reaches the consumer’s prem- 
ises. The expressed purpose of the book is to 
furnish the ordinary householder with much in- 
formation which he would not be expected at 
the present to possess—or possibly care about. 
For such persons, probably a half of the book 
will be a little too technical and too tedious to 
hold his attention until he gets well into the 
back half and finds there the general hints, sug- 
gestions and discussions which he can more 
readily grasp. 

That there are 27 chapters in a small book, 
like this, of itself indicates that the author has 
split the matter up into more subdivisions than 
would seem absolutely necessary. The independ- 
ent arrangement of the subject matter of most 
of these chapters and the large number of repe- 
titions seems to indicate that the book is more 
a compilation of engineering essays than any- 
thing else. That, however, does not indicate that 
there are not many data and specifications of 
interest and value to the engineer, architect and 
builder. The amount of quoted matter is remark- 
able, adding up to some 90 pages—nearly a third 
of the book. In many cases these pages are 
tables and rules of practice of certain concerns, 
but too often they are reprinted newspaper edi- 
torials, stories, etc., which, by omission, would 
make the book more valuable to engineers. 

Those chapters of greatest interest to engineers 
are on (1) the arrangement of gas pipes in build- 
ings, (2) specifications, tables, rules and regula- 
tions of companies in regard to piping generally, 
(3) piping systems for coal, water, natural, air 
and acetylene gases, (4) testing of piping in- 
stallations, (5) burners, (6) pressure regulators, 
(7) globes and holders, (8) fixtures, (9) bibliogra- 
phy. The chapters more easily read by laymen 
are on topics like prejudices against and fallacies 
of using gas, advantages of gas as an illuminant 
and for heat and power, gas meters and gas- 
meter stories, interior illumination, lighting of 
country houses, relations of gas companies to 
consumers, practical hints for consumers, acci- 
dents and dangers to public health. 

In the chapter on the arrangement of pipes in 
a building, the proper and the common grades of 
pipes and fittings are discussed and compared. 
Particular stress is laid on the faults of present 
methods of piping and suggestions are made for 
better layouts. The present practice, according 
to the authorities Mr. Gerhard cites, is to run a 
main from the meter to some central point for 
the whole house and from there to run à single 
central riser from which feeders are led out for 
the different floors. The recommended layout 
would have an individual branch, for each im- 
portant part of the buildings, running direct from 
the main to the feeders for that part. 

-The method of testing the tightness of a pipe 
installation by an air pump and mercury column 
is given and the method of locating leaks with 
ether and soap-suds. The practice of seeking 
out leaks with a flame is, of course, strongly dis- 
approved. 

The chapter on gas burners classes the various 
kinds as (1) simple-jet, (2) flat-flame, (3) round 
or Argand burner, (4) regenerative, (5) incan- 
descent. The construction and performance of a 
number of types and makes are described. 

In the proper chapters, as enumerated, the gen- 
eral utility of gas globes, the faults of older 
types of globes and shades, the necessity of hav- 


*See his ‘‘Formulas for Railroad Earthwork,” 1876. 
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ing better mechanical designs of fixtures and the 
construction and faults of “wet” and “dry” 
meters are rather generally sketched. 
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GEOLOGIC ATLAS OF THE UNITED STATES.—U. S. 


Geological Survey, Charles D. Walcott, Director. 
Vashington, D. C.: Pub. Doc. Stiff paper; 18% x 22 
ns. 


No. 157: Passaic Folio. New Jersey-New York. Pp. 
27; 5 plates and 26 text figures. 25 cts. 


Inasmuch as this folio relates to a portion of 
New York City and the section of New Jersey 
just across the river therefrom, it promises to 
be of interest to a large number of engineers. 
The folio, which has been prepared in conjanc- 
tion with the Geological Survey of New Jersey, 
includes the counties of Union and Essex and 
portions of six other counties. The area dealt 
with within New York City includes all of the 
Borough of Richmond (Staten Island) and parts 
of Brooklyn: and Manhattan. In New Jersey 
the cities of Newark, Hoboken, Jersey City, 
Paterson, Elizabeth, Passaic, Plainfield, Rahway 
and Perth Amboy are included. The text deals 
with the descriptive geology, geological struc— 
ture and economic geology of the district, and 
also (but briefly) with underground water. There 
are a topographical map and several geological 
maps. One of the latter shows cross-sections 
of the geology of the quandrangle. A few well- 
chosen half-tones are included, besides a num- 
ber of line drawings. 
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TELEPHONE LAW. — The Organization and Operation of 
Telephone Companies. By A McMillan, Legal 
Editor of “American Telephone Journal,“ Member of 
the Bay City, Mich., Bar. New York: McGraw 
5 Co. Cloth; 5% x 8% ins.; pp. 331; $3, 
net. 


Intended for telephone men, rather than for 
lawyers, this volume contains a large amount of 
orderly-arranged material on the private and 
public phases of telephone law. Numerous cita- 
tions of cases appear. The book is the result of 
the editorial work of the author (see headpiece), 
The preface is dated April 9, 1907. 


Telephone Construction, 
Methods and Cost 


This book is by all odds the most complete ana 
systematic record of costs for any one class of construc- 
tion work that has ever been published. Its author is 
Clarence Mayer.formerly Cost Statistician and Facilities 
Engineer, Chicago Telephone Co. The book cover 


pole line construction, cable construction, under- 


ground construction, ete. Send for pamphlet giving 
tablo of contents and sample pages. 


The book contains 300 pages, and its price is $3.00 
net, posipeld: 


The Myron C. Clark Publishing Co. 
357 Dearborn Street CHICAGO 
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Mechanical Engineering for Mechanics. 


STATIONARY ENGINEERING.—A Reference and Text 
Work Written Expressly for Stationary Engineers 
and Firemen; also Mechanical Engineers, Consult- 
ing Engineers, Electrical Engineers, Universities and 
Schools. By Joseph G. Branch, M. Am. Soc. M. E., 
Author “Heat and Light from Municipal and Other 
Waste,” etc. In Three Volumes. Chicago and New 
York: Rand, McNally & Co. Cloth; 54% x 8 ins.: 
$2.0 per volume; $7 for complete set. 

Vol I.: Steam Boilers and Attachments. Pp. 393; 126 
and Electricity. 


illustrations in the text and 11 tables. 

Vol. II.: Heating, Steam Engines, 

Pp. 373; 124 illustrations in the text and 10 tables. 

Vol. III.: Elevators, Mechanical Refrigeration and 

Steam Turbines. Pp. 273; 70 illustrations in the 

text and 15 tables. 

In something over a thousand pages, Mr. 
Branch has built up a small library on what he 
has chosen to call “stationary engineering,” but 
which many people would term “practical me- 
chanical engineering.” The limitations and the 
field of the work are clearly apparent when the 
author states that it is ‘‘written expressly for 
engineers and firemen.” The three volumes have 
much to recommend themselves, on examination, 
as to their fitness to be put into the hands of 
intelligent mechanics. Several criticisms might 
be made, although the points involved are of 
minor importance. There are a number of typo- 
graphical and grammatical slips, a few expres- 
sions that might be better chosen for their read- 
ers and an occasional illogical sequence of topics. 
The method of presentation is largely descriptive 
and wholly non-mathematical. The exposition of 
each important topic is followed by a series of 
questions and answers involving the salient 
points of what precedes. The liberal use of 
chapter headings and heavy side heads renders 
the volumes somewhat more accessible for ready 
reference. 


All of Vol. I. and some 75 pages of Vol. II. are 
on boiler practice. The rest of Vol. II. is largely 
given over to steam engines, pumps, dynamos 
and motors. The last volume of the series takes 
up elevators, refrigeration, the steam-engine in- 
dicator, hoists, boiler inspection, the licensing of 
engineers and firemen and steam-turbine prac- 
tice. This last volume is not quite as carefully 
arranged as the preceding ones; close examina- 
tion fails to disclose why the steam-engine indi- 
cator should be taken up between elevators and 
mechanical refrigeration or why the matter on 
the steam turbine should be so far removed from 
engine and boiler practice. 


The treatment of boiler practice is extensive 
and includes the history of boiler development, 
descriptions of modern types and makes, require- 
ments of iron and steel for boilers, attachments, 
etc. What is meant by boiler horse power, heat- 
ing surface, equivalent evaporation, efficiency, 
and all such terms is simply explained. In the 
sub-division on combustion“ the common fuels 
are described and the fireman is set right as to 
what constitutes ‘‘smoke prevention” and as to 
the necessity of securing complete combustion. 
Good boiler management is outlined by explain- 
ing the necessity of cleaning both water and fire 
sides of metal and by telling what procedure is 
necessary in putting a boiler into, or taking it 
out of, active use. 

The arrangements of apparatus and piping for 
the numerous steam-heating systems are de- 
scribed by the aid of diagrams. Boiler practice 
is concluded with specifications for low pressure 
and central heating plants, insurance inspection 
rules and the code of the American Society of 
Mechanical Engineers for boiler trials. The lat- 
ter is abridged and has an explanatory chapter. 

The growth of the steam engine is briefly 
shown by reference to the work of Savery, New- 
comen and Watt. The different kinds of modern 
engines and the functions of their various parts 
and accessories seem to be adequately described. 


The principles underlying the more familiar 
phenomena of electricity and their application 
to dynamo-electric machinery are expounded as 
simply as would seem possible. In only one 
place is a statement noted which might be con- 
fusing and misleading to the average reader for 
whom the book is intended. This is where the 
author states: 


Electricity is transmitted over the surface of a body 
and not through the interior as is heat and light. The 
terior of a conducting body can be made hollow or 


even filled with a non-conducting material and it will 
have no effect upon its conductivity. 


Comment is superfluous. 

The third volume, exclusive of the minor topics 
already mentioned, is an elementary treatise on 
elevators, mechanical refrigeration and steam 
turbines. In the first-named subject the common 
forms of freight and passenger elevators are de- 
scribed and practical suggestions are made on 
the care of the machinery. 

In discussing mechanical refrigeration, the 
author names four classes of physical actions 
through which heat is absorbed from one sub- 
stance by another. The ammonia expansion sys- 
tem is well described as are the methods of dis- 
tributing the cooling liquid about a chamber in 
brine pipes and the various ice-makng machines. 

In the section on the steam turbine, after 
rather genera'ly dealing with the actions involved 
in changing steam under pressure to steam at 
high velocity, the actions of the De Laval, Curtis 
and Parsons types are outlined. 

If any engineer has in his employ an engine 
runner or a fireman who is doing good work and 
is capable of doing still better work, so that it 
seems desirable to commend and encourage him, 
the presentation of this little library ought to 
meet the demands of the situation. 


— ma 

HOW TO BECOME A COMPETENT MOTORMAN.—A 
Practical Book on the Proper Method of Operating 
a Street Railway Motor-car: with Instructions How 
to Overcome Troubles on the Road. By Virgil B. 
Livermore, Inspector, N. Y. C. & H. R. R. R., and 
James R. Williams, Mechanical Expert Department, 
Galena-Signal Oil Co. Second Edition, Revised. New 
York: D. Van Nostrand Co. Cloth: 4% x 6% ins.; 
pp. 247; 60 illustrations, mostly in the text. $1, net. 


This book is ‘intended solely for the improve- 
ment of motormen as employes of the traction 
companies. To this end there is little theory but 
much of information as to the construction and 
operation of electric cars. The little presentation 
of theory is related to the attraction and repulsion 
of magnets and to the definition of the electrical 
quantities—volt, ampere, ohm and watt. The 
authors give a very brief description of a typical 
street-railway motor. A little more than a quar- 
ter of the book is given up to descriptions of the 
more common Westinghouse and General Elec- 
tric controllers, in the course of which the cir- 
cuits for each step of the controller handle 
advanced are given. There is a good section on 
“what to do in case of trouble” and on locating 
the various troubles that occur in brakes, motor 
and control equipment. 

About a fifth of the book is on the important 
subject of air brakes. Here are described briefly 
the essential features of all the better known 
makes, and then gives instructions for operating 
the Christensen, Merritt and Westinghouse ap- 
paratus. Track signals have their place and the 
book closes by reprinting the standard rules of 
the Street Railway Association of the State of 
New York for the guidance of employes operat- 
ing surface cars. 
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A Catechism of Electrical Theory. 


CONVERSATIONS ON ELECTRICITY.—By Joseph G. 
Branch, M. Am. Soc. M. B, Author “Heat and Light 
from Municipal and Other Waste,” ete. An Ele- 
mentary Work Written Expressly for Engineers and 
Students. Part I. Chicago and New York: Rand, 
McNally & Co. Cloth; 5% x 8 ins.; pp. 282; 96 1l- 
lustrations in the text. $2. 


Mr. Branch, in his “Conversations,” has ar- 
ranged what he has chosen to call “An elemen- 
tary work for engineers and students.” It may 
be a suitable book for mechanics and apprentices 
but it will not be very satisfactory to engineers— 
as the term is properly used. The volume is, in 
fact, an excellent elementary catechism. There 
are a few passages where the author, in seek- 
ing the simplest presentation, has allowed the 
possibility of misinterpretation which the stu- 
dent may follow to an erroneous conclusion. 
The reiteration of primary ideas from several 
standpoints well emphasizes the essential points. 

The subjects of static and dynamic electricity 
are first considered (the older meaning of these 
terms being retained) and then the elements of 
energy, work and power. ‘Voltaic cells” leads 
up to “the electric circuit,” and then the author 
jumps to magnetism and _  electro-magnetism. 
The common electrical units and measurements 
are inserted before the questions and answers 
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On Faraday's work with induced currents. This 
latter part serves as an introduction to me- 


chanical generation of e. m. f..s and electric 

currents and to direct and a'ternating-current 

apparatus—generators, transformers and motors. 
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OFFICIAL YEAR BOOK OF THE COMMONWEALTH 
OF AUSTRALIA.—Containing Authoritative Statis- 
tics for the Period 1901-1907, and Corrected Statie- 
tics for the Period 1788 to 1900. Published under the 
Authority of the Minister of Home Affairs, by G. H. 
Knibbs, F. R. S. S., Commonwealth Statistician. 
Melbourne, Australia: Pub. Doc. Boards; 6 x 10 
ins.; pp. 931; maps and diagrams in text. 


A great variety of information is here given 
regarding this Commonwealth and its several 
States. The form of government, population, 
vital statistics, land tenure, agriculture, forestry, 
mines and mining, water conservation and irri- 
gation, commerce, railways and shipping, finance 
and other subjects are treated in detail. 
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THE WATER POWERS OF WISCONSIN.—RB Leonard 
S, Smith, C. E., Engineer Wisconsin Groc and 
Natural History Survey, Engineer U. S. Geological 
Survey. Bulletin No. XX., Economics Series No. 13. 
Wisconsin Geological and Natural History Survey. E. 
A. Birge, Director. Madison. Wis.: Pub. Doc. 


Cloth; 644 x 10 ins.; pp. 354; 
illustrations. Pp ; 54 plates and 17 text 


This is a descriptive and statistical account of 
the water powers of Wisconsin. The U. S. 
Geological Survey has cooperated with the State 
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authorities in making a start toward surveying 
the rivers of the State. In addition, the com- 
piler has drawn on the stream-flow data col- 
lected by the Survey. The publication is credit- 
able to all concerned and will doubtless aid in 
the further development of the water powers of 
the State. 

— . —äü 

The Steam Turbine. 


Reviewed by CHARLES E. LUCKE, M. Am. Soc. M. E. 


THE STEAM TURBINE.—By Robert M. Neilson, Assoc. 
M. Inst. M. E., Chief of the Technical Department 
at the Hartlepool Works of Messrs. Richardsons, 
Westgarth & Co., Ltd. Fourth Edition, revised and 
enlarged. London, New York and Boinbay: Long- 
mans, Green & Co. Cloth; 5% x 9% ins.; pp. 601: 
383 illustrations in the text and 50 plates. $4.20, 
net. 


To those readers who dislike mental effort this 
book will probably appeal, especially if a desire 
for accurate, precise information be absent. The 
work is concerned principally with descriptions of 
several different turbines, a number of steam- 
turbine power plants and steamships driven by 
turbines, to which description is added the oft- 
repeated history of the turbine, and some ma- 
terial, supposedly the scientific explanation of 
turbine operation. The whole presentation is 
weak and ineffective for the needs of engineers 
or students of engineering. It might serve very 
well as an introduction to the subject, but even 
for such a purpose is too voluminous. What is 
said could have easily been condensed into half 
the space. It might also be useful to patent law- 
yers and poorly-informed inventors, but to the 
engineer who is interested in the steam turbine 
as a heat transformer, a machine that generates 
power from the heat in steam and is capable of 
performing certain classes of work, and who is 
desirous of Knowing all the quantities Involved, 
this book is a disappointment. 

The history of the turbine is given in 54 
pages, and the types there explained are divided 
into various classes, with a superficial compari- 
son, in 23 pages; the construction of the com- 
mercial machines occupies 214 pages; some 
steam-turbine stations are given in 37 pages and 
ship propulsion in 54 pages; so that a total of 
382 pages or nearly 70% of the book is devoted 
to ordinary descriptions of no very great value 
to the engineer. 

Descriptions may be useful, and extremely so if 
they include analysis of conditions and analysis 
of structures to show the adaptability to the con- 
ditions, with reasons why things are as they are, 
and if afterwards conclusions are drawn and laws 
laid down valuable for future application. Such 
descriptions as are here given, however, are not 
of this kind and are of little value beyond his- 
toric record of something that has been done, 
offering practically no assistance to the struc- 
tural engineer who must face new problems 
which preclude the copying of old or existing 
constructions. The chapter headings and divi- 
sion of the rest of the subject matter of the 
book look promising at first glance, but the ma- 
terial that a well-informed person would expect 
to find under those headings is absent, whereas 
much important connecting material is not even 
mentioned. 

In the first chapter, under Fundamental 
Notes and Definitions, the turbine is defined as 
a machine in which rotary motion is obtained 
by the gradual change of momentum of a fluid. 
Formulae are set down for the forces acting on 
the vane in terms of initial and terminal veloc- 
ity of the steam passing and trigometric func- 
tions of the vane angles. A further discussion 
of this relation, constituting really the kinemat- 
ics of the steam and vane motions, with assumed 
values for velocities, is given in Chapter VI. and 
is entirely academic in character, as the author 
in no place mentions what vane angles are used 
in turbines, nor what velocities are ordinarily 
employed, nor what fractional velocities in 
multi-stage turbines for each stage, nor their 
distribution with load on the machine, nor the 
losses due to friction, clearance, leakage and 
similiar important causes. 

Associated with such kinematic discussion, a 
professor of Mechanical Engineering, Columbia Uni- 
versity, New York City. 


reader might naturally expect a treatment of the 
velocities that might be obtained by expanding 
steam in nozzles and of the quantity of steam 
per square inch of nozzle section. Of the latter 
question, one of prime importance in turbine 
work, there is not a single word. Of the former 
there is some treatment, although it is extreme- 
ly superficial. Such as there is is found in Chap- 
ter III., entitled The Conversion of the Heat 
Energy of Steam into Kinetic Energy, the whole 
being treated in 17 pages. This chapter contains 
a statement of equivalence of kinetic energy to 
the difference between total heats of steam be- 
fore and after adiabatic expansion, and curves 
are given for the resultant velocity of steam, dry 
and saturated, expanding between various pres- 
sures. The values of these curves are, however, 
seriously Impaired by their small scale. Pres- 
sures are plotted about 145 lbs. per sq. in. per 
inch of scale and velocities about 1,100 ft. per 
sec. per inch of scale, so that the use of such 
curves for velocity computations is practically 
rendered impossible. 

There is a brief statement of the available en- 
ergy for superheated steam, and resultant vel- 
ocities, which is quite useless because there is 
no discussion of the specific heat of superheated 
steam, recent determinations of which have filled 
the technical journals and society transactions. 
These are entirely ignored, and the total heat 
of superheated steam is a question not touched 
on by the author at all. This is particularly sig- 
nificant in view of the fact that so many of the 
turbines are operating with superheated steam. 
It would be desirable, after giving a complete 
discussion of the laws controlling the quantity of 
flow through nozzles, the laws of expansion and 
velocity in nozzles and the kinematics of steam 
and vane movements, to discuss those losses 
which tend to effect the computations on the 
quantities and evaluate them. It is this sort of 
treatment that forms the particular features of 
the book by Professor Thomas,* and this is what 
one might expect from the heading of Chapter 
V., on Losses and Efficiencies. The early part 
of the chapter is, however, concerned with de- 
fining a variety of quantities of which eight are 
various kinds of efficiencies. For example, over- 
all efficiency, thermal efficiency, nozzle, bucket, 
stage, effective, rotation and practical efficiencies. 


To these are added the definitions of bucket 
work, efficiency ratio and jet Kinetic energy. 
These various efficiencies are somewhat bewild- 
ering, but if by specific application good reason 
can be shown for their derivation they might be 
entirely justified. The author, however, makes 
absolutely no use of them and leaves the sub- 
ject in the same speculative, contemplative state 
as some of the other chapters. This chapter on 
Losses and Efficiencies is concerned entirely with 
the nature of the losses and not at all with the 
quantity of the losses. It is qualitative rather 
than quantitative in nature, and all the valuable 
experiments and earnest attempts to evaluate 
these efficiencies and losses are ignored. Although 
part of the treatment would seem to indicate that 
the author was about to calculate thermal effici- 
ency of a turbine in terms of the conditions which 
affect he fails to do so. Yet there is a 28-page 
treatment in Chapter XIV., of The Effects of 
Steam Pressure, Superheat and Vacuum, to- 
gether with a 12-page treatment, in Chapter 
XVI., of Steam Consumption Tests. This part 
on steam consumption consists principally of 
tabulated tests collected from various sources, 
without adequate explanation, having no rela- 
tion in the test to the design and dimensions of 
the machinery nor to the thermodynamic possi- 
bilities nor to the other controlling conditions, 
while the treatment of superheat, vacuum and 
steam-pressure influences is, like former chapters, 
functional and qualitative entirely. The author 
states what the nature of the effect of raising or 
lowering the pressure is, but fails to show rigor- 
ously why and how much. 

In conclusion, the best that can be said of the 
book is that it is pleasant and easy reading for 
an engineer and may satisfy the curiosity of 
those poorly informed on this topic. 


*Reviewed in these columns, June 11, 1908. 
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DRAWING INSTRUMENTS.—Their Use and Abuse. By 
Walter G. Stephan, M. E. New York: McGraw Pub- 
lishing Co. Cloth; 4% x 7% Ins.; pp. 111; 75 il- 
lustrations in the text. $1, net. 


This book gives clear and careful instructions 
for the proper use of drawing instruments. It 
will prove interesting to all engaged in the ac- 
tual work of drafting, and is of especial value to 
beginners. Besides the ordinary drawing instru- 
ments, there are treated the slide rule, the plan- 
imeter, and the universal drafting machine. A 
chapter telling how to purchase instruments 
gives simple methods of testing the accuracy of 
all those commonly used. 
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ELEMENTS DE RESISTANCE DES MATERIAUX AP- 
PLIQUÐ AU BETON ARME.—By R. Séguéla. Paris, 
France: Ch. Béranger. Paper; 6'4 x 10 ins.; pp. 126; 
text illustrations. 7½ francs; American price, $2.25. 


Allowing for the inability of the continental 
engineer to express any mathematical subject in 
simple terms this book answers its announced 
purpose of presenting ‘methods of rapidly calcu- 
lating those kinds of reinforced-concrete work 
that are found in ordinary practice. The meth- 
ods given are not new but they are very com- 
plete and are presented in a systematic man- 
ner. However, there are a number of books on 
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A book which should popularize logarithms even 
among those who have never availed of their aid 
before. 

Its novel features are: A double, marginal, ex- 
posed Index from which the logs of one-place and 
two-place numbers are read without opening the 
book, and by means of which the book is opened 
DIRECTLY—with no fumbling—to anything In the 
Table; a Table of superior legibility which shows 
in parallel columns Number, Logarithm of the 
number, and Log of the Reciprocal of the number: 
and a Text (illustrated by numerous examples) 
which the author believes he may count among 
his novelties because he has never seen anything 
like it. The ‘‘novelty’’ here is in the “monotonous 
simplicity” of operations resulting from the free 
use of the too-much neglected Reciprocal. Every- 
body ‘‘knows about” reciprocals, and how to make 
them, but until they are furnished ready-made, so 
that you can take the logs of multipliers from col- 
umn L and the logs of divisors from column R, 
you will hardly realize how nearly mechanical all 
operations can be made. The illustrations of July 
23 and 30 and August 6 will give some idea of 
this, and the examples in the Text will carry the 
conviction that the right use of the four-place log 
is far more ‘mechanical’ than the manipulation 
of a slide-rule, and may be said to require no 
mental effort after the problem is stated. 

The Text, by the bye, is a practical course of in- 
struction sufficient for those who know nothing, 
theoretically, of logarithms. In running comments 
on sixty examples all necessary rules are clearly 
stated. The THEORY has been omitted, as within 
reach everywhere. There is not much of it, anf 
most people have it—just as “EVERYBODY knows 
a little hebrew.’’ And certain it is, perfectly suc- 
cessful practice may come first and theory later, if 
you will; here as many. a time before. 

Remember that for the larger part, by far. of all 
of the computations of the Engineer, Architect or 
Contractor Four-place Work with Four-pldte Logs 
leaves nothing to be desired. 

Size 11 x 3%: superior paper and large, clear 
type: morocco binding. 

Nothing has been spared in the endeavor to make 
an IMPLEMENT in every way adapted to its pur- 
pose, which is, to make four-place work ‘‘as easy 
as rolling off a log’’ and rolling off logs easier than 
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the English language which should be more ad- 
Vantageous to the American engineer, even 
though he has the ability readily to read tech- 
nical French and to wade through interminable 
mathematical processes. To the text-book writer 
and theoretician the complete treatment should 
form a valuable reference. 
re — — 


Irrigation. 
Reviewed by F. W. HANNA. 


PRACTICAL IRRIGATION.—Its Value and Cost. With 
Tables of Comparative Cost, Relative Soil Produc- 
tion, Reservoir Dimensions and Capacities, and 
other Data of Value to the Practical Farmer. By 
Aug. J. Bowie, Jr. New York: McGraw Publishing 
Co. Cloth; 6 x 9% inas.; pp. 232; 53 illustrations 
in the text and T4 tables. $3, net. 


Although the book under review purports to 
be a general treatise on practical irrigation, it 
dees not cover the entire field of that subject 
and treats the portions of the field covered by it 
with unequal completeness. A volume covering 
the subject thoroughly from the viewpoint of the 
title of this work would be several times as large 
as this book. The material included in the book, 
however, is well presented and is either of 
technical or of elementary didactic value. It 
contains 16 chapers, weil supplemented with 
tables and figures, mainly scattered throughout 
the text; and at the close of the book are two 
appendices containing formulas and tables re 
lating to the economic capacities and construc- 
tion of artificial reservoirs. 

Chapers 1 to 7 deal in a brief and more or 
less elementary manner with some of the broad 
features of irrigation and the remaining nine 
chapters deal almost wholly with irrigation 
pumping plants and the construction of artificial 
reservoirs. In fact, the discussion of these two 
features of irrigation from the standpoint of the 
engineer forms the valuable portion of the book. 
The book contains very little information con- 
cerning irrigation farming, although its title 
might be taken to indicate otherwise. 

The law of flow of wells is so treated as to 
invite careful reading and the theory and 
economy of pumping irrigation water Is dis- 
cussed in a comprehensive manner. In the 
treatment of the subject of wells and pumps 
the author has drawn freely from the matter 
published in separate No. 6 of Bulletin No. 158 
of the Office of Experiment Stations, U. S. De- 
partment of Agriculture. 

The author’s insistent treatment of artificial 
reservoirs should be given careful considera- 
tion, as their economical use can be greatly ex- 
tended. Artificial reservoirs are usualy of small 
size and may be constructed in the vicinity of 
the land to be irrigated. They are, therefore, es- 
recially applicable to pumping schemes and to 
small irrigation developments. Naturally thus 
far most of the small gravity irrigation schemes 
have been developed by individuals and small 
corporations; and the larger most feasible 
gravity projects have been developed by large 
corporations. The time is, therefore, close at 
hand when artificial storage reservoirs and 
Pumping plants will be essential to the majority 
of developable projects. The small artificial 
reservoirs and tanks so little used in this coun- 
try have long been successfuly used in India, 
and as the value of land increases and as irri- 
gation becomes more profitable they will rapidly 
multiply. 

Undoubtedly one of the most essential features 
of the construction of any irrigation system is 
advance knowledge of its approximate cost and 
eficiency. Lack of such information in con- 
nection with the development of any irrigation 
system has resulted in great financial loss and 
failure. Throughout the entire work the author 
has given cost data relative to irrigation and 
irrigation works. These data are necessarily 
approximations and should be used with this 
boint clearly in mind. Farmers as well as en- 
Zineers will, however, find the data of great 
value in making rough estimates by taking 
proper precautions regarding conditions affecting 
Costs, . i 

From the viewpoint of the agriculturist the en- 


p, p8ineer, U. S. Reclamation Service, Washington, 
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BALET.—Analysis of Elastic Arches 


This book has been prepared for the purpose of bringing to the aid of practicing 
engineers an exact, simple and reliable method for computing the stresses in arches, 
according to the elastic theory. 

Cloth; 6 x 9 ins.; 320 pages; 184 diagrams; 6 folding plates; 19 tables. ....$3.00 


BYERS.—Economics of Railway Operation 

The only publication explaining in detail the operative systems of American 
railways and a necessary book for every person engaged in railway work. It dis- 
cusses Organization; Employment, Education and Discipline of Forces; Accounts and 
Accounting; Reports; Economic Operation; Analysis and Betterments. 

Buckram; 6 x 9 ins.; 672 pages; many illustrations, diagrams and forms. ....$5.00 


GILBRETH.—Concrete System 


Contains the written ideas of the most successful men in the organization of the 
author, partaking of the nature of a set of specifications telling how to do the 
work, economically, expeditiously, systematically and safely. 

Flex. morocco; 8% x 11 ins.; 200 pages; over 200 illustrations and plates......$5.00 


JUDSON.—Road Preservation and Dust Prevention 


The preservation of surface and the prevention of dust on macadamized roads 
form a problem to be solved by engineers charged with the maintenance of the many 
thousands of miles of roads in the U. S. This book deals with the origin, control 
and prevention of dust, giving details of existing methods, costs and results of their 
use. 

Cloth; 6 x 9 ins.; 144 pages; 16 illustrations ........ V . . 51.50 


KETCHUM.— Design of Highway Bridges 


The most complete treatise on the subject yet published. Three Parts: Stresses 
in Truss Bridges; Design of Highway Bridges; Highway Bridge Details; with an 
Appendix giving General Specifications for Steel Highway Bridges. 

Cloth; 6 x 9 ins.; xiv + 550 pages; 300 illus.; 77 tables; 8 folding plates; printed 
and bound uniform with “Steel Mill Buildings” and “Walls and Bins’’......... $4.00 


THOMSON.— Design of Typical Steel Railway Bridges 


A book of great practical value for the instruction of Civil Engineering Students, 
and one which can be studied with profit by those in actual practice, as well as by 
draftsmen who desire to become familiar with the methods employed in designing 
offices. i 

Cloth; 6 x 9 ins.; 185 pages; 21 diagrams and drawings; 5 plates,......... $2.00 


TRATMAN.—Railway Track and Trackwork "(Third Edition) 


A new edition of this standard work, entirely rewritten and reset in type with 
much additional information and many new illustrations. 

Cloth; 6 x 9 ins.; 520 pages; over 232 illustrations; 44 tables; and an Appendix 
of Statistics of Standard Track Construction on American Railways..........$3.50 
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familiar with their respective subjects. 
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tire work will be found of practical benefit, and 
from the viewpoint of the engineer the treatment 
of pumping systems and of the artificial reser- 
voirs will be equally valuable. The author has 
spent much labor in the compilation of numerous 
tables and they will undoubtedly serve a useful 
purpose. 


C — 


Reinforced Concrete. 


REINFORCED CONCRETE.—A Manual of Practice. By 
Ernest McCullough, M. W. S. B. Chicago: Cement 
Era Publishing Co. 5 x 8 ins.; pp. 128. Frontispiece 
and illustrations in text. $1. 


Up to within the recent past the literature of 
concrete, outside of the technical press, has con- 
Sisted of discussions of theory and rather formal 
description of past work, a natural tendency re- 
sulting from the novelty of construction. Dur- 
ing the past year, however, the details of prac- 
tice have absorbed the attention of those con- 
crete engineers whose tastes and talents have 
a literary turn, and it is in this class that Mr. 
McCullough’s little book should be placed. It 
is frankly a “manual of practice,” and as such 
it is as complete as its limited size admits. It 
is only when it leaves practice to take up 
theory that its usefulness diminishes. 

The author, apparently, has had considerable 
experience in concrete design and construction 
and it is his intention to place the fruits of 
that experience before the practical man who 
wishes to take up concrete work, mainly, it 
would seem, from the contractor’s standpoint. 
The pages are full of useful hints as to methods, 
the kinds of tools to use, the personnel of the 
force, the conduct of the work, form design and 
construction, all quite clearly and correctly 
stated. In this portion the new concrete man 
should find much to help him in his studies. 

In the theoretical portion, the author falls into 
the difficulties generally experienced when a 
more or less complicated theory is put into sim- 
ple words. The trouble seems to be that the 
attempt at simplification is carried too far. The 
theory of the reinforced-concrete beam is not 
abstruse, even if some of the earlier discussions 
of the subject made it so, but it does require, 
for the understanding, a knowledge of the ele- 
ments of the strength of materials and me- 
chanics. <Any simplification of the theory for 
the man not having this knowledge must gen- 
era'ly fail because the author, having an under- 
standing of the theory, can hardly put himself 
in the place of his reader, to the extent of de- 
fining explicitly the terms used. The result is 
a theory complicated to the uninitiated and 
absurd to the experienced. It is no easy task 
to write down to one’s readers, and had the 
author of this book accomplished it, he would 
have completed an admirable concrete hand-book, 
for the arrangement of his material is good, the 
tables for design are well presented and his 
practical advice extremely useful. The low 
price is an additional recommendation. 

In the theory there are two errors that should 
be corrected; the first, on p. 13, is a confused, 
if not entirely inaccurate, definition of the 
modulus of elasticity; and on p. 61, in the de- 
sign of chimneys, there is the common error of 
considering the middle-third theory of masonry 
Stresses applicable to circular sections, when it 
is, in fact, only true for rectangular sections. 
Again, on p. 107, the degree of solution in the 
hydrochloric acid bond is not clearly stated. 

Although there is no disputing taste, we would 
Suggest to the publishers the questionable judg- 
ment of displaying, as a frontispiece, the por- 
trait of an author while he is yet alive. 
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THE STRENGTH OF CONCRETE BEAMS.—Results of 
Tests of 108 Beams (First Series) Made at the Struc- 
tural-Materials Testing Laboratories. By Richard L. 


Humphrey. Department of the Interior, U. S. Geo- 
logical Survey, Bulletin 344. Washington, D. C.: 
Govt. Printing Office. Paper; 6 x 9 ins.; pp. 54; 


plates and illustrations. 


This is the first of the reports of the St. Louis 
laboratory on beam tests, the beginning of the 
extended series of experiments on reinforced con- 
crete which it is intended to carry out In the 
future. The present tests are on plain 
concrete beams, of variable length, kind of ag- 
gregate, time of test and method of mixing. 
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No deductions are made on the results, but the 
data are quite fully recorded for the benefit of 
the individual engineer who wishes to make his 
own generalization from the results. As these 
tests promise to be the most complete ever made 
on any structural material, the successive re- 
ports as they appear are valuable as parts of 
the entire. series. The uniformity of the pro- 
gram gives to each portion a value not ordi- 
narily found in the segregated test. 
— . — — 

PRACTICAL REINFORCED CONCRETH STANDARDS. 
—For the Design of Reinforced Concrete Buildings. 
By H. B. Andrews, M. Am. Soc. C. E. Boston, 
Mass.: Simpson Bros. Corporation. Cloth; 8 x 11% 
ins.; pp. 46; text illustrations and tables. $2. 

The growth of reinforced concrete as an archi- 
tectural material has made it necessary for 
many architects, who had their training when 
concrete was only a mason’s material, to renew 
their student days. In order to help these men 
and to aid them in their design the book noted 
above has been prepared. It contains chapters 
on the design of beams, with tables and dia- 
grams, and standardized sizes for buildings, to- 
gether with sets of specifications for concrete 
work. Allowing for the usual tendency to use 
a designing diagram without regard for the 
varying conditions that must affect the design, 
this book of standards must be of value. 

— — — 


THE BUILDING MECHANICS’ READY REFERENCE.— 
Cement Workers’ and Plasterers’ Edition. By H. 
G. Richey, Superintendent of Construction U. S. Pub- 
lic Buildings. New York: John Wiley & Sons. 
London, England: Chapman & Hall, Ltd. Leather; 
4x 7 ins.; pp. 458: 193 illustrations in the text, and 
numerous tables. $1.50, net; English price, 6s. 6d., 
net. 


In the cement-workers’ and plasterers’ edition 
Mr. Richey has brough out the fourth of his 
series of builders’ hand-books, the first three 
being for (1) carpenters and woodworkers, for 
(2) stone and brick masons, and for (3) plumbers, 
steamfitters and tinners. The books are all pub- 
lished in uniform binding and typography, but 
aside from certain standard tables of sizes, men- 
suration, etc., each edition is entirely devoted to 
its own particular subject. 

The cement-workers’ edition, which has just 
been published, is an admirable book to put in 
the hands of the mason or mechanic who wishes 
to learn something about the rapidly-growing 


cement industry. It is not technical, nor does it 
pretend to be, so that all of the higher mathe- 
matical discussions and standards of design are 
omitted; but the bases of good construction, for 
which the workman himself is responsible, are 
clearly explained. 

oo 


THE PLANE TABLE.—And Its Use in Surveying. By 
W. H. Lovell, Topographer U. S. Geological Survey. 


New York: McGraw Publishing Co. Cloth; 4% x 
T% ins.; pp. 49; eight text illustrations and one 
plate. $1, net. 


While not containing any additional informa- 
tion than the usual chapter on the plane-tab'e in 
any of the standard works on surveying, the 
compact form of this little book by Mr. Lovell 
may make it useful for those learning map plot- 
ting by use of the plane-table. The instructions 
regarding the practical use of the instrument and 
its equipment are much better than the treat- 
ment of the three-point problem, which is rather 
too confused to convey a clear understanding to 
the student approaching for the first time this 
most important factor of plane-table surveying. 

SS — 

VOIDS, SETTLEMENT AND WDBDIGHT OF CRUSHED 
STONE.—By Ira O. Baker. Bulletin No. 23, Uni- 
versity of Illinois Engineering Experiment Station. 
Urbana, Ill.: The University. Paper; 6 x 9 ins.; 
pp. 29; 18 tables. 

The lack of any authentic data upon the char- 
acteristics of crushed stone and the great varia- 
tion in the assumed standards of its weight, set- 
tlement and percentage of voids, led Prof. Baker 
to institute the tests which are reported in the 
above-noted bulletin. The experiments do not 
cover a very large field, either in amount of tests 
or the kinds of stone investigated, but the re- 
sults are fairly uniform and the deductions there- 
from should prove of value to the engineer es- 
timating upon structures using crushed stone or 
paying for the delivery of such stone either in 
cars or carts. 

—— 


THE VITALITY OF THE TYPHOID BACILLUS IN 
ARTIFICIALLY INFECTED SAMPLES OF RAW 
THAMES, LEE AND NEW RIVER WATER, WITH 
SPECIAL REFERENCE TO THE QUESTION OF 
STORAGE.—First Report on Research Work by Dr. 
A. C. Houston, Director of Water Examinations, Met- 
ropolitan Water Board. (London, England: The 
Board.) Paper; 8 x 13 ins.; pp. 32. 


Eighteen samples of unsterilized water, divided 
equally between the three rivers named, were in- 
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eculated with typhoid germs and subsequently 
studied from time to time, all in the laboratory. 
The results, from the viewpoint of the operating 
water-works Official, emphasized anew the great 
value of even a few days storage of water before 


pivvation and indicated that 


Although as a counsel of perfection a water should pos- 
sihly be stored for one to two months, storage for four 
waks may perhaps, in the present state of our knowl- 
wize, be regarded as affording a sufficient margin of 


safety. 


The methods and results of the tests are pre- 
sented in detail, separately from the general re- 


pert and practical conclusions, 
— a 


British Practice With Electric Power. 


ELECTRIC POWER AND TRACTION.—By F. H. Davies, 
New York: D. Van Nostrand 
Co. Cloth; 5% x 8% ins.; pp. 293; 67 illustrations in 


Assoc. M. Inst. E. E. 
the text. $2, net. 


Although this book bears the mark of an Amer- 
ican publisher, it is soon discovered that it is de- 
voted to English methods and machinery when 
the minor, but notable, departures from well- 
For the 
author’s standpoint alone, the book should be 
welcome in this country. Mr. Davies has as- 
sumed that the reader is famillar enough with 
the fundamental electrical phenomena and prin- 
ciples underlying the design and operation of 
clectric-power apparatus to understand descrip- 


known American practice are noted. 


tions of technical details at once. 


The first three chapters are quite general, tak- 
ing up broadly the history of electric-power de- 
velopments from the early days and the arrange- 
ment of the present direct and alternating-cur- 
rent works. When the author says “present-day 
pants” he seems to mean for the most part 220- 
volt, three-wire, direct-current and small 2,000- 
The high-tension, 
long-distance works he regards as the future 
rational and economic development of electricity 
supply. There is one statement in this part of 
the book that will entertain American readers 


volt, single-phase systems. 


particularly. 


In America there are several instances of 30,000-volt 
overhead transmission lines and a few are working at 


4.050 volts and even higher pressures. 


Next the author takes up the subject of mo- 
tors and classifies them into three groups; direct- 
current, single-phase and polyphase alternating- 
current. The direct-current motors are further 
grouped into the familiar shunt, series and com- 
pound types. . In setting forth the suitability of 
these three types for various services the peculiar 
characteristics of each are briefly told. It should 

; be remarked here, however, that much confusion 
is apt to arise in the minds of American readers 
by Mr. Davies’ use of the term compound- 
wound.” He uses it to designate a motor having 
a series-field winding opposed in its magnetizing 
action to the shunt field. Such a motor in Amer- 
ita is called a “differential” and its use is very 
„mited. What we here call a “compound” Mr. 
Davies does not mention at all. The type, how- 
ever, does have extensive use in elevators, hoists, 
te. Alternating- current motors are summarily 
Gsposed of by explaining in simplest possible 


terms the action of rotating fields, etc. 


The advantages of using electric motors in in- 
dustrial works generally are considered in one 
chapter, in which, also, comparisons are drawn 
between motor and complex belt driver. The re- 
mainder of the book is filled wiht matter on the 
‘special applications of electric power—in collier- 
ies, machine shops, textile mills, printing houses, 
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on shipboard, for canal and railroad haulage. 
The matter relative to electric railroading alone 
fills about half the volume. 

The first part of the work on electric traction 
is a historical resumé of advances made. The 
author can scarcely hope to secure much sym- 
pathy, on this side of the Atlantic, when he 
writes: 


Contrary to the popular idea which attributes all 
electrical invention and progress to America, a Scotch- 
man, Robert Davidson by nume, must be credited with 
having taken the first practical steps in electric traction. 
Somewhere about 1837 he designed and built an electrical 
locomotive. . .. 


The author credits the next important advance to 
C. G. Page, of the Smithsonian Institution. Noth- 
ing is said whatever of the American, Davenport, 
who is credited with earlier work. 

Track work and the distribution of current by 
overhead, conduit and surface contact systems 
form the next three chapters, after which sub- 
jects like car building and equipment, signalling, 
substations, car control, etc. 

In the last chapter the limitations of direct- 
current traction are discussed and compared with 
the advantages of the single and three-phase 
systems. A few notable installations of these 
systems, in America and Europe, are very briefly 
described. 

DER, — 


The Financing of Power Developments. 


NOTES ON HYDRO-ELECTRIC DEVELOPMENT S.— 
By Preston Player. New York: McGraw Publish- 
ing Co. Cloth; 4% x 7% ins.; pp. 68; three illus- 
trations in the text. $1, net. 


Mr. Player has here given a general treatise 
on the commercial side of the development of 


hydro-electric power. The results of engineering 


studies figure prominently, but the real engineer- 
ing work on any proposed development has no 
part in this little book. The volume has been 
written ostensibly for the guidance of a business 
man interested, in such power developments, and 
it is the author’s expressed intention to show 
how the promoter would set about to determine 
what part of the maximum or minimum power 
available should be developed, what receipts 
might be expected and in what ways local com- 
petition should be met. It is expected, of course, 
that the promoter is able to get the best of engi- 
neering advice on the basis of his studies. 

The author starts with the local promoters who 
may have carried the project as far as their lim- 
ited opportunities permitted and who may have 
finally brought the whole matter to the attention 
of some financier of broader interests. The first 
thing to be ascertained by him is whether or not 
they have anything to offer; if they control the 
situation. 

If the preliminary scrutiny of the plans is 
favorable then, the author advises an option is 
to be secured, pending a careful and complete 
study by electrical and hydraulic engineers. 
What points the document should cover are tabu- 
lated in the book. The method of studying the 
local market for energy and the cost of local 
supply are given, as leading up to determining 
whether the best investment would be in pur- 
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chasing competing companies, in competing with 
them, or in selling current to them at attractive 
prices. e 

Under the chapter heading Primary and Sec- 
ondary Powers, the author discusses the condi- 
tions under which it is feasible to develop for 
more than the minimum flow of the river in 
question, as determined from its history. Here 
the writer outlines the proposition that it may be 
a better financial move to set aside a certain 
percentage of receipts as insurance against suits 
through broken contracts once in some 20 years 
than to invest certain capital in sufficient id'e 
machinery to be able to furnish the required 
power under unusually trying conditions. 

The side of power development treated in this 
volume is one with which only comparatively few 
engineers, and these the older and more experi- 
enced ones, are famillar. ‘Therefore this book 
should be particularly interesting to younger 
men in electrical and hydraulic work. 


— , 


COMMISSIONER OF HEALTH OF THE COMMON- 
WEALTH OF PENNSYLVANIA.—First Annual Re- 
port [June 6, 1905, to Dec. 31, 1908.] Samuel G. 
Dixon, M. D., Commissioner. Harrisburg, Pa.: Pub. 
Doc. Cloth; 6 x 9% ins.; pp. 519; plates and tables. 


A review of the work of the reorganized health 
department of Pennsylvania during the first year 
and a half of its existence is here given. The 
department now has divisions of sanitary engi- 
neering, medical inspection, vital statistics, mor- 
bidity statistics, etc. The report of Mr. F. Her- 
bert Snow, Chief Engineer, details the organiza- 
tion and work of his division, including reports 
on water supply and sewage disposal. Special 
reports deal at length with the typhoid epidemic 
at Nanticoke and with a survey for mosquito 
control. It is a great pity that such interesting 
and important matter should be so long delayed 
in its appearance. 
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CONCRETE PAVING FOR STREETS. 


A new system of concrete paving for streets 
has been introduced extensively in several cities 
during the past few years, and appears likely to 
enter into close competition with other types of 
street paving. 

The new system referred to is the invention of 
Mr. Rudolph S. Blome, of the Rudolph S. Blome 
Co., street paving and general concrete contrac- 
tors, of Chicago. Patents were issued to him in 
June, 1907, covering a number of different com- 
binatlons of concrete or cement surfacing for 


street pavements. The construction may be best 
described by the following extracts from the 
specifications prepared by the company: 


FOUNDATION.—The ground shall be brought to a level 
11 ins. below the final level of pavement, and then 
there shall be placed a layer of coarse sand 4 ins. in 
thickness. This filling is to be rolled to a true surface, 
so that the granitoid concrete block pavement will be 
of uniform thickness throughout. The contractor must 
use all necessary precaution in preparing the subgrade, 
so as to support the pavement permanently, and so that 
the pavement shall remain at the original grade for a 
period of five years. This clause will not be waived on 
account of any trenches or holes made in the street prior 
to the laying of the pavement by any corporation or 
private party. 

All the slopes which shall be given to the street pave- 


ment shall be made in the foundation, so that the con- 
crete work will be of uniform thickness throughout. 
The foundation shall be carefully compacted either by 
a steam roller or at the discretion of the engineer. Then 
the concrete shall be put in place, in the manner speci- 


fied. 

MATBHRIALS.—Cement.—Portland cement shall be used 
and, ordinarily, will be subjected to the following in- 
spection and tests: 

Fineness—It shall be so ground that 92% will pass 
through a standard No. 100 sieve, having 10,000 meshes 
per sq. in. 

Soundness.—It shall meet the requirements of the ‘‘boil- 
ing” test. 

Setting.—The cement when mixed with 20% of water, 
by measure, shall take initial set in not less than 45 
mins. 

Strength.—Briquettes, 1 in. square in section, shall 
develop the following tensile strength: Neat (1 day in 


GRANITOID CONCRETE STREET PAVING AT CALUMET, MICH, 


Inventor. 


Rudolph S. Blome, Chicago; 


194 


ENGINEERING NEWS. 


Vol. 60. No. 8. 


air and 6 days in water), 400 Ibs. A mixture of 1 ce- 
ment to 3 sand (1 day in air and 6 days in water), 175 
Ibs.; it shall show a gradual increase in strength of 
15% at the end of 28 days. 

Sand.—All sand shall be clean, dry, free from dust, 
loam and dirt; of sizes ranging from -in. down to the 
finest and in such proportion that the voids as deter- 
mined by saturation shall not exceed 33% of the entire 
volume. It shall weigh not less than 95 lbs. per cu. ft. 
No wind drifted sand shall be used. 

Stone.—All crushed stone used in making the concrete 
shall be of the best quality of limestone or trap rock; 
clean, free from dirt, broken so as to measure not more 
than 1% ins. and not less than %-in. ln any dimension. 
The stone when delivered on the street shall be deposited 
on flooring and kept clean until used. 

MIXING AND LAYING CONCRETE.—The pavements 
shall consist of 5% ins. of concrete base, and surface 
blocking 1% ins. thick, making a total of 7 ins. ex- 
clusive of foundation. 

After the sub-grade and foundation have been pre- 
pared as specified, there shall be deposited concrete 
composed of 1 part Portland cement, 3 parts sand, and 
4 parts crushed stone. These materials to comply with 
the requirements above noted, and shall be mixed by a 
machine suitable for the purpose, to be approved by the 
engineer. It shall be mixed at least six times before 
being removed from the mixer. The concrete shall be 
thoroughly tamped in place, and shall be 5% ins. thick 
at all points after having been compacted. It shall be 
laid in sections, with expansion joints (all as per the 
Blome company’s patents), and shall follow the slopes 
of the finished pavement so that the surface blocking 
Shall be uniformly of the same thickness at all points. 

SURFACING.—After the concrete base has been placed, 
and before it has begun to set, there shall be immediately 
deposited thereon the granitoid blocking, which shall 
be 1% ins. thick. It will contain 1 part of Portland 
cement and 1% parts of clean, monument, crushed gran- 
ite. This granite shall be screened, with all dust re- 
moved therefrom, utilizing the following composition of 
this material; 50% of the granite to be of what is known 
as -In. size, 30% of the -in. size, 20% of the 1/16-in. 
size. This proportion of sizes is essential, and must be 


A considerable extent of this concrete pave- 
ment (aggregating over 500,000 sq. yds.) has 
been built or is actually under contract at vari- 
ous places. These include the new industrial 
town of Gary, Ind.; Chicago and Kewanee, III.; 
Hancock, Calumet and Kalamazoo, Mich., and 
Washington, D. C. In addition to this, the com- 
pany reports contracts at numerous other cities, 
ranging from New Brunswick, N. J., and Nor- 
ristown, Pa., in the east, to New Orleans, La., 
and Fort Worth, Tex., in the west. At Chicago, 
the paving has been used not only for streets 
but for driveways in the stockyards and at the 
plant of the Western Electric Co. In some cases 
-it carries ordinary light traffic, as on residence 
Streets. In other cases, however, it carries traf- 
fic which is heavy as to both density and wheel 
loads. The company claims that its concrete 
pavement costs less than pavements made of 
other materials, and will last very much longer. 
It is also claimed that where the concrete pav- 
ing is laid against the rails of electric railways, 
it is not injured by the car traffic and does not 
crack or disintegrate. 

Fig. 1 shows the Blome granitoid concrete 
pavement in one of the main business streets at 
Calumet, Mich. It will be seen that the con- 
crete is laid against the rails of the street rail- 
way. Fig. 2 is a view on Broadway at Gary, 
Ind. 


FIG. 2. 


GRANITOID CONCRETE PAVING ON BROADWAY, AT THE NEW INDUSTRIAL TOWN 


OF GARY, IND. 


(Middle of street left open for street railway.) 


kept absolutely accurate, as in this lies one of the es- 
sential requirements to produce proper results. This 
material to be mixed with the cement thoroughly, and 
after being wetted to a proper consistency and depos- 
ited on the concrete, shall be worked into brick shapes 
approximately 4½ x 9 ins. with rectangular surface, 
similar to paving blocks. This will be done by special 
methods, and utilizing grooving apparatus as employed 
under the Blome company’s patents. 

EXPANSION JOINTS.—Expansion joints must be pro- 
vided across the pavement, at distances not exceeding 
50 ft. apart. These expansion joints shall extend 
through the blocking and concrete, and shall be filled 
with a composition especially prepared for the purpose. 


The specifications are modified to suit local 
conditions and requirements. Where the nat- 
ural soil is clay or similar heavy material, a 3- 
in. or 4-in. foundation of sand or gravel is used, 
but this is not required where sand or gravel 
form the natural soil. The thickness of the pav- 
ing (both as to its bottom course and the surface 
coat) varies according to traffic conditions. While 
the specifications quoted above call for the use 
of crushed granite in the surfacing, the patents 
cover trap rock and all other similar hard ma- 
terials. The spacing of the expansion joints 
varies according to the width of the pavement. 

The concrete for the bed or lower portion is 
‘made wet enough to produce a film of mortar 
on the top after tamping. The concrete for the 
surfacing is sufficiently wet to produce 4 dense 
mixture and also to provide for the compacting, 
floating, troweling, grooving and brush finish. 
The grooving is effected by wooden strips 
mounted in metal holders, or by special groov- 
ing machinery which is being perfected. The 
surface has a granular or roughened finish, due 
to the use of the fine crushed stone in the sur- 
facing, so that it is claimed not to become slip- 
pery by wear, 


left open temporarily for the construction of the 
street railway track. Fig. 3 shows cross sec- 
tions of some of the streets paved in this way 
at Gary. The streets are crowned to bring the 
center level with the tops of the concrete curbs. 
In the combined curb and gutter, the curb is 6 
ins. thick and from 5 to 13 ins. high, with a gut- 


‘ter slab 18 ins. wide and 6 ins. thick. The side- 


walks are about 5 ins. thick. Mr. A. P. Melton 
is City Engineer of Gary, and Mr. E. M. Sche- 
flow is Assistant City Engineer. 


CONCRETE PAVING IN VARIOUS CITIES. 


As most of our readers know, concrete paving 
for streets and alleys is not an entire novelty. 
Many municipal engineers have used it to some 
extent, following different methods of construc- 
tion; but its use has not, until the last year or 
two, been pushed as a commercial proposition. 

In an article in our issue of July 21, 1904, Mr. 
S. Whinery, M. Am. Soc. C. E., suggested a con- 
crete ‘paving composed of a 4-in. foundation 
(1:3:7) and a 2-in. surface (1:2:4). The two 
layers would be so built as to form a homo- 
geneous bed of concrete. He estimated the cost 
of the finished pavement at $1.20 per sq. yd. 

Particulars of the construction of and experi- 
ence with concrete street paving in several cities 
are given below, much of the information having 
been furnished to us recently by the engineers. 

BELLEFONTAINE, O.—Concrete pavements 
were laid in 1892 and 1893. After ten years’ 
service, these were in good condition, as de- 
scribed in our issue of Jan. 7, 1904. There were 
then no cracks of importance and the imprints 
(made by -acrgiler) to roughen the surface were 


— 


Here the central portlon of the street is 


still visible. The streets had a 4-in. foundation 
of 1:5 and 1:4 gravel concrete. The 2-in. sur- 
face was of cement and coarse sand or gravel 
(screened to a %-in. mesh) in proportions of 3:5 


or 1:1. The construction cost was about $2.15 
per sq. yd.; this included filling, drains and 
curbs. The repairs have been extremely small, 


so that the pavements have been very econom- 
ical. 


CHICAGO, ILL.—Mr. John B. Hittell, Chief En- 
gineer of Streets, in the Board of Public Im- 
provements, states that there are now 80,000 sq. 
yds. of concrete paving. There is a stretch of 
pavement in front of the Western Electric Co.'s 
plant on 48th Ave. which is over five years old, 
but the majority of the paving is from two to 
three years old. There is heavy traffic at the 
Western Electric Co.’s plant and on those sec- 
tions laid in the stock-yards. The stretch on 
Schlitz Ave., from 113th to 115th Sts., has con- 
siderab'e traffic leading to switch tracks. There 
is an alleyway paved in the rear of the Palmer 
House, which would have heavy traffic. 

Pavement for ordinary traffic consists of a 
514-in. concrete base and a 1%-in. surface coat, 
the latter grooved into spaces about 4% x 9 ins. 
The foundation course is a 1:3:4 mixture, and 
the surface mixture 1 part of cement to 2 parts of 
either crushed granite or trap rock, or some 
other similar hard material. 


GRAND RAPIDS, MICH.—Concrete paving 
was used experimentally in 1901-02. The foun- 
dation was 6 ins. thick for the roadway and 34 
ins. for the sidewalks; this was composed of a 
1:3:5 mixture of cement, sand and Min. to 1-in. 
screened gravel. The top course was 1:2 cement 
and sand, 1 in. thick for the roadway and -in. 
for the sidewalks. The pavement was laid in 
(ft. sections, with Min. expansion joints, and 
was given a coarse brush finish (Engineering 
News, Nov. 20, 1902). 

We are informed by Mr. L. W. Anderson, City 
Engineer of Grand Rapids, that the city has 
now 5,606 ft. of streets and alleys paved with 
concrete. This represents 14,672 sq. yds. The 
first was laid in 1901. They are all residence 
streets, so that the traffic is comparatively light. 
The general practice has been to use a 6-in. 
foundation of about 1:3:6 concrete, with a 1-in. 
top course of 1 cement to 2 sand. For the work 
done in 1907 and 1908, however, a 1%-in. top 
course has been used, composed of 1 part cement 
to 2 parts granite chips and dust. The surface is 
corrugated about every 4 ins. across the street. 
After troweling, the surface is swept with a 
wet broom to take off the gloss. 

It is found necessary to employ expansion 
joints, laying the concrete in blocks. Asphalt 
filling is used for these joints. Failures of the 
pavement have been largely in the breaking 
down of the concrete adjacent to the joints, and 
it is to overcome this difficulty that granite 
chips and dust are now used in place of sand for 
the top course. From present experience, and 
from observation of concrete pavements in other 
places, it is believed this difficulty will be 
largely overcome in this way. 


The cost of the pavement is estimated to be 
$1.10 per sq. yd. for sand-mortar top, and $1.25 
for the granite-mortar top. There is a guaranty 
of five years. On some of the streets no repairs 
were required. On others, it will be necessary 
for the contractor to replace several blocks or 
“stones” at the expiration of his guaranty. The 
city has had no expense for repairs to date. 

The specifications for concrete paving on Ports- 
mouth Terrace, in 1908, are given below. They 
provide for a sand and gravel foundation, G-in. 
concrete base, and 144-in. top course. 


SPECIFICATIONS FOR CONCRETE PAVEMENT AT 
GRAND RAPIDS, MICH. 


On the sand and gravel foundation shall be con- 
structed a concrete base 6 ins. thick, composed of 1 part 
Portland cement (by measure), 3 parts clean, coarse 
sand, and 5 parts clean screened gravel, broken granite 
or quartz. No particles of the last shall be more than 
1% ins. in largest dimensions, and the smallest shall 
be retained upon a sieve with holes \%-in. square. The 
size of the particles shall be so proportioned that those 
passing a sieve of %-in. mesh will fill the voids of the 
portion retained by the same without more than 10% 
excess. | oe 

The cement and sand shall be mixed thoroughly until 
of a uniform color, after which sufficient water shall be 
added to make a reasonably stiff mortar. The proper 
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protortion of gravel shall then be wet and added, and 
he same thoroughly mixed until of a uniform consist- 
ey. The concrete shall then be deposited in place on 
the foundation in a quite wet condition and thoroughly 
tamed into place. 

Expansion joints shall be made between the pavement 
ane the coping walls, and blocks made in lengths of 25 
.. of street. Provision shall be made at the longitudi- 
ia! joint for filling with an asphalt filler of the full 
depth of the stone. 

The concrete shall be struck off by template to a 
ttt of 1% ins. below the finished surface. Special care 
shall be taken to keep all large stones back from the 
aize of the blocks, and to have the concrete of the 
greatest possible density at that point. Each block 
stali be made by continuous work, with the placing 
of the concrete foundation and placing and finishing 
the topping. 

ae aarely after laying the foundation, before the 
ame has had a chance to dry or set, the top coating 
shall be placed. This will consist of 1 part Portland 
coment and 112 parts of granite screenings (with such 
sorortions of sand added as the engineer shall consider 
-sary to thoroughly fill the voids in the screenings). 
"ha mixture shall be thoroughly mixed to a uniform 
tor before wetting. It shall then be wet and thor- 
aghly mixed to a uniform consistency which shall be 
reasbhably soft. The top shall be placed and struck 
‘evel with the forms by means of a template, after 
stich al the surface shall be thoroughly tamped with 
tirrow tamps to remove all air spaces and secure dense 
aiges. The top shall then be floated to a uniform sur- 
3 and very thoroughly troweled to secure a hard top 
ecrface. 

The surface of the pavement shall have the east 3 ft. 
4rished without grooves, given a light brush finish on 
the flatter slopes and a broom finish on she steeper 
portion. The remainder of the pavement (with the ex- 
cron of a strip 1 ft. wide in the center) shall be 
ceored crosswise of the street, with a heavy marker, 
¿nwo to a straight edge. This must give a groove 
stout M-In. deep, with edges slightly rounded to pre- 
vent their chipping. The edges of all blocks shall be 
murded to similar radius with proper tools. After com- 
siting the grooving, the surface shall be lightly brushed 
sith a soft brush. The grooving tool shall be of such 
wight and applied with such pressure as to give a hard 
lr act surface. 

The pavement shall be laid in alternate sections of 
Yok. Wooden templates thoroughly braced in place 
ste] de used at the edges. Expansion joints shall be 
rade by inserting a strip of lumber dressed with a 
Eper and covered with tar paper, permitting of the 
‘mher and paper being withdrawn on completion of 
the work. The filler shall be Pioneer brand, made by 
the American Asphaltum E Rubber Co. It shall be 
tested and poured according to directions furnished by 
‘be company, subject to the approval of the engineer. 
The filler shall be applied with cans suitable for pour- 
ing without coating the top of the pavement. and shall 
not de applied until the concrete is thoroughly dried 
so as not to be affected by heat. 

immediately on completion of the concrete work, which 
chill de not to exceed 24 hours after finishing, the sur- 
faca shall be covered with -in. of sand. This shall 
te thoroughly wet every day for a period of ten days. 
Any negligence of this provision on the part of the con- 
Actor shall empower the city to see to the sanding 
294 sprinkling on the part of the city without further 
Nice. 


NEW ORLEANS, LA.— In 1901, concrete pav- 
ing was laid in the “neutral ground” occupied 
by street railway tracks on Canal St. This had 
atin. foundation composed of cement, sand and 
river gravel, 1:3:7. Under each rail was a 
lngitudinal concrete beam. The l-in. surface 
fnish was of cement and sand, 1:1. In 1902, the 
City Engineer reported that this had failed, 
varttly by subsidence of the subgrade and partly 
iue to vibration. In several places the top 
course was not properly bonded with the foun- 
dJasion and became separated from it. It there- 
fore became fractured and disintegrated. Where 
aged bond had been obtained and the entire 
yavement was one homogeneous body, the pave- 
ment was in good condition. (Engineering News, 
Sept. 24, 1903). l 
RICHMOND, IND.—Concrete paving has been 
used with success under ordinary heavy traffic, 
data in streets and alleys. In 1905, there were 
about 4.300 sq. yds., and some of this had been 
‘i Service for ten years. This was described in 
cur issues of Jan. 28, 1904, and March 2, 1905. 
According to the specifications quoted in the 
latter issue, a bed of concrete 4 to 5 ins. thick 
vas laid upon 3 to 4 ins. of gravel. When the 
“merete had set, it was covered with fine sand, 
which was then raked off with a flat board so as 
t- leave it only on the voids and low places. 
Uron this foundation was placed a layer of tar- 
kater to form a separating joint. The lower 
bart of the pavement proper consisted of a con- 
crete base 2 to 3 ins. thick, made as a rather 
zer mixture of 1 cement, 2 sand, 3 gravel and 
3 stone. Upon this was the 1-in. wearing sur- 
‘ace, composed of 1 part each of cement, sand 
and clean stone screenings. This surface coat 
~as placed in two layers. A -in. layer was 
iret thoroughly tamped to ensure perfect con- 
‘act with the fresh concrete of the base, and 
‘ae second layer was laid immediately and trow- 
‘ed When sufficiently hard, the surface was 
fushed with a steel trowel and a cork float. 


This gave a smooth surface that did not become 
glassy by wear or slippery in wet weather. 

According to a statement furnished to us re- 
cently by Mr. Fred R. Charles, City Civil En- 
gineer, the city has now 8,250 sq. yds. of concrete 
pavement. The oldest has been in use since 
1896, and no repairs have yet been made, al- 
though heavy traffic is carried. The surface 
shows neither wear nor disintegration. The 
pavement is made 6 ins. thick, and has a 1%-in. 
wearing surface finished with cork trowels. The 
cost for alley paving has been as high as 18 and 
20 cts. per sq. ft. in the earlier years; in 1907 
it ranged from 13% cts. to 16 cts. per sq. ft. A 
report on this style of paving was made in May, 
1908, by Mr. Charles, who has furnished us with 
a copy; this we reprint practically in full: 

Our first concrete pavement was constructed in 1896 in 
the alley adjacent to the Westcott Hotel. Being a nar- 
row alley, a large traffic was concentrated in a small 
space. Nevertheless, after 12 years, this pavement 
shows almost no signs of wear. A slight sinking of 
gravel around the foundations of the hotel has caused 
a little settlement of the alley, but this, which would 
be disastrous with other forms of pavement, has only 


kept clean. This is an important item from an esthetic 
and sanitary standpoint. 

The initial expense is moderate. It costs us about 
30% less than vitrified brick. Repairs and maintenance 
charges apparently will be nothing for a great many 
years, and the life of this material will doubtless equal 
or exceed that of brick. It is somewhat slippery for 
horses; about the same as brick. Many drivers prefer 
it to brick; others, of course, prefer the latter. Even 
when wet it is not so slippery as asphalt. It is signifi- 
cant that those who reside on these streets and use them 
the most, and have the best chance to observe them, are 
the most enthusiastic in favor of concrete. 


KALAMAZOO, MICH.—The City Engineer in- 
forms us that the city has 10,000 sq. yds. of 
concrete pavement, which has been in use one 
year. The traffic is heavy, but there is no wear 
or disintegration of the surface. No repairs 
have been made. The base portion is 4% ins. 
thick, with a 2½ -in. surface finish. The cost 
complete was $1.74% per sq. yd. 

HANCOCK, MICH.—Mr. C. B. M. Craig, City 
Engineer, informs us that the city has 8,000 sq. 
yds. of the patented ‘‘granitoid’’ concrete pav- 
ing for streets. This was laid in 1907. The 
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FIG. 3. 


In 1902, Sailor St. was paved with concrete, and now 
is in almost perfect condition. In 1906, it was necessary 
to cut a trench the length of this street to lay telephone 
conduits, and the concrete was found to be so hard that 
it could only be cut with great difficulty. On comple- 
tion of the conduit the pavement was very carefully re- 
paired and now seems as good as new. In 1903, con- 
crete was put down at North A and 7th Sts., a very „busy 
intersection of two principal streets. In 1904, it was 
laid on Elm Place, a street adjacent to the Arlington 
Hotel and several wholesale establishments, and which 
carries a great deal of heavy hauling, especially from 
the hardware and iron storage house of the Jones 
Hardware Co. p 


These last two pavements were laid in large blocks 


with expansion joints 1 in. wide, filled with pitch. These 
wide joints are a disadvantage, since the edges of the 
blocks begin to chip a little at these places. With the 
exception of these places and a few temperature cracks, 
which cause no serious detriment, the pavements are in 
excellent condition, and will apparently last for years 
with no repairs or maintenance charges. On our later 
work we do not use the wide joint but find the ordinary 
sand joint satisfactory. 2 ` 

In addition to those mentioned, we are constructing 
concrete pavements every year, more especially on al- 
leys, which are in the business portion of the city and 
carry a large traffic in the way of drays, brewery wag- 
ons, and other heavy hauling. This travel concen- 
trated In a narrow space, constitutes a more severe test 
than on streets where it can be more distributed. Our 
citizens are very well satisfied with this form of pave- 
ment. Unlike asphalt and other materials, it is not 
damaged but is actually benefited by water. Conse- 
quently it can be flushed with a hose and is very easily 


CROSS-SECTIONS OF STREETS LAID WITH CONCRETE PAVING AT GARY, IND. 


of 8,000 population.. The 5%-in. bottom course 
is a 1: 22:4 mixture of Portland cement, coarse 
sand and crushed trap rock. The 2-in. wearing 
surface is a 1:114 mixture of cement and sand. 
The surface is grooved into a blocked surface 
about 5 x 8 ins., and brush finished after thor- 
ough trowelling. It shows some wear, but no re- 
pairs have been needed as yet. The cost was 
$2.2914 per sq. yd. This includes a Gin. gravel 
foundation but does not include grading. 


KEWANEE, ILL.—Mr. Ellis F. Ingham, City 
Engineer, informs us that the city has one block 
(or 845 sq. yds.) of concrete pavement. This 
has been in,service for four years, With medium 
traffic of both wagons and carriages. The pave- 
ment is 6 ins. thick, on a 7-in. cinder base. It 
was laid with grooves or corrugations in both 
directions, forming Gin. squares, the corruga- 
tions being about %-in. deep. The surface shows 
very little wear, except along the longitudinal 
corrugations. Mr. Ingham states that this could 
be avoided in new work by having the corruga- 
tions made diagonally, or interrupted (like the 
broken joints in brick paving). The cost of the 
pavement complete was $1.54 per sq. yd. This 
is exclusive of excavation, which cost 27 cts. 
per cu. yd. No repairs have been made. 

DENVER, COLO.—A 6-in. concrete pavement 
has been used for some time by the city for 
paving alleys, and by the Denver Tramways 
Co. for paving between its rails and tracks. In 
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both cases, the lower portion and the surface coat 
are laid so as to form one selid mass. For the 
track paving, there is a 3-in. bottom course 
1:3:7, and a 3-in. top course 1:2:4. 

The City Engineer informs us that there are 
now 30,000 sq. yds. of concrete pavement in the 
alleys, the oldest having been in use for three 
years. The traffic is heavy, including coal wag- 
ons. There is no wear or disintegration, and 
no repairs have been made. The pavement is 
6 ins. thick, with a 4-in. bottom course of 1:3:6 
concrete, laid on a 3-in. bed of cinders. The 
2-in. surface coat is of 1:2:4 concrete, and is 
finished with a rough float. The cost ranges 
from $1.08 to $1.27 per sq. yd., including sub- 
grading. 

Mr. John Evans, Chief Engineer of the Denver 
Tramways Co., informs us that the street rail- 
way lines have 29,600 sq. yds. of street paved 
with concrete. This paving is laid only between 
the outside rails. It was first used in April, 
1906. The construction includes a 15-in. bed of 
stone ballast, a Gin. concrete base, and a §8-in. 
concrete wearing surface. The concrete forms a 
solid mass 9 ins. thick. The surface coat is 


smooth; it is tamped with shovels and roughened 
The traffic is heavy, but the pave- 


with brooms. 


face shows sufficient wear to practically oblit- 
erate the marking. In a few places holes are 
forming where the wearing surface has been en- 
tirely cut through, and disintegration has reached 
the base. Repairs are made by cutting the en- 
tire thickness to sub-grade, and replacing the 
base and wearing surface with new work. 

The cost to the United States was about $2 
per sq. yd., which included the cost of shaping 
and rolling the sub-grade and repairs for five 
years under a guarantee clause. 

Capt. Dent states that in subdividing the sur- 
face of the pavement into small blocks, the lon- 
gitudinal grooves were made continuous, and 
there is a tendency for wagons to follow these 
grooves and cause longitudinal ruts. None of 
these ruts are yet serious, but he suggests that 
it is probable that better results would be ob- 
tained by making the longitudinal grooves shal- 
low or omitting them altogether. The pavement 
is divided into sections about 100 ft. long by 1- 
in. expansion joints filled with a tar or asphalt 
compound. 

TORONTO, CANADA.—Mr. C. H. Rust, City 
Engineer, states that the total area of concrete 
paving laid in Toronto is 7,000 sq. yds. The 
first of this was laid in 1902. On all but one 


THE PROPOSED BOSTON & EASTERN ELECTRIC R. R.: 
AN ACCOUNT OF HEARINGS BEFORE THE MASS- 
ACHUSETTS RAILROAD COMMISSION. 

By H. S. KNOWLTON.“ 


There is now pending before the Massachu- 
setts Railroad Commission a petition for a cer- 
tificate of public convenience and necessity to be 
granted to the Boston & Eastern Electric R. R. 
Co., an organization formed for the purpose of 
building a high-speed electric interurban railroad 
between Boston, Lynn, Salem, Beverly and Dan- 
vers. At frequent intervals for about a year past, 
hearings have been held by the Board in regard 
to the details of this project, and a vast amount 
of testimony has been offered for and against the 
scheme. Probably no electric railway case ever 
brought before this Board has recelved such 
thorough investigation or shown such complete 
preparation of technical problems. 

The original plans of the company, as pre- 
pared by its chief engineer, Mr. John H. Bick- 
ford of Boston, contemplated the termination of 
the line at the Sullivan Square Terminal of the 
Boston Ha¥evated R. R. Co. in Charlestown, as 
shown by the dotted line in Fig. 1. After pro- 
tracted hearings the Railroad Commission de- 


FIG. 1. MAP OF THE NORTHEASTERN SUBURBS OF BOSTON 


ment gives excellent wear and shows no dislnte- 
gration. The cost of the pavement complete 
(and constructed in the midst of heavy traffic) 
is $2.55 per sq. yd. 


WASHINGTON, D. C.—We are informed by 
Capt. E. J. Dent, Corps of Engineers, U. S. A., 
that on the approaches to the highway bridge 
across the Potomac River at 14th St., there 
have been laid for the United States a total of 
about 14,000 sq. yds. of concrete pavement, un- 
der contract with the Rudolph S. Blome Co., of 
Chicago. The oldest part of this pavement has 
been in service about two years. A record of 
the number of vehicles crossing the bridge dur- 
ing seven consecutive days in June af this year 
shows an average of about 1,200 vehicles a day, 
exclusive of street cars. <A large proportion of 
these were two-horse teams hauling narrow-tired 
wagons loaded with brick. 


The pavement consists of a 5%-in. layer of 
1:3:5 concrete, surmounted by a 1%-in. wearing 
surface. The latter is composed of 2 parts of 
cement and 3 parts of crushed granite, screened 
to pass through a Min. ring and from which 
the dust has been removed. The surface was 
finished by sub-dividing it into blocks about 4 x 
9 ins.; the grooves between the blocks are about 
%-in. deep by %-in. wide, with edges neatly 
rounded. The longer dimensions of the blocks 
are perpendicular to the axis of the street. Be- 
fore the surface became hard, it was slightly 
roughened by brushing. In one section the sur- 


street the travel has been light, but on this 
street the traffic was exceedingly heavy and the 
pavement consequently did not wear as well as 
was expected, the whole surface being very 
badly abraded and the joints badly shattered. 
With the exception of this pavement, however, 
no repairs have been necessary. The cost this 
year runs from $1.30 to $1.45 per sq. yd. 

The specifications provide for a 4-in. base of 
1:2:5 concrete, made with furnace slag, broken 
stone or screened gravel. This must be free 
from stones over 2 ins. diameter. The 2-in. 
wearing surface is laid before the foundation 
has had time to set, and is a 1:1:3 mixture, 
made with crushed granite or quartzite. The 
surface is marked into blocks 8 x 10 ins. In the 
center of the pavement, and across it at inter- 
vals of 20 ft., are expansion joints l-in. wide. 
There are filled with pitch. 


—— TEL — — EES 


AN INVENTORY OF THE NATURAL RESOURCES 
of the United States is now being carried on jointly 
by the National Conservation Commission and various 
executive departments of the United States Gov- 
ernment, to be included in a preliminary re- 
port of the Commission, which will be published on Jan. 
1, 1909. The compilation of the information supplied by 
the various executive departments of the Government 
will be carried out under the direction of Mr. Henry Gan- 
nett. It is expected that the material will be ready for 
the first meeting of the Commission, to be held in Wash- 


ington on Pec. 1, 


„ SHOWING THE LOCATION OF THE PROPOSED BOSTON AND EASTERN 
ELECTRIC R. R. 


cided that the scheme was defective in failing 
to bring its passengers into the heart of Boston. - 
The Board stated that the territory through 
which the road desires to pass needs additional 
facilities, and did not gismiss the company’s pe- 
tition but allowed the problem of the supply of 
these facilities to remain open. This territory 
is now served by the Boston & Maine R. R., the 
Boston, Revere Beach & Lynn R. R., both of 
these steam lines and by the Boston & Northern 
Street R. R., a large trolley system operating 
about 400 miles of track in the northern and 
eastern sections of Massachusetts and in south- 
ern New Hampshire. 

After the decision of the Board in September, 
1907, to the effect above outlined, the Boston & 
Eastern Co. preparéd a new set of plans with the 
Boston terminus located in Post Office Square, 
near the centre of the Boston financial district. 
With these plans was filed a detailed estimate 
of the cost of construction, which is appended. 
The character of the proposed line involves a 
private right of way through practically the 
entire route, double track construction for a 
maximum speed of about 45 mi. per hr., no 
grade crossings, a tunnel beneath Boston Harbor 
from East Boston to the city proper, a subway 
from the water’s edge under either Milk or 
Water St. to Post Office Square, station platforms 
level with car doors, multiple-unit trains oper- 
ated by a third rail system using direct current 
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at 000 volts, fireproof cars with end and side 
dors. It is proposed to make the run between 
Post Office Square and Salem in about 20 minutes. 
The opposition has centered in the argument 
tht the present facilities in the territory are 
adequate for its needs, if developed fully or ex- 
panded, and in the attempt on the part of the 
existing companies to show that the plans are 
not suitable to meet the situation. 

Ata recent hearing the counsel for the opposi- 
jon requested Mr. Bickford to show the differ- 
ences between the high-speed electric inter- 
urban line he desires to build and the existing 
steam lines if electrified. 

What are presumed to be the final series of 
hearings . of this projeqt were begun before 
the Massachusetts Railroad Commission on 
May 19 of this year. Chief Engineer Bickford 
presented an exhaustive discussion of the dif- 
ferences between his proposed road and the 
Boston & Maine and the Boston, Revere Beach 
& Lynn steam railroads, if the latter were elec- 
tried. The discussion grew out of questions 
ef counsel for the opposition at a previous 
hearing in regard to the need of additional 
facilities of the proposed Boston & Eastern 
character in case the steam roads serving the 
territory should be electrified. 

Mr. Bickford held that no example of an 
existing electrified steam railroad can be taken 
as a criterion by which to measure the results 
which might be realized by changing the motive 
power on either the Boston & Maine or the 
Boston, Revere Beach & Lynn roads. 

To continue Mr. Bickford’s statements, the 
differences in the fundamental movement of 
trafic are of primary importance, the electric 
tyne of road being limited to the carrying of 
certain classes of freight and suburban pas- 
sngers while the Boston & Maine is a through 
ine, conducting five classes of traffic; (1), the 
suburban passengers; (2), through passengers: 
(3), express and baggage freight in passenger 
trains; (4), suburban bulk freight, and (5), 
through bulk freight. 

If the Boston & Maine were to be electrified 
the service would be no greater in flexibility, 
and there would be no increased speed over 
present conditions. Under the conditions pre- 
valing it would mean simply a change in haul- 
age method, and on account of the great com- 
biication of the tracks between the Boston ter- 
minal and Beverly, it would be necessary to 
carry all the conductors overhead ‘to insure 
safety to the trainmen. It would not in this 
case be feasible to adopt the third rail. 

It would be fundamentally impossible, it is 
claimed. to perform the service proposed on 
the Boston & Eastern on the existing tracks of 
the Boston & Maine in this territory and to 
continue the present freight and through busi- 
dess. Were this attempted four classes ofl 
trains drawn by locomotives would be oper- 
aed on the path of the single-unit motor cars 
or the multiple-unit trains of the suburban 
ærvice. These multiple-unit trains to equal 
the service planned for the Boston & Eastern 
Must run on a uniform fixed headway at fre- 
Went intervals and at a much greater average 
speed than those other trains. That is, there 
woud be on the same tracks the suburban 
express and accommodation electric passenger 
wice; the long-distance steam passenger ser- 
vice which must stop at least at the cities of 
Lynn and Salem; steam trains from several 
branches which must either change their pas- 
zengers to the multiple-unit trains at Beverly, 
Peabody „and Danvers, or haul them through 
by locomotives, the latter course being the 
Daly practical one for the passenger; the local 
fright trains which are constantly being shift- 
“l across the main tracks to and from the 
numerous sidings in the territory, and the 
rough freight trains which also exchange 
arge numbers of cars with these sidings en 
rute. The arrangement of these six classes 
% service In one schedule to accommodate such 
‘uburban electric service as is proposed for the 
Easton & Eastern is, according to Mr. Bick- 
Lord's argument, dangerous and difficult. 

The acceleration adopted for the Boston & 


s 


Eastern trains is 1.82 mi. per hr. per sec. But 
one class of trains are planned for the road, 
and all will accelerate alike. A speed of 55 
mi. per hr. will be reached in 60 seconds. The 
only variation between the local and the ex- 
press trains will be in the stop intervals, and 
the zone system of station stops has been 
planned to eliminate as far as possible the va- 
riation in the stops of the different trains. All 
cars would be of the same class and no electric 
locomotives are planned for use on the road. 
At night when the tracks are reasonably clear, 
locomotive-drawn trains would be permissible 
to an extent to allow for the growth of a non- 
interfering freight service. The average accel- 
eration of trains drawn by steam locomotives 
will vary from 0.25 mi. per hr. per sec. in heavy 
express trains, to 0.5 mi. per hr. per sec. for the 
shorter local trains. Tests of acceleration on 
multiple-unit, motor-car trains have shown that 
in some cases a run of a full mile from stand- 
still has been attained in the time required 
for a steam locomotive-drawn train in through 
express service to attain its full length. This 
variation of the acceleration, speed and head- 
way of the locomotive-drawn trains would place 
a limit upon the number and speed of the elec- 
tric trains and also render their operation ex- 
tremely dangerous. The varying acceleration, 
speed, headway and stops, the disadvantage of 
change of passengers, baggage and express 
matter at the termini of the electrical zone 
and the delays consequent upon the distribu- 


tion of the baggage and express matter from 


the electric trains in the electric zone render 
the operation of electric motor cars, according 
to Mr. Bickford, to give the service proposed 
by the Boston & Eastern, on the existing tracks 
of the Boston & Maine between Boston and 
Beverly hazardous and prohibitive. 

The next point discussed was the effect of elec- 
trifying two new tracks to be built by the Boston 
& Maine for purely electric service. Mr. Bickford 
stated that while the electrifying of the existing 
tracks and the use of electric locomotives for 
all trains, or for passenger trains only, is feas- 
ible, physically and commercially, only a single 
material advantage, either to the road or to the 
public would accrue to warrant such a change. 
This is the highly desirable elimination of smoke 
but it is doubtful if the steam railroads entering 
Boston should be compelled to abate this nuisance 
at so heavy an expense when no other great 
advantage would result. If additional tracks are 
installed, they must be used exclusively for su- 
burban passenger traffic, except at night, when 
a limited freight service could be handled. 

This raises the question of commercial feasi- 
bility, due to the reconstruction of the roadbed, 
elimination of grade crossings, with provision for 
the shifting of freight to and from the main 
tracks to the numerous sidings, which of neces- 
sity cannot be elevated or depressed, except in 
simple cases, the policy of incurring a great ex- 
pense to conduct a traffic which the president 
of the Boston & Maine says is not profitable and 
the further policy of allowing such traffic to 
interfere with the free movement of a profitable 
long-distance traffic in passengers and freight 
the last two kinds of traffic constituting more 
than 85% of the total business of the road. ` 

It was further claimed that very little advan- 
tage exists in using electric over steam loco- 
motives in these conditions. The operation of the 
unit motor cars or multiple-unit motor-car trains 
on these additional tracks, constructed especially 
for the suburban service, will bear the same 
movement relation to the four other classes of 
trains, which will run on the other two tracks, 
whether the existing tracks are or are not elec- 
trified. 

The impression immediately prevails that not 
only can the suburban passenger service in the 
e'ectrified zone be conducted on these additional 
tracks, but that the branch-line and the long- 
distance passenger service can be conducted over 
these two tracks also, leaving two tracks for 
freight. There would still be three classes of 
trains of varying acceleration, speed, headway 
and stops in the path of the electric motor cars. 
These would limit the capacity and efficiency of 


the motor-car service and increase the hazard. 
There are several alternatives. One would be 
to run the long-distance passenger trains on the 
existing tracks and the branch-line trains on 
the electrified tracks, either with steam or elec- 
tric locomotives. Or, all the locomotive-drawn 
trains could be handled on the existing tracks. 
As a third alternative all passengers, express and 
baggage from branch trains could be changed 
to the motor trains at Beverly, Peabody or Dan- 
vers. These schemes are all of questionable feas- 
ibility. Analyzing them, it is found that to run 
the long-distance passenger trains on the exist- 
ing tracks is perfectly feasible but to run the 
branch-line steam trains on the two new elec- 
trified tracks still leaves trains of varying char- 
acteristics in the path of the motor cars, thereby 
decreasing the capacity and efficiency of the sub- 
urban service. In this case the obstruction 
caused by the branch-line trains is serious be- 
cause they consist of both expresses and locals. 
If all the locomotive-drawn trains are operated 
on the existing tracks the road would be con- 
ducting duplicate suburban services, neither of 
which would be run at the highest efficiency. 
The delays of changing passengers, baggage and 
express at the end of the electric zone would not 
be tolerated by the public. 

Mr. Bickford further claimed that the most 
serious difficulty in the way of simultaneously 
conducting these classes of service is the impedi- 
ment and hazard due to the movement of freight. 
No matter how the tracks be arranged, the num- 
erous sidings, yards and other special tracks on 
the Boston & Maine right of way will be in the 
way of the suburban train service on account 
of the crossing necessary in the shifting of 
freight. Whatever is done by the Boston & Maine 
in this territory, either electric or otherwise, is 
likely to be outgrown inside of three years. This 
steam road’s legitimate and profitable business 
is the development of its freight and long-dis- 
tance passenger traffic, leaving the short haul 
business to the electric roads. No steam road 
can afford to allow suburban traffic to choke its 
terminal lines tributary to a large city where the 
cost of such privileges has reached into the many 
millions and where the terminal charge per pas- 
senger is equivalent to the full fare for stations 
within a radius of five miles. The North Station 
is far from the center of Boston, which is the 
objective point for the suburban passenger. The 
Boston & Eastern terminal at Post Office Square 
would be practically in the heart of the city. 
The route of the Boston & Maine is two miles 
longer between Beverly and Boston than the 
route proposed for the Boston & Eastern and 
three miles longer to Danvers. 

Mr. Bickford estimated that the cost of elec- 
trifying the Eastern Division of the Boston & 
Maine from Boston to Beverly and Danvers would 
be in excess of $10,000,000, including extra road- 
bed, tracks, abolition of 26 grade-crossings, the 
widening of 21 overhead bridges, electrification 
of the numerous sidings, freight yards, the re- 
construction of the Salem tunnel, an expensive 
change at Lynn, the reconstruction of all stations 
to accommodate stepless cars, the complete elec- 
trification of the four tracks, the building of the 
power house and all necessary work. The con- 
struction of a tunnel for suburban train service 
on the Boston & Maine between North Station 
and Post Office Square would add $2,000,000 to 
ehe cost of the electrification, besides giving an 
inferior service. Under such circumstances there 
would be no possibility of a reduction of the pres- 
ent fares to meet the fares proposed by the 
Boston & Eastern. In order to be a commercial 
success, the electrification must increase the 
volume of business nearly five times, which 
would be $13.50 per capita per year against the 
estimate of $6.50 for the Boston & Eastern. 

In every electrification scheme, it was main- 
tained, the specific conditions surrounding each 
road and even each division or branch of a road 
must be studied and these local conditions will 
always decide the feasibility of the electrifica- 
tion. What is possible and physically or com- 
mercially feasible for New York railroads is not 
necessarily applicable to the roads of Boston 
or Chicago or to those of other large cities that 
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radiate from a center and pass through near-by 
large manufacturing cities and towns. In the 
New York Central electritication plans the com- 
plete separation of the four classes of locomo- 
tive-drawn trains from the motor-car trains was 
necessary. Consequently two additional tracks 
were added to the four existing tracks. 

The Boston, Revere Beach & Lynn road, it 
was claimed, is in a class by itself, being an 
“inter-outskirts’’ road instead of a true interurban 
line. This road is handicapped by a ferry line 
and a 3-ft. gage. This gage does not permit 
the use of motors of sufficient power to handle 


the necessary. service with the required speed and 


safety. The rails and stations now in use are 
too light or unsuited to the requirements of elec- 
tric-train service. The road does not serve the 
same territory as the proposed line, and the cost 
of electrification would be too great to pay upon 
it, including the building of a tunnel under 
Boston Harbor, and the practical rebuilding of 
the road as a whole. 

At a continued hearing of the Boston & Eastern 
project before the Commission on June 10, Col. 
M. O. Adams, Fresident of the Boston, Revere 
Beach & Lynn R. R., introduced Mr. Geo. M. 


Tompson, M. Am. Soc. C. E., of Wakefield, 
Mass. 
Mr. Tompson stated that it would not pay 


the company to electrify its line at present. as 
the present service is adequate. He read a let- 
ter from the Westinghouse Co. stating that it 
could furnish 50-H. P. narrow-gage motors for 
the road, of the 600-volt, interpole type, for 
$3,500 per car, each car having four motors. The 
present schedule could be maintained with this 
equipment. The estimated cost of electrifying 
the road was, according to Mr. Tompson, 
$1,000,000, with $125,000 more if the change was 
made to a standard-gage basis. Neither the 
public nor the company would gain anything 
by electrification. If the road should be electri- 
fied it ought to be extended to Essex County in 
order to tap a larger territory. It might be de- 
flected from the present course near the Saugus 
River or extended from the existing terminal at 
Market Street, Lynn. If the road were electri- 
fied a double track tunnel under Boston Harbor 
at an estimated cost of $3,000,000, or from $250 
to $300 per foot would be needed. 

Mr. Tompson stated that he had examined the 
New York Central and New Haven electrifica- 
tions, and felt that the electrifying of the Boston 
& Maine would be, for its Eastern Division, a 
simpler task than the work outside Woodlawn 
and between that point and Stamford. The Bos- 
ton & Maine is 18 miles long between Boston & 
Beverly, and of this 14 miles of the roadbed are 
wide enough for four tracks, without the pur- 
chase of additional land. The sharpest curve is 
one of 5° near the Mystic River. He figured 
that the estimated cost of separating the grade 
crossings and four-tracking the Boston & Maine 
between Boston and Beverly, including the im- 
provement of the Salem tunnel, would be about 
$12,000,000. 

Under cross-examination by Mr. Ezra Thayer, 
counsel for the Boston & Eastern, Mr. Tompson 
stated that his estimate of $1,000,000 for the 
cost of electrifying the Revere Beach & Lynn 
R. R. was made up as follows: 


Power station ...........ecseeees $420,000 
Overhead construction 90,000 
Benni s ses 15.000 
, EERE E EEE e 350.000 
nr 8 30.000 
Brake equlpm ent 40.000 
EngineerinnnEkasssssss 30,000 
Interesses tate ata a 30,000 

rr ³ðOA a eee es $1,005,000 


In rebuttal to this testimony, Mr. J. H. Bick- 
ford, Engineer for the Boston & Eastern R. R., 
stated that Mr. Tompson’s cost estimates for 
electrification were too low and, besides not tak- 
ing account of the larger motors needed in case 
of electrifying on a standard-gage basis, they 
did not allow for power plant and repair shop 
changes and general equipment. 

The last hearing on the Boston & Eastern 
Electric R. R. project was held before the Com- 
mission on June 30. Col. Melvin O. Adams, 
President of the Boston, Revere Beach & Lynn 
R. R., spoke at length in opposition to the pro- 


ject. He described the additional facilities that 
this company is prepared to supply. He urged 
that an established company like this road, do- 
ing its business in a proper and progressive 
manner, should be given a reasonable measure 
of protection. He claimed that he has the same 
right as the Boston & Eastern Electric R. R. to 
plan a tunnel under Boston Harbor and if it 
should be necessary to extend his road it could 
readily be done in the direction of Essex County. 

Counsel for the Boston & Maine R. R. urged 
that the facts do not warrant the building of 
the road. The money it would cost could better 
be expended on the four-tracking and other im- 
provements of the existing roads in the territory. 
He claimed that all the traffic in the suburba.. 
territory within 15 miles of Boston on the Bos- 
ton & Maine and other lines would be taken away 
by the new line if it should be built. 

For the Boston & Northern Street R. R. Co., 
Mr. Bentley W. Warren pointed out the pos- 
sible influence of a tunnel under the city of Bos- 
ton between the North and the South stations in 
case of a future merger of the Boston & Maine 
and the New Haven systems. He also asked that 
the work of the Massachusetts Metropolitan Im- 
provement Commission be finished and reported 
upon before a favorable decision be given by 
the Board to the Boston & Eastern Co., and 
claimed that the territory is now served as is no 
other outside Boston of the same character. He 
asked the Commission to recommend such im- 
provements as it thinks necessary upon the ex- 


` isting systems of steam and trolley transporta- 


tion, rather than to allow a construction that 
would mean four independent lines of transpor- 
tation within 1.5 miles of each other. 

In closing the arguments, counsel for the Bos- 
ton & Eastern Co. claimed that the opposition 
had not successfully attacked the detailed studies 
prepared and submitted to the Board by the 
engineers of the company, and stated that none 
of the existing companies in the field had stated 
any plans that they actually proposed to carry 
out in bettering the conditions in the territory. 
The Commission then took the matter under ad- 
visement with the expectation of rendering a 
decision later in the season. 


APPENDIX: REVISHD ESTIMATE OF CONSTRUC- 
TION COST FOR POST-OFFICE SQUARE ROUTE, BOS- 
TON & EASTERN ELECTRIC R. R. CO.—The cut 
through Lynn will de done by digging two 
trenches each 3 ft. in width at an estimated cost of 
$2.00 per cu. yd., laying the concrete side walls, and 
then removing the core at $1.00 per cu. yd., the cost 
averaging $1.20 per cu. yd. for the entire job. 

The slopes were figured at 1 on 1%, with standard 
width of roadway nearly 30 ft. on a fill and 36 ft. in a 
cut. Riprap slopes come at points where the embank- 
ment is subject to the action of tide waters or streams. 
The price of rock work includes the cost of excavating, 
trimming and a reasonable haulage. There is a salvage 


of $1.00 per cu. yd. for the rock, utilizing it as ballast 


and for concrete. The tunnel lining includes a -in. 
coat of pitch, with concrete to keep it in place. 

The item ‘‘culverts’’ is assumed. A horseshoe culvert 
6 ft. wide and made of reinforced concrete will cost from 
$8.00 to $9.00 per ft. of length, or an average of about 
$500 aplece. It is probable that less than 20 culverts 
will be required. 

The cost of the Harbor Tunnel and the Subway in Bos- 
ton are figured below. 


Side and retaining walls— 


Lynn, semi-subway ..........ece05 312,980 
Misc. side and retaining walls..... 144,570 
Sumps and S@ WETS .....esssesesooeo 59,000 

$516,550 


The first item is exclusive of excavation and bridges at 
streets. The second item covers walls located at differ- 
ent points in Salem, Peabody, Revere and East Boston. 


SUMMARY OF REVISED ESTIMATE. COST OF CONSTRUCTION OF PROPOSED 


Grading, surfacing, Tunneling, etc.: 


Cut east of High Roeõeceeke kk 


Cut in Lynn 
Cut in Revere and Chelsea 


Cut from Chelsea River to Curtis St........... cc cece ce q 
Cut from Curtis to Porter St ccc cece . ccece 


Cut from Porter St. to Tunnel 
Riprap slope 
Tunnel rock 
Tunnel lining 


Open: rock: Cut? t ] ð E E uate ee 


Tunnel portals 
Culverts 


Credit 242,710 cu. yds. rock at 51.0. 
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The last item includes two sumps to take care of sewers 
in the streets where the tracks are depressed. 


Ballasting with stone— 


15.87 miles double track x 5,800 eu. yds. ...92,000 cu. yds. 
5.21 miles single track x 2,200 cu. yds....11,500 cu. yds, 


103,500 cu. yds. 


A price of $1.00 is allowed for the stone and $1.00 for 
crushing and laying. 
Total cost, $207,000. 


Crossings Over Other Railroads— 

This item includes six steel two-track bridges, one steel 
single track bridge; one reinforced concrete two-track 
bridge; one reinforced-concrete single track bridge and 
nine reinforced-concrete abutments. 

Examples: 

(1) Beverly crossing, 270 ft. span, single span through 
steel bridge, cost $27,250 exclusive of abutment, or about 
$100 per ft. 

(2) Salem, Skerry St. crossing, 325 ft. span, double span 
through bridge, cross bent over tracks, cost $30,550 ex. 
clusive of abutments, or about $94 per ft. 

Total crossings over otber railroads, $228,100. 


Crossings. at Streets and Ways.— 

This item includes 97 bridges and several steel and 
concrete viaducts. 

Total, $833,575. 


Crossings Over Waterways.— 

This includes 5 pile bridges, 2 steel bridges and 3 steel 
draws. The pile bridges are listed at $20 per lin. ft. for 
the ordinary two-track trestle, and at $30 per ft. for the 
extra high single-track trestle at Cranes and Waters 
River. The draws are listed at $25,000 each, which 
covers a rolling lift of 40 to 50 ft. span, and the neces- 
sary piers, machinery, etc. 

Total, $265,150. 

Track and Track Equipment.— 

There are 17.9 miles of double track and 4.5 miles of 
single track, exclusive of sidings. Total mileage, 41.3 
single track. 


90-Ib. rail, 141.43 tons at $33.00................. $192,000 
Joints every 45 ft., 10,800, at $1.25.............. 13,000 
Spikes, at $150 per milsdadaddd ee 6.200 
Ties, 16 in. x 33 ft., 103,000 at 50.6665. 69,000 . 
Special rr obec ab oeie uu ewes 10,350 
Labor, at 20 cts. per fſſ·uů i. eee eee 43.570 

$334.620 


This amounts to $8,100 per mile of single track, ex- 
cluding ballast, or $13,000 per mile with ballast. 


Signaling System.— 

A block signal system with interlocking switches and 
automatic stops is assumed. There will be towers at 
Revere St. and Peabody Jc., and interlocking switches 
at the Beverly and Boston terminals. The item also in- 
cludes a telephone system connecting the passenger sta- 
tions, towers and general offices. 

Total, $100,000, 


Stations, Exclusive of Terminal at Boston— 


Sfr a cee ienna Rees $15,000 
Revere Beackhc nnn 12,000 
ß oh diabetes cee E wet eaten . 10,000 
Beverly ~ kee cet AA 000 8,000 
Danvers | ness ,000 
West LF n?C?CeC‚‚‚ 3 000 
Nine stations (each) ............... 4,000 
Four stations (total) .............. 17,000 

ß asar aa ne Ra $108,000 


Seeding, Sodding and Fencing.— 
30 miles of fence at $1.000 per mile, total......... 


S ll ⁰⁰ 2.750 
Power Station. Capacity Required, 8,000 KW.— 
(1) Land, wharf, etc.......... $4.00 per kw. $32,000 
(2) Bidg. foundations, stack, 

intake sewers, fixtures. 20.00 ‘* “ 160.000 
(3) Steam equipment, boilers, 

stokers, piping, engines, 

generators, auxiliaries.. 62.000 496,000 
(4) Elec. equipment (except 

generators) 4.00 32,000 
(5) Miscellaneous 10% ...... 10.00 “ 80,000 

Total e . . . 5100.00 $800,000 

Power Distributing System— 
3d-rall installed, 41.3 mi. at $4,700................ 5191.1 
Bonding track, 41.3 mi. at 850 ͥͥ 0 20,650 
Transmission cable, 7 mi. at $7,920.............. 55,340 
Transmission Iine, 16 mi. at $4,000............... 64.000 
Terminal houses, 2 mi. at 53, ooo ccc cece 6,000 


( nes ³ r 8 5340. 090 


— — — ſ— — — — EO 


BOSTON & EASTERN R. R. 


705.760 cu. yds. at 50.500 e $325,880 
140,400 ñĩ0öö tingle ua 168,480 
129.150.“ I,, ite aa aeeneatiie 129,150 
103,500 , beds yuk Shucede en 51,750 
55,380 /// ͤ bale a ovate ce ana 55,390 
f See aioe eae 31,370 
36,180 cc 9050 —“-L˙ 18.00 
89,800 m. 4.0 Dö0ùuo00 . 200 
30,000 o.. 1.0 e000 ee eee 30.000 
157,910 cu. e 276.340 
: /// cc a sda it aes 21,560 
$1,484,200 

d / EEN 242, 710. 
$1,241,900 
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The item 3d-rail includes a low carbon rail, installed 
with wooden protection. The cable is listed at $1.50 per 
lin. ft installed. 

Substations. — 

Peabody Jc., 3,000 KW.; Lynn, 3,000 KW., Revere or 
Chelsea, 4,000 KW. Total, 10,000 KW., at $30 per KW. 
for machinery and building, $300,000. 


Cars and Car Equipment— 


Carbody and trucks $5,500 
4 %0-HP. motor equipment............ 10,725 
rr 2eseiw res weet 500 
Miscellaneodt?nk nn 125 
rr ĩð2VK / aie ewel ees $16,850 $842,500 
Car Houses and Repair Shops— 
PAN. is os tees sede sare ee es tae co's $15,000 
Shops for 60 cars, at $1,000............ 60,000 
Equipment girai enne ete oceans Sta ees 20,000 
Service cars 25,000 

$120,090 $120,000 


Harbor Tunnel, Subway and Terminal— $2,190,060 
This item is arrived at by using the cost of the present 
East Boston Tunnel as a basis, omitting the items 
chargeable to the construction of existing passenger sta- 


-252 —.— apd 


E "°D fain Wire Ducts 


Fig. 2. Cross-Section of Proposed Tunnel Under 
Boston Harbor; Boston and Eastern Electric 
R. R. 


tions at Atlantic Ave., Old State House, and Scollay 
Square, and adding the estimated cost of the proposed 
terminal at Post-office Square, Boston (exclusive of land 
damage, which is included under Real Estate). l 
The cost of the water section of the East Boston 
Tunnel, exclusive of interest, engineering and general ex- 
penses, was about $260 per lin. ft. With reinforced-con- 
crete a tunnel can be built at the same cost with a greater 
interior cross section. Exclusive of the water section, 
the East Boston Tunnel cost $650 per lin. ft. total., but 
the proposed allowance for the Boston & Eastern Tunnel. 
exclusive of the water section, is $750 per lin. ft. There 
will be from 150,000 to 200,000 cu. yds. of materia] taken 
from the tunnel that cannot be used in embankments. 


Engineering, Interest and Miscellaneous.— 
134% of the total cost of construction and 


, enrio ihes assie $1,049,000 

Real estate ͤͥ T ¾ A 1.444, 323 

Grand total cacccuicas set iockectveseiunade vee $10,973,208 
— MM 


THE RAILWAY SYSTEM OF INDIA aggregated 
20,010 miles in length at the end of 1907, according 
lo the annual report of the Railway Board. At the 
end of March, 1908, there were 30,206 miles open and 
2.516 miles authorized or under construction. The 
total for 1907 included 15,821 miles of 5-ft. 6-in. gage 
(the Indian standard gage), 12,613 miles of meter gage, 
1234 miles of 2-ft. 6-in. gage, and 842 miles of 2-ft. 
gage. There were 1,412 passenger engines (90.4% of 
total), and 2,290 freight engines (48.6%) equipped with 
automatic brakes; also 12,5056 cars in passenger service 
(N), and 10,608 freight cars (10.7%) similarly 
equipped. Of the passenger cars, 67% were fitted with 
gas and electric light; 10,677 with the former, and 
2.172 with the latter. During the year, 94 stations were 
fitted with switch and signal interlocking apparatus, 
and 111 with automatic instruments for signaling 
trains between stations. On January 1, 1908, the old 
system of administration was abolished, and the rall- 
Ways put under government control through the 
medium of the present Railway Board. Train accidents 
resulted in the deaths of 45 passengers, 40 employees 
and 16 other persons. The total casualties on the 
railways were 1,834 persons killed and 1,665 injured. 
These include suicides, persons run over at grade 
Crossings and persons hurt through their own care- 
leesness or misconduct. The employees number 516,- 
1%, of whom only 7,180 are Europeans; there are 
490,504 natives and 9,982 Eurasians. The railway 
tchools are attended by 7,140 children and 11,678 ap- 
prentices and workmen. 


INVESTIGATIONS OF THE DISTRIBUTION OF SEWAGE 
UPON TRICKLING FILTERS.* 
By STEPHEN DeM. GAGE. 7 


In the purification of sewage by trickling filters, 
constructed of coarse materials and operated at 
high rates, the efficiency depends largely upon 
the application of the sewage as a fine spray 
uniformly over the whole surface, and the failure 
of otherwise well-designed fiiters to produce an 
effluent of good quality may often be attributed 
to improper application of the sewage. 

Of the numerous types of distributors which 
have been devised, the simplest and most rational 
are those in which the sewage is sprayed from 
some form of fixed nozzle, and such systems are 
rapidly gaining in favor despite the well-recog- 
nized fact that they do not give a very uniform 
distribution. A number of investigations of the 
distribution by nozzle systems have been made 
during the past few years, the most notable being 
those of Taylort at Waterbury, Conn., and those 
of Winslow-Phelps-Story and McReag at the 
Massachusetts Institute of Technology, the latter 
being particularly comprehensive. The whole 
subject of the best means of distributing sewage 
upon filters has been under investigation at Law- 
rence for more than twenty years, and during the 
past eight years, in connection with the opera- 
tion of a large experimental trickling filter at 
Andover, Mass., continuous studies have been 
in progress to determine the most satisfactory 
means of distributing sewage upon filters of that 
type, during which time numerous measurements 
have been made of the amounts of sewage falling 
upon the various portions of the surface of the 
filter when operated with different forms of 
distribution apparatus. The different methods of 
distribution which have been studied at Andover 
are as follows: 

In 1899 the distribution was by means of a grid 
of perforated pipes from which numerous small 
jets shot up into the air and were more or less 
completely dissipated by wind action. In 1900 
the grid was elevated 1 ft. above the surface, 
with the orifices pointing downward; beneath 
each orifice was placed a flat piece of slate to 
spread the discharge, this being probably the 


*The investigations here reported were made at the 
Lawrence Experiment Station of the Massachusetts State 
Board of Health, at Lawrence, Mass., under the direction 
of Mr. H. W. Clark, Chemist of the Board. Messrs. James 
Spurr and A. W. Kimball have assisted in making the 
tests and Miss Mary J. Lynch has assisted in computing 
and compiling the various results. 

Lawrence Experiment Station, Lawrence, Mass. 

tEng. Rec., Jan. 5, 1907, p. 10. a . 

Technology Quarterly, XX, 1907, p. 325. Also in ab- 
stract, Eng. News, Jan. 9, 1908.—Ed. 
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first attempt at an overhead carrier system com- 
bined with dash plates to distribute the flow in 
this country. During the winter of 1903 and 1904 
subsurface application was tried, and from 1904 
to 1906 the sewage was applied by means of an 
automatic tipping basin which intermittently 
flushed one side and then the other of the bed, 
the distribution of the sewage being assisted by 
sloping the surface away from the tipping basin. 
In June, 1906, an improved modification of the 
system used in 1900, consisting of an automatic 
flush tank connected by overhead pipes with noz- 
zles discharging downward upon circular plates 
with an upturned rim, was installed. The need 
of more complete data than cou!d be obtained at 
Andover led to the installation of a special test- 
ing apparatus at the Experiment Station in the 
spring of 1906, since which time the studies have 
been continually in progress. 


In these investigations it has been attempted 
to determine the fundamental principles which 
underlie the action of different types of sprink- 
lers, in order to ascertain by what combination 
of these principles we shall be able to obtain the 
most perfect distribution of sewage upon the sur- 
face of a filter. To this end, we have measured 
the distribution by a number of different 
sprinklers when operated under a wide range of 
conditions, varying each factor independently to 
determine its effect upon the distribution. With 
the underfed sprinklers we have studied the 
operation at all heads between 2 ft. and 8 ft., the 
effect of varying the head during discharge 
through different limits, the effect of placing the 
sprinklers at different elevations above the sur- 
face, and the effect of the different angles of 
discharge. With the overfed, or dash-plate 
sprinklers, the effect of varying the size of the 
discharging orifice, of varying the diameter of 
the plate and of varying the angle and width of 
the defiecting rim have been studied. Since the 
underlying principles of both overfed and under- 
fed sprinklers are the same, it has been unneces- 
sary to repeat all of the tests with each type of 
sprinkler, 


In addition to the studies of the distribution 
upon the surface of filters, investigations are in 
progress to determine what effect, if any, the 
material in a filter may have upon the distribu- 
tion. 

It should be stated at this point. that 
throughout the following discussion the word 
head has been used only to denote the head on 
the sprinkler, the available head being denoted 
by the expression working distance. 


Yor Pressure Nozzles 
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DESCRIPTION OF THE TESTING APPA- 
RATUS AND METHOD OF TESTING.— The 
testing apparatus is located within the Experi- 
ment Station, where it is independent of wind 
and weather conditions and consists of a wooden 
platform supported upon crossbeams bolted to 
uprights at either end, the uprights being pierced 
with holes 1 ft. apart to allow the platform to be 
raised or lowered at will. Upon this platform 
stand 40 bottles, each containing a funnel 6 ins. 
in diameter, the bottles being so spaced that the 
rims of adjacent funnels touch. At one side of 
this platform is an elevated galvanized iron tank 
with a gage showing the elevation of the water, 
and gates for the inflow and outflow so arranged 
that one operator can conveniently control the 
Starting and stopping of the flow to the sprinkler 
and maintain the head at any desired point. 
From this tank, lines of clean 2-in. galvanized 
iron pipe lead to above and below the center of 
the adjustable platform and suitable lengths of 
pipe are provided in order that the sprinklers 
may be placed at any desired elevation. The 
piping connecting the supply tank with the 
sprinklers is of sufficient size so that there shall 
be no appreciable loss of head due to the friction 
of the water flowing through the piping system. 
With this apparatus we are able to vary the 
working distance, the head, and the riser dis- 
tance independently, and with a supply of noz- 
zles and dash plates of different types, to study 
the effect of different combinations upon the dis- 
tribution, and by rotating any sprinkler upon its 
axis to determine the relative distribution upon 
different portions of the filter surface. The con- 
struction of the apparatus is shown in Fig. 1. 
In making a test, the adjustable platform is 
placed at the proper elevation, the sprinkler is 
connected with the supply pipes and adjusted so 
that its axis of discharge is vertical. The water 
is then allowed to flow under a constant head for 
a definite time, or the level of the water in the 
supply tank is allowed to fall through the desired 
range and the volume of water co!lected in each 
bottle is measured. When testing sprinklers 
which produce a circular spray, the sprinkler is 
then rotated through an angle of 90° and the 
operation repeated. In testing sprinklers which 
do not produce a circular discharge, the operation 
is similar, except that it is necessary to make a 
number of measurements with the sprinkler 
rotated through small angles. : 

EXPRESSION OF RESULTS.—A number of 
factors enter into a comparison of the efficiency 
of different sewage sprinklers. It is important 
that the rate of discharge and the size of the 
area wet be known, since upon these factors 
must be based the location of the sprinklers 
upon the filtration area, and the design of the 
carrier system to supply sewage to the sprinklers. 
Upon the uniformity with which the sewage is 
distributed over the surface, and upon the rate 
at which it is applied, depends in part the puri- 
fication effected by the filter, while economy and 
ease of maintenance require that the construction 
of the sprinkler be such that it shall not be easily 
clogged and may be readily cleaned in case clog- 
ging should occur. In comparing the uniformity 
of distribution a number of methods may be 
used. In a preliminary report“ the results of the 
tests were expressed as the percentage of surface 
overdosed and the percentage of sewage applied 
to that surface, and the ratio between these two 
percentages furnishes a simple and convenient 
basis of comparison. A similar means of com- 
parison is the coefficient of distribution devised 
by Phe!pst. Another method of comparison is by 
the ratio between the mean rate of discharge 
upon the whole area and the rate upon the area 
receiving the greatest discharge. All of these 
methods have their uses, but none include all of 
the various factors which should enter into the 
comparison. In order to bring the work of the 
different sprinklers upon a practical basis we 
have devised a new coefficient which we called 
the coefficient of efficiency, in which we have 
assumed that the practical value of a sprinkler 
increases in proportion to the area which it 
covers, and decreases in proportion to the head 


£1906 Report Mass. State Board of Health, p. 244. 
*Eng. News, Oct. 11, 1006. 


necessary for its operation and to the excess of 
sewage applied to the overdosed area. 

Let us now consider the computation of these 
various factors. With the apparatus described, 
the area wet by any sprinkler which produces a 
circular spray is divided into concentric rings 
each 0.5 ft. wide, upon which the fall of water 
is caught at two or more points by the collect- 
ing funnels, which are arranged as radii of the 
circle wet. The diameters of these rings have 
been expressed in all cases as outside diameters 
and not as mean diameters. 

To obtain the total quantity of water falling 
on each ring the catch on each unit area must 
be multiplied by a factor expressing the ratio of 
the area of the ring to the area of the collecting 
funnel, this factor being represented by the for- 
mula 4(2N — 1) in which N is the outside diam- 
eter in feet of the concentric ring. The sum of 
the catch on all the concentric rings has been as- 
sumed to be the total discharge. The mean unit 
discharge, or theoretical discharge upon the unit 
area, is determined by dividing the total dis- 
charge by the number of unit areas in the entire 
area wet, which factor may be represented by the 
formula 4D?, in which D is the outside diameter 
in feet of the wet area. By comparing the mean 


distance, and O is the difference between the 
percentage of surface overdosed and the per- 
centage of sewage applied to that area. 

TESTS WITH UNDERFED SPRINKLERS. 

The underfed sprinklers may be divided into 
three general classes according to the method by 
which the spray is produced. In the Columbus 
and Birmingham types, the spray is produced by 
a deflecting cone placed above the orifice of dis- 
charge, the two differing in principle only in the 
manner in which the deflector is supported; in 
the Columbus type the supports are external, 
interfering with the projection of the spray as a 
true circle, but leaving an unobstructed water- 
way through the discharging orifice, while in the 
Birmingham type the cone is supported by a rod 
running down through the orifice to a seat inside 
the nozzle, the flow through the orifice being in 
the form of a hollow cylinder and the projection 
of the spray being unobstructed. In the new- 
style Salford type the spray is produced by cen- 
trifugal action, a whirling motion being imparted 
to the sewage within the nozzle, while in the 
old-style Salford type the spray is produced out- 
side the nozzle by the interference of two 
streams of sewage which meet at an angle. All 
of these nozzles are designed to be screwed into 
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(Old Style). (New Style). 
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unit discharge with the actual catch upon the 
various unit areas we determine what portions of 
the surface are overdosed, and by adding the rel- 
ative areas of the overdosed rings, and the total 
catch upon each of those rings, and dividing by 
the total area and the total discharge, respec- 
tively, we determine what percentage of the sur- 
face is overdosed and what percentage of the 
water has been applied to the overdosed area. 
Phelps’ coefficient of distribution is expressed as 
the total discharge, minus the excess discharge 
upon the overdosed area, divided by the total 
discharge, or, 
T—E 
6s 
T 
Using the percentages previously obtained, this 
formula becomes 
100+A—B 
C= 
100 
in which A is the percentage of surface over- 
dosed and B the percentage of sewage applied to 
the overdosed area. In the coefficient of efficiency 
we assume that the practical value of a sprinkler 
is directly proportional to the area which it 
covers and inversely proportional to the head 
required for its operation and the excess of sew- 
uge applied to the overdosed area. This may be 
represented by the formula 
D* 
E = — 
0 
in which D is the diameter, in feet, of the wet 
area, W is the total available head or working 


DETAILS OF SEWAGE SPRINKLERS TESTED AT LAWRENCE, MASS. 


a vertical riser and are fed from below. The 
construction of these sprinklers is shown in 
Fig. 2. 


COLUMBUS SPRINKLER.—In the original de- 
sign, the angle of the defiecting cone of this 
sprinkler was 90° and the point of the cone was 
placed %-in. above the orifice, but for the pur- 
pose of experiment, we have added two other 
cones with angles of 102° and 120°, respectively, 
and we have made tests with the point of the 
cone lowered to the plane of the orifice. The 
effect of the arms supporting the cone has been 
to deflect the spray out of its proper course, re— 
sulting in an unequal discharge upon different 
radii. In Figs. 3 and 4 are shown the distribu- 
tion flelds of this sprinkler equipped with the 90° 
cone. The contour lines show equal volumes of 
water falling upon unit areas, expressed as per- 
centages of the theoretical discharge upon the 
unit area. The plots show characteristic differ- 
ences in the distribution by the sprinkler when 
operated under constant and variable head, the 
volumes falling upon different unit areas being 
far more uniform under constant head than 
under variable head. Taylor reports that at 
Waterbury considerable trouble was caused by 
fungous growths upon the arms of this sprinkler 
when operated with sewage, under which condi- 
tions the inequalities in distribution would be 
considerably accentuated. 

As this study has been mainly one of princi- 
ples, all results have been computed from the 
discharge upon the radii at right angles to the 
deflecting arms whete there was no interference, 
corrections for unequal discharge on different 
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rdi being omitted. Under constant head the 
Columbus sprinkler with the 90° cone covered 
circles varying from 4 ft. in diameter with 2 ft. 
head to 17 ft. in diameter with 8 ft. head, with a 
discharge of from 5.25 to 13.05 gals. per min., re- 
sectivey. As the area wet by any nozzle in- 
creases much faster with the increase in head 
than does the discharge, the result is that the 
mean rate on the area wet decreases as the head 
increases, this rate being 27.16 million gallons per 
acre daily for 2 ft. head, and 3.77 million gallons 
per acre daily for 8-ft. head. The most uniform 
kstribution was obtained with a head of 7 ft., 
when 82% of the sewage was applied to 43% 
of the surface, the area covered being 14 ft. in 
diameter, the mean rate being 4.98 million gallons 
per acre daily and the rate on the ring receiving 
the maximum overdose being 14.50 million gal- 
ons per acre daily, the coefficient of distribution 
being 6.61. 

Under variable head the most uniform distribu- 
tion occurred with the nozzle 1 ft. above the sur- 
face, a working distance of 8 ft., and a variation 
in head of 2 ft. Under these conditions an area 
of 13 ft. in diameter was wet, in which 71% of 
the sewage was applied to 38% of the surface, the 
distribution coefficient being 0.67. 

The Columbus nozzle with the 102° cone under 
constant head covered circles varying in diam- 
eter from 5 ft. under 2 ft. head to 18 ft. under 
8 ft. head, the rate on the wet area being 19.7 
million gallons and 2.64 million gallons per acre 
daily, respectively, and the discharge 5.97 and 
11.90 gals. per min., respectively. The most uni- 
form distribution was obtained under a head of 
7 ft., with the nozzle on the surface, when 80% 
of the sewage was applied to 42% of the surface, 
the area wet being 15 ft. in diameter, the mean 
rate being 4.40 million gallons per acre daily and 
the rate on the ring receiving the maximum over- 
dose being 10.70 million gallons per acre daily, 
the coefficient of distribution being 0.62. 

Under variable head the most uniform distribu- 
tion occurred with the nozzle on the surface, a 
working distance of $ ft. and a variation in head 
of 3 ft. Under these conditions an area 15 ft. in 
diameter was wet, in which 77% of the sewage 
was applied to 42% of the surface, the distribu- 
tion coefficient being 0.65. 

The Columbus nozzle with the 120° cone under 
constant head covered circles varying in diameter 
from 5 ft. under 2 ft. head to 18 ft. under 8 ft. 
head, the rate on the wet area being 23.1 million 
galons and 3.50 million gallons per acre daily, 
resrectively, and the discharge 6.93 and 13.70 
gais, per min., respectively. The most uniform 
ditribution was obtained under a head of 7 ft., 
with the nozzle 1 ft. above the surface, when 
u% of the sewage was applied to 40% of the 
area wet, the area wet being 17 ft. in diameter, 
the mean rate being 3.70 million gallons per acre 
daily and the rate on the ring receiving the 
maximum overdose being 9.50 million gallons 
75 acre daily, the coefficient of distribution being 
18. 

Under variable head the most uniform distribu- 
tion occurred with the nozzle on the surface, a 
working distance of 8 ft. and a variation in head 
3 ft. Under these conditions an area 15 ft. 
in diameter was wet, in which 77% of the sewage 
xas applied to 42% of the surface, the distribu- 
‘lon coefficient being 0.65. 

The above results were obtained with cones 
raced -In. above the orifice. The effect of low- 
ering the cones to the plane of the orifice was to 
‘trottle the discharge, the rate with the 90° cone 
ing reduced 25%, that with the 102° cone being 
-duced 20% and the rate with the 120° cone be- 
irg reduced 15%. Under constant head the area 
wet by the 90° and 102° cones was reduced 15% 
and 20%, respectively, but no reduction was noted 
ath the 120° cone. With a 4-ft. variation in 
head the area covered by the 90° cone was re- 
zuced 17%, but no contraction occurred with the 

‘cher two cones. When operated under constant 
tead the distribution by all the cones was more 
uniform when they were placed close to the 
‘rice, and under variable head the distribution 
oy the 90° cone was also improved, but with the 
other two cones the uniformity was slightly de- 
creased. The tests of the sprinklers with cones 


* 


lowered to the plane of the orifice were made 
with the nozzle on the surface and a working dis- 
tance of 5 ft. 

BIRMINGHAM SPRINKLER.— With this noz- 
zle the distribution was somewhat more uniform 
than with the Columbus nozzles, but the ports 
are of such small size that much trouble would 
be experienced with clogging unless operated 
with a sewage free from suspended matter. 

Under constant head the Birmingham sprink- 
ler covered circles varying in diameter from 7 ft. 
under 2 ft. head to 15 ft. under 8 ft. head, the 
discharge being 2.13 and 3.91 gals. per min., re- 
spectively, and the rate on the wet area being 
3.61 million gallons per acre daily under the 
lower head and 1.45 million gallons per acre 
daily under the higher head. The most uniform 
distribution was obtained with this nozzle under 
a head of 5 ft., with the nozzle on the surface, 
when 44% of the sewage was applied to 27% 
of the area wet, this area being 13 ft. in diam- 
eter, the mean rate being 2.35 million gallons 
per acre daily and the rate on the ring receiving 
the maximum overdose being 4.6 million gallons 
per acre daily, the coefficient of distribution be- 
ing 0.83. Under variable head the most uniform 
distribution was obtained with the nozzle 1 ft. 
above the surface, and a working distance of 7 
ft., under which conditions an area 13 ft. in 
diameter was wet, 77% of the sewage being ap- 
plied to 43% of this area, the distribution coeffi- 
cient being 0.66. 

SALFORD NEW-STYLE SPRINKLER.—The 
areas covered by this sprinkler are smaller than 
those covered by either the Columbus or Bir- 
mingham types, owing to the considerable loss 
of head within the nozzle, but the distribution 
has been quite uniform. On account of the small 
size of the ports, this nozzle would become 
quickly clogged if operated with American sew- 
ages, and the construction is such that it would 
have to be removed from the riser and taken 
apart before it could be cleaned. 

Under constant head the Salford new-style 
sprinkler covered circles varying in diameter 
from 4 ft. under 2 ft. head to 14 ft. under 8 ft. 
head, the rate on the wet area being 6.6 million 
gallons and 1.4 million gallons per acre daily, re- 
spectively, and the discharge 1.25 and 3.30 gals. 
per min., respectively. The most uniform dis- 
tribution was obtained under a head of 5 ft., with 
the nozzle on the surface, when T6% of the sew- 
age was applied to 51% of the area wet, the 
area wet being 9 ft. in diameter, the mean rate 
being 2.6 million gallons per acre daily, the rate 
on the ring receiving the maximum overdose be- 
ing 4.3 million gallons per acre daily, and the 
coefficient of distribution being 0.75. 

Under variable head the most uniform distribu- 
tion was obtained with the nozzle on the surface, 
and a working distance of T ft., when an area 
11 ft. in diameter was wet, 75% of the sewage 
being applied to 41% of the surface, the dis- 
tribution coefficient being 0.68. 

SALFORD OLD-STYLE SPRINKLER.—This 
nozzle would probably cause trouble by clog- 
ging, but owing to its simple construction it 
could be readily cleaned. The discharge upon 
different radii by this sprinkler is not the same, 
the shape of the area wet being not unlike two 
lobes of a clover leaf, with the greatest amount 
of sewage falling in the centers of the lobes. 
The field of distribution is shown in Fig. 3, in 
which the contour lines show equal volumes of 
sewage falling upon unit areas expressed as per- 
centages of the theoretical discharge. The shape 
of the area wet by this sprinkler was similar 
when operated under constant or under variable 
head. For the purpose of comparison the area 
wet by this nozzle has been computed as an 
ellipse, and the rings have been figured as ellip- 
tical rings, a comparison of the results obtained 
from the plots and of those obtained by com- 
puting the areas as an ellipse having shown 
that the error of such a computation is well 
within the error of testing. 

Under constant head the Salford old-style 
sprinkler covered elliptical areas varying in size 
from 4 x 2 ft. under 2 ft. head to 17 x 7 ft. 
under 8 ft. head, the rate on the wet area being 
27.3 million gallons and 3.6 million gallons per 


acre daily, respectively, and the discharge 2.64 
and 5.13 gals. per min., respectively. The most 
uniform distribution was obtained under a head 
of 7 ft., with the nozzle 1 ft. above the surface, 
when 75% of the sewage was applied to 46% of 
the area wet, the dimensions of the area wet 
being 15 x 7 ft., the mean rate being 5.2 million 
gallons and the rate on the ring receiving the 
maximum overdose being 14.6 million gallons per 
acre daily, the coefficient of distribution being 
0.71. 

Under variable head the distribution was 
much less uniform than under constant head, 
the effect of varying the head being to concen- 
trate a considerable proportion of the sewage 
upon a small area near the nozzle. The most 
uniform distribution occurred with the nozzle 
on the surface and a working distance of 8 ft., 
the dimensions of the area wet being 15 x 6 ft., 
within which 68% of the sewage was applied to 
24% of the surface, the coefficient of distribution 
being 0.56. 

The mean rates upon the wet area and the effi- 
ciency coefficients for the various underfed 
sprinklers are shown in Tables I. and II. 

TESTS WITH OVERFED SPRINKLERS. 

In the overfed or dash-plate sprinkler of the 
type used on the experimental filter at Andover 
and employed in these tests, the sewage is con- 
veyed overhead in pipes to a brass nozzle 3 ins. 
long, of uniform bore, through which it is dis- 
charged upon a copper dash plate supported 
upon an independent standard. The details of 
this type of sprinkler, as used on the Andover 
experimental filter and the different types of 
dash plates tested are shown in Fig. 2. All of 
the plates have been tested at a uniform work- 
ing distance of 6 ft., with the plate 1 ft. above 
the surface and 1 in. below the orifice. 

TYPE A, DASH-PLATE SPRINKLER.—This 
type includes five circular plates, varying from 
2 to 6 ins. in diameter, with a rim 0.25-in. in 
diameter turned up at an angle of 20°. Each 
plate was tested with five different nozzles 
having diameters of 0.25, 0.38, 0.50, 0.63, and 
0.75-in., respectively. The plate 2 ins. in di- 
ameter gave a more satisfactory distribution 
than did any of the larger plates, the effect of 
increasing the diameter of the plate being to 
retard the flow so that a smaller area was cov- 
ered, the friction being so great with the larger 
plates that an area only about 2 ft. in diameter 
was wet when using the smallest orifice. With 
the 2-in. plate and an orifice 0.25-in. in diameter 
an area 9 ft. in diameter was wet, the rate of 
discharge being 2.4 gallons per minute, the 
mean rate 2.5 million gallons, and the maxi- 
mum rate upon the overdosed area 5.8 million 
gallons per acre daily, 78% of the sewage being 
applied to 41% of the surface, and the coeffi- 
cient of distribution being 0.63. An interesting 
fact noted in these tests was that under con- 
stant head the diameter of the area wet was 
less in every case when an orifice of 0.75-in. in 
diameter was used than when an orifice 0.63-in. 
in diameter was used, notwithstanding the fact 
that the rate of discharge was proportionately 
greater with the larger orifice. Under variable 
head the distribution by this type of plate was 
much more uniform with large orifices than with 
the smaller orifices, the best results being ob- 
tained with a 2-in. plate and an orifice of 0.63- 
in. in diameter. Under these conditions an area 
12 ft. in diameter was wet, 81% of the sewage 
was applied to 44% of the surface and the dis- 
tribution coefficient was 0.63. 

TYPE B, DASH-PLATE SPRINKLER.—This 
type includes five perfectly flat circular plates, 
varying in diameter from 2 to 6 ins., each of 
which has been tested with three nozzles having 
orifices of 0.25, 0.50 and 0.75-in., respectively. 
The results obtained in these tests were similar 
to those obtained with the Type A plate, the 
principal difference being the somewhat smaller 
areas covered. Under constant head the distri- 
bution was more uniform with the smaller 
orifices, although this did not hold true when the 
sprinklers were operated under variable head. 
Under constant head the best results were ob- 
tained with a 4-in. plate and 0.25-in. orifice when 
a distribution coefficient of 0.57 was obtained, 


202 


ENGINEERING NEWS. 


Vol. 60. No. 8. 


the area covered, 4 ft. in diameter, being so 
small, however, that the sprinkler could have no 
practical value. Under variable head the best 
result was obtained with a 3-in. plate and 0.75- 
in. orifice, the area covered in this case being 
8 ft. in diameter, upon which 76% of the sewage 
was applied to 33% of the surface, corresponding 
to a uniformity coefficient of 0.57. 


TYPE C, DASH-PLATE SPRINKELR.—This 
type includes four 2-in. plates with rims 0.13, 
0.25, 0.50 and 1 in. wide turned up at an angle 
of 45°, each of which was tested with an orifice 
%-in. in diameter. 

Under constant head the areas wet were 
slightly less with the larger plates than with the 
smaller, and the distribution was somewhat more 
uniform with the smallest and the largest plate 
than with the other two. The best result under 
constant head was obtained with the plate hav- 
ing a rim only 0.13-in. wide, an area 13 ft. in 
diameter being covered, upon 27% of which area 
70% of the sewage was applied. The rate on 
the wet area in this test was 4.9 million gal- 
lons per acre, the maximum rate on the overdosed 
area being 16.2 million gallons per acre dally, 
the coefficient of distribution being 0.57. The 
results obtained under variable head with the 
three plates having the wide rims were prac- 


FIG. 3. COLUMBUS 90° 


FIGS. 3 TO 5. 


(Nozzles on surface in each case. 
overdosed.) 

tically identical, the distribution coefficients be- 

ing 0.51, 0.49 and 0.51, respectively. The results 

obtained with the plate having the narrowest 

rim were somewhat better than with the other 


TABLE I.—MEAN RATES ON AREA WET BY UNDER- 
FED SEWAGE SPRINKLERS UNDER CONSTANT 
HEAD. (Million Gallons per Acre Daily.) 


Working Riser 


dis- dis- — Salford Bir- 
tance, tance, Columbus — New id ming- 
ft. ft. 90° 102° 120° style. style. ham. 
2 0 27.6 19.7 23.1 6.6 . 3 3.6 
3 0 8.3 6.7 6.7 4.3 9.6 2.4 
3 1 16.0 8.2 8.2 3.1 21.2 2.4 
4 0 7.0 4.8 5.3 2.9 8.2 1.8 
4 1 7.2 5.6 5.4 2.2 10.8 1.6 
5 0 5.8 4.7 5.1 2.6 6.9 2.4 
5 1 6.8 3.9 3.9 1.7 6.4 1.3 
6 0 5.2 4.1 4.5 2.0 3.4 1.8 
6 1 5.0 5.3 8.9 1.7 4.3 1.7 
7 0 5.0 4.4 4.0 1.6 5.4 1.3 
7 1 4.4 3.9 3.1 1.5 3.9 1.4 
8 0 8.8 2.6 8.5 1.4 8.6 1.5 
8 1 3.6 3.5 3.7 1.4 5.2 1.0 
8 2 4.0 een 4.2 eee eee eee 
8 8 8.2 4.4 ee 


SPRINKLER WITH 5-FT. CONSTANT 
HEAD. 


DISTRIBUTION EFFECTED BY COLUMBUS AND BY 
SALFORD SEWAGE SPRINKLERS. 


Cross-hatched portions represent areas 


TABLE II.—EFFICIENCY COEFFICIENTS FOR UNDERFED SEWAGE SPRINKLERS. 


Constant Head: x. — Variabe Hea 
Work- Salford. 
ing Riser Salford. Columbus. Bir- 
dis- dis- Columbus. Bir- ~——— m~ ming- New Old 

tance, tance, -- ming- New Old -———90°—\ -——102°— -——120°——~, ham. style. style. 
ft. ft. 90° 102° 120° ham. style. style. 2 ft. 3 f.t 4ft. 2ft. 3 ft. 2ft. 3ft. 4ft. 4ft. 4ft. 4 ft. 
2 0 16 20 26 40 15 e eee eae coe s.. » eee eee eve eee eve eee ese eee 
3 0 48 .61 .61 61. .32 51% 220 253 v “eee, Abs GEE Seas Ses 8 oe Esa 
3 1 .19 .34 37 AT a44 / ð See eaud Sae cede: (eee tee 4 pace TAN 
4 0 63 71 -67 70 .49 13 .84 28 47 42. 37 36 bse aa gaw 
4 1 .45 56 .58 7 .49 lO ais caste ew dae esea cba eu esa Cees Favs ~ Set, 
5 0 .63 74 79 2.00 .65 20 585 45 44 GY 51 56 60 56 54 51 42 -08 
5 1 46 68 74 82 067 16 35 27 27 41 51 460 59 56 50 48 42 10 
6 0 61 77 78 80 75 .26 49 47 50 59 59 74 66 66 78 57 30 li 
6 1 59 .72 .7 1.29 ,68 .22 53 .52 40 63 66 52 .63 .55 56 65 41 -09 
7 0 72 88 87 56 81 23 65 56 53 72 70 75 70 70 72 59 51 23 
7 1 65 73 75 87 75 28 55 49 54 64 67 72 66 70 71 54 -14 
8 0 84 94 1.03 81 .88 410 74 66 (67 74 87 87 74 78 . 68 57 26 
8 1 73 92 98 1.00 88 45 64 60 54 74 76 70 .58 76 78 . 80 64 21 
8 2 864 ... 73 aa .51 .48 56 68 .64 .06 Š 
8 3 .68 52 44 43 38 54 59 61 

plates. With this plate an area 11 ft. in diam- and Birmingham sprinklers changed places fre- 


eter was wet, 83% of the sewage being concen- 
trated upon 40% of the surface, with a distribu- 
tion coefficient of 0.57. The rates upon the area 
wet and the efficiency coefficients for the various 
overfed sprinklers are shown in Tables III. 
and IV. 
COMPARATIVE EFFICIENCY OF 
ENT SPRINKLERS. 
The relative efficiency of the different under- 
fed sprinklers varied considerably, depending 
upon the working distance and upon whether 
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FIG. 4. 
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operated under constant 
or varlahle head. Tak- 
ing all common tests 
into consideration, the 
relative efflelencies of 
the different sprinklers 
when operated under con- 
stant head rank in the 
following order: Birmingham, Columbus 120°, 
Columbus 102°, Salford New Style, Columbus, 
90°, Salford Old Style. The relative order is 
slightly different in some positions, the Salford 
New Style and the Columbus 90° changing 
places occasionally. The Birmingham sprinkler 
was in every case the most efficient and the Old 
Style Salford the least efficient of the underfed 
sprinklers tested under constant head. The order 
of the underfed nozzles in the scale of efficiency 
was quite different when operated under vari- 
able head. The Columbus 120°, Columbus 102° 


FIG. 5. 


quently in different positions, so that it is diffi- 
cult to rank them accurately, the Columbus 120° 
nozzle being perhaps slightly better than the 
other two, with the Columbus 102° second, the 
Birmingham a very close third, the Columbus 
90°, the Salford New Style and the Salford Old- 
Style nozzles following in the order named. As 
the dash plates were tested only with a working 
distance of 6 ft., with the sprinkler 1 ft. above 
the surface, these are the conditions under 
which we must compare the overfed and the 


90° SPRINK LER WITH HEAD VARIED FROM 5 
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SALFORD OLD-STYLE SPRINKLER, WITH 5-FT. CONSTANT 


HEAD. 


underfed types. Disregarding the effect of dif- 
ferent sizes of dash plates and of different dis-. 
charging orifices, and selecting the greatest effi- 
ciencies for each type of dash plate, we find 
that under constant-head tests the Type A p'ata 
was less eficient than the Birmingham, the 
Columbus 120° and the Columbus 102° nozzles, 
and more efficient than the other types. The 
Type C plate ranked somewhat lower in the 
scale of efficiencies, being better than the Colum« 
bus 90° and Salford Old-Style nozzles, and le 

efficient than the other types. The Type B 
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TARLD IT].—MEAN RATES ON AREA WET BY OVER- 
FED SEWAGE SPRINKLERS UNDER A CONSTANT 
HEAD OF 5 FT., WITH SPRINKLER 1 FT. ABOVE 
THE SURFACE. (Million Gallons per Acre Daily.) 


Width 


Diam- of Diameter of orifice, ins. 


Type of eter, rim, r- 

plate. ins. ins. 25 38 50 63 75 
A. 2 25 2.5 2.8 3.9 5.8 9.0 
A. 3 25 4.1 4.0 5.2 7.3 11.3 
A. 4 cee 9.1 3.9 4.7 6.7 12.3 
A. 5 129 “es 7.5 6.0 9.3 9.7 
A. 6 20 ee 7.1 . 11.8 
B. 2 25 4.9 9.0 20.8 
B. 3 25 6.8 8.9 15.7 
B. 4. -25 18.4 11.4 18.1 
B. 5 ion bes 14.7 23.4 
B. 6 -25 20.2 32.2 
C. 2 13 4.9 merle 
C. 2 25 8 4.7 is 
C. 2 E 5.2 
C. 2 1.00 5.3 


TABLE IV.—EFFICIENCY COEFFICIENTS FOR DASH 
PLATE SEWAGE SPRINKLERS. 


Di- Width Diameter of orifice, ins. 
Type am- of ‘ 
of eter, rim, — Constant head-— -Varlable head, 4’ 
; 38 .50 .63 .75 


plate. ins. ins. .25 .38 .50 .63 .75 .25. 
25 36 .55 .64 71 .59 .25. 


A 2 f 
A 3 25 12 33 47 50 .55 13 25 7 48 40 
A 4 25 158 36 46 53 52 .58 16 35 47 43 
A 5 25 . 14 BT 47 45 12 28 41 41 
A 6 25 29. 39 23 — 36 
B. 2 25 18 % % 11 21 
B. 3 25 00 26. 28 07 . 23 25 
B. 1 25 0% 20. 24 06 19 23 
B. D % 1 88 a ous. a8 
E , IT eee ues: S12: ace. 200 
c 2 13 . ce se eae 
Ç, 2 .50 ane 2 „ 50 se „ eee eee 2 40 ees ese 
C2 LOO sor nae Sd! aon aes ee avers 


plate ranks next to the last, with a coefficient 
lower than that of any other type except the 
Old-Style Salford, which it surpassed only 
slightly. Under variable head the Type A plate 
was fully as efficient as the Birmingham nozzle, 
giving results much better than any of the other 
types, the relative position of the Type B plate 
and Type C plate being unchanged. 


EFFECT OF THE WORKING DISTANCE. 
As a rule the efficiency of all of the sprinklers 
tested increased as the working distance was 
increased. Under constant head the Columbus 
102°, the Columbus 120° and the two Salford 
sprinklers follow this rule absolutely and the 
Columbus 90° results show only one exception. 
The Birmingham sprinkler follows the rule less 
closely, although the same general upward tend- 
ency may be seen. Under variable head all the 
sprinklers show the same general tendency, al- 
though there are exceptions in every series ex- 
cept those with the Birmingham sprinkler. 


EFFECT OF ELEVATING SPRINKLER 
ABOVE THE SURFACE. 

In general the results show that the sprinklers 
are more efficient when placed close to the sur- 
face of the filter, thus utilizing all of the avail- 
able head in the operation of the sprinkler, al- 
though the different sprinklers varied among 
themselves in this respect, with the three 
Columbus nozzles the efficiency coefficients were 
usually greatest when the nozzles were placed 
on the surface of the filter, decreasing as the 
riser distance was increased. With the Birm- 
ingham nozzle the efficiency was greater under 
low heads with the nozzle on the surface, but 
under the higher heads the efficiency was greater 
with the sprinkler elevated above the surface. 
The Salford New-Style nozzle gave slightly bet- 
ter results when elevated than when placed 
upon the surface, although the difference be- 
tween the results obtained in either position was 
not very great. With the Old-Style Salford noz- 
z'e the results were better with the sprinkler on 
the surface when operated under variable head 
and under the lower constant heads, but under 
the higher constant heads the results were bet- 
ter when the nozzle was elevated above the 
surface. 

EFFECT OF VARYING THE HEAD. 

The object of varying the head upon a sprink- 
ler while it is operation is to apply the sewage 
to those portions of the surface adjacent to the 
sprinkler beyond which the sewage would be 
thrown if the head was kept constant. While this 
object has been obtained in the tests, varying 
the head has caused a greater proportion of the 
dose to be concentrated upon a much smaller 
area than would be the case under constant 
head, the distribution becoming less uniform as 
the variation in head increased. The result has 


been that in nearly every case the efficiency co- 
efficients are greater when the sprinklers were 
operated with a constant head than when the 
head was varied. In the tests with the three 
Columbus sprinklers, in which the heads were 
varied through 2, 3 and 4 ft., respectively, the 
efficiency was generally greatest when the vari- 
ation in head was least. Exceptions might be 
made in the case of the Columbus 120° nozzle, 
the coefficients being slightly better under the 
larger variations in head, but the differences are 
so small as to be almost within the limits of 
erro’. 
EFFECT OF ANGLE OF DISCHARGE. 


The results of tests of the three Columbus 
sprinklers and of the three types of dash plates 
are generally in accord with reference to the 
effect upon the efficiency of the angle at which 
the spray is projected. The Columbus 120° 
sprinkler which projected the spray at an angle 
of 30° above the horizontal was more efficient. 
except in a very few instances, than were either 
the Columbus 102° or the Columbus 90° sprink- 
lers whose discharging angles were 39° and 45“, 
respectively. The Birmingham nozzle which had 
a discharging angle of 15° was even more effi- 
cient than the Columbus 120° nozzle, although 
the difference in the size of the orifice of these 
two types makes accurate comparison impossible. 
The Type A dash plate with a discharging angle 
of 20° was more efficient than either the Type B 
plate which projected the spray horizontally or 
the Type C plate whose angle of discharge was 
45°. The proper angle at which the sewage 
should be projected by a sprinkler equipped with 
a deflecting cone or plate, in order to obtain the 
greatest efficiency, appears to lie between 15° 
and 30° above the horizon. 

EFFECT OF SIZE OF DISCHARGING 
ORIFICE. 


The only studies completed in which orifices 
of varying size in the same sprinkler may be 
compared are those made with the Types A and 
B dash plates. From these tests it appears that 
sprinklers equipped with medium or large-sized 
orifices are more efficient than when the orifices 
are very small. With the Type A plate, the 
greatest efficiency was obtained with an orifice 
0.63-in. in diameter, the efficiency of the 0.50- 
in. orifice being greater than that of the 0.38-in. 
orifice, and that of the 0.38in. orifice being 
greater than that of the 0.25-in. orifice. The 
sprinkler with the 0.75-in. orifice was less effi- 
cient than with an 0.63-in. orifice, although the 
difference in the efficiency was usually small, but 
was considerably more efficlent than when fitted 
with orifices 0.50-in. in diameter or smaller. The 
Type B sprinkler was tested only with three 
different orifices, and in general the rule stated 
above holds true that the efficiency is better 
with larger orifices than with very small ones. 
With a 2-in. plate the 0.50-in. orifice gave greater 
efficiency than orifices 0.25 or 0.75, but with the 
larger plates the 0.75-in. orifice gave slightly 
better results than the 0.50-in. orifice, and very 
much better results than the 0.25- in. orifice. 


EFFECT OF-WIDTH OF RIM AND SIZE OF 
DASH PLATES. 


Taking all tests with the Type A and Type B 
plates, the efficiencies are greater with the smaller 
plates, decreasing as the size of the plate in- 
creased. A number of fluctuations are noted, 
but these are so small that they are within 
the limits of error. The only notable exception is 
in the Type A dash plate operated with a 0.25- 
in. orifice, in which case the 4in. plate gave 
much better results under both constant and 
variable head than did the smaller plates. From 
the few tests with the Type C plate it appears 
that the plate with the narrowest rim was most 
efficient. The efficiencies of the other three Type 
C plates varied among themselves and the re- 
sults are too few to establish any rule. 


EFFECT OF FILTERING MATERIAL ON 
DISTRIBUTION. 


In considering the subject of distribution of 
sewage by fixed sprinklers, the question naturally 
arises as to what effect the filtering material 
may have upon that distribution. It is believed 


by some authors that the unequal discharge upon 
different portions of the surface of a filter by 
a sprinkler would be distributed by the filtering 
material, and that the flow through different 
portions of the filter at some distance below 
the surface would be practically uniform. If we 
consider the particles of filtering material as 
perfect spheres and the sewage as a fluid which 
has no cohesion between its own particles and 
no adhesion for the filtering material, this theory 
is undoubtedly applicable. Practically, however, 
the conditions are quite different. So far as the 
writer is aware, the only published experiments 
which apply in this case are those made by 
Venable,* the results of which he states as fol- 
lows: 


To determine the tendency of water to spread out 
laterally while descending through zand, two plates of 
glass were mounted in vertical planes a half inch 
apart and the space filled with sand. Water was then 
poured upon the top edge or surface in places, and its 
descent against the glass observed. The water fell 
with great rapidity in all cases, even where very fine 
Sand was used. It descended freely at a uniform rate 
of from a foot a minute to a foot or more per second, 
depending upon the fineness of the sand and independ- 
ent of the size of the dose. There is little or no ten- 
dency for the water so descending to spread out 
laterally. It descends as a body. The water leaves 
the sand moister after the passage of the main volume 
or dose, and thus the dose becomes smaller as it 
descends, while the moisture left behind seeps more 
slowly to the bottom through the interstices which it 
only partially fills. 


Investigations to determine the distributing ef- 
fect of different kinds and different depths of 
material commonly used in trickling filters are 
in progress at the Experiment Station at the 
present time. In these investigations one-half 
of the adjustable platform in the testing appa- 
ratus has been removed and a trough, with an 
open bottom covered with wire netting, filled 
with filtering material has been substituted. 
One of the sprinklers previously described is 
placed at the. one end of this trough and 
operated as usual, the discharge upon one 
radius of the circle being caught in fun- 
nels set at the same elevation as the top of 
the material, the discharge upon the opposite 
radius falling upon the surface of the material, 
through which it trickles naturally as it would 
in a filter and is collected by tunnels placed 
below. Averages of a number of consecutive 
runs, with the sprinkler rotated through various 
angles, are made to eliminate the error of un- 
equal discharge upon different radii, and the 
filtering material is allowed to drain thoroughly 
after each run. The experiments, so far as they 
have proceeded, confirm those made by Venable 
with sand. In no case has any tendency of the 
water to spread within the filter been noted. 
In fact, the reverse appears to be true at times, 
as in the case where there is a large discharge 
upon one ring and the discharge upon the ad- 
jacent rings relatively smaller, in which case the 
volume passing through the ring of maximum 
discharge and collected below is greater than 
at the surface and the volumes passing the ad- 
jacent rings are proportionately less. This effect 
is probably produced by the pooling of the water 
upon the surface or within the material, by the 
formation of channels in the material through 
which the large volumes pass rapidly and by 
the tendency of the water in the less wet areas 
to take the course of least resistance and flow 
toward these waterways. This effect is espe- 
cially marked in measurements made within a 
short time after the water is applied to the sur- 
face and before the material has had time to 
drain completely and is observed in a lesser 
degree when complete draining has been al- 
lowed before measurements are made. These 
results indicate that we cannot expect the filter- 
ing material to perform the work of distribution 
which rightly belongs to the sprinklers, and 
further that the sprinklers must be operated in 
such a manner that excessively large volumes 
of sewage shall not be applied to any portion 
of the surface, otherwise considerable portions 
of the sewage will pass through the filter so 
rapidly that little purification can be accom- 
plished. This, essentially, means uniform sur- 
face distribution; fine spray, and in the case of 
sprinklers with large orifices very short periods 
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of intermittency in order to keep the volumes 
Applied as small as possible. 
PRACTICAL CONSIDERATIONS. 

In the data previously recorded all results are 
stated in terms of the portion of the filter sur- 
face actually covered by the sprinkler, and no 
corrections have been applied for the areas be- 
tween circles when a number of sprinklers are 
placed on large areas nor for the surface ad- 
jacent to the sprinkler itself, which is frequently 
overthrown and receives no sewage. With 
sprinklers as centers of squares no sprinkler 
throwing a circular spray can cover more than 
78% of the surface, that being the ratio of the 
square to the inscribed circle. The more logical 
method of placing sprinklers, and the one gen- 
erally used by engineers, is as centers of hexa- 
gons which fit into one another honeycomb fash- 
jon. The circle covers nearly 91% of the cir- 
cumscribed hexagon, as against 78% of the 
square, and a correspondingly greater amount 
of the filter bed is brought into use. If the 
nozzles be so spaced that the circles overlap 
one-thirteenth of their diameters all of the filter 
surface is wet and does some work. The size 
of the filtration areas has some influence upon 
the proportion of the surface brought into use, 
as with any arrangement of interlocking hexa- 
gons there are certain spaces on the outside 
edges of the areas which will not be covered. 
With small areas, containing from 20 to 100 
sprinklers, the actual area wet when the circles 
do not overlap is from 80 to 85% of the total 
area, while with large areas containing 400 or 
more srinklers 90% of the filtration surface is 
covered by the circles. An increase in the num- 
ber of sprinklers above 400 has little effect upon 
the proportion of the surface covered, nor does 
the shape of the filtration field, except in cases 
of small installations, affect this proportion to 
any appreciable extent. 

The results of the tests made at the Massa- 
chusetts Institute of Technology were all cor- 
rected to allow for the sprinklers to be placed 
at the centers of squares, and to allow for the 
sprinklers being placed such a distance apart that 
the net rate on the entire filtration area should 
be 2.0 million gallons per acre daily. The correc- 
tion for the placing of the sprinklers at the 
centers of squares had little effect upon the 
general value of the results, since they were all 
reduced proportionately. The wide spacing to 
obtain a low net rate upon the whole area with 
sprinklers of large discharging capacity seems 
to be entirely irrational, as by such spacing 
very large areas of filter surface would have to 
be constructed which would never receive any 
sewage and would, consequently, be entirely 
useless, while an actual decrease in the purifi- 
cation effected by the area would result, since 
the areas actually wet would be operated at a 
rate far above what appears to be the practical 
limit for filters of this type. 

Too little attention appears to have been given 
to the intermittent operation of sprinkling filt- 
ers, although this appears to be the logical 
method of Keeping the rate upon the wet area 
down to a practical amount. For example, the 
Columbus 90° sprinkler under 5 ft. head, with 
the nozzle on the surface of the filter, covers a 
circle 13 ft. in diameter; and if operated con- 
tinuously, sewage would be applied at the rate 
of 5.8 million gallons per acre daily. Spaced 
with wet circles touching, the actual rate of 
filtration based on the area wet would be ap- 
proximately 2.0 million gallons per acre daily 
if the sprinkler were operated one-third of the 
time, and only 10 to 15% of extra filter surface 
would need to be constructed in addition to 
that actually in use as a filter. On the other 
hand, if the sprinklers were spaced wide to 
allow for a net rate of 2.0 million gallons per 
acre on the whole area, the nozzle would be 
operated continuously, one-third of the surface 
would receive all the sewage and be operated 
at approximately a 6.0 million rate, while two- 
thirds of the surface would always remain idle. 
Manifestly, it would be more economical to in- 
stall more nozzles and operate some intermitting 
device than to construct large areas of filter 
which would never be used. The primary ob- 


jection to intermittency appears to be the be- 
lief that the sprinkler nozzles will freeze in cold 
weather unless the flow is kept constant. That 
this objection is not valid is shown by the 
operation of the experimental filter at An- 
dover“ during the winter of 1906-1907, when, 
with intermittent operation in which no flow 
was maintained for periods of about four min- 
utes, and temperatures below 0° F. for more 
than a week, running as low as 29° below 0° F. on 
one occasion, no trouble was experienced with 
freezing. From the results of percolation tests 
it appears that very frequent intermittency is 
desirable, in which case danger of freezing 
would be very much reduced. 

The application of sewage to those portions 
of the filter adjacent to the nozzles, which are 
overthrown when they are operated under con- 
Stant head, deserves special attention, since this 
is a part of the area to which the sprinkler is 
tributary and which it should be made to cover. 
The different sprinklers vary with regard to this 
defect,” the two Salford sprinklers wetting all 
the surface within the radius of discharge more 
or less, while the Birmingham and the three 
Columbus sprinklers overthrew circles from 4 
to 6 ft. in diameter when operated under the 
higher heads. By varying the head through 
a greater or less amount this overthrown area 
may be wet; but with the method of varying 
the head usually employed, that is by allowing 
the level of sewage to gradually fall in a tank 
of uniform cross section, the distribution is‘ 
made much less uniform, since the ring of maxi- 
mum wetting is drawn closer by such procedure. 
The use of a conical dosing tank has been sug- 
gested to remedy this defect, and there is no 
doubt that a dosing tank could be so designed 
as to make the distribution practically uniform 
on that portion of the surface inside the ring of 
maximum discharge at constant head. 

It appears to the writer that both the wetting 
of the overthrown area and the uniformity of 
distribution might better be controlled by a 
differential valve located on the main supply 
pipe to the sprinklers. Such a valve could be 
made either as a rotary drum or disk with 
graduated orifices, or it could be made to open 
and shut by a cam, in either case being so de- 
signed that the flow of sewage would be varied 
proportionately to the volume required to be dis- 
charged upon the different rings of the circle 
to which the sprinkler is tributary. Given the 
rate of discharge by any type of sprinkler at 
different heads, and the volumes discharged 
upon the different concentric rings at each of 
those heads, the design of a cam for an open 
and shut gate, or of the size and shape of the 
ports in a rotary valve, in order to get a prac- 
tically uniform distribution on that portion of 
the surface inside of the ring of maximum wet- 
ting at the greatest available head, is com- 
paratively simple. Experiments with hand op- 
eration of the valve on the sprinkler testing 
apparatus show that such a method is entirely 
feasible. In large installations one valve could 
be used to control the operation of all the 
sprinklers; the power required to operate such 
a valve would be very small, and the cost of 
operation would be more than offset by the 
saving in filtration area necessary and by the 
better purification resulting from a more éven 
distribution. a 

The flooding of the unused portions of the 
filter lying between circles, and the increasing 
of the uniformity of distribution upon the areas 
lying outside the ring of maximum discharge, 
appears also to be entirely feasible by simply 
overlapping the wet areas in such a manner 
as to obtain the greatest uniformity. In this case 
we cannot hope to approach absolute uniform- 
ity of distribution, as is theoretically possible on 
the inner rings by the use of a controlling valve; 
but we may approximate uniformity very closely. 

The distribution by a system of Columbus 
120° sprinklers, spaced with overlapping sprays, 
and with a rate controller designed as above 
stated, has been computed as an illustration of 
these principles. With the nozzle on the sgur- 
face, this sprinkler was operated at 2, 3, 4, 5, 
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6, 7 and 8 ft. constant head, and the catch upon 
the various concentric rings and the rate of 
flow at each head were determined. With 
sprinklers set 12 ft. apart as centers of inter- 
locking hexagons, the areas wet by the dif- 
ferent sprinklers overlap, each hexagon receiv- 
ing sewage from the sprinkler located at its 
center, and from six other sprinklers located 
at the centers of the adjacent hexagons. If 
the flow to the sprinklers be controlled by 
a differential valve with ports of such size that 
the sewage shall be discharged from the nozzles 
at rates equivalent to the discharge under a 
2, 3, 4, 5, 6, 7 and 8-ft. head for one unit of 
time, respectively, the distribution upon the 
hexagonal area becomes somewhat as follows: 
There is an inner zone comprising 8% of the 


area of the hexagon to which sewage is 
applied at less than 50% of the mean 
rate for the whole area. Surrounding this 


is another zone covering 9% of the total area 
to which the sewage is applied at between 50 
and 75% of the mean rate. To the remaining 
83% of the surface sewage is applied at a rate 
of not less than 73% and not more than 135% 
of the mean rate. Expressing the results in 
the same manner as that previously used, 72% 
of the sewage is applied to 61% of the surface; 
the coefficient of uniformity is 0.89 and the co- 
efficient of efficiency is 1.81. If data concern- 
ing the distribution by this type of sprinkler 
at heads less than 2 ft. had been available, the 
distribution upon the inner rings could un-, 
doubtedly have been made much more uniform, 
and our coefficients of uniformity and of effi- 
ciency would have been correspondingly in- 
creased. If the sprinklers were operated con- 
tinuously the mean rate on the hexagonal area 
would be 5.2 million gallons per acre daily. 
Operated intermittently with a controller so de- 
signed that the sprinklers would discharge 38% 
of the time, the mean rate would be 2.0 million 
gallons per acre daily, and the maximum rate 
on any portion of the surface would be 2.7 
million gallons, or with a design permitting a 
discharge during only 28% of the time, the 
maximum rate would be kept down to 2.0 
million gallons per acre daily, and the mean 
rate would be about 1.5 million gallons. 
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THE DECOMPOSITION AND LIQUEFACTION EF- 
fected by septic tanks has been studied by Dr. W. Favre, 
of Khorkov, Russia, who has had the advantage of 
working with Dr. Dunbar, in the Hygienic Institute of 
Hamburg, Germany. The following summary of Dr. 
Favre's studies is from London ‘‘Engineering’’ for July 
17, 1908: 


Some Russian engineers had thought to get over all 
the sewage trouble simply by building huge septic tanks; 
Dzierzgowski on the other hand considered that the 
septic tanks at Zarskoe-Selo near St. Petersburg were 
doing very little good. Favre therefore made further ex- 
periments on the rate of the decomposition and liquefac- 
tion of different substances in the septic tank, in the 
stagnant effluent drawn from it, and in the flowing water 
of the ordinary supply mains. The substances which he 
investigated were albuminoids—i. e., boiled white of eggs; 
meat, raw and boiled; whole pigeons, plucked and with 
their feathers; fish, raw and boiled; further, cartilage, 
Sinews, leather, feathers, wool; fats, butter, tallow, and 
the yolk of egg; and carbohydrates, such as potatoes 
and cabbages, raw and cooked; linen, hemp, string, 
paper, and cork. That the yolk of egg is classed with the 
fats, and not with the albuminoids, is in accordance with 
the usual practice; the yolk contains about 29% of fat 
and 15% of albumen. The experiments were conducted 
at ordinary temperature, and the supply water was hence 
naturally colder than the other media. The albumen 
was completely dissolved in the septic tank within six 
weeks; in the effluent It was only discolored; in the water 
it turned slimy, but otherwise remained fresh. Meat, 
especially when boiled, disappeared in the septic tank, but 
underwent a much slower change in the effluent and in 
water; the fat in the meat resisted longest. More or 
less the same observations were made in the other cases. 
The septic tank destroyed everything, or deprived the 
leather, wool, feathers, string, and linen, at any rate, 
of their strength; fish decayed faster than meat, butter 
resisted putrefaction a very long while, except at the 
surface; only the vegetables were almost as quickly de- 
composed by the effluent as by the septic sludge; enzymes 
are concerned in this instance. The experiments confirm, 
on the whole, those of Dunbar and his assistants, and 
bring out the hardly surprising fact that a stagnant 
effluent does not favor rapid decomposition. The action 
commences, but does not proceed far, because the putre- 
faction kills the active organisms in the stagnant liquid, 
while in the septic tank the sludge is renewed at certain 
intervals. The lesson to be drawn is that septic tanks 
of many days’ capacity are a mistake; prolonged stag- 
nation is not profitable. For the same reason corners 
and spaces in septic tanks in which the stuff is likely 
to stagnate should be avoided—a point which deserves 
attention with regard to the disposition of the valves and 
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A CHIMNEY OF CONCRETE BLOCKS BUILT WITHOUT 
THE USE OF SCAFFOLDING. 


We illustrate herewith a novel system of 
chimney construction which has been invented 
by a Belgian engineer, M. Dumas, of Brussels. 
It has been covered by patents and is controlled 
by the firm of Léon Monnoyer et Fils, contract- 
ors, of Brussels. 

While the chimney is constructed of concrete 
blocks, reinforcement is used with it, and there 
would appear to be no difficulty in proportioning 
this reinforcement to the stresses to be sus- 
tained. It may be noted, also, that the vertical 
reinforcing rods are so placed as to be much 
less exposed to the interior heat than is ordi- 
narily the case. The blocks are of large size, 
permitting rapid construction, and the provision 


Plan of Mold for Concrete Blocks for 
Chimney Construction. 


Fig. 1. 


for securing the taper in the chimney construc- 
tion is particularly ingenious. The chimney is 
polygonal in cross-section, and may be built 
with 6, 8, 10, 12 or more sides, according to the 
size of the structure. 

The casting of the concrete blocks is illustrated 
in Fig. 1, which shows a cross-section of the 
block in the mold. As seen in the drawing, the 
cast-iron sides of the mold are in three pieces, 
only, and the ends of the mold are formed by 
wooden stop-blocks. By adjusting the position 
of these stop-blocks, the length of the concrete 
block can be altered to suit the course in which 
it is placed; thus the taper of the chimney is 
secured without multiplying the number of 
molds. 

Fig. 2, which shows a partial cross-section of 
the chimney, will illustrate how, by varying the 
lap of the shank of the block past the semi- 
circular lip of the adjacent block, the diameter 
of the circle is drawn in at each successive 
course. It should be understood that the blocks 
are reversed in direction in each successive 
course, so that the joints are properly broken. 
The largest blocks used are nearly 3 ft. in length, 
and the distance across the semicircular opening 
is 6 to 8 ins. $ 
The vertical reinforcing rods are placed in 
tbe semicircular openings and may be seen pro- 
jæting in Fig. 3, which shows the chimney in 
process of erection. It will be noted in that 
view, also, that the hoisting of the blocks is 
done from the interior of the chimney. To pro- 
vide for circumferential reinforcement, there is 
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Fig. 2. Partial Cross-Section of Chimney Built 
with Concrete Blocks. 


placed on the bottom board on which the blocks 
are molded a wooden strip of triangular cross- 
section. This leaves a V-shaped groove in the 
block, in which a rod or wire may be placed for 
reinforcement. The blocks are usually about 
l0 ins. in height and the thickness varies from 
ô ins. for the bottom courses of the chimney to 
about 3 ins. near the top. Rods are molded in 
the blocks, in the chimneys hitherto built, for 
convenience in handling them. 

The molding of the blocks is done at the site 
of the chimney, and they can be properly sea- 
soned before the erection is begun. As the 
blocks are solid, there is no difficulty with cores, 
and there should be no trouble in securing a 
high-grade of concrete. In practice, the mold- 
‘ng of the blocks is carried on while the founda- 


tions for the chimney are being prepared. If 
the temperature of the chimney’ gases requires 
it, firebrick lining can be placed inside the 
chimney as it is built up, in the usual manner. 
The large size of the blocks, and the fact that 
they are erected without scaffolding, enables the 
chimney to be constructed with a small working 
force and with great rapidity. It is claimed, 
aiso, that the cost of these chimneys is less 
than that of chimneys made in any other way. 
We are indebted to Mr. H. Prime Kieffer, of 
Berlin, Germany, for the information regarding 
this new system of chimney construction from 
which the above article has been prepared. 
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A SUGGESTION FOR NEW SYMBOLS FOR REPRE- 
SENTING PHYSICAL QUANTITIES. 


The multiplicity of physical quantities which 
enter into the current formulas and analyses of 
physical and technical science has long out- 
grown the limits of a single alphabet. Most 
writers, therefore, resort to two alphabets, as 
the Latin and the Greek; some even employ a 
third, as the German. It might be thought that 
this would wipe out the difficulty and furnish an 
excess of characters to provide for growing 
needs. But this is not the case; few writers in 
engineering theory or in physical analysis suc- 
ceed in marshaling their quantities and equa- 
tions without experiencing frequent embarrass- 
ment from want of characters to represent their 
quantities. 

A radical suggestion to relieve the situation, 


_ by freeing us from the restrictions of alphabets, 


is now put forward by a committee of th 
British Electrotechnical Commission. They pro- 
pose to create new characters for the principal 
quantities dealt with. The scheme is interesting 
by its novelty alone, if by nothing else. The 
faith of the originators is attested by the fact 
that they have gone to the extent of making 
some specimen type to illustrate the plan. 

The following circular letter of Mr. Miles 
Walker, M. Inst. E. E., written at the instiga- 
tion of the Subcommittee on Symbols of the 
British Electrotechnical Commission, outlines 
the plan clearly: 


It is very desirable to have a notation for the repre- 
sentation of physical quantities in scientific books and 
periodicals which shall be the same in all languages. 
The subject is under the consideration of the Inter- 
national Electrotechnical Commission with a view to in- 
ternational agreement, and committees in the different 
countries (in England under the Chairmanship of Lord 
Rayleigh O. M.) are discussing this particular subject. 
They are dealing more especially with symbols for elec- 
trical and magnetic quantities, but the system might 
with advantage be extended to embrace all important 
quantities in physical science, especially as the subject 
is receiving the attention of most technical societies with 
a view to some action being taken in the matter. 

There are, however, two great difficulties which arise 
when we try to fix upon a standard notation. 

The first is the difficulty of persuading a number of 
writers and readers who have become accustomed to a 
certain symbol for a certain quantity to change it in 
favor of an equally large number of writers and readers 
who have become accustomed to another symbol. For 
instance, in France and Germany, the letter “I” com- 
monly represents the strength of an electric current, 
while in England and America C' is more commonly 
used. [In America I and i are now very generally if not 
universally used for current strength.—Ed.] 

In the second place, there are not enough letters in 
the two or three alphabets at our disposal to give a dis- 
tinct symbol to each quantity, without resorting to the 
combination of more than one letter to form a single 
symbol. There is a great objection to this combination 
of letters, because the use of subscript letters and num- 
bers is required for distinguishing between particular 
quantities of the same general kind. If, for instance, C 
represents current, Ca might conveniently represent 
armature current, and C, the current in circuit No. 1. 
It would therefore not be good to take Ca to represent 
capacity, or any other quantity other than an electric 
current. 

There is, moreover, an objection to using letters at all 
to represent quantities in a universal notation, because, 
unless initial letters are used, there is no connection in 
the mind between the letter and the quantity, and the 
symbol is difficult to remember. We cannot always use 
initials, because the initial letters differ in different lan- 
guages. For instance, in England “R” commonly 
stands for resistance, while in Germany it is more con- 


venient to use “W,” for Widerstand.“ Moreover, the 
same initial occurs for a great number of different quan- 
tities. For instance, “R” might stand for Resistance, 
Reluctance, Reactance, Radius, etc. 

One way of avoiding the above difficulties would be 
to create a number of new symbols which could be 
printed by means of type like ordinary letters, and which 
would represent each physical quantity in a distinctive 
manner. 

The question, however, arises as to whether a number 
of entirely new symbols would be acceptable to writers, 
readers and printers alike, and the Subcommittee on 
Symbols appointed by the British section of the Commis- 
sion has requested the writer to place his views publicly 
before the profession with a view of obtaining sugges- 
tions and criticisms as to the feasibility of such a scheme 
from as wide a circle as possible. 

In choosing a symbol, we would try to make a very 
simple picture of something that reminds us of the 
quantity in question. For instance, l might represent 
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Fig. 3. View of Concrete’ Block Chimney Under 
Construction. 


temperature. If we were told that this simple outline 
of a thermometer represents temperature, we would have 
no difficulty in remembering it. Similarly, 7 might 
represent force, and the various forces“ might be de- 
rived from it; for instance, electromotive force (con- 
ventional representation of lightning); and () magneto- 
motive force. f 

It is not my purpose here to say what would actually 
be the best form of symbol for each quantity, but it is 
not a difficult matter to devise very simple characters 
which can be written quickly, easily and with sufficient 
accuracy, and which can at the same time assist the 
memory to connect them with the quantity for which they 
stand. 

What would the printers say to the new type? The 
author has taken up this matter with a very large pub- 
lishing firm, and is assured by their chief expert that 
200 or 300 new type would be a small matter to a 
modern printer, who is already accustomed to deal with 
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many hundreds of different fonts, each of which contains 
from 30 to 120 different symbols. He estimates that a 
printer in a large way of business has at his command 
as many as 60,000 distinct type, differing from each 
other either in letter, size, body or face. The addition 
of 200 or 300 more would be a drop in the ocean. The 
size of the new type could be standardized for most pur- 
poses, and it would only be in some special case that 
another size would be called for. 

The setting up of the formulas with the standard size 
of type would be simpler than with the present system, 
in which sub-script letters are often unnecessarily intro- 
duced. One symbol under the present system sometimes 
consists of 4 or 5 letters. 

If it be admitted that the introduction of new symbols 
is advisable, the question arises what shall the new 
symbols represent exactly? Shall the sign (temper- 
ature) represent temperature in any units, or shall it 
represent the number of degrees of temperature, meas- 
ured by some scale agreed upon, and embodied in the 
definition of the symbol. If the system of units em- 
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Fig. 4. Base of Concrete Block Chimney Starting 
First Courses of Blocks. 


ployed be not prescribed, fewer symbols would be re- 
quired, and the general writer who now says vaguely 
“Let T equal the temperature,’’ would find the symbol 
sufficient for his purpose. But from the readers’ point 
of view there is much to say in favor of a symbol which 
will embody in its definition a standard system of units. 
Any formula expressed in such symbols would be com- 
pletely self-contained, and would be an exact statement 
of a physical fact. Until the units employed in any 
formula are known, the formula expresses only half its 
meaning. Perhaps some slight addition to the symbol, 
or even to the whole formula, might be used to indicate 
that the standard system of units is employed. With- 
out that addition, the symbol would have a general 
meaning. For instance, l might equal temperature, 
while 1 might indicate the degrees centigrade above the 
absolute zero. 

The name of the type might be the name of the 
physical units which it represents; for instance, for 
1 we might read volts.“ - 

If writers, printers and readers, who have any definite 
views as to the best method of devising a system of 


TABLE I.—SUMMARY OF TEST ON OIL FUEL PUMPING PLANTS. WRENTHAM AND WAREHAM, MASS. 


Length test, hours 
Total No. revolutions 
Average r.p.m. 


Average capacity pump gals. per min. 


Total gals. pumped 


Lbs. per cu. ft. at 48° and 49° Fi N 
Average pressure, lbs. per sq. in., pumped against...... 


Average vacuum, ins. 
Total equivalent height, corrected 


Equivalent pressure for total height, lbs. per sq. in.... 
Total work: pump; ft. Ibs ti tn 
Average pump HP. !!!!!! eee eee eneoe 


HP.-hrs. developed at pump 
Total lbs. fuel oil 


Cost pumping 1,000 gals.; 


*Wrentham test made under normal conditions. 
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Lbs. fuel oil per HP.-hr., bascd on HP. at pump end.... 
COD Sy fii ian eee here 7 
Cost raising 1,000,000 gals. 1 ft.; cents 


*Wrentham. r——-—t Wareham.———— 

Single unit. Nori unit. Boule 8 
eee 14,616 8.400 ,063 
ao Toi 40.6 40.3 38.4 
e 262.28 200.34 248.06 
errr 94,419.38 54,651.6 52,087.0 
rns 62.41 62.40 62. 
1 77.625 102.0 102.0 
ervey 13.2 10.9 10.5 
eer 197.88 249.86 249.33 
ee 85.88 108.44 108.21 

eee 155,888,912 113,915,544 108,339,314 

atime 13.122 16.44 15.63 
ere 8 78.732 57.54 54.71 
ree 153.25 98.0 92.0 
rene 1.95 1.70 1.70 
. 2.06 1.67 1.65 
n 10.4 6.7 6.6 


+Wareham test made with force-main stop gate throttled to increase work done by engine. 


symbols would communicate with the technical press, 
or with the author, they might assist in solving the 
many difficulties which arise in connection with this 
matter. 

Miles Walker. 

The Cottage, Leicester Road, Hale, Altrincham, Eng- 

land. 

The above does not touch upon the question 
of how many different characters are to be 
originated. It is not easy to see a natural limit 
to the number which would be created. But it 
is clear that the proposal contemplates their 
formulation by a central body of strong au- 
thority, which would tend to prevent the gradual 
increase of their numbers. 

The requirements of typography would make 
it extremely inconvenient to get along with a 
single size of body for the new characters, and 
it would be virtually essential for printers of 
technical journals or books to keep them on 

and in all the common sizes of type. 


ED 


TESTS ON OIL-ENGINE PUMPING PLANTS AT WRENT- 
HAM AND WAREHAM, MASS. 


THE WRENTHAM PLANT.—The town of 
Wrentham, Mass., during 1907, installed a 
water-supply system for domestic consumption 
and fire protection. The plant comprises 5.64 
miles of 6, 8 and 10-in. cast-iron mains and 
0.32 miles of 2-in. There is a steel stand-pipe, 
30 ft. in diameter by 50 ft. in height and an oil- 
fuel pumping plant nearby. The entire works 
cost about $50,000. The supply source is from 
2%-in. tubular wells which tap a sandy, water- 
bearing, gravel stratum. The contiguous drain- 
age area is such that the entire group of wells 
fiows naturally when uncapped 1 ft. from the 
ground. The water is exceptionally fine and the 
drainage area is practically free from any form 
of pollution. 

The pumping station has but one room, 25 x 
36 ft. inside. The elevation of the floor is 
about 5 ft. below ground level, so that the well 
water nearly floods the suction chamber of the 
pump. But a single unit Is now in position, al- 
though the second will shortly be in place. The 
equipment consists of a 25-HP., 12 x 12-in., 
two-stroke cycle, horizontal, erude-oil engine 
(Mietz & Welss), with a fuel oil tank and air 
compressor for starting. To this engine is 
geared an 8 x 10-in. Smith-Vaile pump, having 
an actual capacity in ordinary use of 250 U. S. 
gals. per min. at 90 r. p. m., against 130 lbs. per 


Days operated 
Days 
Average pumping period 
Total gals. pumped; basis of 1% slip 
Population supplied 
Average daily consumption, gals. per capita 
Average per cent. 


on basis of 9-hr. day, including Sundayye s 


Gals. 
Gals. 
Gals. 
Cost 


fuel for pumping 
fuel for warming up 
fuel chargeable to month 
of fuel oil 
Gals. lubricating ofl 
Gals. cylinder oil 
Average pressure, lbs. per sq. 


Average pump HP. 


Ie d e ⁰ we 


of superintendent's and engineer's time at 


in., pumped agalns t. 
Average ins. vacuum, suction malů ug. 
Total equivalent height of lift, including correction for gage heights 
Average gals. pumped per gal. fuel used in pumping alone 
Average gals. pumped per gal. fuel, all uses 
Average duty per 100 Ibs. fuel for pumping alone...... 
Average duty per 100 Ibs. fuel, all uses ............... 


sq. in. A careful 6-hr. test was made on Wed- 
nesday, March 4, 1908, under normal daily con- 
ditions of pumping. Ordinary fuel oil was 
used, weighing 7.5 lbs. 
per gal. and costing 
approximately 5.75 cts. 
per gal. delivered at 
the pumping station 
1.5 mi. from the freight 
station. 


THE WAREHAM 
PLANT.—In 1907 the 
Wareham Fire District 
installed a water-works 


system for domestic 
consumption and fire 
protection. The works 


comprises 5.4 miles of 
6, 8 and 10-in. cast-iron 
mains, 34 fire hydrants, 
a steel stand-pipe 20 ft. 
in diameter by 100 ft. 
high and a double- 
unit oil- fuel- engine 
pumping plant in the 
village of Tihonet. The 
source of supply is 
from 2%-in. tubular 
wells which tap a 
water - bearing gravel 
stratum. The com- 
bined yield of six wells 
during a steam-pump- 
ing test covering 85.5 
continuous hours was 
at the rate of 315,000 
gals. per day. The 
present daily consump- 
tion, 40,000 gals., is 
not expected to reach a 
figure of 100,000 gals. 
for many years. The 
stand - pipe contains, 
when full, 235,000 gals., 
a 6-day supply at pres- 
ent. The pumping sta- 
tion building is almost 
exactly like that in 
Wrentham. 

The pumping outfit 
consists of duplicate 25- 
HP., 12 x 12-in., two-stroke cycle, horizontal, 
crude-oil engines (Mietz & Weiss). These are 


Fig. 5. View of Com- 
pleted Chimney. 


TABLE II.—RECORD OF PERFORMANCE. WAREHAM AND WRENTHAM, OIL-FUEL, PUMPING PLANTS. 


“Wrentham *Wareham 
plant. plant. 
POLE wae. ea E AOE aes 20 2T 
/ e aaa a 11 4 
CCC 3 hrs., 34 mins. 2 hrs., 38 mins. 
CCC 1,132,968 1,106,268 
FFC 1.000 
J ²⁵-“ A Sco Mace 41 36 
pumping sta. 
ae tigi E E E, 30.9 43.1 
Morda aane a ge ws a ai 258 269 
S ee Ser ee 26 33 
r EE Se a 284 302 
TT $17.04 $21.14 
% KV 3.0 4. 3 
e mise wats 2.5 0.5 . 
%%ͤ .. GARR a eases 88.7 64.5 
cate, ue ewes e 12.6 10.2 
sh rE 221.76 162.52 
3330 aAA 4,400 4,110 
Seti E A EAE 4,000 8,660 
JC Sinead be 72,000,000 66,000,000 
VII 8 65, 000, O00 59,000,000 
esec „ „ „ e s es e e 8 9.55 9.2 


Both plants operating under normal daily conditions. 
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connected to two 8 x 10-in., vertical, triplex 
pumps (Smith-Vaile). The pumps and engines 
are similar to those installed in the Wrentham 
plant. A test was made on both units on Tues- 
jay, April 21, 1908. Ordinary fuel oil was used, 
weighing 7.5 lbs. per gal. and costing approxi- 
mately 7 cts. per gal., delivered at the station. 

Table I. shows a summary of the results of 
the tests, and Table II. gives a summary of 
N Washers 
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ELEVATION OF ADJUSTABLE JIB CRANE WITH DETAILS OF CLAMPS AND BASE-PLATE. 


the station performances for May, 1908, for both 
Wrentham and Wareham. 

Both of these water-works were designed and 
installed under the supervision of Mr. Edmund 
M. Blake, C. E., No. 8 Beacon St., Boston Mass., 
to whom we are indebted for the data of the 
tests, 

— . — dd — — 

FIRE-KILLED TIMBER, of which large quantities 
exist in the Western States, is to be tested for strength 
in the new laboratory which the U. S. Forestry Service 
is now establishing at the University of Colorado, Boul- 
der, Colo. Two testing machines are being installed, 
one of 200,000 Ibs. capacity and the other of 30,000 lbs. 
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° Fig. 1. 


Clamp 


Front View. 
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AN ADJUSTABLE JIB CRANE. 
By A. L. CAMPBELL.* 


The jib crane illustrated by the ac- 
companying figure possesses some novel fea- 
tures not usually found in cranes of this 
class. Its chief claim to originality lies 


in the fact that the jib is adjustable vertically 
for a large portion of the length of the post. 
The crane is of 15-ft. radius, and 1-ton capacity 
with a factor of safety greater than four. Tne 
post consists of one piece of standard Sin. 
wrought-iron pipe, with pivot castings in each 
end. The pivots are pieces of 3 ½ie-in. cold rolled 
shafting which move in a suitable casting at top 
and bottom. The lower of these castings is to 
be bolted directly to the floor, or to any suitable 
foundation; while the one on top may be attached 
to a convenient beam or floor. 

The two tie-rods are ‘4-in. diameter, upset at 
the ends to l-in. diameter and threaded; while 
the jib is a G-in., 14% lb. I-beam. The trolley 
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(not shown) is of the standard I-beam type such 
as is manufactured by several reputable firms. 
A chain-fall is attached to tne trolley for lifting 
the load. Both the jib and the tie-rods are at- 
tached to the post by means of malleable iron 


castings which may be clamped on at any de- 


sired height. 

This crane was built for use in a machine shop, 
where it is especially useful in serving one or 
more heavy machine tools. The height of the 
jib being adjustable, one design of crane is 
adaptable to different local conditions. The 


*401 Ferdinand Ave., Detroit, Mich. 
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radius of the crane can also be varied by simply 
changing the lengtn of the I-beam and of the 


tie-rods. 
— anao O MM 


A COMBINATION COAL LEVELER AND COKE PUSHER 
FOR BY-PRODUCT COKE OVENS. 


Shortly after the first of this year, the Illinois 
Steel Co. placed a contract for coke pushers and 
coal levelers for a plant of Koppers by-product 
coke ovens being built at Joliet, III. There were 
to be three of these machines, two having suffi- 
cient capacity to take care of the requirements 
of the ovens, leaving the third as a spare unit. 
These machines have now been completed and 
shipped and a brief description of them is given 
for readers interested in such plants. Each 
machine consists of a coke pusher and a coal 
leveler carried on one traveling frame. Each 
is a duplicate of the others and all parts are 
interchangeable. 


The main frame consists of four plate girders 
well fastened together. These girders rest on 
end trucks which are box-type steel castings of 
standard construction, so arranged that the 
track wheels may be easily removed. The 
thrust of the ram is taken up by two horizon- 
tal wheels bearing on the track. The shafts of 
these wheels are carried by the front truck 
casting. This construction does away with any 
strain in the flanges of the track wheels. The 
ram itself is a heavy box girder 61 ft. long. It 
is built of two 31 x %-in. web plates, two 14 x 
l-in. flange plates and four 6 x 3% x 1-in flange 
angles. Each member is in one piece, there 
being no splices. To the bottom of the ram is 


. attached a rack; a steel casting 14 ins. wide 


by 2% ins. thick with shrouded teeth, 3-in. pitch 
10-in. face. The sides of the ram are protected 
from the heat of the oven by removable asbes- 
tos shields. The front end of the ram is a steel 
casting 1% ins. thick, provided with adjustable, 
side and bottom rolls. The ram rests on 14- 
in. flanged rolls and is traversed back and forth 
by a pinion driven, through a train of spur 
gears, by a 50-HFP” motor. 


The coal leveler consists of two bars 10 ins. 
deep, tapering to 2% ins. deep at the front end. 
This “ladder” leveler is operated by an endless, 
plow-steel, wire rope which is attached to the 
rear end of the ladder, and is®so arranged that 
it never enters the ovens. The rope is wrapped 
about a grooved drum which is connected to a 
25-HP. motor by a train of spur gearing. The 
ladder may be run into the oven or withdrawn 
from it, and at any desired point an automatic 
vibrating arrangement can be brought into oper- 
ation so that the ladder takes a stroke of 5 ft., 
backward and forwards, thereby leveling the 
coal. This motion is entirely automatic, under 
the control of the operator. The leveler and the 
ram are fitted with automatic switches for cut- 
ting out the electric current at the ends of their 
strokes, in both directions. The sets of gearing 
for the pusher ram and the leveler ladder are 
each mounted on an independent plate. These 


Fig. 2. Rear View. 
FIGS. 1. AND 2. A COMBINATION COAL LEVELER AND COKE PUSHER. 
Designed by Mr. J. W. Seaver, M. Am. Soc. M. E., for the Illinois Steel Co. 
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bed plates contain the bearings for the motors 
and the shafts, so that each set of mechanism is 
tied together and entirely independent of the 
framework, thereby preventing any getting out 
of line of the gearing. By lifting out the bed 
plates the entire sets of gearing are taken out. 
Located directly over the leveler ladder and 
worked from the operators cab is an arrange- 
ment for the lifting and supporting the leveling 
doors which, in the Koppers ovens, are inde- 
pendent of the discharge doors. In the oper- 
ator’s cab is hand-traversing gear, so arranged 
that the operator can cut off the current from 
the traversing motors and adjust the position 
of the machine in front of the ovens by hand. 
A powerful foot brake is arranged to lock the 
machine on the track at any desired position. 
In the operator’s cab there is placed a set of 
recording voltmeters and ammeters which shows 
the time of and the power taken by every stroke 
of the machine. The motors are series, mill 
type Crocker-Wheeler, one 50-HP. for the ram, 
one 25-HP. for the leveler, and two 25-HP. 
motors for propelling the machine along the 
track. It was aimed to make the construc- 
tion of the machine of the most substantial type; 
the castings throughout are bronze or steel, no 
cast iron being used in the machine. Every part 
has a factor of safety of not less than six and 
the electric motors have an overload capacity 
of 50%. With the exception of the shrouded 
teeth, for the ram traverse, all of the gears have 
cut teeth. Over all the gears are placed plate- 
steel cases. In the designing of the machine 
Special attention was paid to ease of inspection 
and removal in all parts. 

Each machine is designed to operate at the 
following speeds: 


Traverse on tracks 300 ft. per min. 
Traverse of ram.........ccceees 80 ft. per min. 
Traverse of leveller bar........ 120 ft. per min. 


The machines were designed by Mr. J. W. 
Seaver, M. Am. Soc. M. E., Consulting Engi- 
neer, Cleveland, O., and were built by the 
Alliance Machine Co., Alliance, O. 


—ñññ᷑ ́ ͤʒ.;8ʒͤ—ͤ—ͤb ͤ 
A STEEL FRAME GRAND STAND AT DALLAS, TEXAS. 
By HOWARD ARTHUR.” 


The steel frame for the new stand at the race 
track of the Texas Fair Association, at Dallas, 
Tex., will be 64 fÊ wide between outside columns 
and 300 ft. long. The framework consists of 16 
roof and 16 seat trusses, carried on columns to 
concrete footing pedestals. The roof trusses are 
spaced 16 ft. c. to c. and rest at the rear on 


*Engineer, Mosher Mfg. Co., Dallas, Texas. 
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columns similarly spaced, and at the front on 
longitudinal trusses 6 ft. deep which are carried 
by columns 60 ft. c. to c. The seat trusses are 
spaced 16 ft. c. to c. and rest on four columns. 
Details of the design and structural makeup of 
the framework may be readily noted on the ac- 
companying figure. Both gable ends of the roof 
are closed, having wood framing secured to up- 
right beams spaced about 5 ft. c. to c., running 
from the top chord of the truss down to the 
level of the gutter, there to be secured to a 
horizontal truss 3 ft. deep, running transversely 
from column to column. 

In the design, the dead-load of the seats, etc., 
coming on the seat truss was taken at 31 Ibs. 
per sq. ft. and tne live-load as one person weigh- 
ing 170 lbs., with 50% additional impact, occu- 
pying a space of 1 ft. 6 ins. x 2 ft. 10% ins. 

In a longitudinal direction the wind was as- 
sumed at 30 lbs. per sq. ft. on the near face of 
the near gable and at 45 Ibs. per sq. ft. on the 
near face of the far gable, both acting simul- 
taneously. This wind thrust is carried between 
trusses by the purlins and by diagonal bracing 
in the end and every fourth panel, thence to the 
rear columns, which are continuously counter- 
braced from end to end. Tae bracing in the bot- 
tom chord of the roof trusses is in every other 
panel as the right hand bottom chord is in 
compression two-thirds of its length when wind 
is underneath. In the seat trusses there is 
bracing in every other panel in the planes of 
both top and bottom chords. All rows of col- 
umns are counterbraced longitudinally in every 
panel. ; : 

The roof trusses are considered free at front and 
fixed at rear, and a wind load of 30 lbs. horizon- 
tal was figured from both right and left sides. 


-In addition to this, in order to provide for wind 


from left when underneath, the strains in the 
truss from right wind were reversed in char- 
acter and increased 50%. All wind on the roof 
is resisted by the rear columns and taken to the 
point of intersection of the third row of columns 
from front with the top chord of seat truss, by 
means of the inclined member in the plane of 
the top chord of seat truss and the diagonal 
member consisting of two 3% x 3 x 5-16-in. 
angles running from that point to fourth row 
of columns. The horizontal wind force at the 
above intersection goes partly down the third 
row of columns and partly down tne top chord 
of seat truss, and from there down to ground 
in first and second row of columns. In the above 
assumption the horizontal member in plane of 
bottom chord of seat truss connecting to the 
third and fourth row of columns is not considered 


SIDE ELEVATION OF STEEL GRAND STAND AT STATE FAIR GROUNDS AT DALLAS, TEXAS. 


-the northern approach to the Loetschberg Tunnel, 


as taking wind: it acts merely to stay the col- 
umns at that point. 

The total cost of stand, including concrete wall 
320 ft. long, plumbing, etc., was $40,000. 

The design submitted by the Mosher Mfg. Co., 
of Dallas, was accepted by the Fair Association, 
and Messrs. C. A. Gill & Son were appointed 
architects. Mr. G. S. Bergendanl, consulting 
engineer, of St. Louis, represented the Fair As- 
sociation. The construction was carried out by 
the Mosher Mfg. Co. 

eR he rr crete, 


A CONVERTIBLE TRIANGULAR SCALE. 


The convertible triangular scale Illustrated 
herewith is a new device that promises to ap- 
peal to progressive draftsmen. 

The scale consists of a central core or holder, 
and three separate scale members. The holder 
consists of three light sheet-metal walls secured 
by screws to the center braces, spaced about 4 
ins. apart along the length of the holder. These 


Steel Holder. 


Single Scale Member. 


A Convertible Triangular Scale. 


braces are of such shape as to ho!d the walls in 
their proper relative positions without interfer- 
ing with the insertion of the scale members. 
The scale members are of rhombic cross-section, 
and every one of the four faces of each member 
is provided with graduations. The scales may 
be readily slipped in or out of the holder and 
reversed so that either pair of edges of any 
member is in position for use. By means of the 
adjustment screws, the scales may, if desired, be 
locked securely in position, or they may be al- 
lowed to slide easily in the holder. The angle 
of the scales is such that on'y their extreme 
edges come in contact with the drawing and 
the divided surfaces are protected from wear. 
This form, at the same time, provides an excel- 
lent angle of vision. 

The compactness of the scale is evident. Al- 
though the equivalent of two triangular or 
twelve flat scales, it is held by a case but 
little larger than that required for the ordinary 
triangular scale. It possesses, too, the com- 
bined advantages of the best triangular and flat 
scales. If desired, all but one of the scale mem- 
bers may be removed from the holder, placing 
this scale in a class with the flat scales, and 
eliminating the possibility of error due to using 
the wrong graduation, which exists in the case of 
the triangular scale. 

The scale members are made either of plain 
boxwood or with white edges, and can be had 
with any desired division, and in lengths from 
6 to 24 ins. The scale is made by the Lutz 
Co., of Guttenberg, N. J. 

— ee —— — — 

ELECTRIC TRACTION ON THE LOETSCHBERG AP- 
PROACH.—The Bernese Alps Railway Co. has decided to 
instal electric traction between Spiez and Frutigen, on 
and 
has appropriated $200,000 for the purpose. The experi- 
ence on this section, it is expected, will be of value in 
deciding on the type of equipment and line-construction 
on the main part of the tunnel railway. According to 
the ‘‘Schweizerische Bauzeitung’’ it is intended to use 
15-cycle, single-phase current at 15,000 volts line-pres- 
sure, this being computed to be cheapest both in first 
cost and in operation. Current will be obtained from the 
Kander & Hagneck hydraulic plant at Spiez. The maxi- 
mum gradient on the tunnel railway is 2.7%. Passenger 
trains of 250 tons at 25 mi. per hr. and freight trains of 
300 tons at 18 mi. per hr. are- to be provided for. Motive- 
power units of 1,200 and 1,500 HP. will probably be 
required. 
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The pitting of hydraulic turbine vanes de- 
ribed by a contributor in this issue is undoubt- 
ily closely similar to the pitting of steamship 
propellers, which has long been a troublesome 
mobiem of the marine engineer. In both cases, 
the pitting not only makes necessary heavy ex- 
tense for repairs and renewal of the parts, but 
«riously affects the efficiency. The extent to 
aich a cast-iron propeller will be honey- 
combed by pitting in a comparatively short time 
iš amost unbelievable. 

In both cases the best preventive of the pit- 
ting appears to be the substitution of bronze in 
Flice of fron or steel. An additional advan- 
iage of the bronze blades is that its greater 
‘trength and resilience enables the use of thinner 
ing better formed blades. i 
The cause of the pitting seems to be closely 
asociated with the release of the air or other 
zases held in suspension or in solution in the 
water, and the smooth passage of the water past 
te blades without eddies or churning and con- 
“quent changes in the pressure upon the water, 
rears to cause the least pitting. From this 
“nt of view a turbine or screw of high me- 
‘Lanical efficiency will not only give the best 
en in work done, but will be the most dur- 
able. 


— — —˙ 


How to get the maximum amount of work 
fom a given sewage filter bed of the perco- 
lating type depends largely upon the uniformity 
ff the distribution of sewage over the bed, and 
ee in turn, depends on the character of the 
Srinkier employed. As we pointed out in an 
‘xtended editorial discussion in our issue of 
Jan. 9, 1908, the efficient dosing of such a filter 
is not such a simple matter as it may seem to 
de. Confining our remarks to the fixed sprinklers 
t the nozzle or disk spray type, since these 
have met with favor in this country thus 
i? problem is to get as large a percentaze 
ie @ filtration area as possib'e sprinkled with 
ie ase as uniformly as may be: that is, with- 

unwetted. underwetted or overwetted areas. 
The nozzle and splatter-disk sprinklers wet cir- 
ar areas. If these areas just touch, some of 


the filter receives no sewage and does not work; 
if they overlap, all the filter may be kept at 
work, but the overlapped portions at a higher 
rate than the others. In addition to these pos- 
sible faults, the radial distribution of the spray 
from each nozzle is more or less unequal and 
there is a portion near the nozzle or disk which 
receives no sewage. All these faults may be 
remedied in some degree by variations in: (1) 
the design of the nozzle or disk; (2) the work- 
ing head; (3) the spacing of the nozzles; (4) the 
arrangement of the nozzles in centers of squares 
or of hexagons; etc., etc. 

Two important series of tests to determine the 
relative efficiency of nozzles and disks of vary- 
ing shapes, as well as other factors involved, 
have been carried on in this country. One of 
these, by the Sanitary Research Laboratory of 
the Massachusetts Institute of Technology, we 
reported at length in our issue of Jan. 9, 1908, 
in the form of an abstract of a lengthy paper 
on the tests. In our present issue we are for- 
tunate in being ab'e to present a description and 
summary of results of tests carried on at the 
Lawrence Experiment Station of the Massachu- 
setts State Board of Health. <All who are called 
upon to design percolating sewage filters will 
do well to study the results of both series of 
tests with great care. 

We take particular pleasure in cal'ing atten- 
tion to the tests reported in this issue because 
in our issue of Jan. 9, 190S, we commended the 
Institute workers for having taken up the study 
of mechanical devices in actual use, in contrast 
to the investigators at Lawrence. It now ap- 
pears that the Lawrence workers are deserving 
of equal commendation in this regard. 

l — 

Can a large railway afford to run the chance 
of having its trains on an entire division tied 
up for three or four hours? This question was 
made much of in the early discussions of elec- 
tric operation’ of railways, aS an argument 
against “electrification.” It is a very plausible 
argument: With steam locomotives every train 
is independent, and an accident can rarely in- 
terfere with more than one or two trains; with 
electric operation, however, everything depends 
on continuous supply of power from the gen- 
erating station, and should an accident disable 
the station or interrupt the supply wires the 
whole railway or the whole division would be 
dead. The ready answer to this was that the 
power station is the most reliable part of the 
system, and with its duplication of machinery, 
etc., is far more safe against breakdown than 
the crude steam locomotive; and that it would 
rrove easy to apply automatic cutouts and 
duplicate lines at every point to the effect of 
ensuring that no interruption need last more 
than a few seconds. The steady service of city 
lighting systems was referred to as a convincing 
argument in favor of the high degree of re- 
liability of a large electric generating and sup- 
ply system. 

A breakdown of just the kind prophesied para- 
lyzed the electric terminal division of the New 
York, New Haven & Hartford between New 
York City and Stamford, Conn., a few days ago. 
It is reported that a high-tension cable leading 
out from the power-house failed. The entire 
division is supplied from a single generating 
station. The result was to cut off current from 
the whole division for several hours. Trains 
could not enter or leave the division or move 
along in it except where a steam locomotive hap- 
pened to be available. This was not the first 
such interruption; a similar though shorter one 
occurred a few weeks before. The two together 
reinforce each other as evidence of the reality 
of the chance of interruption. 

The time has gone by when these interruptions 
could be made an argument against electric 
operation of railways. Electric equipment has 
proven able to meet all demands as to steadness 
of operation, on lines whose nature and traffic are 
suited to the case. The New York Central, in fact, 
operating its electric terminal division in the 
same territory as the New Haven’s, has been free 
from interruptions of any considerable dura- 
tion, and there is no reason to suppose that 


Other lines under electric operation would not 
be able to Secure substantially equal reliability. 

What the interruption does show is that it is 
highly necessary to design an electric supply 
System for railway operation in such a way as 
to protect at every single point against the 
Chance of a general interruption. The principle 
of duplication, with fu'l protection of the alter- 
nate sets of equipment so that the one cannot 
involve the other in difficulty, must be applied 
in thorough manner from boiler to track. All 
elements should be arranged to cut themselves 
out of the system automatically when damaged, 
and where this is not possible they must be ar- 
ranged for prompt detection of trouble and quick 
disconnection. If a storage-battery reserve of 
power affords additional security, over and above 
that secured by mere duplication of transmission 
lines and generating p'ant, let it also be pro- 
vided. Economy in first cost may not be allowed 
to weigh against the gain in certainty of con- 
tinuous service. 

ey iene ee 

We print in this issue a review of the use of 
concrete as a material for street paving and 
the experience of various cities with it. As our 
readers know, concrete paving for alleys and 
driveways and to a limited extent for streets 
has been used to.a considerable extent for some 
fifteen years or more. Within the last year or 
two, the promotion of concrete paving has been 
taken up as a business proposition. It is hardly 
necessary to say to our readers that the charac- 
ter of concrete work of all classes depends upon 
how it is executed. It is entirely reasonable to 
believe that a concern making a specialty of 
concrete paving, developing a staff of experi- 
enced workers and following rigid practice in 
the selection and assembly of materials and 
particularly in the preparation of the subgrade 
and the placing of the concrete, can produce re- 
sults far superior to those possible with the or- 
dinary contractor’s concrete gang. 

Admittedly, concrete paving has special ad- 
vantages of its own. It is smooth like sheet as- 
phalt and like that may be more easily kept 
clean than any other pavement. It is abso- 
lutely uninjured by water and is unaffected by 
temperature, two important advantages over 
asphalt. It is, therefore, ideal from the sani- 
tary point of view. If pavements were to be 
chosen for automobile use alone, concrete 
would probably stand at the head. Again the 
base and wearing surface are monolithic; and 
there is not the difficulty with defective blocks 
which causes so much trouble in brick paving 
and gave such a b'ack eye to the asphalt block 
pavement in its early days. 

Again, concrete is—or ought to be—one of the 
cheapest of paving materials, at least in any 
region where good stone and good sand are lo- 
cally obtainable. This will be particularly the 
case where concrete paving is done on a large 
scale, so that machine mixing and economic 
methods of handling materials can be adopted. 
Bearing in mind prevailing prices for the con- 
crete base for other kinds of pavement, we do 
not sce why a price of $1.25 per sq. yd. should 
not leave a good profit to the contractor, as- 
suming of course that a large amount of work 
is to be done, and that good materials are avail- 
able at low prices. 

As to whether concrete or sheet asphalt or 
wooden block as laid in New York City would 
be the least slippery, we should suppose con- 
crete would have some advantage if the wear- 
ing coat were made up with hard grit and 
grooved to give a hold for the calks of horse- 
shoes. The noise from concrete is said to be 
about the same as from bricks. The pavement 
would be hard to cut into, if it were good con- 
crete, yet concrete base is cut through all the 
time, and the difficulty in turning traffic on a 
repaired spot before the concrete has set hard 
might be overcome—with some disadvantage of 
obstruction—by dumping a pile of sand over the 
new concrete. 

Admittedly the crucial question with concrete 
and one vet unsettled is how much wear it will 
stand. We were told by one engineer with large 
experience {n paving work not long ago, that 
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the reason why the concrete streets of some 
small Western cities show so little wear is that 
the horse droppings are allowed to accumulate 
on the surface and form a protecting cushion— 
which is sound mechanics, but not so nice from 
a sanitary point of view. 

Of course enough is Known of the relative 
hardness of the artificial stone formed by the 
setting of cement so that no one would seriously 
propose a concrete wearing surface for the 
streets of heaviest traffic. But there are very 
many mites of street where something better 
than macadam is demanded, especially since the 
dust-spreading automobile has created a uni- 
versal nuisance. There are not so many mate- 
rials available within the limits of permissible 
cost that concrete will be an unwelcome addition 
to the number; but assuredly, concrete to give 
good results in such a place must be the best 
that the skill and science of the engineer can 


produce. 
— —ñ—— 


DEVELOPMENTS IN RAILWAY TRACK DESIGN. 


Railway track construction has remained 
practically unaltered since the invention of the 
tee-rail, in 1830. After the abandonment of the 
early cast-iron rails on stone blocks, or strap 
rails on wooden longitudinals, no further change 
was made, and subsequent advance was solely 
in perfecting the proportions and details. A 
narrow-gage light railway for logging or plan- 
tation purposes has identically the same type of 
track as a main-line railway carrying the 
heaviest and fastest traffic. In both we find 
the rolled steel tee-rail laid on wooden cross- 
ties in a bed of ballast, bolted splice-bars to 
connect the butting ends of the rails, and driven 
spikes—simply large nails—to secure the rail to 
the ties. The heavy-traffic railway is dis- 
tinguished only by heavier rails, larger ties and 
better ballast. . 

The few detail modifications of this standard 
type merely mark the universality of its use. 
Thus, English railways make extensive use of 
a double-headed (but non-reversible) rail, sup- 
ported in cast-iron chairs upon the ties. In 
many European countries screws take the place 
of driven spikes. More or less extensive use is 
made of steel ties and concrete ties in some 
countries. In Europe, a'so, there is some de- 
parture from the ordinary type of track in the 
limited (and decreasing use,of steel longitudinal 
supports for the rails. But the general char- 
acter of the track is unchanged by these vari- 
ations. i 

The fact that nothing has been done towards 
introducing radical alteration in track design 
was pointed out in an editorial review of stand- 
ards of track construction of American rail- 
ways, in our issue of June 4, 1908. We there 
mentioned that only few experiments (of very 
limited extent) have been made with new de- 
signs of track, and that even these have not 
been made with any idea of their being fol- 
lowed up in practice. It may be interesting to 
review some of the designs which have been 
tried or suggested. Before doing so, we may 
mention the use of special designs of track for 
tunnels and underground railways (as discussed 
in our issues of Aug. 2 and Sept. 20, 1906). 
These, however, are without influence on the 
general situation, as they are designed for and 
used under conditions very different from those 
Which obtain on ordinary railway track. 

An important point for consideration in new 


track design is the fact that the present 
construction is inherently weak in carrying 
the rails on individual supports which have 


no uniformity of bearing on the foundation. 
It is quite impossible, in practice, to obtain 
uniform bearing under all the 3,000 independent 
supports—the ties—in a mile of track, or even 
the 18 to 20 supports in a single rail-length. In 
theory, each tie is a rigid pier, carrying the rail 
as a continuous girder. In practice, the ties 
are supports of varying and unknown stability, 
yielding unequally under load. This increases 
the effective span of the girder (or rail), so that 
the latter may be subjected to stresses consid- 
erably higher than it is designed or intended to 


carry. Any increase in the deflection of the 
rail, due to this yielding of its supports, is a de- 
crease in the quality of the track considered as 
a structure for carrying rolling loads. And the 
yielding of the ties tends to increase as time 
goes on by the effect of the compression, set- 
tlement or disintegration of the ballast which 
forms the foundation material. 

Two methods have been suggested for improv- 
ing these conditions: (1) the use of very deep 
and stiff rails (perhaps 7 to 9 ins. high), which 
will distribute the load over a greater length of 
track and will not be affected by a slight yield- 
ing of individual tie supports, and (2) the use of 
a continuous longitudinal support for the ties or 
rails. 

Two combinations of continuous steel longitud- 
inal bearings with intermittent rail supports 
have been suggested in order to eliminate the 
difficulties incident to the independent supports. 
The plan proposed by Mr. J. W. Schaub, M. Am. 
Soc. C. E. (Eng. News, June 13, 1907), was to 
put a line of I-beams under each end of the row 
of ties. The beams would be embedded in bal- 
last and connected by tie-rods. Individual ties 
could not get loose or low, and the load upon 
them would be distributed to the ballast both 
directly and by the I-beams. This plan was de- 
signed primarily to reduce the excessive stresses 
in rails, to which reference has been made. It 
would have the further advantage, however, of 
converting the track into a homogeneous struc- 
ture. 

A more elaborate plan, involving an entirely 
new type of track, has been devised by Mr. G. 
Lindenthal, M. Am. Soc. C. E. This, in a modi- 
fied form, is in experimental use for about 1,000 
fA in a freight track on the Pennsylvania R. R. 
Under each rail is a steel longitudinal, built up 
of Z bars and angles. Upon this are oak blocks 
and steel tie-plates, to which the rails are se- 
cured by screw spikes. At intervals there are 
wooden cross-ties, in place of the blocks, in 
order to maintain the gage. The original design 
(Eng. News, Nov. 30, 1905) provided for longi- 
tudinals composed of special bulb-angles, 6 x 8 
ins., With cast steel chairs for the rails, and 
With steel tie-bars connecting the chairs. The 
cost of the track as built is said to have been 
equivalent to about $25,500 per mile. In a dis- 
cussion on track development presented to the 
Western Society of Engineers by Mr. G. H. 
Blakely it is stated that the vertical movement 
of this track under slow freight trains is greater 
than that of the parallel track under fast pas- 
senger trains. This was taken to indicate that 
the track does not provide sufficient bearing 
surface on the ballast, and that the longitudinals 
have inadequate vertical stiffness for distribut- 
ing the concentrated loads .over a sufficient 
length of track. The track is purely experi- 
mental, however, and Mr. Blakely admitted that 
the design might be so improved as to obviate 
these particular objections. 

The use of a concrete roadbed has been sug- 
gested many times. The plans may be divided 
into two classes: (1) a concrete beam or longi- 
tudinal under each rail; (2) a concrete floor car- 
rying both rails. The longitudinals would be 
laid upon a bed of crushed stone or clean gravel, 
and have earth filled in around them to prevent 
frost from penetrating the roadbed beneath the 
beams. The rails may be laid directly upon the 
longitudinals (and connected by tle-rods), or 
upon longitudinal I-beams anchored to the con- 
crete and connected by transverse beams framed 
between them. The cost for this latter system 
has been estimated at $25,000 per mile. In 
either case, any necessary surfacing would be 
effected by jacking up the beams and tamping 
beneath them. A concrete floor system proposed 
by Mr. J. W. Schaub provides a continuous re- 
inforced-concrete slab about 10 ft. wide, 8 ins. 
thick at the sides and 14 ins. at the middle. 
Longitudinal timbers would rest upon the thin- 
ner parts and against the thicker part, being 
held in place by horizontal through bolts. Ordi- 
nary rails would be used, with steel tie-plates 
and screw spikes. The slab would rest upon a 
bed of rubble concrete. The cost has been esti- 
mated at $14,000 per mile, exclusive of the rails. 


The possibility of maintaining track in proper 
condition with a concrete floor construction on 
ordinary roadbed is open to very serious ques- 
tion. Its use for street and underground railways 
is no criterion, since in that case the subgrade is 
not subject to the disturbing and erosive influences 
of rain, wind, frost and storm. On ordinary 
railways the rain washes the side slopes and 
penetrates the roadbed to a varying extent; frost 
is liable to penetrate and heave the roadbed, 
and in places the embankments continue to 
setttle for an indefinite period. It is true that 
embankments could be built more solidly, as for 
example by following methods of practice em- 
ployed in the construction of dams and levees. 
But though this may be true in theory, it would 
not solve the difficulty for existing lines, and as 
concerns the future, railways will undoubtedly 
continue to be built as they have been and are 
being built, so far as methods of construction 
are concerned. 

A survey of what has been done in design- 
ing or experimenting with new types of track 
construction affords little encouragement for 
the improvement of railway track by any 
radical change in design. In a discussion 
of Mr. Schaub’s proposed concrete floor sys- 
tem, mentioned above, Mr. H. J. Slifer, 
M. Am. Soc. C. E., expressed the opinion 
that the present type of track will have to be 
abandoned in favor of one which will be of 
greater first cost, but will be much less expensive 
for maintenance. He also considered that such 
development would be along the line of affording 
a continuous longitudinal support. But as a 
matter of fact there is not the slightest prospect 
of the practical introduction of any change in 
the type of track construction. Even the experi- 
ments in this direction are so few and of such 
limited extent as to be entirely negligible. There 
is really nothing but the present universal type 
of track construction to be considered by the 
railway engineer or the engineer of maintenance- 
of-way. 

This by no means implies that no improvement 
in track construction is to be looked for. It does 
imply that such improvement is to be looked for 
in the details of track of the present type, both 
in the individual design of the details and in 
the proportioning of the track structure as a 
whole. We lay stress upon the latter because 
railway track as a unit, as a complete structure, 
designed for the purpose of carrying certain 
loads in the form of moving trains, has in the 
past received very little attention. Each part is 
considered separately, and not in relation to the 
other component parts of the structure. For 
example, there have been numerous investiga- 
tions as to rails, ties, joints, the holding power 
of spikes, etc., but very little special study has 
been devoted to the track as a unit structure. 

It is obvious that the track structure should 
be designed with a view to the loads which it 
is to carry, but it is safe to say that no actual 
track is thus designed. The matters which are 
ignored include the loads and their distribution, 
the stresses in the rails, the bearing area af- 
forded by the ties and ballast, and the relation 
of bearing area to weight of train and stresses 
in track. In a paper on stresses in railway 
track (Eng. News, Feb. 14, 1907,) Mr. O. E. 
Selby stated that while the fiber stress in Besse- 
mer steel rails should not exceed 15,000 lbs., it 
may reach 18.750 lbs. on existing track. To 
quote Mr. Selby: 


Railway track has grown in strength as heavier loads 
have made increased strength necessary. But such growth 
has been entirely along empirical lines, and not one 
single detail of track superstructure bears marks of en- 
gineering design. 


For new lines, the weight of rails, size and 
spacing of ties, depth and character of ballast. 
etc., are very rarely adopted on any basis of 
motive- power equipment or traffic conditions. 
As concerns existing roads, it is a very evident 
fact that in many cases the track has not been 
strengthened or improved in due proportion to 
the increase in service imposed upon it by the 
heavier loads, the higher speeds, and the denser 
traffic. Train equipment is adopted and train 
speeds are arranged without much consideration 
of the character of the track construction, the 
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cost of maintenance-of-way or the factor of 
safety involved. If heavier locomotives and 
heavier, faster and more numerous trains be- 
come necessary to handle the business of an 
existing road, little consideration is given to the 
ability of the track to carry the increased loads 
and traffic with safety and economy. Many 
engineers and roadmasters have experienced the 
increasing difficulty in maintaining track which 
has not been improved or strengthened to corre- 
spond with the increased service of recent years. 
As concerns improvements in specific detail we 
may first of all hope for rails of better quality 
and of such weight and section as are adapted to 
the loads and stresses imposed upon them. 
Other details may be noted as follows: (1) Rail 
joints that more fully meet the requirements as 
to strength and continuity; (2) screw spikes or 
other fastenings superior to the common driven 
spike; (3) deeper and stiffer ties of such size or 
number as to give an adequate bearing area for 
the distribution of the loads; (4) ties of steel, 
concrete and treated wood; (5) better quality 
and ample quantity of ballast; (6) a better con- 
solidation of the roadbed; (7) the employment 
of a higher quality of labor for the work of 
maintenance-of-way. In view of the severe 
stresses imposed upon the track at curves by 
fast and heavy trains, attention may be called 
also to the desirability of strengthening the 
track at such places. This may be effected by 
the use of tie-bars or tie-rods to connect the 
rails, or by the use of special rail-supporting 
chairs which will enable the rail to resist the 
lateral pressures and will also distribute these 
pressures over ample fastenings to the ties. 


Improvements in these details, guided by 
proper study of railway track as a unit struc- 
ture, are capable of bringing track of the present 
standard type to a condition far ahead of any- 
thing yet attained. Increased safety of traffic and 
a reduction in maintenance expenses may be ob- 
‘tained by improvements in this type of 
track, without waiting for the problematical de- 
velopment of some new type of track construc- 
tion, however beneficial the latter might prove 
when in actual use. Improved or special con- 
struction at large first cost may, however, prove 
economical for busy sections of lines having 
very heavy traffic, and on which the difficulties 
and cost of track maintenance are extreme. 


LETTERS TO THE EDITOR. 


The Salary of Young Engineering Graduates: A Personal 


Experience. 

Sir: In Engineering News of Aug. 6, ‘‘$1,400’’ takes 
rather a gloomy view of engineering remuneration. An 
engineer or any other man receives only what he is 
willing to work for and no more. 

When I graduated from college, Prof. John Galbraith, 
now President of the Canadian Society of Civil Engi- 
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aes, and who was one of the Royal Canadian Com- 
missioners to investigate the Quebec Bridge disaster, 
save me some very good advice, which I followed. He 
recommended getting as wide and varied an experience 
possible during the first ten years—before settling 
ĉown to any specialty. And I found that by getting my 
talary raised as I went along, the best kind of work 
Was assured, for an employer does uot like to see bis 


RECORD OF AN ENGINEER FOR TEN YEARS DURING 


higher-priced men doing work that the cheaper man 
can do well enough. 

I enclose a graphical record of my first ten years, 
which may or may not interest your readers. 

Very truly yours, 
T. Kennard Thomson. 
50 Church St., New York, Aug. 6, 1908. 
— 


A New Protection Against Corrosion of Anchor Bolts. 


Sir: Enclosed find two photographs of vitrified pro- 
tectors for anchor bolts such as are used in column 
foundations, bridge anchors and various purposes where 
the bolts are set in concrete foundations, the use of 
such vitrified protectors are for the purpose of pre- 
venting the destruction of enclosed bolts by electrolysis 


Vitrified Protector for Anchor Bolts. 


and also to prevent the escape of electricity through 
columns to bolt and then to metallic substances as wa- 
ter mains, etc., where this corrosion may cause leaks 
and necessitate the renewal of pipes. 

They can also be used to advantage in steel structures 
set on concrete grillage foundations to insulate founda- 
tion bolts thus preventing the escape of electricity 
through bolts to the reinforcing in the grillage. 

Being a reader of your magazine I thought it would 
be interesting to note this new idea. 

Yours respectfully, R. T. Kanski. 

607 Union Ave., Bronx, N. Y. City, July 6, 1908. 
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The Effect of Moisture on the Bulk of Dry Sand. 


Sir: The following notes on the effect of moisture in in- 
creasing the bulk of dry sand, I trust may be of in- 
terest. 

On p. 176 of Taylor & Thompson's ‘‘Treatise on Con- 
crete” there is a paragraph headed Effect of Moisture 
on Sand and Screenings” in which the authors call at- 
tention to' the fact that dry sand, upon moistening, oc- 
cupies more space in its moist state than when dry and 


they give as their explana- 
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tion, that the effect of the 
moisture is due to the fact 
that a film of water coats 
each grain of sand separat- 
ing it by a surface tension 
from grains surrounding it. 
As an example of this, they 
refer to a photograph of 
moist Ottowa sand contain- 
ing 6% of moisture in which 
the grains are clearly seen 
50 to be further apart than 
a sample of the same sand 
dry. 

A little farther on they re- 
fer to the fact that if the 
sand is completely saturated 
with water it will occupy 
less space than when dry. It 
seems to the writer that 
this is a contradiction, as in 
both cases, the sand grains 
are covered by a film of water, and were it the film of 
water around each grain that caused the increase in 
bulk the results obtained would be the same whether the 
sand was merely moistened or completely saturated, the 
tendency, if any, being toward a greater bulk upon com- 
plete saturation, than when only partially moistened, 
as, with complete saturation there would be absolute 
certainty of each grain being covered with a film of wa- 
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ter, which would not be the case in sand but partially 
moistened. 

The explanation the writer has to offer for the in- 
creased bulk in dry sand upon moistening is as follows: 
When dry sand kas only sufficient moisture added to it 
to make it of what might be termed a “‘sticky consist- 
ency’’ and is then disturbed so as to permit the re-ar- 
rangement of the grains, the innumerable number of fine 
particles which previously rested in the voids of the 
coarser particles adhere or ‘‘stick’’ to the larger par- 
ticles, and in this manner prevent the sand from pack- 
ing as closely as when dry, it being clear that when 
perfectly dry the sand is what might be termed “slip- 
pery” there being no tendency for the finer particles to 
coat the larger, thus permitting the large particles to 
pack closely together and the fine ones to occupy the 
voids between. This seems to be proved by the fact that 
upon addition of sufficient water to produce saturation, 
the sand again returns to the same or less bulk than 
when dry, the water in this case acting as a lubricant 
and permitting the same close packing as when per- 
fectly dry. Very truly yours, 

Harold D. Elfreth. 

1700 North 12th St., Philadelphia, Pa., Aug. 8, 1908. 
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Silting Up of Reservoirs. 


Sir: In your issue of July 30, 1908, Mr. R. H. Bolster, 
of the U. S. Geological Survey, has given several ref- 
erences regarding ‘‘Silting Up of Reservoirs” in reply 
to the question of C. H. M. It may be of interest to add 
another item to the list given by Mr. Bolster. 

At the preliminary hearing on the proposed Appalachian 
and White Mountain forest reserves before the Committee 
on Agriculture, House of Representatives, on Jan. 30, 
1908, Mr. Chas. E. Waddell, of Asheville, N. C., cited 
an instance of silting up in a reservoir at the mouth of 
Beaver Dam Creek. By actually cross-sectioning the 
delta at the mouth of this creek, he found that in one 
year 12,000 cu. yds. of sediment had been brought down 
by the creek from a drainage area, bare of forest, 14 
sq. mi. in extent. 

This statement may be found in the report of the 
above preliminiry hearing, and is again quoted in the 
report of the hearing on ‘‘House Resolution No. 208,” 
before the Committee on Judiciary, House of Represen- 
tatives, Feb. 27, 1908. 

Very truly yours, 
F. W. Scheidenhelm, 
Structural Engineer, West Penn Rys. Co. 

Connellsville, Pa., Aug. 7, 1908. 

Sir: In reference to C. H. M.'s query as to the silting 
of old reservoirs, which you mention in your issue of 
July 23, the writer would say that the best record of 
reservoir silting in this country, known to him, is given 
in Prof. Taylor’s paper on the Austin Dam (Water Sup- 
ply and Irrigation Papers, U. S. Geological Survey, No. 
40, pp. 36-41). The facts recorded therein are as follows: 
The Austin dam, on the Colorado River, was about 60 ft. 
high and had no sluices in the body of the dam; the 
bottom of the penstocks supplying the power plant 
were about 12 ft. below the crest of the dam; the Colo- 
rado River is issuing from a long range of mountains 
and is a heavy silt bearer. From 1893 to 1897 the res- 
ervoir silted up 38% of its original capacity; in Febru- 
ary, 1900, a few weeks before the destruction of the 
dam, the reservoir had silted up 48%. On page 41 of 
Prof. Taylor’s monograph is shown a curve and also a 
table illustrating the probable silting of the reservoir 
(also called Lake McDonald). According to this diagram 
if the dam had remained intact the silt would have 
reached, in 1909, a depth of about 48 ft., or to the level 
of bottom of penstocks. After that time it is believed 
that the progress of the silting would have been very 
small; reasons for this belief are given below. 

In India there are many hundreds of ‘‘tanks’’ or reser- 
voirs built by the Hindoos at different times for irriga- 
tion purposes. They were generally formed by building 
an earth or masonry dam across streams. Some of these 
structures are 1,100 years old and over. Many of these 
tanks are still in use, and it is probable that, generally, 
they have silted up to the level of the intake and the 
dams act now more as diversion than storage dams. Col. 
Mullin’s “Irrigation Manual” and W. L. Strang's Indian 
Storage Reservoirs” (both E. & I. N. Spron) give sta- 
tistics and particulars about the tanks. Prof. Alfred 
Chatterton, of the College of Engineers, Madras, may be 
able to give information as to the silting of old Indian 
reservoirs. 

In 1905 the writer examined some 43 masonry irriga- 
tion dams in the Province of Cavite, P. I. These struc- 
tures vary from 10 to 80 ft. in height. Several of these 
dams were built about 1880, some before. All but 
a few have no undersluices in the body of the dam. The 
bottom of the intake canal or tunnel is generally placed 
at from 3 to 6 ft. below the crest of the dam; the intake 
is placed as high as possible in order to reach more 
land and deliver the water to lands as near the dam as 
practicable. The following facts were noticed. In dams 
having no undersluices the silting, in most all cases, had 
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reached the level of the bottom of the intake. In one 
case a deposit of some 12 ins. of fine gravel was found 
in the intake tunnel. In one case the tunnel was blocked, 
probably by the fall of the roof or by the caving in of 
one of the shafts, and subsequently the reservoir silted 
up to the level of the crest of the dam. In two cases 
there was a shoal formed in the middle of the stream in 
front of the intake. The top of this shoal was slightly 
above the crest of the dam and was covered with vegeta- 
tion and drift; in both cases, however, there was a well 
defined channel leading to the intake. Both these dams 
were built before 1880. 

Two dams had a small undersluice in the body of the 
structure near the bottom; in each case the undersluice 
had an area not exceeding 3 ft. It was remarked that 
the reservoirs behind these two dams, although much 
larger in area than the majority of the ones mentioned 
above, had a good depth of water below the bottom of 
their intake. This shows the powerful effect of under- 
sluices in preventing reservoir silting. 

A remarkable instance of the usefulness of undersluices 
is given by Buckley (Irrigation Works of India, 2d Ed., 
p. 81, Spron & Chamberlain, N. Y.). The writer quotes 
from the above: 

The Bhatgarh reservoir, or Lake Whiting, in the Bom- 
bay Presidency, India, impounds a gross volume of 
5,313,000,000 cu. ft., of which 3,953,000,000 are avall- 
able for irrigation. The Yelivandi River, which supplies 
the reservoir, issues from the Western Ghants and carries 
in flood as much as 1 in 100 of silt. The dam has fifteen 
8 x 4-ft. undersluices, 91 ft. below the crest. The max- 
imum height of the dam is 127 ft. A depth of 15 ft. on 
the undersluices passes the maximum floods. The marxi- 
mum volume of such floods in the reservoir is only 
3% of its contents when full, and consequently silt can- 
not be deposited only in this 3% of the total volume. 
The sluices have now (1904) been in operation for about 
12 years, and the lake shows no sign of silting as yet, 
except for a few hundred yards up-stream of the sluices, 
which is a matter of no importance. In 1901 the quan- 
tity deposited above the sill of the undersluices was only 
2,900,000,000 cu. ft.: in 1902 it was 5.9 millions; in 
1903, 3.77 millions, or less than 0.1% in 12 years. The 
decrease in 1903 was probably due to the sluices being 
kept open longer than in 1902. It appears probable from 
experience gained elsewhere that eventually, when the 
basin has silted up to the sill of the sluices, a new river- 
bed will be formed, extending possibly for 6 or 7 miles 
above the dam, and an equilibrium will be established, 
the silt deposited in one season being brought forward 
and carried along the new channel till it is passed through 
the sluices, the result being that silting up will be 
confined to the area up to the 15-ft. contour, and the 
main body of the reservoir will always be kept clear. 


From the record for this reservoir, it appears that 
it is not correct to believe, as some text-books assert, 
that deposited silt in reservoirs cannot be moved by 
subsequent floods. 

As to the rate of silting, it is clear that it is a func- 
tion of the velocity; it depends also on the amount of 
silt carried in the river, the shape of the reservoir and 
the height of the dam. The record of silting at Austin 
and Prof. Taylor’s table quoted above, show that the 
rate of silting is almost directly in inverse ratio to the 
contraction of volume of the reservoir and consequently 
also in inverse ratio to the velocity, for average floods. 
For instance, in 1900, the reservoir being half silted up, 
the rate of silting was 50% of the rate obtaining on the 
first year after the construction of the dam. During 
the first year, according to Prof. Taylor’s surveys, the 
reservoir silted 9.3%; in the 16th year, the surface of 
the silt being at the level of the bottom of the penstocks, 
and the reservoir 80% silted, the rate would have been 
barely 2% per year. If the reservoir had had no intake 
below the crest of the dam, in the 40th year the reservoir 
would have been 98% silted and the rate at that time 
would have been less than 0.2% per year. 

The Cavite reservoirs have silted up at nearly the same 
rate; the majority of the reservoirs with dams from 20 to 
80 ft. high have silted up in less than 25 years. The 
Bancud reservoir, having a comparatively large drain- 
age area, has received floods of great violence and it is 
said that the depth of water over its crest has been as 
much as 30 ft. This reservoir has silted up to a point 
about 1 ft. above the bottom of its intake in less than 
21 years. 

Any factor which causes a decrease in the velocity of 
the impounded water favors silting. The greater the 
height of the dam or the size of the pond, the greater 
will b> the rate of silting. Conversely, the greater the 
velocity, the less thé silting. Exception is, however, 
made for cases similar to the Baucud reservoir where 
the violence of the floods and the great velocity is suffi- 
cient to bring gravel to the face of the dam. We have 
seen above that éven a small undersluice is sufficient to 
retard the silting and if the area of undersluices is so 
proportioned as to pass the floods at a sufficient velocity 
little or no silting will occur; this has been exemplified 
at Lake Whiting and also at Assuan on the Nile. 

The only remedy against silting, besides undersluices, 
is the building of subsidiary dams above the reservoir. 
The Tres Cruces dam in Cavite, a structure 65 ft. high 
and 550 ft. long at top, is bullt below the confluence of 
two streams on which have been erected two other dams, 
the three dams belonging to the same system. 

The two upper dams have intercepted most of the 
silt and the Tres Cruces dam, built in 1880, has still a 
good depth of water below its intake. 


The silting of a reservoir may or may not be in- 
jurious to the operation of appurtenant works. At Aus- 
tin it did not matter much whether the reservoir silted 
or not; as long as the waterway remained clear above 
the bottom of the penstocks or 12 ft. below the crest. It 
would not have been practicable to lower the intake in 
order to draw the pond below 10 ft., as this would have 
interfered seriously with the operation of the turbines. 
In Cavite most of the rivers fiowing in box canyons 
from 50 to more than 100 ft. deep, and the slope of the 
bed being considerable, the storage behind dams was 
small and had no importance for irrigation; the main 
point was to utilize the normal flow of the stream and 
deliver it as high as practicable. Having-this in view, 
the dams were built as high as the ground would permit 
and the possible storage was ignored; the topography 
did not admit of any other solution. 

In cases, however, where the impounded water is de- 
livered in the bed of the stream to a diverting dam below 
and when every drop of water stored is required for ir- 
rigation, as at Lake Whiting, at Assuan and at some 
of the reservoirs in this part of the country, it is vital 
to the works that the impounding capacity should be con- 
served and that silting should be prevented. It is grati- 
fying to know that satisfactory results have been obtained 
in India and on the Nile. The operation of the large 
reservoirs now under construction in our western coun- 
try will be watched with great interest, inasmuch as the 
conditions of run-off and sluice area differ much from 
those obtaining at the above-mentioned structures and 
are as yet untried. 

H. F. Labelle. 
Silver City, N. Mex., Aug. 3, 1908. 
— . ————— 


Concrete Block Buildings ia Earthquake Countries. 


Sir: After reading your publication, ‘‘The Manufacture 
of Concrete Blocks,’’ in which so much excellent advice 
and suggestion is given I make bold to address you on 
the subject with the hope that some advice as to the best 
form for use in Kingston, Jamaica, may be suggested. 
The book represents the progress of the industry up to 
the year 1906 and I suppose there is little to add to the 
excellent specifications for making the block itself, still 
there is always room for improvement in the form and 
the adaptation as time goes on; such events as the earth- 
quakes at San Francisco and Kingston surely would 
have an important influence in these matters. As Ameri- 
can material and methods pervade all countries, it is 
natural that there should be an interest shown by the 
craft in perfecting systems of construction for Kings- 
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RUINS OF ROMAN CATHOLIC CATHEDRAL 


Most of the business portion of Kingston, in fact all 
that was destroyed, either business or dwelling houses, 
was of brick construction, and as the mortar used was 
such a poor quality of lime mortar, it is well, in con- 
sidering new construction, to determine how far the 
shock was responsible and how far the poor material. 

It will be seen by the accompanying picture, showing 
the ruin of the Roman Catholic Church (situated outside 
of the fire line), that the walls actually crumbled; the 
poor mortar with no holding power separated from the 
individual brick when the vibrations came and made the 
great cloud of dust which shut out the sun as a cloud; 
this was mentioned in the news reports of that time. 

I am convinced, from observation made at the time 
of the shock and by examinations made later, during the 
month in which I restored one large dwelling immedi- 
ately after the catastrophe, that had the material and 
methods used been of a good average quality there 
would have been much less destruction. By the build- 
ing law, which was adopted within a few months follow- 
ing the earthquake, and which is modeled after the 
English building law (this latter about the same in the 
main as it was fifty years ago), brick, wood, stone and 
reinforced-concrete construction are provided for, but 
concrete blocks are not considered. 

Whether this latter form is not dealt with because of 
lack of experience, information or approval (probably the 
former) it is not fair to say that it will not be admitted 
for buildings of a height of 40 ft. and less, especially as 
there seems to be no inclination to build structures more 
than two stories high because of the hurricane risks. 

Before coming north last June, by request, I drew speci- 
fications to provide for the use of concrete block con- 
structions as an amendment to the ‘‘Building Law,” there 
being no suggestion of same in the present law, as before 
noted. 

This matter has not as yet been passed upon by the 
government and criticism upon it and the argument I 
herein invite. The subject in a general way should be 
productive of interest for all buildings devoted to manu- 
facturing purposes, wherein there are considerable vibra- 
tion, as they come more or less in the same class. 


Very truly, 
H. M. Doubleday. 
Sodus Point, N. Y., July 25, 1908. 
[That part of the above noted specification 
Which has especial reference to earthquake-re— 
sisting construction reads as follows: 


The vertical locks between each block, as provided, 
filled by 


shall be completely grouting with mortar as 


AFTER THE EARTHQUAKE AT KINGSTON, 


JAMAICA. 
(Showing poor lime mortar.) 


ton, the rebuilding of which should attract our manu- 
facturers of material and apparatus as well as our build- 
ing engineers and expert workmen, as is the case in San 
Francisco. Though Kingston is foreign, in the West 
Indies English is the language spoken and local labor 
properly handled is cheap and effectual. 

I fail to find any published suggestions of a compre- 
hensive method which would meet conditions of earth- 
quake and hurricane as far as block construction is con- 
cerned, 


heretofore specified, containing three parts of approved 
broken stone that will pass through a %-in. ring, to one 
part of the mortar mixture. The vertical locks are not 
to be filled until each horizontal course is leveled up. 
Horizontal joints between blocks shall be of equal thick- 
ness throughout, and not less than -I. 

To insure the integrity of the completed structure 
against the shock of earthquakes or force of hurricanes, 
each wall constructed of molded concrete blocks shall be 
provided with horizontal ties of strap iron, not less than 


August 20, 1908. 


ENGINEERING NEWS. 


213 


tin. thick and 1% inches wide, turned down each 
end 14 ios. and of length to secure all corners and 
Ingles, at each fourth horizontal course (or not more 
than 4 ft. in height) bedded in mortar as heretofore 
specified. 

Anchor bolts 1 in. outside diameter, with threads and 
nuts at each end are to be built in the wall, secured in 
foundations at each corner, angle and sides of all open- 
ings, extending through the air space of blocks to top 
of wall plate or to under side of coping of parapet wall, 
and are to be provided, top and bottom, with wrought- 
iroa anchor plates not less than 4 x 4 x /-in. 

Anchor bolts can be of solid iron, steel or pipe, and to 
be thoroughly grouted in as specified for the vertical 
locks between blocks. 


The general argument in favor of the concrete- 
biock construction is as follows: 


The underlying principle to be considered where fire, 
earthquake and hurricane prevail is to provide structurcs 
having the greatest strength with the least weight in the 
make-up. Steel frames of course, combines in the best 
form these two factors, but brings in a condition of ex- 
pense pot necessary in the case of buildings of limited 
height and breadth, as is the case in the majority of 
cases in Kingston. 

The next type of construction is the concrete block, 
for the following reasons: : 

(1) In that form the greatest strength for the weight 
is secured, because it uses the material best suited to 
the purpose in the amount that can be most conveniently 
bundled in a manner to secure the most homogeneous 
and even mass. 

(2) The labor applied in this way to repeat the opera- 
tion becomes more efficient and trustworthy. 

(3) The materials, formed in a specially constructed 
machine or mold, receive a treatment and manipulation 
necessary to the best results, and because of the limit 
in quantities a uniformity in strength and form that 
cannot be had in any other way is secured. 

(4) Because of the necessity for proper curing before 
any use is made of a concrete mixture either in the 
wall or block (wherein. the mass is intended to. bear 
weight or strain), the block form appears to be the only 
form in which this can be properly secured. Either the 
mass must be more expensive or more weighty for its 
strength, or have outside material combined with it to 
give the proper quality, which adds to the complication 
without securing the greatest strength for the least 
weight. 

The fact that it is necessary to cure concrete by fre- 
quent wetting protected from sun and wind for 20 to 30 
days, according to conditions, in order to secure proper 
strength, protect against shrinkage in the wall and so 
secure true and square walls, clearly emphasizes the 
above, 

(5) Because of the provisions for locking the blocks in 
vertical and horizontal directions as they are laid in the 
wall, after becoming permanent in size, shape and quality, 
itis convenient not only to build a wall as strong as the 
blocks themselves but to make changes in the design and 
plan of the building as the work goes on. 

(6) The provision for use of holding down bolts, erected 
at the most convenient time, for the bracing of the struc- 
ture against the forces of earthquake and hurricane, so 
using the weight of lower walls and particularly the 
foundation to save weight at the higher points, where 
in the case of earthquake harm is likely to be done. 
The greater the weight, the greater the force of the 
momentum, and when located at the higher elevations 
the chance of injury is manifestly greater than if the 
weight was kept lower down and bracing used to add 
strength as noted. 

(1) The use of tying anchors applied when needed only, 
thus giving detail bracing when needed. 

s The use of concrete blocks which can be made in 
tke different finish, color or design, an easy way is pro- 
vided for the planning of tasty, handsome and suitable 
appearing structures, a feature so desirable in cases 
where any considerable amount of building is to be done. 

For the benefit of the writer and others we 
would call attention to the latest specification 
for concrete blocks, that recently adopted by the 
National Association of Cement Users and pub- 
ished in its latest annual report. Information 
regarding this specification may be obtained 
from Mr. R. L. Humphrey, President, Harrison 
Eidg., Philadelphia.—Ed. ] 


— — — — 
Graduations on the Edges of Curves: A Convenience 
- for Draftsmen. 


Sir: It often happens in the design of machinery, ete., 
tat two similar curves, or outlines, must be drawn 
symmetrically about a given center line. The usual 
method of accomplishing this is by laying out the curve 
complete on one side of the center line and then draw- 
ing numerous straight lines at right angles to this center 
line and cutting the given curve. In this way points on 
the first curve are obtained which may be transferred to 
the other side of the center line with a pair of dividers. 


The second curve is then drawn to pass through these 
points. 

A somewhat easier and quicker method is illustrated 
by the accompanying sketches. The upper sketch rep- 
resents an ordinary irregular curve, the perimeter of 
which has been divided on both sides into equal spaces, 
in this case -in. spaces. The lower sketch illustrates 
the method of using a curve so divided. The curve on 
the left side was drawn first by using portions 18 to 124% 
and 31% to 35% of the irregular curve. The points C, 
D and E were then located and the second curve was 
drawn by using the same portions of this irregular curve 
in the order named. Thus only three points of the first 


Curve with Graduated Edges. 
(Graduations on both sides match.) 


Example of Application of Graduated Curve. 


curve were used for locating the second, and the curves 
are exact duplicates. 

In reproducing any curve the only points to be located 
are at each end of the curve and any intermediate points 
where different portions of the same curve or various ir- 
regular curves are joined. The divisions on the edge of 
the irregular curves need not be equal, but it is more 
convenient to have them equal. One of the advantages 
of a uniform graduation is that the length of any curve 
can be measured very easily. 

It is necessary, of course, that the graduations on the 
two faces of a single curve should match exactly. 

The writer has fitted his entire set of irregular curves 
with graduations as described. The different irregular 
curves in the set are lettered A, B, C, etc., the one 
shown in the sketch being curve K. The curved outline 
C D B in the lower sketch may then be designated as 
K 18-12%, K 31\%-35%; thus making a complete record 
of it, and providing for its easy reproduction at any 
time. 

A. L. Campbell. 

401 Ferdinand Ave., Detroit, Mich., July 31, 1908. 


FORCED LUBRICATION FOR LOCOMOTIVE JOURNAL 
BEARINGS. 


When run at high speeds and carrying heavy 
loads, the journals of locomotives often require 
a large amount of oil for lubrication. Attempts 
to economize in the oil consumption are rarely 
successful, as an insufficient supply will result 
in a hot bearing, with perhaps delay to the train 
or injury to the bearing. At a recent meeting of 
the British Institution of Mechanical Engineers 
at Bristol (England) Mr. T. Hurry Riches, Super- 
intendent of Motive Power of the Taff Vale Ry., 
described a system of forced lubrication which 
he and Mr. B. Reynolds had devised for the 
driving axle of one of the steam motor cars 
used by the road. The car (Eng. News, July 28, 
1904, and Oct. 5, 1905) has a steam truck and 
a trailing truck, and only one axle of the steam 
truck is driven by the engine. This truck has 
34-in. wheels and a wheelbase of 9% ft. 

The system of forced lubrication was adopted 
owing to a combination of small journals, heavy 
loads and high speeds. Its purpose is to effect 
an economy in oil consumption and to prevent 
hot bearings. With this in use, the machine has 
been run 180 miles with two pints of oll, which 


was a considerable improvement over the con- 
sumption when using ordinary lubrication. We 
quote a part of the paper as follows: 


When the car is loaded with its full complement of 
passengers the weight on the driving axle is 35,056 Ibs. 
The journals are 6 x 9½ ins. The pressure, taking two- 
thirds of the projected area of the brass as bearing 
area, is 466 Ibs. per sq. in. The journal makes prac- 
tically 300 r.p.m for a speed of 30 mi. per hr. With 
this pressure and high rubbing velocity an undue amount 
of oil was being used with the ordinary method of 
lubrication, while cases of the bearings running hot 
were not infrequent. 

To a cross-stay in front of the driving axle is fixed a 
small gun-metal tank of rectangular section. On the 
side of this tank next to the axle are fitted two small 
rotary pumps (right and left-handed). One is for for- 
ward running, and the other for backward running. 
These pumps are driven directly from the driving axle 
by means of a belt passing over a flanged pulley carried 
midway between the pumps. The pulley contains on 
each side of it a roller clutch, somewhat similar to a 
free-wheel arrangement, fixed to the driving spindle of 
the pumps. By these means the one belt drives either 
pump forward or backward, the other pump being free. 

When the car is in motion, oil is pumped from the 
tank and forced through a coiled copper pipe to the top 
of the axle-box. An oil channel 8½ ins. long, °®/:.¢-in. 
deep, is cut in the crown of the box, leaving a margin 
of metal at each side of the channel of %-in. flat. 
When the box is properly bedded to the journal, this is 
found to be quite sufficient to ensure that it shall be 
perfectly oil-tight at the pressures attained. 

After passing round the journal, the return oil is 
collected in the well of the axle-box. It is brought 
back to the tank by means of a flexible pipe, which 
allows for the rise and fall of the axle-box, care being 
taken that the reservoir into which the oil is returned 
is sufficiently below the well to drain it. At each side 
of the axle-box well a half-ring is fitted with bearing 
area about % in. wide. These half- rings are bedded well 
to the axles. They are supported upon a couple of 
small coil springs, which hold the rings up to the jour- 
nal with a fair pressure, and so prevent the escape of 
oil along the journal on the bottom side. 

The supply tank is so arranged that the return oil, 
after draining from the well, must pass through a filter 
before being again sent through the pump. The filters 
in the tank are removable, and are taken out and 
cleaned at the end of each day’s work. The oil is first 
drawn off through the stop plug, the thicker part of 
the oil, after straining, being then replaced by a small 
supply of fresh oil. 

The pumps when running fast (at a speed of 30 mi. 
per hr. they make 440 r.p.m.) deal with a greater quan- 
tity of oll than can be accommodated in the circuit at 
& pressure of 20 Ibs. per sq. in., above which it has not 
been found advisable to work. A relief valve is there- 
fore fitted to each pump, with an adjustable spring 
which enables the pressure at which each pump shall 
work to be regulated. The excess oil, when pumping, 
simply passes through the relief valve and back into 
the tank. A small pressure gage connected to each 
pump, and fixed in the cab, shows the pressure of the 
oil pumped on both forward and backward running. It 
also acts as an indicator should failure of either pump 
occur at any time. Should this happen, the ordinary 
system of lubrication can be applied by means of a 
lubricating box in the cab. This lubricating box is also 
necessary to enable oil to be put into the axle boxes 
after the car has been standing for a day or two, and 
so avoid starting with dry axle-boxes. 

To prevent the oil from the running pump flowing 
into the other pump and causing it to run backwards, 
a small ball valve is placed in the three-way piece 
leading from each pump to the circuit. The movement 
of the axle-boxes relatively to the tank and pumps was 
met in the first instance by trying different sorts of 
flexible piping. Ordinary coiled copper piping was 
adopted, finally, both on account of its comparative 
durability and of its accessibility at any time. 

The belt drive for the pumps gives a simple method 
of driving, and allows for a small relative motion of the 
axle and pulley. It is apt, however, soon to become 
saturated with oil, and then slipping occurs. An occa- 
sional application of one of the various belting mixtures 
greatly reduces this slipping. When equal relief valve 
springs were put in, it was noticed that the pressure 
indicated for forward and backward running varied con- 
siderably. This was probably due to the difference in 
the slip of the belt in each case. l 

— AU 

CLEANING WATER PIPES BY CONTRACT is pro- 
posed by the water-works department of the City of 
Cincinnati, O. Bids for the work will be received until 
Sept. 1. Mr. J. A. Hiller is Superintendent of Dis- 
tribution. Pipe cleaning is common enough abroad, but 
until recently very little has been done in this country. 
Most or all of the work which has been done of late 
has been carried out by contract, but so far as we 
know Cincinnati was the first city to publicly adver- 
tise for bids for such work. 
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PITTING OF THE GATES AND VANES OF HIGH-HEAD 
WATER TURBINES. 
By ROBERT E. HORTON.® 


The turbine water wheel under moderate heads 
and ordinary conditions gives less trouble and 
requires less repairs than any other form of 
prime mover. There are many turbines that 
have been in use 20 years or more with little or 
no repair, excepting perhaps replacement of the 
lignum-vitae step bearing. In some of the recent 
water power developments, where heads of 100 
ft. or more are used, certain turbine parts, 
notably the gates and runner vanes, have lasted 
from one to five years only. 


In cases the writer has observed, the exposed 
edges were destroyed by pitting, thus giving the 
metal a honeycomb appearance. Various theo- 
ries have been advanced to account for this rapid 
wear, and some engineers are very sure they 
have found the cause and the remedy for certain 
plants. As the conditions at different plants are 
not the same, it appears that the cause of wear 
may differ in different places. 

Without naming the plants, the conditions at 
three places where such trouble has been ex- 
perienced are given as follows: 

Plant No. 1: Head 265 ft.; outward-discharge 
or Fourneyron turbines, with outside cylinder 
gates. The original turbines were of Swiss de- 
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similar trouble is experienced at other mills on 
the same stream. 

Some of the suggested causes of the destruc- 
tion of the turbine parts in these and other 
plants where similar trouble has been experi- 
enced are as follows: 

(1) Attrition by suspended grit in water mov- 
ing under high pressure, thus forming a sort of 
“sand blast.“ 

(2) Defective castings having edges or spots 
full of minute blow holes. 

(3) Electrolysis by stray current from electric 
plants, or especially by “local action” where tur- 
bine parts are of different materials as bronze 
and iron and where the water contains sulphuric 
acid. 

(4) Chemical corrosion aided by dissolved acid 
and by the increased solvent power of water 
under pressure. 

(5) Chemically active gases (ozone, nascent 
hydrogen, carbonic or sulphuric acid) released 
from the water when escaping from the turbine. 
It is also conceivable that the water particles 
might be dissociated or broken into their con- 
stituents, yielding free oxygen and hydrogen as a 
result of extreme and sudden changes of pressure. 

(6) Defective design, resulting in the produc- 
tion of eddies and violent shock in the water 
at or near its exit. This would favor attrition 
if grit was present, and would also be a neces- 
sary counterpart of dis- 
sociation with the result- 
ing chemical action. 

It is evident that the 
above-named causes, act- 
ing singly or jointly as 
required, would all tend 
to produce effects similar 
to those observed. 

It seems certain, how- 
ever, that some of these 
causes either were not 
present or else were not 
sufficient to produce the 
effects noted. Pitting 
action has occurred where 
the castings were un- 
questionably sound, where 
there was no external 
evidence of stray cur- 


A FRAGMENT OF THE OUTSIDE CYLINDER GATE OF A HIGH- 
HEAD FOURNEYRON TURBINE SHOWING PITTING. 


Inner edge shown worn away. (B) 
Holes eaten through the coating (1 in. thick) about 3 ins. above lower edge. 


(A) Lower outer edge of cast-iron cylinder. 


sign with bronze runners and iron gates. The 
vanes and gates became pitted as shown in the 
accompanying figure. New bronze gates and 
runners were put in, but the trouble continued. 
Careful tests showed no electrolytic action be- 
tween gates and vanes. Later, new runners of 
modified design were substituted and no more 
trouble thus far has been experienced. The 
stream above the plant is somewhat flashy and 
flows in a sandy channel. The drainage basin is 
wooded and swampy. The water is soft, dark 
colored and carries much humic acid. A sulphite 
pulp mill a short distance above the power plant 
discharges waste sulphuric acid into the stream. 

Plant No. 2: Head 140 ft.; Fourneyron turbines 
of Swiss design, bronze vanes and iron cylindrical 
gate rings. The water is drawn from a large 
lake and is very pure and free from silt. In an 
adjacent newer plant under similar conditions, 
but with turbines of a different design, no trouble 
has been experienced thus far. 


Plant No. 3. The turbines were modified 
American stock patterns, operating under 28 and 
44 ft. heads. Some runners were of cast iron 
and others were of cast steel. The vanes be- 
came pitted over an area a few inches in diam- 
eter, starting on the convex side of the ladle- 
shaped outlet, and also near the lower rim band. 
The water was pure and free from grit. There 
were sulphite mills farther up stream, but tests 
showed that the amount of acid in the water 
was apparently insufficient to cause the trouble. 
Tests also failed to show any electrolytic action 
taking place between gates and vanes. No 
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rents or electrolysis, and 
where the water did 
not contain appreciable 
grit, or humic, sulphuric 
or other acid. Pitting 
is not altogether confined to high-head turbines, 
although the great cost and inconvenience of 
replacing the parts of such wheels makes it of 


special interest where high pressure turbines of 


special design are used. 

The writer has examined the worn-out run- 
ners of very many American stock-pattern tur- 
bines and has not run across an example of 
serious pitting having taken place under a lower 
head than that noted in case No. 3. Such cases 
are reported to have occurred, however, and are 
Benerally associated with turbines that gave low 
efficiency from the start, as was also true of 
some of the wheels previously described. 

There is some evidence, therefore, that pitting 
is in some way associated with eddies and shock 
near the bucket exits, and is consequently the 
result of poor design. 


——— — —— 


THE OPERATION OF THE HYDRAULIC DREDGE, ‘‘GEN- 
ERAL C. B. COMSTOCK;’’ GALVESTON HARBOR, 
TEX. | 


By EMILE LOW,* M. Am. Soc. C. E. 


In Engineering News for Aug. 8 and Nov. 7%, 
1895, were published two articles describing the 
hydraulic dredge, Gen. C. B. Comstock’ built 
for the United States Government for use of the 
Galveston Harbor, Tex. In the annual report of 
the Chief of Engineers of the U. S. Army for 
1907 is published a detailed statement of opera- 
tions of this dredge, from Sept. 26, 1895, to June 
30, 1907, which is of more than ordinary interest 
to civil engineers engaged in dredging work. 
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Those interested are referred to the articles in 
Engineering News mentioned above, but for the 
benefit of those who have not the time or oppor- 
tunity for a research there is included here a 
short description of the dredge. 

The dredge was built under a contract with 
the Bucyrus Steam Shovel & Dredge Co., of 
South Milwaukee, Wis., dated Oct. 6, 1894. The 
vessel was delivered at Galveston, Tex., on Aug. 
31, 1895. The hull, which is built of wood, cop- 
pered below the load line, was built at Perth 
Amboy, N. J., by Hugh Ramsay. It is 177.0 ft. 
long over all, 35.5 ft. beam, and 16.0 ft. depth of 
hold. The main engine is aft, and forward 
thereof, in order come the boilers, the pumping 
engines, the after hopper, a compartment con- 
taining water tanks, and the forward hopper. 
The hoppers do not extend to the ship sides, but 
are contained between longitudinal bulkheads, 
with a slope favorable to rapid dumping. Twelve 
valves are located in the bottom of the hoppers. 
Each valve is hinged on the side next the keel 
and gives an opening 2 ft. 10 in. x 3 ft. 2 in. 
These valves are controlled by hand from above 
deck. The contents of the hoppers is a little 
over 600 cu. yds. The overflow is about 33 ins. 
above the deck, upon which the water falls, to 
be conducted overboard through the scuppers. 


The propelling engine is a fore and aft com- 
pound 20-in. and 36-in. diameter by 26-in. stroke. 
It was built by the Neafit & Levy Ship & Engine 
Building Co., of Philadelphia, Pa. There are two 
marine boilers, each 10 ft. in diam. by 11 ft. 6 ins. 
long. The working pressure is 90 to 100 Ibs. 
The dredging machinery consists of two of the 
Bucyrus Steam Shovel & Dredge Co.’s improved 
centrifugal dredging pumps, having 15-in. suc- 
tions and discharges. Each pump is driven by 
a directly connected compound condensing en- 
gine, having cylinders 12-in. and 22-in. by 14-in. 
stroke. 


Each of the two suction pipes is 50 ft. long. 
At the upper end is a cast-steel swivel elbow, 
connected with the upper stiff joint of the suc- 
tion pipe by two hinge arms embracing a flexible 
rubber section. A second rubber section is in- 
troduced at a distance of 25 ft. above the drag. 
Two styles of drag have been used. Those fur- 
nished with the boat are similar in design to 
the drag used on the “Charleston” at Charleston 
Harbor, S. C., except that on the Gen. C. B. 
Comstock” the relief valves are atthetopof the 
drag. Two drags have recently been purchased 
that are of the style used on the “Gedney” (see 
Engineering News, April 23, 1908). Only one of 
the latter has so far been put in use. Thus far 
the indications are that the Edwards’ drag (sim 
ilar to those on the “Gedney’’) is superior in 
sand and the Bucyrus drag in mud and clay. 
Each suction pipe is raised and lowered by a 
steam crane, with wire-rope hoisting tackle. 
Vacuum gages, connected with the suctions, are 
located conveniently to the winch man, for the 
purpose of indicating to the latter the state of 
pressure at the bottom of the drag and in the 
suction pipes. The contract price for the dredge 
was $86,000. Under the terms of the contract 
the dredge was to stand a 10-days’ trial before 
final acceptance by the U. S. Government. This 
trial was completed Sept. 25, 1895, and the vessel 
was accepted. Since that time the dredge has 
been continually employed in dredging when the 
state of weather would permit, except such time 
as was required for making repairs. 


DREDGING IN GALVESTON HARBOR. 


Galveston Harbor embraces an anchorage area 
of over 1,960 acres. It is land locked by Galves— 
ton Island, Pelican Island, the shoals in the bay 
and Bolivar Peninsula, thereby affording vessels 
excellent shelter from storms. Waterways connect 
it with Houston and with Brazos River. The 
entrance to the harbor, between Galveston Island 
and Bolivar Peninsula, was originally obstructed 
by a sand bar on which the depth of water was 
but 12 ft., a second bar, having a depth on it of 
13 ft., existed at the entrance to Galveston 
Channel, along which the city’s water front ex- 
tends with its systems of wharves. 

The project for improving this harbor wag 
adopted in 1874, modified in 1880, and again in 
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1885, the object being to deepen the channel at 
the entrance so as to permit ocean vessels of 
the deepest craft to enter the harbor. 

The projects of 1874 and 1880 contemplated 
the construction of two jetties extending into 
the Gulf of Mexico, so as to concentrate the ebb 
flow of the tide upon the outer bar and thus 
gradually wear it away. More or less work was 
done under these projects. 

The project of 1886, also provided for the con- 
struction of two jetties extending into the Gulf, 
one, the south jetty, starting from the east end 
of Galveston Island and following the line of 
the jetty previously constructed, and the otber 
‘he north jettty, starting from Bolivar Point. 
In ISSS it was decided to connect the inner end 
of the south jetty with a relatively high ground 
on which the city of Galveston was built by a 
stone dike, known as the shore branch. The jet- 
ties are built of rip-rap covered by granite 
blocks and are carried to an elevation of 5 ft. 
above mean low tide, extending to the 30-ft. con- 
tour in the Gulf, their sea ends being 7,000 ft. 
apart. 

To remove the shoaling that takes place in 
the improved channel, the U. S. Government 
maintains here the “Gen. C. B. Comstock,” the 
dredge which is the subject of this article. 
Borings made in Nov., 1895, developed the fact 
that an irregular layer of clay from 4 to 10 ft. 
or more thick was partially exposed in 22 to 24 
ft. of water between the jetties. In places this 
clay is largely mixed with sand and shell. When 
the dredge was first put to work (Sept. 9, 1895,) 
considerable anxiety was felt as to its ability to 
dredge the stiff clay that occurred in places. It 
was found, however, that if given way enough 
and the pumps worked up to 225 revs. per min. 
the clay comes up in lumps as large as 6 or Cin. 
cubes, that the bins are filled quicker than when 
sand is dredged, and that there is no trouble 
whatever in dumping. The makers of the pumps 
advised a speed of 185 revs. per min. Experience 
has shown, however, that the “rate per minute” 
has been increased more than 50% by increasing 
to 225 revs. per min., and the latter speed is now 
maintained at all times in sand as well as clay. 
The extreme fineness of the Galveston sand 
and the hard compact surface which it presents 
to the drag makes it, relatively to the sand at 
Charleston and Pensacola bars, difficult to raise 
Tapid'y and difficult to hold in the bins. Experi- 
ment shows that when allowed to fall through a 
salt water column seven inches in height the 
average velocity of the Galveston sand particles 
is 0.67-in. per sec. as compared with 2.26-in. per 
sec, for sand from Pensacola, and 1.17-in. per 
sec. for sand from Charleston Bar. Experiment 
has shown that the ratio of the sand going over- 
board with the discharge to the sand held in the 
bins is as 2.8 to 5. 


COST DATA.—-The following tables show the 
serations of this dredge from Sept., 1895, to 
June, 1907: 

During most of the time since the work was 
started the dredge was worked twelve hours each 
day with a single crew consisting of: 


Per Per 

month. month 

l captain 2... 0. cece $125 2 oilers, each ...... $45 
WTAE oo sch 2% enews 90 4 firemen, each sie 40 
CCC 60 2 winchmen, each Ep 40 
l feersman ....... 75 1 watchman........ 30 
l carpentenr 70 4 seamen, each .... 35 
recorder 40 1e oK tia He eee 50 
engineer 120 1 cabin boy ....... 20 
Ener 80 1 cabin boy ....... 15 
engineer 60 1 laundress ........ 10 


Since the dredge was put in commission the 
sum of $65,037.67 has been spent for ordinary and 
LI. 774.16 for extraordinary repairs. Those 
charges for the fiscal year 1898, were on account 
of the dredge becoming unseaworthy, and being 
rut on the marine ways to receive a general 
wverhauling and a renewal of worn out machin- 
‘ry. During the fiscal year 1899 her capacity 
and efficiency were greatly increased by provid- 
ing arrangements to use her as a stationary 
dredge to pump material through a line of pipe 
and delivering materials on the banks over jet- 
les, breakwaters and bulkheads. This new use 
is in addition to her former use as a seagoing 
dredge. During the hurricane of Sept., 1900, 


the dredge was stranded on Pelican Flats, where 
she remained until Nov. 2, 1900, when she was 
floated. The cost of this floating was $21,000 
owing to the injuries sustained during the hurri- 
cane, the dredge had to be thoroughly over- 
hauled the following year. 

During the year 1903 an oil-burning apparatus 
was installed. The total cost of the change from 
coal to oil was $2,805, and has resulted in quite 
a saving, as shown by the following figures: 

Cost of 1 ton of steam coal (single crew.) 


(1) Average cost per ton $5.50 
(2) -Loading coal acc .30 
(3) Extra “StOKGrs sie gies es kcw sca Woe wet es ates OF 
(4) Crew’s salary while coaling...........c.cc00. 1.02 
Gal! 8 o $6.89 
Cost of 1 ton of steam ooal (double crew.) 
(1) Average cost per ton $5.50 
r,, y we eee eee eS 30 
(3) Extra stokerS sen wba eae Se wae es 03 
(4) Crew’s salary while coalinnggg 1.57 
lll ⁵ y ĩð Wees cases $7.40 
Coal 1 year, December, 1900, to November, 1901. 
1,170 tons at “SG89 6 ðͤdd y $8,061.30 
Material dredged, cubic yards 026,910 
Cost for coal per cu. x oe. 50.0153 
Oil 1 year; January, 1903, to December, 1903. 
7,814 bbls. at 50. 881i. $6,886.20 
Material dredged, cu. „dd 592,089 
Cost for coal per cu. yd....... cc ccencceccces . $0. 01162 


On June 1, 1904, the dredge was a on a 
double-crew system, as follows: Crew increased 
to 40 men, work starting at 4 a. m. and finish- 
ing at 8 p. m., the dredge going to anchor every 
evening in Bolivar Roads, with the exception of 
Saturday and Sunday nights, when she is 
berthed at pier to receive supplies. 

On July 1, 1906, the dredge was laid up for 
repairs, but owing to the breakdown of the Gal- 
veston Marine Ways, she had to proceed to New 
Orleans to be dry docked. A thorough overhaul- 
ing of hull and machinery was entered upon, in- 
cluding the stripping of hull of old copper, calk- 
ing and resheathing with new copper, new drags 
and suction pipes, new boiler furnaces, extra oil 
and water tanks, new tail shaft, and direct-con- 
nected generator, etc., at a total cost of $25,- 
983.62. The dredge returned to Galveston and 
was in commission by the 18th of Oct., 1906. 

There follows a detailed statement of operations 
of the dredge from Sept. 26, 1895, to June 30, 
1907. 


COST. 
Contract price of dredge......... $86,000.00 
Fittings, suction pipe, drags, etc.. 8,629.84 
GAM... oe Nid ewes ares eheleciatic 1,534.55 
Improvement to plant. 28,692.29 
Improvement to hull.........ee0e 20,999.51 
Pen! acien $145,856.19 
OPERATION EXPENSE AND REPAIRS. 
Ordinary repairs ......... e $65,037.67 
Extraordinary repairs .......... 104,774.16 
Pay TOS ses eek ws ee as e 189,775.30 
Ff Z eee ais 84,151.06 
Engine-room supplies 13,606. 32 
Subs ende e eos eS 49,850.61 
Miscellaneous .... cee csscccccvcces 18,231.38 
C 5525, 426.50 —.m iò: 
Grand total k ae 30, 1907....... .. 4671, 282. 69 


TABLE OF MATERIAL DREDGED FOR EACH YEAR 
AND COST OF DREDGING. 


Per cu. yd 
oes 

Oper- 
; ating Total 
Cubic Opera Img Total cost. cost. 
Year. Loads. yards. cost. cost. cents. cents. 
1896 774 419,748 $26,947.82 $31,061.35 6.42 7.40 
1897 1.464 806,646 43,218.31 58,143.02 5.35 7.21 
1898 1.014 562,976 27,929.33 44, 107.51 4.96 7.80 
1899 899 500,702 31,129.86 44,712,08 6.22 8.90 
1900 301 845,791 29,346.22 33,307.09 4.43 5.03 
1901a 807 442,822 33,093.44 60,366.97 7.47 13.65 
1902b 336 181,485 14,376.16 44,508.09 7.90 24.50 
1903 1,118 613,067 31,367.36 34,522.76 5.10 5.60 
1904 1,228 674,497 26,974.65 39,894.67 4.00 5.90 
1905 1,999 1,091,640 37,561.25 51,663.76 3.40 4.70 
1906 2,494 1,303,865 43,114.36 57,111.61 3.30 4.40 
19070 1.989 1,104,407 47,297.01 77,253.94 4.28 7.00 
14,323 8,547,646 $392,355.77 5576, 652.8889. 


Includes $21,000 cost of floating dredge which stranded 
on Pelican Flat during the hurricane of Sept. 8, 1900. 

bExtraordinary repairs occasioned by severe huricane 
of Sept. 8, 1900, $27,082 expended. 

‘Extraordinary repairs, occasioned by continual service 
since 1902. 


From 1896 to 1905, inclusive, 10% of cost of 
dredge was included each year in obtaining the 
figures of the last column. 

No allowance since 1905 for depreciation has 
been made. 

The following is a detailed statement of the 
operation of the dredge for the fiscal year, ending 
June 30, 1907. 


TABLE SHOWING ITEMIZED UNIT COSTS. 


Money Cost per cu. yd. 
expended. cents. 
/ · A . . $19,230.29 1.74 
Fuel for boiler (oilß dd. 17,611.57 1.60 
Fuel for gallery............. 250.00 0.02 
Jͤ ⁰ eats 285.22 0.02 
Supplies, subsistence ........ 4,647.49 0.42 
Supplies, engine room 1,115.54 0.10 
Other suppliss - 1,962.66 0.18 
Ordinary repairs ............ 1,198.27 0.11 
Laundry, ice, miscellaneous... 734.64 0.07 
Fer %⅛ðâ2ĩ vans aSa 262.33 0.02 
Extraordinary repairs, altera- 
tions and additions to dredge 29,956.03 2,71 
Total expended............ $77,253.94 6.99 
DISTRIBUTION OF EFFECTIVE WORKING TIME. 
Hrs. Min. 
Fump ins c S 2, 530—08 
PIII; ⅛ ͤ Se oe wees 189—447 
Going to and from dum 6056—44 
Going to and from wharf or from anchorage to 
cut sesers „ 6 „„ „„%„%/%)ö5k „ „„ „ „% „%%% „%% „„ „% „ % „% „% „60 2 62 „ „ 6 „6 o 72—30 
Total effective working time 3,449 —09 
DISTRIBUTION OF TIME BOST WHILE IN COMMIS- 
ON. 
Hrs. Min. 
Taking fuel and water eos T1—07 
Bad weather 35.65.56 ows een chee aaa 8 287—10 
Washing boilcrs and ordinary repairs...... 241—37 
Extraordinary repairr s - 56—30 
Sundays and holidays . 9836—00 
Other eauses taschawewe N 412—27 
Total time lost while in commission. 2,0051 
DISTRIBUTION OF TIME LOST WHILE OUT OF COM- 
MISSION. 

Hrs. Min 
Extraordinary repair s . . 1.332—0 
Ollert ³ ]ðĩiö d Reena 408—0 

Total time lost while out of commission. 1. 830—0 
Total time accounted for T,284—0 


The above data were obtained from reports of 
Lieut. (now Major) Wiliam V. Judson and Cap- 
tain John C. Oakes, Corps of Engineers, U. S. 
Army, and Mr. E. M. Hartrick, Assistant Engi- 
neer, and Mr. G. M. Prendergast, Master. 


— .. a (— 


NOTES FROM ENGINEERING SCHOOLS. 


MASSACHUSETTS INSTITUTE OF TECH- 
NOLOGY.—This institution announces that grad- 
uate courses in electrical engineering will be 
given, beginning with the next college year, lead- 
ing to the degree of Master of Science, Doctor of 
Philosophy and Doctor of Engineering. The ad- 
vanced work leading to either doctor’s degree, it 
is announced, will probably follow, as major 
subjects, the organization and administration of 
public—utilities companies or advanced alternat- 
ing currents. The time required for securing the 
doctor’s degree is not definitely announced, but 
may be inferred from the announcement as two 
or three years, according to the ability or inclin- 
ation of the student. 

ee 
A 1,000-VOLT NARROW-GAGE RAILWAY is pro- 


jected in Switzerland, to connect the villages of Tamins, 
Trins, Mulins and Flims with the railway station Reiche- 


nau, in the upper Rhine valley, a distance of about cight 


miles. The difference of elevation between the two 
termini is nearly 1,500 ft. The maximum gradients as 
located are 5% and the sharpest curves about 22°; the 
gage is to be 1 meter. The roadbed and track are esti- 
mated to cost about $250,000, the electrical equipment, 
etc., about $150,000. 

— . — — 

THE NEW CHICAGO TERMINAL STATION of the 
Chicago & Northwestern Ry. (which was noted in our 
issue of Aug. 13) will have a trainshed 840 x 320 ft. It 
will cover 16 tracks, each long enough for a train of 15 
cars. The roof of the trainshed will be low, as at the 
Hoboken terminal of the Delaware, Lackawanna & West- 
ern Ry. (Eng. News, Sept. 20, 1906). It will be of 
reinforced concrete, with steel columns and girders, and 
will have a longitudinal opening over the middle of each 
track so as to carry off the smoke and gases from the 
locomotives. Skylights of wired-glass will be fitted over 
the platforms. The station will be approached by four 
main tracks on an elevated structure independent of the 
line into the present terminal. The general features of 
the new terminal and its approach were described in our 
issue of Oct. 18, 1906. 

— . —— 

A RECORD COKE PRODUCTION is reported for 1907 
in press bulletin No. 345 of the U. S. Geological Survey, 
as follows: 

The total production of coke in the United States in 
1907 amounted to 40,770,564 short tons, valued at $111,- 
539,126, a total that passes all previous records in the 
history of coke making in this country, being nearly 
double the output of 1900 and more than three times that 
of 1897. The increase over the production of 1906 was 
4,378,347 short tons, or 12.02%, in quantity, and $19,- 


931, 002, or 21.76% in value. The average price per ton 
at the ‘ovens—$2. 74—is greater by 22 cts. than the 1906 
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average and is the highest reported in the twenty-eight 
years during which statistics of coke production have 
been compiled by the United States Geological Survey, 
exceeding by 11 cts. the tormer maximum rate (obtained 
in 1873). The amount of coal consumed in the manu- 
facture of coke in 1907 was 61,946,109 short tons, valued 
at $72,754,851. 

The relative production of bee-hive and retort, or by- 
product, ovens is given in the following table: 


4 
Beehive Ovens: 1907. 
Tons Proauetf ons 35,171,665 
Per cent. total production 86.25 
Tons increase over WUD... . 3,828,575 
Retort Ovens: 
Tons production nnn 5,607,899 
Per cent. total production. 13.75 
Tons increase over 1900... 1,019,772 


From this it appears that 23.95% of the total increase 
in 1907 was in the output of by-product ovens. 

— — — 

TO DECREASE RISKS OF COAL MINING is the 
object of investigations which are being initiated by the 
Technologic Branch of the U. S. Geological Survey. An 
explosion expcriment station is being equipped at Pitts- 
burg, Pa., under Mr. J. C. Robcrts, of the Survey; it 
will be ready for work by October, but prcliminary ex- 
periments with explosives in cylinders will be begun in 
a few weeks. At the same time the methods employed 
in European mines, both in safeguarding life and in 
minimizing waste and loss of coal, are to be studied by 
Mr. G. S. Rice, who has been sent abroad for the 
purpose. 

The direct assistance of European experience has been 
enlisted by inviting the English, Belgian and German 
governments to send to this country their experts in mine 
supervision for the purpose of inspecting our coal mines 
and advising as to methods of improving their operation. 
The governments named have courtcously acceded to 
this request. Captain Desborough, inspector of explo- 
sives in the British Home Office: Mr. Meissner, of the 
German Mine Service, aud Mr. Watteyne, of the Belgian 
Administration of Mines, will come here in the course 
of the present month for the purpose. In company of 
experts of the Survey they will go on a tour of inspec- 
tion of coal mines in Pennsylvania, IIIInols, Wyoming, 
Colorado, Alabama, West Virginia and Oklahoma. As 
the government supervision of minis and investigation of 
coal mine problems, in the European countries repre- 
sented by the visiting experts, has resulted in a remark- 
able reduction of loss of life in the min.s, it is reasonable 
to expect that similar good results will be attained in our 
mines. 

These investigations may be regarded as the direct 
outcome of the appalling coal mine disastcrs which oc- 
curred during the past year. In the two greatcst of 
these, the Monongah and Darr mine explosions, a total 
of about 600 lives was lost. 

— . — 

THE RECOVERY OF GREASE AND FERTILIZER 
from sewage sludge has been the subject of experiments 
carried out at the sewage works of Oldham, England, 
by Dr. J. Grossman, the inventor of the process tried. 
According to London ‘‘Engineering’’ of recent date: 

The sewage from the main sewer, freed of its coarse 
suspended matter, passes into settling tanks, where the 
solids sink to the bottom. After a period of rest the 
liquid is drawn off and the sediment, containing about 
90% of water, is passed through presses by which a large 
amount of the liquid is squeezed out. The remaining 
sludge will only contain perhaps 50% of water. Dr. 
Grossmann takes this portion and, after adding to it cer- 
tain chemicals, places it in a special retort in which it is 
subjected to distillation by superheated steam. It is 
claimed that by this treatment the steam carries off the 
grease from the sludge, and passing into cooling towers 
deposits the fatty matter on the water in the form of 
flakes. In the retort a residuum of fine black dry powder 
is left, which is odorless and is claimed to be rich in 
nitrogen. 

We understand that the quantity of grease obtainable 
from the pressed sludge is more than 5%, and the yield 
of dry residue in the retort amounts to from 7 to 8 cwt. 
per [long] ton of pressed sludge [500 to 900 Ibs. per long 
ton]. Owing to its being rich in nitrogen the residue 
will, it is claimed, prove a valuable manure, especially 
if mixed with phosphates. With regard to the financial 
side of the process, Dr. Grossmann estimates the value 
of the grease at between £7 10s. and £10 (S37 to $49) per 
[long] ton, while the residue is said to be saleable at 
6s. 3d. ($1.50) per [long] ton. The cost of the process 
carried on continuously is said to be about 58. ($1.20) 
per [long] ton of pressed sludge, so that on the above 
figures the treatment shows a considerable margin of 
profit. The Oldham Health Committee are said to be 


more than satisfied with the experimental operations so 
far carried out. 


—— . — 


EXPERIMENTAL DAMS AT GATUN.—A second ex- 
perimental dam is being constructed at Gatun in the 
large tank, in which the first dam was made, and on the 
same scale, 1 to 12. In the first dam the material was 
pumped in from the downstream toe, the result being 
that the very fine particles of earthy material, which 
are most impervious to water, were deposited along the 
upstream face. A head of water 85 ins. deep in the ex- 
perimental dam, representing Sh ft. in actual depth, was 
applied to the upstream face of this dam May 14, and the 
experiments were continued until a constant rate of 
secpage had been maintained for a week. All the in- 
formation needed from the first dam has been procured, 
and the results are satisfactory beyond expectation. 

The material is sandy clay, a deposit of which was 


found on the Chagres River, in an area distant from the 
axis of the Gatun dam from three-quarters of a mile to 
a mile and a half, and in quantity sufficient to construct 
the Gatun dam. In the construction of the first experi- 
mental dam, much of the finer impervious material was 
lost in the water that drained off, and yet the deposit 
on the upstream face was very water-tight. The re- 
mainder of the material arranged itself in such a way 
that, although offering great resistance tu percolation, any 
water which penetrated the upstream face drained off 
readily, and the line of saturation was kept very low. 
At grade &5, which corresponds to the propused height 
of the water in Gatun Lake, the water was held a week. 
As some question might arise in the lay mind whether 
the action of the water against a dam one-twelfth of the 
size of the proposed dam would be the same as in the 
case of the big dam, the level of the water was dropped 
to grade 45 and held there for a week. The results of 
these experiments indicate that the relations between 
water at grade 85 and grade 45 are very similar. 

In the new dam the material will be pumped into the 
tank from both downstream and upstream faces, in order 
that more of the fine material may be deposited, as an 
impervious core, in the center of the dam. 

The test pit on Gatun Island, June 11, was 57 ft. 
deep, and was still in impervious clay. On the same date 
the test pit in the spillway at Gatun was 56 ft. deep, and 
the material being encountered was hard, brown con- 
glomerate.—(Canal Record, July 22, 1908.) 

— . — 

BONE COAL IN GAS PRODUCERS.— By permission 
of the Director of the U. S. Geological Survey, an 
advance report of results of a test on the behavior of 
West Virginia bone coal in the gas producer has been 
made public. This coal was formerly considered of 
little value as fuel, as it had given poor success under 
steam boilers. 

The coal was delivered on the producer platform in 
lumps up to 8 or 10 ins. in size. Some of the lumps 
consisted almost entirely of what appeared to be a 
high-grade bituminous coal; others seemed to be noth- 
ing more or less than heavy, hard rock, and when hit 
with a hammer gave off sparks. There were many 
lumps of this rock-like substance to which adhered 
much good coal. It was necessary to break up the 
larger lumps in order to fire the coal into the pro- 
ducer and better results might have been attained 
had a crusher been available. On the fuel bed all 
the rock-like lumps, when not too large, burned en- 
tirely through. There was no tendency to clinker or 
coke, the bed needing but slight poking. This bone 
coal contained about 45% ash, which caused the ash 
bed to increase in thickness very rapidly, and as 
throughout the test this fact was not properly appre- 
ciated, consequently much of the time the esh bed 
was too high for best results. The large hard lumps, 
very high in ash, did not burn entirely through, for 
as soon as the burning was well started a layer of 
ash formed around the lump, interfering with the 
combustion of the interior portion. Before the lump 
had time to burn it passed out unconsumed with the 
ashes. 

Because of the general appearance of the coal, little 
was expected of it, and the test was started with only 
partial load. After several hours’ run, however, the 
results warranted full load on the engine. After 39 
hours of. full load the accumulation of ash in the 
producer caused a little trouble: the gas went down in 
heat value, and it was necessary to reduce the load to 
about 9% of full load. After much grinding down of 
the ash bed and special care in breaking up the lumpy 
coal, the gas began to increase in heat value, and at 
the end of the test the producer was again in shape 
to maintain full load at the engine. The calculations 
for the test are based on the 50 hours taken from the 
time full load was carried by the engine, and for this 
period the gas averaged 144 B. T. U. per cu. ft., with 
an average of 97% full load. The following is the 
result of the test: 


Proximate Analysis, West Virginia Bone Coal: 


rr ⁰y E Woe bao dee 47 
Volatile Matteeũrrõrururnrr we w bare 8.83 
Fixed Carbon e . . . 46.96 
P1111 ²ͥ q 8 . ⁊::⁊ 43.74 
100.00 
Sulphur ........... S a areas Lateral . . ꝗ 0.27 
Composition of Gas by Volume: 
Carbon Dioxide (COza:ᷣvv:r:: . . . . 9.7 
Carbon Monoxide (COO. - 19.5 
Hydrogen M 88 . 16.6 
Methane (CH.) 6 „ „ „„ „ 6 „„ „„ „% „„ „%„% „„ „ „ „ „% 4 2 2 2 „5 „ 6 „6 6 0 1.6 
Nitrogen (N2) eck a4 - ĩðͤ v aoe ww ado . 52.6 
100.00 
Duration of test, hours <n 
Coal consumed in producer, as fired; Ibs. per 
ROUE | V8 e 
B. T. U. of coal as flr ed ꝝ 8,566 
Standard gas per Ib. of coal consumed in pro- 
ducere (f..; ðy d dew tha ee ee bee ..... 44.1 
Efficiency of conversion and cleaning gas...... . 74.1 
B. HP. developed at engines N ahaa . 228.8 
Coal per B. HP.-hr. developed at engine, Ibs... 1.65 


*Based on an assumed efficiency of 85% for generator 
and belt. 


` noted in this column, will be held Sept. 29-Oct. 3, 


PERSONALS. 
Mr. W. N. Haas, Manager of the Haas Engineering 
Co., formerly an assistant engineer on the subway and 


elevated railway construction of the Philadelphia Rapid 
Transit Co., has opened a civil and mechanical engi- 
neering office in the Bulletin Building, Philadelphia, Pa. 


Mr. Hugh L. Cooper, M. Am. Soc. C. E., and Mr. W. 
V. N. Powelson, Assoc. Am. Inst. E. E., have formed the 
corporation of Cooper & Powelson, consulting hydraulic 
and electric engineers, 60 Wall St., New York City. Mr. 
Powelson will discontinue his connection as President, 
General Manager and Treasurer of the Union Electric 
Light & Power Co., of St. Louis. 


Obituary. 

Charles E. Higbee, builder of 49 tunnels, was killed 
Aug. 11 by a broken guy wire at Shoshone, Colo., a 
camp of the Central Colorado Power Co., twelve miles 
east of Glenwood Springs. 


George W. Harrah, a retired civil engineer, died Aug. 
13 at Havana, Cuba. He was born in Philadelphia, Pa., 
in 1838, and received his early education in that city. 
He completed his education in Switzerland and was after- 
ward engaged in engineering work in London and in 
several European countries. He retired from active 
business ten years ago because of ill health. 


John Scott, prominent in railway affairs, died of cancer 
Aug. 11 at the age of 61 years, at his home in Tomp- 
kinsville, Staten Island (New York City). Mr. Scott 
came to this country from England in 1880 and from 
that time until 1886 acted as President of the Alabama & 
Southern R. R. In 1890 he became President of the 
Colorado Midland Ry. Co., and, returning to New York 
two years later, he acted as a consulting expert in rail- 
way matters. As President of the Augusta Construction 
Co. in 1906, he was concerned in the building of 216 
miles of road through Georgia and Florida. 

— . — — 


ENGINEERING SOCIETIES. 


COMING MEETINGS. 


THE TRAVELING ENGINEERS’ ASSOCIATION. 

Aug. 25. Annual convention at Detroit, Mich. Secy., 
W. O. Thompson, New York Central Shops, East 
Buffalo, N. Y. 


NEW ENGLAND WATDR-WORKS ASSOCIATION. 
Sept. 23-25. Annual convention at Atlantic City, N. J. 
Sef Willard Kent, 715 Tremont Temple, Boston, 
ass. 


AMERICAN INSTITUTE OF MINING ENGINEERS. 
Sept. 29. Annual meeting at Birmingham, Ala. Secy., 
R. W. Raymond, 29 West 39th St., New York City. 


LEAGUE OF AMERICAN MUNICIPALITIES. 
Sept. 30-Oct. 2. Annual convention at Omaha, Neb. 
Secy., John MacVicar, Des Moines, Iowa. 


ILLUMINATING ENGINEERING SOCIETY. 
Oct. 6-7. Annual convention at Philadelphia, Pa. 
Secy., Van Renselaer Lansingh, Engineering Socie- 
ties’ Building, 33 West 39th St., New York City. 


AMERICAN STREET AND INTERURBAN RAILWAY 
ASSOCIATION. 
Oct. 12-16. Annual convention at Atlantic City, N. J. 
Secy., B. V. Swenson, 29 West 39th St., New York 
City. 


RAILWAY SIGNAL ASSOCIATION. 
Oct. 13-15. Annual meeting at Washington, D. C. 
Secy., C. C. Rosenberg, 12 North Linden St., Beth- 
lehem, Pa. 


ASSOCIATION OF RAILWAY SUPERINTENDENTS OF 
BRIDGES AND BUILDINGS. 

Oct. 20-22. Annual convention at Washington, D. C. 

Secy., R. H. Reid, Lake Shore & Mich. Southern Ry., 

Cleveland, Ohio. 


AMERICAN ELECTROCHEMICAL SOCIETY. 
Oct. 30-31. Fall meeting at New York City. 
Dr. J. W. Richards, Bethlehem, Pa. 


ASSOCIATION OF EDISON ILLUMINATING COM- 
PANIES.—The annual convention will be held Sept. 
15-17, at Lenox, Mass. 


AMERICAN SOCIETY OF MUNICIPAL IMPROVE- 
MENTS.—The annual meeting will be held Oct. 20-23, 
at Atlantic City, N. J. 


NATIONAL IRRIGATION CONGRESS.—In connection 
with the sixteenth annual session, which, as previously 
in 
there will be an International 
Industrial Exposition of Irrigated Farm and Forcst 
Products, together with exhibits of other industries 
and resources of this country. 


CANADIAN INDEPENDENT TELEPHONE ASSOCIA- 
TION.—The third annual convention will be held Sept. 
9, at Toronto, Canada. There will be an exhibition of 
telephone equipment and supplies. Among the topics for 
discussion are the following: ‘‘Independent Telephones at 
Railway Stations”; Organizations of Rural Companies”; 
Telephone Rates“; Exclusive Franchises and Govern- 
ment Regulation.” 


INTERNATIONAL CONGRESS OF REFRIGERATING 
INDUSTRIES.—The general committee has announced 
that the date of the congress, which is to be held this 
fall in Paris, France, has been postponed and is now 
definitely fixed at Oct. 5-10. The congress will be held 
at the Sorbonne. The French committee has expressed a 
willingness to set apart a special room for an American 
exhibit of models of refrigerating machinery. Mr. J. 
F. Nickerson, 315 Dearborn St., Chicago, is the secretary 
of the American committee. 


Secy., 


Albuquerque, N. Mex., 
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CONSERVATORY BUILDINGS OF STEEL CONSTRUCTION 
IN GARFIELD PARK, CHICAGO. 


One of the most important improvements made 
recently by the West Park Commission, of Chi- 
cago, is the construction of a large group of con- 
servatory buildings in Garfield Park. These are 
of steel frame construction and present some 
interesting features of structural steel work. 
The palm house, 85 x 250 ft., forms the main 
front, and has an ornamental entrance. From 
the rear of this extend two side buildings 50 x 
132 ft. These connect with corner buildings 65 x 
$6 ft, which are connected by another building 
50 x 97% ft. These buildings form a hollow 
square, and the enclosed space is roofed over to 
form a central building 112% x 150 ft. Fig. 1 
is a view of the palm 
house, with the uncom- 
pleted entrance lobby 
enclosed to protect the 
plaster from freezing. 

It was necessary to con- 
sider appearance as well 
as strength in the struc- 
tural design, and owing 
to the varying curvature 
of the roofs of the dif- 
ferent buildings, the con- 
nections of these build- 
ings involved some 
rather complicated .work. 
All the buildings forming 
the square have curved 
roofs, the design varying 
with the height and 
width, and with the spe- 
cial purposes for which 
the several buildings are 
designed. The central 
building has a sloping 
roof, The calculations 
and proportioning are based upon a dead load of 
10 Ibs. per sq. ft., and a wind pressure of 15 lbs. 
ber sq. ft. 

The main members of the palm house are 
arched ribs forming both the side columns and 
‘he roof trusses. These are spaced 12 ft. 6 ins. 
“toc, and between them are latticed purlins 
which carry the wooden glazing bars. The upper 
mrt of the rib has a slope, and is connected to 
the vertical side portion by a wide curve. Fig. 
-is a cross section of this building, and shows 
de stresses in the members. The main ribs are 
ins. deep over the chords, which are composed 
of four flange angles 3% x 5 ins. The web mem- 
ers are angles 24% x 2% ins., riveted to the 5-in. 
“gs of the chord angles. Fig. 3 shows the de- 
‘ails of this construction. In some of the ribs, 
however, the flange angles are only 2 x 2% ins., 
with connection plates riveted between them for 
de attachment of the web members. This lat- 
‘er construction is used in the ribs of the two 


ett. corner buildings, and is shown also in 


Fig. 5. 

The side buildings are only 30 ft. high at the 
center. Their ribs have four chord angles, with 
2 6-in. plate in the top chord. The chords are 


FIG. 1. PALM HOUSE IN THE GROUP OF CONSERVATORY 


not parallel. The lower chord has an elliptical 
curve, while the top chord forms a peak or ridge. 
At the sides the chords are brought close to- 
gether, and form posts of H section, with a web 
plate between the vertical angles. Fig. 3 shows 
some of the details of construction of the ribs, 
and Fig. 4 is an interior view which gives a good 
idea of the light and graceful appearance of the 
steel work. The ribs are only 8 ft. 6 ins. apart, 
and the purlins are single angles. i 

From the cross section of the central and side 
buildings, Fig. 6, it will be seen that the floor 
of the former is sunk 4 ft. below that of the 
other buildings, and that its roof is of very dif- 
ferent design from the others. This roof has 
flat slopes of 1 on 2, and is supported by parallel- 
chord ribs, spaced 12 ft. 6 ins. apart. These are 


CHICAGO. 


carried by latticed columns at the sides, and by 
two lines of intermediate columns, forming a 
central span of 50 ft. and two side spans of 31 
ft. each. The columns are of cast iron 7 ins. 
diameter, and extend up to the top chord. The 
clear height above the floor is 7 ft. at the side 
and 31 ft. at the center. Between the web mem- 
bers of the ribs are fitted lattice purlins, and a 
line of lattice girders is framed between the tops 
of the columns. Some of the details of the ribs 
and the purlins are shown in Fig. 3, and Fig. 7 
is an interior view. 

The rafters are formed by the main ribs in all 
the buildings. In the palm house, the central 
building and the two corner buildings, they are 
spaced 12% ft. apart and connected by lattice 
purlins. In the side and rear buildings, they are 
8 ft. 6 ins. apart and connected by purlins of 
single angles. In all cases the rafters have 
wooden caps 2% x 2% ins. or 2% x 21⁄4 ins., se- 
cured to the gutter flanges by iron brackets. The 
caps are grooved on the sides to catch the con- 
densation water which forms on the glass, and 
are rabbeted on top to receive the glass. The 
roof glazing bars, carried by the purlins, are 
grooved in the same way as the caps. Conden- 


sation gutters are fitted at the ventilator headers 
and the springing lines, with leaders to the floor. 
The roofs of the front, rear and central build- 


ings are glazed with 24-in. glass in lengths of 


24 ins., while in the other buildings the glass is 
16 ins. wide. The glass is ground on the inner 
or concave side to diffuse the direct rays of the 
sun. The lights are laid with 4-in. lap, bedded 
in greenhouse putty, and each light is secured 
by galvanized-iron nails. A zinc Z-bar glazing 
strip is laid where the glass laps the gutters. 
The glass is bent to fit the various curves of the 
roofs. The gutters are of copper, and the lead- 
ers are carried down inside the buildings. 

The specifications for structural steel permitted 
the use of Bessemer or open-hearth steel. No 
requirements as to strength or chemical com- 
position were included, 
except that phosphorus 


BUILDINGS AT GARFIELD PARK, 


was limited to a maxi- 
mum of 0.10%. It was 
given one coat of red- 
lead paint at the shops. 
After erection, it was 
cleaned with stiff wire 
brushes and given a 
second coat of red-lead 
paint (30 to 33 lbs. of 
red-lead to 1 gallon of 
linseed oil). This was 
followed by three coats 
of white paint (white- 
lead and boiled linseed 
oil). The woodwork also 
is painted with the 
white-lead paint. 

The foundations and 
walls are of concrete, the 
walls rising to a height 
of about 6 ft. above the 
floor, which is also of 
concrete. The concrete is 
composed of Portland cement, sand and stone in 
proportions of 1:3:5. The limit of size of stone 
is 2 ins. for the walls and foundations, and -in. 
for the floors. Above the grade line the walls 
have an exterior rough-cast finish. Their in- 
terior finish is of rough concrete. They are cov- 
ered with cast-iron sills, upon which rest the 
steel ribs. Beneath the Economic Building (at 
the rear) is a pump cellar 7% ft. deep, from 
which a tunnel 4 ft. wide extends to the central 
building (the Aquatic House) to accommodate 
the steam and water mains and the electrical 
conduits. The floor of this tunnel is on a level 
with the floor of the Aquatic House, which is 
sunk 4 ft. below the level of the other buildings. 

Along the ridge of each roof is a double row 
of ventilating sashes 3 ft. wide, operated from 
the floor by means of rods and bevel gears, as 
shown in Fig. 6. The vertical glazed sides of 
the buildings have hinged sashes, operated in 
the same way. The steam heating plant is on 
the vacuum system, with coils of 2-in. wrought- 
iron pipe giving sufficient radiation to maintain 
temperatures of 50° to 65° F. in the different 
buildings at night when the exterior temperature 
is — 20° F. The total area of the direct radiating 


218 


ENGINEERING NEWS. 


Vol. 60. No. 9. 


Each Truss Composed of 4 l§ 33x 5x% for choras 
Lach Web Member Ji, 2g 2g 4" except as Noted 


NET NG 
A Purlins, the same as Aguatic House Y 4 


Ai. S 
Cod 
Y WS W, 
£5 
PELE, 


% f : 
ES Loads assumed, V lbs. per sq. in. for Construction $ L ` 
AD Wy ” ” 15 bs. n n n n Wind Pressure X BX a E 
YAVA Strains are given in Thousands of kbs. $ * 
. + = Compression cS 
la N = 8 5enston 3 * a 
in 7e i 8 . 
e 8 N. 
A . 
if 8 aD: 
. 7 — G 
ALI 3 2 


15 

L 
Lee “KS : ee 
Side Y 4, l: Anchor Bolts, 30 long 


i ENO. NEWS. 
J LLL OO OL E TEL OI OOOD U LL OED gm, Eee eren, 


E 
ofe 
la” : T í 
630 Hoe e ee ca” e e ö FF 8 
4 
i 


N Wind 

KA Side 
Pr ieee, 

7 67 & ae 


FIG. 2. STRESS SHEET OF ARCHED RIBS OF PALM HOUSE. 


surface is about 25,000 sq. ft. A feed-water 
heater is provided for tempering the water used 
in sprinkling and watering the plants. Steam is 
obtained from the electric-light and power sta- 
tion of the park, the mains being carried 1,200 
ft. in a concrete conduit or tunnel 3% ft. wide 
and 4 ft. high. This conduit serves other build- 
ings also, and eliminates the necessity for three 
separate heating plants. The buildings are 
fitted with electric light on the three-to-two wire 
system, with direct current of 240-120 volts. 
There are 700 lamps of 16 c. p. 

The design of the building was prepared by 
Hitchings & Co., of New York, and the contract 
for their construction was awarded to Mr. C. 
E. Carson, of Chicago. The structural steel work 
was built by the Modern Steel Structural Co., of 
Waukesha, Wis. All the work was under the 
direction of the West Park Commission, of which 
Mr. J. Jensen is Superintendent, and Mr. A. C. 
Schrader is Chief Engineer. Mr. Arthur Wyld 
was Superintendent of Construction. 
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THE BY-PRODUCT COKE OVEN.* 
By WILLIAM HUTTON BLAUVELT}, M. Am. Soc. M. E. 


Coke is the product of the dry distillation of bitumin- 
ous coal, or in other words, coke is the solid residue 
remaining after bituminous coal has been heated in a 
closed, or partially closed, chamber until all of the 
volatile matter has been driven off. This volatile matter 
consists mainly of tarry matter, gas and ammonia, 
famillarly known as by-products. Both the quality and 
quantity of the coke and the by-products vary consid- 
erably with the quality of the coal. In this country 
coals similar to those from the Pocahontas region, con- 
taining from 16 to 18% of volatile, stand at one end of 
the list, and produce the maximum yield of coke and 
the minimum yield of by-products. On the continent 
of Europe some coals are coked containing not more 
than 13% of volatile matter. At the other end of the 
list stand the highly gaseous coals which contain ar 
much as 38 or 40% of volatile matter, and yield corre- 
spondingly small amounts of coke. 

Good coke has a clearly defined cellular structure, with 
hard cell walls, the cells being small in size, and com- 
prising about 55% of the total volume of the coke, so 
that its bulk for a given weight is about twice as great 
as that of broken anthracite coal. The well developed 
celllular structure and the hard cell-walls are important 
in the use of coke for metallurgical purposes, and ac- 
count for its superiority in blast furnace work, for 
example, over anthracite coal, which was formerly the 
principal blast furnace fuel. The cellular structure pre- 
sents a large surface to the oxidation of the air, pro- 
ducing rapid combustion, while the firm cell-wall pre- 
vents crushing and maintains an open fuel bed. The 
specific gravity of a good quality of standard coke is 
about 1.7 to 1.9. 

Many investigators have attempted to discover the sub- 
stance which makes coal coke, with a view to deter- 


*A paper presented before the Gas Power section of 
The American Society of Mechanical Engineers at the 
Detroit Meeting. 


ye Engineer, Semet-Solvay Co., Syracuse, 
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mining why some coals will coke and others will not. 
A French chemist, Mr. Lemoine, believes that he has 
isolated this substance and gives it the name of “car- 
bene.” It is a black solid friable materiai tending 
toward crystallization, having the formula CH, Os. 
Experience has demonstrated that coals which are high 
in oxygen are usually deficient in coking qualities, and 
either will not coke at all, or produce a coke having a 
weak, friable structure. As will be shown later, many 
coals which produce very indifferent coke under ordin- 
ary conditions, by proper treatment can be made to 
yield a good metallurgical coke. 

The production of coke in this country has grown very 
rapidly during the last decade, as id indicated by the 
following figures. The column showing the production 
from by-product ovens indicates that the growth of this 
branch of the industry has been fairly rapid, although 
several conditions have united to check it during the 
last few years. In the figures below coke from gas 


works is not included. 

A little study shows at once that the several types of 
coke ovens have sprung from three root forms,“ the 
bechive oven, developed from the mound of the char- 
the Coppée oven, with its vertical side 
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PRODUCTION OF COKE, NET TONS. 
Percentage of 


From by- by-product 
Total. product-ovens. coke. 
1897 xaos een’ 13,288,084 261,9 1.97 
1899988 oa ax 16,047,209 204,445 1. 
1899 | ais Ä 19,668,569 906,534 4.61 
190ooo᷑r eee, 20,533,348 1,075,727 5.24 
1900 21.795, 883 1,179,900 5.41 
117770 ea 25,401,730 1,403,588 5.53 
1903 na: „ 25,274,281 1,882,394 7.45 
190M — 23,661,106 2,608,229 11.02 
19000 T2 32,231,129 3,462,348 10.74 
10 36,401,217 4,558,127 12.52 


heating flues, and long narrow coking chamber; and 
the Knab-Carvés, with the same narrow coking chamber 
and with horizontal side flues. 

In the beehive oven the coal is coked in a flat layer, 
say 12 ft. in diameter, and about 24 to 26 ins. thick. 
In the retort oven the coal lies in a long narrow cham- 
ber from 30 to 40 ft. long, from 6 ft. to 8 ft. high, and 
from 16 ins. to 22 ins. wide. The essential distinction 
between the beehive and retort oven processes is that 
in the former the combustion which produces the heat 
for coking the coal, takes place within the coking cham- 
ber, above the coal. Air is admitted at the front door, 
and the products of combustion escape through a hole in 
the roof. In the retort oven the heat is generated by 
the combustion of gas in flues in the side walls; the 
heat passes through the walls into the coking chamber, 
but the products of combustion and the ain are care- 
fully excluded from the coking chamber. In the latter 
process, therefore, there is a true distillation of the 
coal, while in the former (the beehive oven) the admis- 
sion of air materially changes the composition of the 
tars so that they are richer in the oils and paraffines, 
more like the tar produced from the Scottish blast fur- 
naces, for example, where raw coal is used in place of 
coke. The admission of the air reduces the value of 
the tar products, as well as the quantity, and also de- 
stroys practically all the ammonia. The tar from the 
closed, or retort oven, on the other hand, contains con- 
siderable quantities of benzine, naphthalene and anthra- 
cene, and other of the aromatic hydrocarbons which 
have given coal tar its great value in the manufacture 
of so many organic compounds, dyes, drugs, etc. 

The retort oven may be arranged to recover the by- 
products from the distillation of the coal, or not, de- 
pending upon the market conditions and the quality of the 
coal coked. The coking process is essentially the same 
in both cases, except that when the by-products are not 
recovered the gas from the coal is led directly to the 
oven fiues, while, when they are to be saved, the gas 
coming from the ovens is cooled and scrubbed to free 
it from the tar and ammonia, and is then returned to 
the oven flues. In both cases regulation is, of course, 
necessary, so that a suitable amount of gas is admitted 
to the flues to properly carry on the coking process. 

The author has given, in some detail, in “Mineral 
Industries,’’ vol. 4, p. 215, the various steps of the de- 


Rib of Central or 
Aquatic Building. 


ENS. 
NEWS. 


E e. 


and Palm House. 


FIG. 3. STEEL RIBS OF THE SIDE BUILDINGS AND THE CENTRAL BUILDING, 


E Ma Ma. 


August 27, 1908. 


ENGINEERING NEWS. 


219 


P 


— 


— 


= i: 


ENG. News. 


FIG. 4. INTERIOR OF SIDE BUILDING, GARFIELD PARK CONSERVATORY; (SPAN 50 FT.). 


veopment from the earliest types of the bechive oven 
aod of the various forms of by-product ovens in use 
ia Europe. As our interest is rather in the by-product 
oven as it exists today in this country, this discussion 
vill be confined to the types which have representatives 
dere. 


The beehive oven is, in general, familiar. As now built 
t is about 12 ft. in diameter inside, and about 6 ft. 
9 ins high to the top of the domed roof. The ovens 
are built in either single or double rows, banked to- 
ether with masonry to prevent loss of heat. A charge 
of about six tons of coal is delivered by a larry through 
a bole in the roof. Each charge of coal is fired from 
tbe heat remaining in the walls from the preceding 
charge; the air for combustion enters at the front door, 
de products of combustion escaping through the charg- 
ing hole in the roof, producing the ‘‘pillar of cloud by 
day and pillar of fire by night” familiar to travelers 
in our coke regions. When the operation is complete, 
the coke is quenched with water by means of a pipe 
introduced through the front door, and after cooling, 
the coke Is drawn either by hand or by machine, onto 
the wharf in front of the ovens, whence it is loaded into 
cars. The labor of drawing the ovens is the most ex- 
peasive and laborious item connected with the operation. 
Mech study has been given to devices for drawing the 
coke, and recently one has been developed which prom- 
es permanent success. It is arranged to travel on a 
tack in front of the ovens, and when the oven is open 
and the arm thrust in, the coke is pulled onto the con- 
er which automatically delivers almost the entire con- 
tents of the oven directly into the railroad car. 

The coking process occupies from 48 to 72 hours, so 


. ‘hat the output of a beehive oven is from 1.5 to 2 tons 


of coke per day. The U. S. Geological Survey report for 
1%5 gives 394.8 tons as the average output per active 
oven in that year. The beehive oven has been carried 
t its highest perfection in this country, and the above 
meationed drawing and loading apparatus is only one of 
de comparatively recent improvements. 

The use of silica brick in the construction of the 


_ beehive oven has become quite general, and is a distinct 


"ep in advance, notwithstanding that the general expe- 
ee with silica brick, in regard to its rapid destruc- 
‘ea when suddenly cooled, caused nearly all coke manu- 
faturers to be very skeptical regarding its use until it 
bad actually been tried. 

la the present condition of our iron industry, subject 
“ it is to extreme fluctuations, the beehive oven has 


“mala advantages; it is quickly built and at relatively 


b 
í 


I 
t 


_ Zore and more scarce, especially with the approaching 


lov cost, and the labor required for operation is of low 
fie It may be put out of run at relatively small loss 
“wring the periods of industrial depression, and it can 
‘ started up again with ease after a shutdown. But 
miè changed conditions the iron industry is becoming 
Bore stable; and moreover, the coals which were espe- 
“ally adapted for use in the beehive oven, are becoming 


"haustion of the Connellsville field. There are very 
arge deposits of coal in this country which are not 


val suited to the beehive oven, but which, under proper 


5 will make excellent coke in the retort oven. 
many sections of the country these deposits are the 
tural sources of supply for important metallurgical 
As In this respect the case is similar to some of 
important iron districts of continental Europe, where 


the available coals may be coked only 


in the narrow 
retort oven, and where the beehive oven has long since 
entirely disappeared. It is especially in such cases that 
our attention is turned to the retort or by-product oven. 
This is essentially a long narrow firebrick chamber, 
from 30 to 40 ft. long, from 7 to 9 ft. high, and from 
16 to 20 ins. wide. It is closed at each end by doors 
lined with firebrick and usually there are from three 
to six holes in the roof through which the coal is 
charged. In the side walls and under the bottom of 
the chamber there are heating flues in which is burned 
a portion of the gas produced by the distillation of the 
coal, the heat passing through the firebrick walls into 
the coal. These heating flues are arranged sometimes 
vertically and sometimes horizontally. These ovens are 
built in blocks of from 25 to 50 or more. The distilla- 
tion of the coal in this tightly closed chamber by heat 
from without, forms the es- 
sential characteristic of the 
retort oven. 

The products of the distil- 
lation of the coal pass from 
the oven chamber through a 
hole in the roof to a large 
pipe, or main, extending 
along above the block. In 
some designs this main con- 
tains some water and the 
gas is forced through it in 
a manner similar to the 
hydraulic main of the gas 
works. The distillate, as it 
comes from the ovens, con- 
sists of a gas similar in gen- 
eral composition to ordinary 
lluminating gas, and it is 
loaded down with water and 
tar vapors and also carries 
ammonia. If the tar and 
ammonia are to be recovered 
from this gas, it is led to 
the by-product recovery 
building for treatment. If 
not, a proper proportion of 
the gas is returned to the 
oven flues and burned there 
with a properly regulated 
supply of air. The re- 
mainder, if any, is avail- 
able for raising steam. The 
air is usually preheated 
either by regenerators, sim- 
ilar in principle to those of 
the Siemens furnace, or by 
transmission of the heat 
through thin walls of fire- 
brick, commonly called re- 
cuperation. The heat for pre- 
heating the air is taken from 
the hot gases leaving the 
oven flues. In many plants 
these hot gases, after giving 
up a portion of their heat to 
the air, are passed under 
boilers for raising steam for 
operating the plant. 
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In the plants which recover the by-products, the gas 
coming from the main is treated in apparatus similar 
in general to that used in the manufacture of illumin- 
ating gas. The temperature is reduced gradually, so 
as to avoid shock of the gas with a consequent pre- 
cipitation of naphthalene and the lighter hydrocarbons 


which form the principal illuminants of the gas, and is 


finally brought down to about the temperature, of the 
atmosphere. This work is done in large vessels cooled 
either by air or by water. There are a number of types 
of these coolers or condensers, a common form being 
a series of vertical cylinders containing tubes like a 
vertical boiler. Through these tubes water is circulated 
which cools the gas progressively as it passes from one 
vessel to another. During this cooling process most of 
the tarry matter and water vapor are thrown down, the 
latter carrying with it considerable quantities of am- 
monia. 

After these condensers come the tar extractor and 
then the scrubbers, whose function is to remove the 
remainder of the ammonia and tarry vapor, and some- 
times also the benzol and cyanides. The gas is drawn 
from the ovens and forced through these various appa- 
ratus by means of a rotary exhauster, operated either 
by a steam engine or electric motor. The ammonia is 
removed in a scrubber which may be of the bubbling““ 
or of the ‘‘rotary’’ type. 

The ‘‘bubbling’’ type consists essentially of a vertical 
cylinder containing a series of compartments having 
inverted cups or bells with serrated edges dipping into 
water, so arranged that the gas bubbles through the 
water in fine streams, passing upward through the 
several compartments. Water is fed in at the top and 
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runs out at the bottom as ammonia, liquor containing 
from % to 2% of ammonia. The rotary scrubbers are 
essentially large horizontal cylinders with a shaft run- 
ning through them horizontally. On this shaft are ar- 
ranged metal sheets, or brushes, or wooden slats so 
disposed as to offer the maximum amount of surface 
to the gas as it passes through the several compart- 
ments into which the cylinder is divided. The slow 
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The modern by-product oven plant includes, among 
its more important mechanical problems, the delivery 
of the coal to the ovens and the removal of coke. The 
earlier installations in this country were small and 
the quantities of coal and coke handled did not justify 
the installation of much special apparatus, but with 
larger installations, consuming from 1,500 to 8,000 tons 
of coal per day, and producing an equivalent quantity 
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separately, and bring them together in a mixture of 
proportions determined by the quality of the coals, and 
deliver this mixture to the oven bins. It was also neces- 
sary to grind the coal in order to insure the best 
physical structure of the coke. The standard at this 
plant is that over 70% must pass through a \-in. mesh 
screen, and this work must be done at the rate of at 
least 200 tons per hour. Such undertakings present some 
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FIG. 6. HALF CROSS SECTION THROUGH SIDE AND CENTRAL BUILDINGS; GARFIELD PARK CONSERVATORY, CHICAGO. 


revolution of the shaft keeps the surfaces wet, the lower 
part dipping into water which partially fills the vessel. 
Water is fed in at one end and the liquor runs out at 
the other in the same manner as in the other apparatus. 

The benzol and cyanide scrubbers are similar in con- 
struction, but instead of water, heavy oll of tar or 
petroleum is used to absorb the benzol, and for the 
cyanides, ferrous sulphate in an alkaline solution. Af- 


ter this treatment the gas is ready to be returned to the 


ovens for heating the flues, or to be sent out for use 
in gas engines, for illuminating gas, or for fuel, as 
market conditions determine, If it is to be used for 
illuminating purposes, it must be purified by its sulphur 
compounds in a similar manner to illuminating gas. 
When destined for this use it is also desirable to retain 
all of the illuminants. The removal of benzol is there- 
fore omitted, and frequently advantage is taken of the 
fact that in the distillation of coal the early portion 
of the distillation produces gas much higher in {llumin- 
ants than the later portion. The gas piping from the 
ovens is therefore arranged, under these circumstances, 
so that the first portion of the gas coming off from 
each oven, say during the first six or eight hours of 
the coking process shall be kept separate from the re- 
maining portion, lower in illuminants. In some plants the 
benzol is recovered from the portion carrying the lower 
illuminants, which is to be used for heating the ovens, 
and when this benzol is added to the richer portion, a 
gas is produced of much higher candle power than 
could be obtained from the same coal in the ordinary 
gas works, for example. 

The tar and the ammonia liquor recovered from the 
various operations just described are collected in large 
tanks, and separated by the difference in their specific 
gravities. The tar is pumped to tanks for shipment, 
and the ammonia is sent to the ammonia distilling plant. 
This ammonia liquor, commonly called “weak liquor” 
contains as above, from one-half to 2% of ammonia, 
also some of the lightest tar oils. The ammonia exists 
partly in the form of sulphate, chloride and other fixed 
salts, from which the ammonia can be freed only by 
the admixture of lime, or some similar alkali, and the 
remainder as “free ammonia” in combination with car- 
bonic acid, hydrogen sulphid, etc. When all of the fixed 
ammonia has been freed from the acid by the addition 
of lime, it is driven off from the liquor by boiling with 
steam, the condensed gases carrying a certain portion 
of water, to form the crude ammonia liquor of com- 
merce. By the introduction of additional apparatus and 
the modification of the process of distillation, so as to 
separate the ammonia gas from the accompanying im- 
purities, the aqua ammonia of commerce may be pro- 
diced. Or the ammonia gas coming from the distilla- 
tion apparatus may be absorbed in sulphuric acid, pro- 
ducing sulphate of ammonia which is described more 
at length elsewhere. 

The recovery of benzol from the heavy oil used as an 
absorbent is effected by heating with steam in apparatus 
similar, in a general way, to that used for the ammonia. 
The benzol oils are driven off and condensed as crude 
benzol ready for purification, and the heavy oil is re- 
turned to the scrubber to be used again. 


of coke, the handling apparatus has become one of the 
important features of nearly every plant. The location 
of these plants at the blast furnace, and the absolute 
dependence of the furnace on the coke produced, has 
made it necessary to store coal to prevent interruption 
of the operation from strikes, car shortages, etc. Also 
the location of some plants demands the storage, during 
the winter months, of coal which is brought by vessel 
in the summer. Theh it is necessary to install un- 
loading machinery. For example, an oven plant de- 
signed under the writer’s direction a short time ago, 
is arranged with a capacity for unloading over 400 tons 
of coal per hour from vessels, and with apparatus for 
receiving this coal from the vessel and storing it at. 
the same rate up to an amount of 300,000 tons. This 
apparatus will, at the same time, reclaim coal from 
this storage pile at the rate of 200 tons per hour and 
deliver it to the coal bins. 

At this plant, among others, the engineering problem 
was further complicated by the necessity of mixing two 
coals of different composition in order to produce a 
coke of suitable quality. So the apparatus had to be 
arranged to store these coals s parately, reclaim them 


very interesting problema in mechanical engineering, 
and upon their solution depends to a great extent the 
economical operation of the whole plant. 

The operation of charging the ovens is a very simple 
one. The coal, prepared as described above, is delivered 
in bins above the ovens and drawn into a larry or car 
which runs over the top of the oven blocks, operated’ 
by a motor. This car is arranged with suitable chutes, 
and on opening the charging holes on the tops of tha 
ovens the coal is allowed to run in and fill the oven 
chamber. These charging holes are then immediately 
closed, and the top of the coal is leveled off by means 
of a reciprocating ram, operating through one of the 
doors at the end of the oven. This leveling produces 
sufficient space for the gases to escape and reach the 
exit pipe, and also to provide for the swelling of the 
charge which usually takes place during the coking. 

When the gases have been driven off from the coal, 
which requires a period of from 18 to 30 hours, de- 
pending upon the coal and the oven, the doors at each 
end of the oven are opened, and the mass of coke is 
pushed out by a ram, operated by steam or electricity. 
This ram travels up and down in front of the ovens as 
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pquired, and usually carrles the leveling device above 
meutloned. By this method the coke is discharged in 
afew minutes, and the oven is ready for another charge, 
which is dropped in as soon as the doors are closed. 

The coke, on discharging, must be quenched. The old 
vay, and the one largely employed in Europe still, is 
40 spread the hot coke on a brick pavement and water 
u with a hose. This does not usually give the best 
results, however, as the coke is blackened and fre- 
quently is made too wet. A number of devices have 
pen developed for quenching, with varied success. In 
ona the coke is run into a tight firebrick chamber and 
salt is admitted, the pressure of tbe steam generated 
driving the water throughout the different parts of the 
puss In another plan, the coke is pushed out into 
1 car 40 ft. long and 10 ft. wide, having an inclined 
touom so arranged that by drawing the car along as 
‘he coke is pushed out it is distributed in a uniform 
ajer, and is then quenched by a heavy stream of water, 
such is applied as soon as the coke reaches the car. 
Avotber device is in the form of a box-shaped frame, 
dull up of water pipes so arranged that the coke is 
pushed out through it and quenched by a shower of 
vater forced through perforations in the pipes—a sort 
of needle bath. 

After quenching, the coke is delivered either into rail- 
rand cars or is carried directly from the original 
queaubing car to the blast furnace bins, or to a sort- 
ing abd picking plant, in case the product is to be sold 
wr foundry coke. In this picking plant the coke is de- 
uvered from a small hopper onto the picking belt, where 
tbe black ends are removed, as is the custom in pre- 
raring foundry coke, and the small pieces are screened 
vut, the coke being delivered to the car without any 
baadling except of the rejected pieces. 

All of this work was formerly done by hand, and tha 
cificult quality of the material and the severe require- 
pals of the market required the development of some 
stlal apparatus in order to accomplish the results me- 
coagicaliy, wich low repairs and good efficiency. 

With this general use of machinery, of course, the 
power plant becomes an important part of the instal- 
l.. on since, in some installations, at least, all the ap- 
paratus and machinery are electrically driven. 

Consumption of power in a plant of by-product coke 
ovens, of course, depends very much on the arrangement 
ol the plant, and especially upon the conditions under 
woh the coal and coke have to be handled. The fol- 
lowing is the distributiog of power consumed at one 
plant coking about 1,500 tons of coal per day. The 
fgures represent the average daily consumption in kilo- 
wau hours. Of course, many of the operutions, such 
as pushing and charging the ovens, are very inter- 
mittent, 
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Some special problems in design arise on account of 
the large requirements of steam for the distillation of 
Qe ammonia and other by-products. On this account a 
tirple type of engine, operating under (say) 10 to 15 
:bs back pressure, presents strong arguments for favor 
la comparison with more efficient engines. The use of 
the exhaust steam for distillation makes available the 
ixent heat in the steam, as well as the sensible heat 
corn to the temperatures at which the waste liquors are 
charged. So that while by this method only 20% of 
Te heat in the steam is consumed in the engine, the 
rexaining 80% becomes available for the work of dis- 
ulation. The steam consumption in such an engine is 
aout 45 lbs. per horsepower. But when the exhaust 
sam ts needed for distillation it is hard to equal the 
economies of this combination as compared with other 
upa of steam engines, or even gas engines, combined 
vik the use of live steam for distillation. 

la addition to the problems of handling materials and 
Je development of the mechanical appliances about the 
Han, which have been special features of the growth 
a the by-product oven in America, much progress has 
iso been made in the oven itself. Although this retains 
is original form, the size and coking capacity have been 
hich lnereased. The earliest retort ovens in this coun- 
77 bad a cubical capacity of 220 cu. ft., and had an 
verge coking capacity of 4.4 tons of coal per 24 hours. 
~me of the ovens of today have a capacity of 430 cu. 
ft, or more, and coke about twelve tons of coal per 
ty. Experimental installations are operating satisfac- 
‘ory having an output materially above this figure. 
Among the mechanical devices connected with the re- 
‘orn oven is the stamping machine. This machine has 
tæa used largely in Europe, but only to a small extent 
i America, It is used for the purpose of compressing 
ibe coal into a cake before charging into the oven. 


Many coals, on account of their composition, do not pro- 
duce a coke of satisfactory physical structure by the 
ordinary methods of treatment, but when they are com- 
pressed into a cake, the physical structure of the coke 
is very much improved. 

The process is in principle a simple one. A box or 

form is provided, slightly smaller than the oven cham- 
ber. This box is filled with coal, and during the pro- 
cess of filling the coal is compressed by heavy stamps 
traveling back and forth the length of the box, so that 
there is a reduction of volume of from 20 to 25%, as com- 
pared wtih the loosely charged coal. The coal is damp- 
ened before stamping, and it is not difficult to form 
a cake having sufficient strength to permit of being 
pushed into the oven. Besides the improved quality 
of the coke, the output of the ovens is at many plants 
increased by about 10%, and in some cases the managers 
state that they prefer this method of charging coal into 
the oven, even aside from its effect on the quality of the 
coke. The illustration shows a pusher combined with 
the stamping machine, so that the whole apparatus 
travels up and down together in front of the ovens, the 
coal being stamped in transit. 
. Five different types of by-product recovery ovens have 
been built, or are building in this country. One of 
these, the Newton Chambers, is an English adaptation 
of by-product recovery to the beehive oven, but the 
plant which is the only American representative of this 
type of oven has been out of run for some time. This 
system consisted essentially of a series of vertical cast- 
iron U-pipes, arranged to receive the gases from the 
beehive oven and condense out the tar and ammonia 
vapors, by cooling with air or water, the scrubbed gas 
being returned to the oven, which was heated partly by 
the flues underneath, and partly by combustion in the 
upper part of the chamber containing the coal. As 
pointed out before, this method cannot but give low 
yields of ammonia and tar of inferior quality. 

The four types of by-product ovens in operation and 


under construction in the United States are all of the. 


retort oven type, and have all been developed from the 
original types of the Coppée or Knab-Carvés designs. 
Of these there are eleven plants of the Otto-Hoffman 
and the United Otto type, 13 plants of the Semet-Solvay 
type, three plants of Rothberg ovens, and one plant of 
Koppers ovens, making a total of 28 plants or 4,763 
ovens. Detailed descriptions of these ovens having ap- 
peared elsewhere, I shall confine myself to a statement 
of the distinguishing points of the several systems. 

A typical United Otto oven plant is supported on steel 
girders resting on concrete piers and is of the vertical 
flue or Coppée type; that is, the gas is burned in a 
series of vertical flues arranged in the side walls be- 
tween the oven chambers. The gas for heating the flues, 
which has been scrubbed and cooled in the by-product 
plant nearby, is delivered into the main combustion 
flue, both at the end of the oven and below in the 
gas pipes shown. The products of combustion pass into 
one of the regenerative chambers shown, thence to the 
stack, and the air is preheated in these chambers, on 
the principle of the familiar Siemens regenerative fur- 
nace. The currents of gases and hot air are reversed at 
suitable intervals. During each of these periods the 
gases pass upward through one-half of the oven flue 
system, and downward through the other half, their 
path being reversed at each reversal of the regenerator 
valves. 

The Semet-Solvay oven is a development of the Carvés 
type. Its salient feature is the horizontal flue system 
with strong middle walls which support the roof struc- 
ture and the additional loads of charging larry, etc. 
The horizontal flue system is heated by means of gas 
introduced into the ends of all but the lowest fiue. At 
each admission it meets with air for combustion which 
has been preheated by the escaping gases through the 
thin walls of the ‘‘recuperator’’ arranged below the 
oven. The horizontal flues with the multiple gas ad- 
mission admit of very accurate control of the heat and 
of its even distribution throughout the coking chamber. 
The main object of the central division wall above men- 
tioned is the prolonged life of the oven structure, which 
results from taking the weight off of the thin and highly 
heated fiues, and it also permits repairs to be made to 
any oven without shutting down any of the adjacent 
ovens, 

The Rothberg oven is of the horizontal flue type, but 
more like the Huesner oven which has been developed 
in Germany, in that it has only one fiue system between 
each coking chamber. This flue system is divided in the 
center by a vertical wall, forming two compartments 
with short horizontal travel for the gas. Every alter- 
nate flue is served by a gas burner, and all flues can be 
inspected by walking along the platforms at the ends 
of the oven. A series of dampers in the flues is ar- 
ranged, which cause the gas to travel either the whole 
length of the flue system, or to pass directly to the 
next lower flue, in case the heating conditions of the 
oven demand it. These ovens may be built either 
with or without recuperators or regenerators. 

The Koppers oven is of German development, and the 
first plant is now under construction in this country. It 
is a vertical flue oven of the Coppée type. Its essential 
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features, as described in the American patents, are the 
special arrangements for the control of gas and air and 
their combustion in the oven flues. These consist es- 
sentially of the arrangement of the ports, so that the 
gas and air travel spirally through the flues, thereby 
carrying the heat higher up in the oven and preventing 
local combustion at the point of entrance. Also the 
control of the effective area of each flue, so as to dis- 
tribute the heat uniformly over the side of the oven 
chamber, and provision for examining all the flues 
through openings arranged for that purpose. The air, 
and sometimes the gas, are preheated in regenerators 
arranged underneath, one pair of regenerators for each 
oven. 
In the by-product apparatus used in the various oven 
plants and in the general arrangement for handling the 
coal, coke and other products, there are many variations, 
but these are rather to meet the conditions of the indi- 
vidual locations than inherent to any special oven 
system. 
In addition to the various problems in mechanical and 
chemical engineering presented by the operation of the 
by-product coke oven, there are a number of metal- 
lurgical problems, some of which have been solved with 
material gain in the efficiency of the coking operation 
and the yield of by-products; the solution for others is 
yet to be found. The driving off of the hydrocarbons 
from coal by distillation is a very complex process. 
Each change in conditions of the temperature, rate of 
distillation, etc., gives different results, and on account 
of the hydrocarbons being so complex in composition, 
no definite figures can be placed on the operation. Many 
experiments, for example, have been made to determine 
the amount of heat absorbed in the coking process per 
unit of coal coked. Many processes have been devised 
for converting the major portion of the nitrogen in the 
coal into ammonia. These and other problems, however, 
are not much nearer solution than when the by-product 
process was first introduced into this country. The expe- 
rience in the retort house of the gas works has shown 
that high heats and rapid coking increase the volume of 
the gas and tend to break down the heavier hydrocar- 
bons, and the same is doubtless true in a measure in 
the retort oven, although the much greater bulk of the 
charge, the different relation between the volume of the 
gas producd in proportion to the heated surface of the 
retort, etc., modify these conditions. 
The coking time of a charge in the oven depends 
upon the temperature of the heating flues, and the 
rate of transmission of the heat through the wall. Un- 
til recently ‘‘quartzite’’ brick have been used for these 
fiue walls, in accordance with the European practice. 
Quartzite is the ordinary firebrick with sufficient quarts 
rock added to make the brick about neutral in its ex- 
pansion and contraction, and contains about 60% silica. 
Recently, however, silica brick has been introduced 
somewhat generally, notwithstanding the additional com- 
plication of its considerable expansion under the tem- 
peratures of oven chamber. Silica has the advantage 
of not being injured by the higher heats required by 
latest practice, and it is also a materially better conduc- 
tor of heat than the quartzite. Magnesite is very at- 
tractive on account of its very high conductivity, but 
this material has not yet been successfully used. 
The conductivity of firebrick increases with the tem- 
perature, There is no data available giving the exact re- 
lation of conductivity of either clay or silica brick at 
coking temperatures, but experience shows that a mod- 
erate increase in the thickness of the flue wall does not 
necessitate a materially higher temperature in the flue 
in order to maintain a given temperature in the coking 
chamber, 
It has not been observed that the yield of coke from 
any given coal is affected by the speed of coking. When 
the coking operation is properly conducted, with entire 
exclusion of air, there is always deposition of hydrocar- ` 
bons, and an increased yield of coke above the theoret- . 
ical. This increase in yield is probably due to the pres- 
sures existing in the oven chamber, and the prolonged 
period of contact of the gases with the coal in process 
of coking. The retort oven always yields higher per- 
centages of coke than can be obtained either in the 
crucible or in the gas retort, probably for the above 
reasons. The yields of by-products are not affected by 
temperature to anything like the same extent in the re- 
tort oven as in the gas retort where it is recognized 
that the higher temperatures produce larger volumes of 
gas higher in hydrogen and lower in hydrocarbons, to- 
gether with lower yields of tar. As suggested above, 
these phenomena are doubtless due to the different re- 
lations between volume of retort and volume of charge. 
The presence of water in the coal when charged in- 
since, of course, the water 
must be driven off before the coking process begins, and 
therefore the penetration of the heat into the charge is 
delayed by that amount. The addition of water up to 
10 or 12% does not add seriously to the coking period, 
but the amount of heat absorbed is considerably in- 
creased, and there is also additional work thrown upon 
the condensing apparatus, in cooling the products of dis- 
tillation. 

The rate of distillation of the coal in the oven (known 


222 


ENGINEERING NEWS. 


Vol. 60. No. 9. 


in practice as the coking time) varies with the quality 
of the coal and especially with the content of volatile 
matter; but thig rate does not vary directly with the 
percentage of volatile matter, probably because in the 
coals containing the most volatile matter distillation 
proceeds at a much more rapid rate during the early 
part of the process. This is illustrated by the accom- 
panying table, showing the amount and composition of 
the gas produced from a low volatile and a high vola- 
tile coal during each hour of the coking process. 

The coke from the by-product or retort oven differs in 
some respects from that made in the beehive. On ac- 
count of its being quenched outside of the oven it has 
lost the silvery glaze seen on the bechive coke. Formerly 
this was thought to be of some importance, as the glaze 
was supposed to help resist the action of carbonic acid 
on the coke in the blast furnace. Repeated experiments, 
however, have shown that the retort coke is rather more 
resistant to carbonic acid than beehive coke made from 
the same coal. Owing to the difference in method of 
applying the heat, the shape of the pieces of coke 18 
different. In the beehive oven the heat generated by the 
combustion of the gases above the coal works downward, 
developing a long finger-like structure. In the retort 
oven the heat is applied from both sides and works 
toward the middle, resulting in short blocky pieces some- 
what less in length than half the width of the oven. 
Retort oven coke is somewhat denser than beehive coke 
from the same coal, the percentage of cells being slightly 
smaller. 

There is still some difference of opinion among fur- 
nacemen as to the relative value of the two cokes in 
the blast furnace, owing to differences in individual ex- 
periences. Retort oven coke has received a great deal 
of criticism in this country because much coke has been 
made from coal which would be quite out of the ques- 
tion for use in the beehive oven. The reasons for using 
such coals were doubtless satisfactory to the manage- 
ment of the oven plants, but the coke produced has been 
often held up for comparison with Connellsville beehive 
coke, which is perhaps the very best beehive product in 
the world. There are so many different grades of retort 
and beehive coke produced from the different coals, and 
under different conditions in the several plants in oper- 
ation, and on this account a definite comparison of the 
two general types of coke is practically an impossibility. 
Some of the best furnace work in the country has been 
done with retort coke, which would seem to justify the 
statement that the best retort coke is as good as the best 
beehive coke in the blast furnace. 

In the foundry cupola retort oven coke has an excep- 
tional record, and in some localities it is without ques- 
tion the standard of foundry coke. 

In the beehive operation some of the fixed carbon is 
burned, while in the retort oven no combustion of the 
carbon can take place, and the yield is, therefore, up to 
or above the theoretical. On this account the retort 
coke is always somewhat purer chemically than beehive 
coke from the same coal. This gives the former a 
somewhat higher percentage of carbou, and lower per- 
centage of ash, phosphorus, etc. 

The by-products produced at plants operated in this 
country are tar, ammonia, gas and benzol. Cyanides 
are not being recovered at any of the American plants. 

The tar is the standard coal tar of commerce, and 
does not differ materially from that produced by gas 
works. In Europe the great briquetting {industry is 
built up on the basis of tar from by-product ovens, 
since coal tar pitch is the only binder fof briquettes 
which has been largely successful. Pitch constitutes 
from 60 to 70% of the tar, the remainder being heavy 
oil, consisting of creosote oil, naphthalene, anthracene, 
etc., and the light oils which are mainly impure ben- 
zols. These are separated by distillation, the pitch re- 
maining as residue. As is well known, coal tar is the 
basis of a large number of important industries, espe- 
cially in continental Europe, but only a portion of the 
tar is available for these higher grade products. An- 
thracene Is the raw material for alizarin, and naphthalene 


ANALYSES AND YIELD OF GAS FROM HIGH VOLATILE COAL. 


Cu. ft Total 
Hour per hr CO, CHo C. H. III. 

1 82 0.9 0.9 3.2 4.1 0. 
2 32 0.9 1.0 2. 6 3.6 O. 
3 582 0.9 1.0 2.1 8.1 0. 
4 582 1.1 1.1 2.1 3.2 O. 
5 582 0.8 1.0 1.7 2.7 1. 
6 452 1.1 0.9 1.6 2.5 1. 
7 490 2 0.9 1.3 2.2 1. 
8 449 0.9 1.0 1.5 2.5 0. 
9 432 8 sus en rer ; 

10 456 1.0 0.5 2.0 2.5 0. 

11 474 8 S ae oe 3 

12 470 0.6 0.1 0.3 0.4 0. 

13 494 n 22 955 Aig 

14 405 0.5 0.0 0.4 0.4 

15 400 is aa 8 ee 

16 460 0.2 0.0 0.0 

17 386 — 2 ae 

18 388 

19 148 

20 34 

21 48 a 8 

22 13 ; 


Total cubic feet . : : ee a ETIN : : 


is the basis of artificial indigo. Carbolic acid is formed 
from the creosote oils, and from the benzols are derived 
most of the long list of aniline colors, the manufacture 
of which has become such an important German indus- 
try. 

The practical absence of these chemical industries in 
this country has been one of the causes of the relatively 
slow growth of the by-product oven here. While it may 
be some time before the manufacture of these refined 
products obtains an {important foothold here, yet the 
briquctting industry, after many years of experimenting 
and failure, is at last becoming established commer- 
cially. Some half dozen plants located in different parts 
of the country have their product on the market on a 
commercial basis, and their growth should be rapid. 

The low prices and high quality of coals that have 
been generally available, together with our high labor 
cost, have delayed the establishment of this industry 
-here, but the increasing price of anthracite has en- 
couraged the development of briquettes from the smaller 
and unmarketable sizes of anthracite from the coal 
yards and washeries in the East. In the Middle West 
the mining of some of the non-coking coals is accompa- 
nied with the production of a large amount of fine coal 
not available for general use. This and other relatively 
low-priced coals form a considerable supply for briquet- 
ting. Farther west the lignites and semi-lignites offer 
a very promising field. Many of these coals break down 
badly upon exposure to the atmosphere into a fine pow- 
der which is practically useless. Briquetting prevents 
this disintegration, and a properly made briquette will 
stand a year’s exposure to the elements without ap- 
parent injury, while the coal from which it is made 
would be reduced to a powder within a week or two. 
The engineers of the Fuel Testing Plant of the United 
States Geological Survey at St. Louis have made 
au interesting series of tests covering the briquetting 
of a large variety of coals, and their results are most 
encouraging, especially on the classes of fuels last men- 
tioned. 

The process of briquetting is essentially a simple one, 
although the conditions necessary for success with each 
fuel must be definitely determined and maintained. The 
plants are not expensive or complicated, and now that 
works are operating commercially under widely different 
conditions and environments, a satisfactory growth of 
the industry should no longer be delayed. 

The increased price of lumber and the destruction of 
our forests is bringing the preservation of lumber by 
creosoting prominently to the front, especially among 
the railroad companies for their ties, and the demand 
for creosoting oil is already increasing. New uses are 
being found for the benzol oils, as will be shown below. 

Moreover, the application of tar to road surfaces is 
rapidly growing in favor. Especially since the intro- 
duction of the automobile it is found that no material 
produces a better road surface for the money expended 
than tar. This is sprinkled on the surface of the road 
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Cu. ft. Total 

Hour per br. CO; CHa CH. III. O 
1 536 0.1 0.5 6.0 6.5 0.8 
2 425 0.1 0.7 3.6 4.3 0.8 
3 475 0.1 1.1 3.8 4.9 0.7 
4 357 0.1 0.9 3.3 4.2 1.1 
5 411 0.1 0.8 3.7 4.5 0.8 
6 401 No sample taken ave sa 
T 517 0.2 0.7 2.5 3.2 1.0 
8 387 0.2 0.5 2.9 3.4 0.9 
9 400 a ek ta EM 927 
10 320 0.0 0.4 1.6 2.0 0.9 
11 256 Ssh Sd He sy 9 
12 189 0.1 0.5 1.2 1T 0.6 
13 251 8 8 an os ae 
14 256 0.1 0.2 0.6 0.8 0.9 
15 3S7 0.0 0.3 3.5 3.8 4.9 
16 425 ae ae at ee ry 
17 260 bis se 
18 37 a sa 
19 17 2 ace 
20 0 . o ee ee ee 
UNPUR 

4 D: 1.9 1.1 4.0 5.1 0.8 
6 in 2.0 12 8.3 4.5 0.9 
8 ae C2 0.8 2.8 3.6 0.8 
Total cubic feet he Bae a a a a a es 2S 


B. T. U. 
co CH, H N per cu. ft. 
4.6 31.6 42.1 14.3 643 
4.3 32.8 51.6 6.1 638 
4.9 33.2 46.8 9.4 641 
4.8 33.5 49.6 6.9 637 
4.6 33.1 50.8 6.1 644 
4.4 30.1 44.4 16.7 560 
£5 32.6 46.2 12.2 598 
4.1 29.1 47.4 16.5 x 
4.6 29.5 53.6 13.9 8 
4.4 17.0 69.2 17.6 ie 
2.9 3.0 44.0 41.4 i 
IFIED. 
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B. T. u 
CO CH, H N per cu. ft. 
5.8 41.5 41.4 5.8 693.4 
5.1 40.4 43.8 5.8 681.5 
4.9 37.6 47.2 5.6 654.2 
5.0 36.2 48.6 5.5 648.5 
4.6 33.3 49.5 8.1 588.6 
4.6 31.4 49.8 9.5 583.8 
4.4 31.0 47.6 11.0 566.2 
4.8 31.5 54.2 5.6 603.0 
4.9 29.1 55.3 6.6 H 
5.3 23.1 64.8 5.4 = 
5.3 18.2 67.0 8.0 ae 
G. 2 13.6 69.4 10.2 5 

o i 0 


and rubbed in with brushes, and if a penetration of an 
Inch or so is effected, the surface of the road is im- 
pervious to water, and the presence of the tar produces 
an elastic condition of the surface which has a rather 
remarkable effect in increasing the wearing qualities of 
even indifferent road-making material. Tar can be 
quickly applied either to a new or an old surface, pre- 
ferably the former. Dust is eliminated almost entirely, 
and by resprinkling every year or two, depending upon 
conditions of travel, material, etc., the road surface is 
kept in perfect condition, except, of course, for the re- 
placement of material actually worn away. 

By-product ovens have for some years been the lead- 
ing producers of ammonia in this country. The total 
value of ammonia produced by gas works and by-product 
ovens together, in the year 1905, is given by the United 
States Geological Survey as $2,775,000. Figures are not 
available showing the output of the by-product ovens 
alone. 

This ammonia is sold in the form of crude ammonia 
liquor, sulphate of ammonia, and aqua ammonia. The 
first named is an impure solution of the ammonia gas 
in water, containing some light tar oils, sulphur com- 
pounds, carbonates, etc., and contains from 15 to 25% 
of ammonia. It is used in the ammonia soda industry, 
and also as a raw material for manufacturing higher 
grades of ammonia such as the nitrate and carbonate 
of ammonia, etc. Sulphate of ammonia, which is a 
grayish white crystal, containing about 25% of am- 
monia is largely used as a fertilizer, and also somewhat 
for the manufacture of anhydrous ammonia. In Europe 
the use of sulphate of ammonia as a fertilizer has been 
very greatly developed, partly by active educational 
methods, bringing home to the farmer the great gains 
from its use. It divides with nitrate of soda the re- 
sponsibility for the great sugar-beet crops of continental 
Europe, and a great deal of study has been given to the 
intelligent application of this most available form of 
nitrogen to the varying crop conditions there found. In 
this country the development of the use of sulphate of 
ammonia as a fertilizer has only begun. While figures 
are not available showing the amounts of ammonia con- 
sumed in all the various uses, yet the following table 
will be of interest, showing a comparison of the am- 
monia productions of the several leading countries in the 
year 1906. This table is from a paper by Mr. C. G. 
Atwater in the last issue of the Mineral Industry. The 
figures represent all ammonia products figured as sul- 
phate. 


ESTIMATED AMOUNT OF THE WORLD’S PRODUC- 
TION OF AMMONIA IN 1906. 


Metric Tons. 

England ......... ye ae ween . . . . . 279,000 
Gerẽm ans 235,000 
United Stat ; 
File... „ 49. 100 
Belgium and HollanulWdddddd „000 
European and other countries 55, 000 

e sinaeds vet oee nae ss 716,100 


When we consider that the production of sulphate in 
this country was only 25,000 tons and that about 23.000 
tons were imported during the year, the meager con- 
sumption of sulphate in this, the greatest of agricul- 
tural countries, is very striking. While, of course, the 
newer farming lands are still unimpoverished and do not 
require fertilizing, yet in all the older States crop yields 
have fallen off very greatly during the past generation. 
and yet the present use of artificial fertilizers is mainly 
confined to the Southern States on the cotton and to- 
bacco fields. A consideration of our acreage of tilled 
land compared with that of Germany, for instance, will 
show the possibilities of the use of sulphate when our 
agricultural colleges and government agricultural sta- 
tions have educated the farmers up to a full realization 
of the importance of this invaluable plant food. Aqua 
ammonia, which is essentially a purified solution of 
ammonia gas and water, containing about 25% ammonia. 
is the refined ‘‘ammonia’’ of commerce, although usu- 
ally purchased in a very diluted form. During recent 
years its use has grown very rapidly for refrigerating 
purposes, both as aqua ammonia and as the source of 
anhydrous ammonia. The latter product is made essen- 
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tially by driving the ammonia gas off from the water 
by heat, drying it and condensing it into a liquid by 
pressure. 

The surplus gas from the by-product oven is the por- 
tion remaining after sufficient gas has been used for 
heating the ovens and the amount varies greatly with 
the coal used. In lean coals, low in volatile matter, 
there might perhaps be no surplus, while in rich gassy 
coals the amount may be from 4,000 to 4,500 cu. ft. per 
net ton of coal. As stated above, this gas is essentially 
similar to that made in gas works. Following is a typi- 
cal analysis: 

Per cent. 


. 229˙%„ũ% „„ eee er „ „„ „„ „ „ „„ eevee snes 


Oxygen 
Carbon monoxid 


smsses oca» „„ „„ „„ „ „„ „„ „„ „ „„ „6 „„ „„ „6 % „ eevee 


„„ „„ „ „ „%„„%„%„%„„%„%„ „„ „% „„ W % % „ „„ „„ „ „„ „ eee 


„56252 „„ „„1„%/˖X? „ „„ „„ „„ „ „ „„ „ „ „ „„ „„ „ „„ „„ „ „6 „„ „„ „„ „„ „„ „ 


IE 


sses „„ „„ „%% %„ „„ „ „„ „ „„ „„ „eee . 


Nitrogen 
B. T. U. per cu. ft., gross 679 

If the gas is desircd for sale for illuminating purposes 
and the richer portion is reserved for this purpose, as 
described above, the gas is richer in marsh gases and 
üluminants and contains less carbonic oxygen and hy- 
drogen than the average made. The calorific value of 
tbe gas may vary from 550 to 700 B. T. U. per cu. ft. 
in this country its use for illuminating purposes has been 
developed much more than in Europe. There are now 
eleven plants supplying illuminating gas regularly for 
cty consumption, and in 1905, 9,732,000,000 ft. were 
sold, compared with 30,722,000,000 from coal gas works. 
In Europe the surplus gas has been largely consumed 
in gas engines. At one time there was some trouble on 
account of preignition of the gas, which was laid to the 
high percentage of hydrogen. This has been overcome, 
however, and the leading engineers no longer consider 
it an obstacle to its use for this purpose. It has been 
shown by Mr. Pennock in the “Journal Society of 
Chemical Industry,” June 15, 1905, that when coke oven 
gas is mixed with the proper amount of air for com- 
dustion, the mixture hag not as high a percentage of 
hydrogen as producer gas, for example, which is largely 
used in engines without trouble from this cause. 

Benzol is recovered from coke oven gas very largely 
in Europe, and is the raw material for the synthetic 
manufacture of the anilines and of carbolic acid, as well 
as a number of other chemical producta, It forms the 
principal illuminant in coal gas, and its use is growing 
in this country as a convenient source of candle power, 
enrichment especially in small gas works. It is also used 
in the manufacture of varnishes. 

Benzol has been used experimentally to a considerable 
extent both in Europe and in this country in explosion 
engines, both alone and mixed with alcohol. A series of 
carefully conducted tests in this country on stationary 
engines, motor boats and motor cars have brought out 
several points in its favor as a fuel for such engines. 
An equal volume has about 12% more calorific value than 
ordinary gasolene. Owing perhaps to the fact that ben- 
tol is distilled within closer limits than gasolene, it has 
a somewhat higher thermal efficiency, and is not so 
liable to miss fire in the cylinder. 

After this general review of the subject the question 
remains—What is to be the development of the by- 
product oven in this country? Compared with many 
industries its growth has been slow, but this, as has 
been pointed out, is largely due to the condition of the 
chemical industries in this country, which must of ne- 
cessity keep pace, at least in a measure, with the sources 
of thelr raw materials. The capital required in the 
installation of the by-product oven is relatively large, 
and the results would have been serious if the rate of 
oven building had been greatly in excess of the demand 
for its by-products. In all industries depending upon 
the by-products of coke a promising future is apparent. 
The use of gas for illuminating purposes has become 
firmly established, and the rapid introduction of the gas 
ezine affords a market for fuel gas. The various uses 
œ ammonia in the arts have already been discussed. 
But we must look to agriculture as the principal con- 
zumer of any largely increased production of ammonia. 
Through the growing influence of Government and State 
Experimental Stations and agricultural colleges, science 
is being applied more and more to agriculture, and this 
cannot but lead to the general use of artificial fertilizers 
which naturally follows a higher standard of farm work. 
As a fertilizer base, sulphate of ammonia, with its ni- 
trogen in the most available form, plays a most impor- 
tant part. 

During the last few years the production of tar has 
exceeded the demand, so that large quantities have had 
to be burned as fuel at low prices, but the outlook for 
this by-product is more favorable than it has been. 
While it may be some time before the highly specialized 
chemical industries for the production of anilines and 
dyes have reached any important growth, yet the pros- 
perts for the development of the cruder tar products are 
encouraging. The rapidly increasing price of lumber is 
forcing the necessity of creosoting, with the attendant 
consumption of creosoting oil, onto large lumber users 
like the railroad companies. l 

The practical start in the commercial manufacture of 


briquettes which has been described, promises an early 
development of that industry, and a very modest position 
as a producer of fuel would mean consumption of a 
large amount of pitch. If the number of by-product 
ovens and the output of tar therefrom were doubled, a 
production of less than 3,000,000 tons of briquettes per 
annum would consume all the pitch from this increase, 
without providing for any growth in the important roof- 
ing and paving industries, and without providing for 
any consumption of tar in the new tarred roads. This 
tonnage of briquettes, compared with the 60,000,000 tons 
of anthracite which will probably be produced this year, 
and the 340,000,000 tons of bituminous coal mined in 
1906, suggests that briquetting, when once established, 
even as an infant industry,” may soon reach the con- 
dition which exists in continental Europe, namely, where 
its growth would depend only upon the available supply 
of pitch. Briquetting pitch must always be sold at a 
moderate price, unless the conditions of our fuel supply 
change materially. But, as in Europe, when once de- 


veloped, briquetting will probably be the principal con- 


sumer of the pitch produced in this country. 

The by-product oven belongs to the present day. The 
production of coke at the blast furnace plant, where the 
operation is assured by large storage of coal and where 
the labor is under better control than in less developed 
regions, is in line with today’s manufacturing methods. 
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Fig. 1. Map of Pipe Line for Distributing Water 
along the El Paso & Southwestern Ry. between 
Carrizozo and Santa Rosa, N. M. 


The higher economy of its operation, its special adapta- 
tion to control by the modern scientific organization, 
the ability to draw coals from several fields, and the 
successful adaptation of labor saving appliances to its 
various operations, all point to its being the oven of the 


future. 
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STUDIES OF THE POLLUTION OF THE ALLE- 
gheny, Susquehanna and Black River drainage areas are 
briefly reported in the July bulletin of the New York 
State Department of Health. The abstracts are from 
extensive reports submitted by the Engineering Division 
of the department named. In the case of the Allegheny 
River, it is recommended 
that no discharge of crude sewage from any new sewer 
system be permitted unless it has first been treated in 
proper disposal works and that the villages which are 
now discharging raw sewage into the waters of the main 
stream or its tributaries should introduce means of sew- 
age purification as rapidly as possible and practicable. 

The discharge of industrial wastes from new indus- 
tries into the streams should be forbidden as also the 
increase of discharges from existing industrial plants 
unless suitable means are provided for the purification 
of such wastes. 

The recommendation for the Susquehanna drainage 
area is that all municipalities 
having public sewer systems should establish complete 
sewage purification plants and that factories and manu- 
facturing establishments discharging deleterious matter 
into the streams should be required to treat such wastes 
before discharge so far as is practicable in the light of 
our present knowledge of purification of the respective 
classes of wastes. 

For the Black River drainage area, ‘the advice given is 
that no discharge of crude sewage from any new sewer 
system above Watertown should be permitted without 
adequate treatment by a disposal plant, and also that 
the sewage now being discharged above Watertown from 


all systems be purified. 


A 160-MILE PIPE-LINE WATER DISTRIBUTION SYSTEM 
ON THE EL PASO & SOUTHWESTERN RY. 


The economy in boiler repairs and locomotive 
service which results from the use of good water 
in the boilers has been proved so conclusively 
that the use of water-softening plants at railway 
water stations has become very general. In cer- 
tain sections of the country, however, the char- 
acter of the water is such that it cannot be 
treated satisfactorily or economically, and the 
only means of relief lies in securing a better 
quality of water from some other source. One 
of these exceptional cases is on a division of the 
El Paso & Southwestern Ry., running from El 
Paso, Tex.,° northeast across New Mexico to a 
connection with the Chicago, Rock Island & 
Pacific Ry. Here a supply of water is obtained 
in the mountains, at a distance of 34 miles from 
the railway. This is led by a gravity pipe line 
to the railway and then distributed for 128 miles 
by pumping through a pipe line laid along the 
right-of-way and connected to the water tanks 
at the various stations. This interesting railway 
water supply system was planned and built 
under the direction of Mr. J. L. Campbell, M. 
Am. Soc. C. E., Engineer of Maintenance of Way, 
E] Paso, Tex. We are indebted to Mr. Camp- 
bell for plans and information from which the 
following description has been prepared. 

The division in question extends from Car- 
rizozo, N. M. (144 miles from El Paso), north- 
east to Santa Rosa, N. M., a distance of 128 
miles. The water supply for the entire operation 
of the division has been obtained from deep 
wells. The average quality (and even the best 
quality) of water supplied by these wells is said 
to be worse than that of any railway in the 
United States from which records have been ob- 
tained. The use of this supply has been made 
possible only by softening the water as far as 
possible by the lime and soda-ash treatment. After 
treatment the water is still so bad that there is 
an excessive charge against it on account of re- 
duced train tonnage, engine failures and engine 
maintenance. 


Table I. shows the character of the water 
treated at the several water stations, with the 
chemicals used and the results of the treatment. 
Table II. gives the chemical analyses of the 
water obtained from wells at Santa Rosa, at 
mile-post 199, and at Pastura. 


In addition to the bad quality of the water and 
its inferior quality even after treatment, it did. 
not appear practicable to continue to develop 
sufficient additional quantities of this well water 
to keep pace with the growing business of the 
railway. The wells are all deep, several of them 
being from 900 to 1,100 ft. in depth. They have 
been operated almost exclusively by a system of 
deep-well pumps, and Mr. Campbell states that 
the maintenance and operation of these has 
proved to be an expensive, troublesome and un- 
certain element. The total operating expense 
directly and indirectly due to this most unsatis- 
factory water supply amounts to 98 cts. per 
1,000 gals. The new water supply, although in- 
volving the expenditure of a large sum of money, 
will have a charge not exceeding 16 cts. per 1,000 
gals. That its quality is exceedingly good may 
be seen from the analysis given in Table III. 
While the water from the deep wells has from 
10 to 26 lbs. of incrusting solids per 1,000 gals., 
the water from the creek has but 0.707-lb. per 
1,000 gals. 

Early in 1907, Mr. Campbell was requested by 
the management to investigate the possibilities 
of finding and developing a new supply of water 
that would be acceptable in quality and of ample 
quantity. Such a supply was found in Bonito 
Creek, at the foot of the White Mountain, 16 
miles in a direct line across the mountains and 
south of Carrizozo. The distance by the wagon 
roads, and on the only practicable route around 
which the water could be diverted and brought 
over to the railway, was 24 miles from Carrizozo, 
or 34 miles from Coyote (14 miles east of Car- 
rizozo). This latter is the point at which the 
main pipe line actually reaches the railway. The 
pipe line then runs along the track to Santa 
Rosa. The total distance from Coyote is 116 
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miles, and the total distance from the point of 
diversion on Bonito Creek to Santa Rosa is 148 
miles. The direction is shown by the map, Fig. 
1. Carrizozo is a division point, and from a point 
on the main pipe line a branch line six miles long 
is run to that place. This supplies water for the 
division terminal. 

The elevation of White Mountain is 12,000 ft.; 
the point of diversion on Bonito Creek about 
seven miles from the summit is 7,750 ft. The 
elevation of Coyote, where the pipe line reaches 
the railway, is 5,800 ft. From Coyote, the rail- 
way begins to climb the mountain divide 
separating the Rio Grande basin from the 
Pecos River drainage area. The summit is at 
Corona, 37 miles east of Coyote, and at an ele- 
vation of 6,725 ft. From Corona, the railway 
drops down steadily to Santa Rosa, at an eleva- 
tion of 4,600 ft. The water flows by gravity from 
the point of diversion on Bonito Creek to the 
railway at Coyote. From this point it is pumped 
up the hi!l through an elevation of 925 ft. and a 


defined natural basin. It will have a capacity 
of 422,000,000 gals., with a depth of 35 ft. and 
a surface area of 156 acres. The capacity can 
be increased to 1,000,000,000 gals. by work in- 
volving only a very reasonable cost. The ele- 
vation of the water surface will be about 7,150 
ft. above sea level. The upper section of the 
pipe line discharges into one side of the reser- 
voir, while the lower section begins on the oppo- 
site side. A 10-in. by-pass extends around the 
reservoir, from the 16-in. delivery main on one 
side to a connection with the 10-in. outlet pipe 
on the other side. The passage of water through 
this by-pass is controlled by a gate valve. In 
Fig. 4 are shown the inlet and outlet chambers. 

The pipe line varies in diameter from 7% to 
16 ins., depending upon the slope of the hydraulic 
grade line. From the Bonito Creek intake a 10- 
in. pipe extends about 2.5 miles, with a hydraulic 
grade of 3.3%. At the bottom of the grade is a 
stand-pipe. A 16-in. pipe then continues for about 
9 miles to the reservoir, the grade here being 
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FIG. 2. WEIR AND SAND-CATCHING CHAMBER AT INTAKE OF PIPE LINE ON BONITO CREEK. 


distance of 37 miles by two pumping plants. 
One is located at Coyote, at the foot of the hill; 
the other is at Luna, half way up to the summit. 
The working pressure against the pumps (in- 
cluding friction) is from 300 to 310 lbs. per sq. 
in. 

The formation of. White Mountain, and the 
country surrounding Bonito Creek at and above 
the point of diversion of the water, is almost 
exclusively granite and porphyry. The stream is 
fed by the heavy annual snowfall on the heavily 
timbered mountain slopes and gorges. This is 
the cause of the exceedingly good quality of the 
water. The total solids average. about 7 grains 
per gal., and the incrusting solids between 4 and 
5 grains per gal. 

The flow of Bonito Creek at the point of di- 
version varies from 1 cu. ft. per sec. for a short 
period in the middle of the summer, to 40 cu. ft. 
per sec. in the latter part of the winter and early 
spring. A quantity of water equivalent to 2.5 
c'i. ft. per sec. for the entire year will be diverted 
for the use of the railway. The diversion to the 
pipe line is made by means of a weir and sand- 
catcher or sand-box. These head works are 
built of reinforced concrete, and are shown in 
Figs. 2 and 3. 

About 11.5 miles below the intake, and at the 
edge of an elevated plateau or tableland, is the 
Nogal Reservoir, which is formed by a sharply 


about 0.3%. From the outlet there is a 10-in. 
pipe for about a mile, followed by six miles of 
7 -in. pipe having a hydraulic grade of 3.3%. 
The remaining stretch of 16 miles to the end of 
the gravity pipe line at Coyote is of 12-in. and 
1l-in. pipe, with a hydraulic grade of 0.3%. The 


five-mile branch to Carrizozo is of 5-in. pipe, 


with a hydraulic grade of 1.645%. 

During the low-water season in the middle of 
the summer the maximum daily flow of Bonito 
Creek will be (eventually) insufficient for the 
daily consumption of the railway. In order to 
tide over this period, the upper section of the 
pipe line (from the intake to the reservoir) has 
a flow capacity of 5 cu. ft. per sec. For the lower 
section, from the reservoir to the railway, the 
pipe-line capacity is 2.5 cu. ft. per sec., which is 
the estimated maximum future daily consump- 
tion of this division of the railway. This future 
daily consumption is assumed to be three times 
the present requirements. In other words, it is 
estimated that this new supply of water will 
handle something over three times the present 
large volume of business being done. During 
the winter and spring seasons the upper section 
of pipe, between the point of diversion and the 


storage reservoir, will deliver to the reservoir | 


a surplus of not less than 2.5 cu. ft. of water 
per sec., over and above the daily consumption 
of the railway. This surplus will be stored as 


a reserve to draw upon during a portion of the 
Summer time when the daily flow of the stream 
is insufficient. The reservoir in its natural con- 
dition will hold a reserve water supply sufficient 
to run the railway for eight months without any 
supply from the creek. 

The pipe line is provided liberally with air 
valves and blow-off valves, and also with a num- 
ber of gate valves and relief valves. This 
equipment is sufficient to control the flow of the 
water and keep the pipe full during the period 
of minimum flow in the creek, when the dis— 
charge of the latter will be insufficient to keep 
all sections of the pipe full and under pressure 
without the assistance of this system of valves. 
In addition to this, at the bottom of each of the 
two sections of heavy grade (3.3%), there are 
open stand-pipes which will automatically regu- 
late the flow of water and prevent accumulation 
of pressure at those points when the pipe line is 
flowing full under normal conditions. Some 
details of the valves and stand-pipes are shown 
in Fig. 5. 

At Coyote and at Luna, where the pumping 
Stations are situated, there are artificial reser- 
voirs of a capacity of 2,500,000 gals. each. There 
will be a similar reservoir on top of the moun- 
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tain divide where the water begins to flow by 
gravity from the summit down to Santa Rosa, 
a distance of 87 miles. Another similar reservoir 
will be built at Carrizozo, at the end of the 
branch pipe. Fig. 6 is a view of the Carrizozo 
reservoir, with the concrete lining being placed. 
The construction of the reservoir at Coyote is 
shown in Fig. 7, and the others are of practically 
the same design. They are formed by embank- 
ments faced with concrete. They are 100 x 200 
ft. on the bottom, with side slopes of 1 on 1%, 
and a water depth of 12 ft. 

Each reservoir is connected simply to the pipe 
line main by a tee and branch pipe passing into 
the bottom of the reservoir. It receives the sur- 
plus water that is delivered in excess of the rate 
at which it is pumped or consumed at the point 
of delivery. Under normal conditions the pumps 
are fed directly both by the main pipe line and 
by the reservoir. If for any reason the supply 
main should not be delivering water as fast as 
the pumps take it at Coyote, or at Luna, or if 
the consumption at any time at Carrizozo should 
be greater than the momentary delivery of the 
pipe line to that point, the deficiency for the 
time being is immediately supplied by the re- 
serve in these reservoirs. They will store a re- 
serve supply sufficient to run the entire division 
of the railway for one week. They thus allow 
this length of time for repairing any break in 
the gravity pipe line from the main storage 
reservoir on top of the tableland. 

Wherever the supply main along the rallway 
passes a service water tank at the water sta- 
tions, a 4in. branch pipe is taken off the main, 
carried into the bottom of the tank and then up 
inside the tank. This is capped by an automatic 
float valve, which cuts off the supply whenever 
the tank is full and also opens up the supply 
from the pipe main whenever the water In the 
tank falls below a fixed point. The service tanks 
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will, therefore, normally stand full of water, and 
any water drawn from the tank will be imme- 
diately replaced by a flow from the supply main. 
The arrangement of this service connection to 
the tanks is shown in Fig. 8. 

After the general character and features of the 
project were developed as above outlined, the 
question of the kind of water pipe to be used was 
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Fig. 3. Intake of Pipe Line on Bonito Creek. 


discussed very thoroughly. This resulted in the 
selection of wood-stave pipe, on the basis of first 
cost and probable durability. The pipe selected 
for the first contract from Bonito to Coyote is 
made by the Wyckoff Wood Pipe Co., Elmira, 
N. Y. This pipe is made of Canadian white 
pine, and is wound with flat steel bands. The 
bands and entire exterior of the pipe are very 
thoroughly covered and protected by a coat of 
asphalt. Each section of pipe as soon as it comes 
from the asphalt bath is rolled in sawdust; this 
adheres to and completely hides the asphalt coat- 
ing. This pipe is made in sections having a 
maximum length of 8 ft., and has a hub and 
tenon joint which is simply driven together in 
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Inlet Chamber. 


FIG. 4. 


the trench. Provision is made for reinforcing 
the joint under high pressures. This type of 
pipe has been used during the last 50 years, and 
Mr. Campbell refers to records showing dura- 
bility in useful service extending over periods 
ranging from 25 to 40 years. 

The pressures under which this pipe is being 
ald and will be required to work range from 5 


entirely by gravity. Be- 


to 130 lbs. per sq. in. For the last named pres- 
sure, the pipe is wound solid with the steel band. 
Kutter’s and Darcy’s formulas were used and 
checked against each other in proportioning the 
various diameters of the pipes to the various 
hydraulic grade lines under which they would 
work. It is considered that a wood pipe 11 ins. 
diameter will carry as much water as a 12-in. 
iron pipe. It is considered also that the carrying 
capacity of the wood pipe will not diminish, 
whereas a considerable decrease in the capacity 
of the iron pipe (even considered as a rough pipe) 
may be expected at some time in the future. 
Considering the difference in cost it was esti- 
mated that the wood pipe could be renewed once 
in ten years and still be an economical invest- 
ment. The engineers, however, had reason to 


believe that they would get a useful life of at 
The cost of 


least 25 years from the wood pipe. 
the wood pipe for this 
project will be not more 
than half that of cast 
iron pipe. Steel pipe of 
required weights and 
strength would cost ap- 
proximately the same as 


iron pipe. 
Some of the cast-iron 
specials used on the 


wood-stave pipe line are 
shown in Fig. 9. The 
tenons of the wood pipe 
are driven into the hub 
ends of the specials, 
while the flanged ends of 
the latter receive the 
valve connections, etc. 

On ail other sections of 
the pipe line, both be- 
hind Coyote and beyond 
Corona, the water flows 
FIG. 5. 
ginning at Corona, the 
gravity supply main down-hill starts with a wood 
pipe 8% ins. diameter. The diameter decreases as 
each water station is passed, or as the grade in- 
creases, until a diameter of 3% ins. is reached 
on the last six miles of the pipe line. 

Wood pipe is not used, however, on all of the 
pressure line from Coyote to the top of the divide 
at Corona, on account of the exceedingly high 
pressures on the lower ends of the two sections 
of this pump main. The pressure on the wood 
pipe is limited to 130 lbs. per sq. in. This neces- 
sitates laying two ten-mile sections of cast-iron 
pipe, beginning at each pumping station and 
running up the hill to the points where the pres- 
sures will be admissible for wood pipe. The 
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INLET AND OUTLET CHAMBERS AT NOGAL RESERVOIR ON THE PIPE LINE. 


total pressure on the pumping main at the pumps, 
due to static head and resistance, will be from 
300 to 310 lbs. per sq. in., or approximately 
equivalent to a static head of 700 ft. 

The two pumping stations will be equipped 
complete with Nordberg pumps and Stirling 
water-tube boilers, both in duplicate. Each 
pumping unit in each Installation has a capacity 
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of 1,000,000 gais. per 24 hours, and a guaranteed 
duty of 135,000,000 ft.-lbs. per 1,000 lbs. of steam. 
The estimated cost of lifting the water from 
Coyote to the top of the hill at Corona, is 4 cts. 
per 1,000 gals. 

The following additional information has been 
received recently from Mr. Campbell. In con- 
nection with the tests of velocity and capacity 
of flow of water by means of coloring matter 
thrown into the water, reference may be made 
to the use of a similar method in tests of the 
Kinnickinnic River flushing tunnel at Milwaukee, 
Wis. (Eng. News, April 23, 1908.) 


Pipe Line Construction. 

By J. L. CAMPBELL. 
The pipe Hine is completed from the source of 
supply on Bonito Creek to the railway at Coyote, 
and delivery of water commenced a few days 
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prior to Feb. 1, of this year. Pending the com- 
pletion of the pipe line along the railway from 
Coyote to Santa Rosa, the water is being hauled 
in water trains and distributed to the water 
stations where the old supply is superseded by 
the new. 

The improvement in operating conditions since 
Feb. 1 has been marvelous. In making the 
original report upon this project, the writer es- 
timated that the increase in train tonnage to be 
expected from the new water supply should be 
not less than 25%. Our engines to-day are haul- 
ing regularly 33.3% more tonnage per train than 
could be obtained prior to that date. Trains 
are now regularly on time and the immense re- 
lief afforded to trainmen and to dispatchers has 
made those employees happy and contented. 

The reduction in operating expenses already 
indicates that the cost of the new water supply 
will be entirely repaid thereby in 18 months. 
With the old water supply, engines had to be 
washed out at the end of each run and tubes 
had to be renewed every two, three or four 
months. Now engines run for weeks at a time 


without washing. New tubes, put in since the 


~ 


new water supply was introduced, will last for 
several years. 


The total length of the pipe line as it has been 
completed to the railway from the source of 
supply on Bonito Creek, including the branch 
to Carrizozo, is 37 miles. This pipe had to be 
hauled out and laid across country, some of 
which is quite rugged. The lower half of the 
line lies across an open plain (Fig. 10) where 
conditions of construction were favorable. The 
maximum haul on the 16-in. line on the mountain 
section was 18% miles. Being in a great hurry 
to complete the line we had at one time 200 
teams hauling pipe. About 60,000 ft. of this 
was hauled from the railway and distributed 
along the trench at the rate of three miles per 
day. The last ten miles of the pipe line was 
laid in seven days, during which time six differ- 
ent pipelaying gangs with ditching gangs and 
ditching machines were at work. After the 
trench was opened, a gang of six men laid the 
pipe at rates varying from 1,000 to 4,000 ft. 
per day, depending upon the size of the pipe and 
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the character of the country. Wood pipe, being 
comparatively light and the joint being a simple 
chamber and tenon connection, is very rapidly 
driven together in the trench. On account of 
the mildness of the climate, the pipe was laid 
with a minimum depth of 1 ft. from the surface 
of the original ground to the top of the pipe in 
the trench. 

As indicated farther on, this wood pipe line 
has proved to be remarkably tight, the leakage 


FIG. 6. 
THE PIPE LINE. 


being very small considering the maximum pres- 
Sure of 130 lbs. per sq. In. This tightness was 
secured largely by introducing bran into the 
upper end of the pipe at the intake on the creek. 
Experiments and tests covering the feature of 
leakage during the time the pipe was being 
manufactured had determined that, for short 
lengths, water tightness could be secured by the 
use of bran in the water. It was still a ques- 
tion if bran could be successfully carried through 
a pipe line 32 miles long and be made to stop 
leaks at the lower end. There was no trouble 
in doing this, and the leaks at the lower end 
were promptly stopped in this way. 

It is altogether probable that the large initial 
leakage which took place in the pipe line imme- 
diately after it was laid would have practically 
stopped in the course of a few months, due to the 
gradual swelling of the wood and tightening of 
the joints. However, the process was hastened 
(in fact stopped in 12 hours) by the use of the 
bran. 

Some large leaks and many small ones have 
opened in the pipe line from time to time, during 
the four months it has been in operation. These 
are very quickly and inexpensively stopped by 
pine wedges. Generally, such leaks occur at the 
joints, and are due, apparently, to the gradual 
settlement and adjustment of the pipe in the 
trench. In a few cases, imperfect knots have 
blown out between the bands of the pipe, but 
these holes have been stopped easily by pine 
plugs. The pipe is made of Canadian white pine 
and it is practically impossible to secure clear 
stuff out of that class of lumber. Consequently 
we had to accept a good many knots. The ma- 
terial was very carefully culled at the factory, 
and loose or imperfect knots were excluded as 
far as possible. Evidently it was not practicable 
to exclude every one of them. Except for the 
knots, the Canadian white pine is a superior 
quality of wood for pipe work. 

In addition to this, there has been some trouble 
from the pulling apart of a few of the riveted 
splices in the flat steel band with which the pipe 
is wound. It has been ascertained that this 
defect arose from the physical and mental con- 
dition of one of the men in charge of the rivet- 
ing at the factory. This is supported by the fact 
that these breaks in the splices were localized 
in practically one place on the pipe line, and an 
examination of the breaks showed that they 
were due to defective riveting. In future, the 
writer wil require that the riveting be elimi- 
nated and the splicing done by a thorough weld. 

It is remarkable that notwithstanding each 
section of pipe is spirally wound continuously 
from end to end, the pulling apart of the splices 
in the band which failed (as above noted) has 
not, in any case, resulted in a rupture or blow- 
ing out of the section of pipe on which such 
break occurred. The pipe has simply swelled 


THE RESERVOIR AT CAFRIZOZO, N. M.; 


EL PASO & SOUTHWESTERN RY. 


sufficiently to produce a very bad leak, the wind- 
ing of the bands generally loosening for only 
three or four turns around the pipe. It has been 
necessary merely to put individual iron bands 
around the broken part and tighten them up. 
The tenacity with which these spirally wound 
bands adhere to the pipe is accounted for by the 
tough and heavy coat of asphalt in which they 
are embedded, and the very high frictional re- 
sistance which is thereby set up between the sur- 
face of the wood and the 
band. 

Attempts to blow up 
the pipe line have given 
a further indication of 
this. Some miscreants 
have, on four differ- 
ent occasions, dyna- 
mited the upper section 
of the pipe line on 
Bonito Creek, each time 
blowing a hole into 
the pipe. In no case 
have these charges of 
dynamite broken up a 
length of pipe greater 
than 3 ft., and the wind- 
ing of the band and its 
adhesion to the surface 
of the pipe has not been disturbed for a dis- 
tance greater than 18 ins. back of the end of 
the break. In three of the cases of dynamiting, 
it was necessary to take out only one section of 
the pipe. In the fourth case, the charge hap- 
pened to be placed directly on a joint, and there 
two sections were broken. In each of these 
cases, the pipe was repaired and in service 
within three or four hours after the break was 
reached. With the exception of these breaks 
due to the dynambte, we have not as yet had to 
remove any of the 40,000 pieces of pipe which 
went into the pipe line. In one case only has 
a band broken on account of defective strength. 
This break was caused by a thin place in the 


band, resulting (apparently) from imperfect 
rolling. 


TESTS OF THE CARRYING CAPACITY OF 
THE PIPE LINE. 

Regarding the carrying capacity of the pipe 

line, the following letter will be of interest. This 

was written to Mr. T. Chalkley Hatton, M. Am. 
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per 1,000, and 47,500 ft. of 16-in. pipe working on an 
hydraulic grade having a fall of 3 ft. per 1,000. This 
test gave the information necessary to determine the rate 
of flow in, and consequently the carrying capacity of, the 
two sections of pipe. The velocities of flow are derived 


as follows: 

Area of 10-in. pipe in sq. ft............ccc cece 0.5454 
Area of 16-in. pipe in sq. ft... - 1.3960 
Length of 10-in. pipe in fte. - 13,200 
Length of 16-in. pipe im ft............. cece ees 47,500 
Time im seconds ........ccc cece cece rece aces eeee 13,800 


Let œ = velocity of flow in ft. per sec. in 10-in. pipe 
Let y = velocity of flow in ft. per sec. in 16-in. pipe 
then, 0.54542 = 1.396 y 


. . &©= 2.56 y 
13,200 47,500 
+ ——-— = 13,800. 


@ * 
Or expressing @ in terms of y. 
13.200 121,600 
—---— + = 13,800 


2.56% 2.560 
then, 35,428 = 134,800 
oe y = £8,806, and z = 9.74. 

These actual velocities of æ for the 10-in. and y for 
the 16-in. pipe give an actual discharge of 5.31 cu. ft. 
per sec. for both the 10-in. and 16-in. pipes. 

The calculated and anticipated discharge in fixing the 
diameters and grade lines of the pipes, as deduced from 
Darcy's formulas for smooth pipes, was 5 cu. ft. The 
actual discharge is, therefore, 6% in excess of the cal- 
culated quantity. These wood pipes are properly classed 
as smooth pipes. 

Darcy's formula, taking his coefficient “c” equal 
to 0.00083, gives a velocity of 9.17 in the 10-in. pipe 
and a velocity of 3.48 in the 16-in. pipe. This is from 
6% to 9% less than the actual discharge. 

Kutter’s formula, with ‘‘n’’ equal to 0.01, gives veloci- 
ties of 9.49 and 3.79, respectively. This is from 3% to 
O% less than the actual discharge. 

While the bran could not travel faster than the water, 
there is a possibility that the average rate of travel of 
the water may have been very slightly greater than 
that of the suspended bran. The difference is probably 
immaterial, as the larger and lighter flakes of bran were 
kept very uniformly suspended and distributed through- 
out the sectional area of the pipe by the flow and agita- 
tion of the water. 

The test above described consisted simply in putting 
the bran into the head of the 10-in. pipe and noting its 
appearance at the end of the 16-in. pipe. This observa- 
tion gave the necessary basis on which to compute the 
relative velocities in the 10-in. and 16-in. pipes as set 
forth above. 

The second test, which was made on March 31, was 
conducted as follows: 

An observer was stationed at a relief valve on the 
10-in. line 12,700 ft. below the intake at the weir, and 
another observer was placed at the end of the 16-in. line. 
The relief valve was opened to permit a small stream of 
water to escape, and the observer noted the time at which 


then, 


Det ee ewe wm em owe — oo oe 


~ 
— — O 


: Prat panog 
y Steel Pa 


FIG. 7. DETAILS OF RESERVOIR AT COYOTE, N. M. 


Soc. 


C. E., 
Wyckoff Wood Pipe Co., 
our wooden pipe. 


the Consulting Engineer to the 


the manufacturers of 


The first test was made on March 10. Bran had been 
introduced into the pipe line on several occasions for the 
purpose of stopping leaks (which it did very effectively), 
and it was incidentally noted that it required about four 
hours for the bran to travel through the pipe from the 
intake to the Nogal Reservoir. 

This suggested a simple and accurate means of de- 
termining the velocity of flow in the pipe. Consequently, 
I had a quantity of bran poured into the intake and 
the time elapsing until it appeared at the Nogal Reser- 
voir was carefully noted. It was found that it required 
3 hrs. 50 mins. for the water to fiow through that sec- 
tion of pipe, which consists of 13,200 ft. of 10-in. pipe 
working on an hydraulic grade having a fall of 33% ft. 


the various colors and the bran appeared in the wat er 
issuing from the valve. 

The test was made by using a pint of green aniline 
(hereinafter called green) dissolved in a gallon of water; 
a half pint of potassium permanganate (hereinafter called 
red) dissolved in a gallon of water; and 30 lbs. of bran. 

The two colors and the bran were started into the head 
of the 10-in. pipe and reached the relief valve 12,700 ft. 
below, as follows: 


Started. Arrived at valve. 
Green alte 8:30 a. m. 520 a. m. 
Réd at sos0 A „J.. 8:45a.m 9:0614 a. m. 
Bran ale 9:00 a. m 9:22 a. m 


This gives a mean time of 21.833 mins. or 1,310 secs. 
to travel 12,700 ft., or, at the rate of 9.695 ft. per sec. 
This required 1,362 secs or 22.7 mins. to flow through the 
13,200 ft. of 10-in. pipe. 

The green and the bran reached the end of the 16-In. 
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pipe at 12.22 p. m. and 12.51 p. m., respectively. The 
red color had become so faint that its arrival at the end 
of the 16-in. pipe could not be timed satisfactorily. While 
a trace of red seemed to appear at 12.37 p. m., its ob- 
servation is not included here. 

From the above, the green traveled from the head of 
the 10-in. pipe to the end of the 16-in. pipe in 3 h. 52 
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mins. The bran traveled the same distance in 3 h. 51 
mins., giving a mean time of 3 h. 51% mins., or 13,890 
secs. Since 1,362 secs. were consumed in going through 
the 10-in. pipe, 12,528 secs. were required for the water 
to flow through the 47,500 ft. of 16-in. pipe, or at the 
rate of 3.792 ft. per sec. We have then, measured ve- 
locities and discharges as follows: 


Velocity, Discharge. 
ft. per sec. cu. ft. per sec. 
In the 10-in. pipe nadine’ 9.695 5.287 
m ine 10-i. DING. . 3.792 5.293 


These results are inconsistent by only 0.006 cu. ft. of 
discharge per second. They indicate that the observations 
and deduced averages as given above, are quite accurate: 

Applying the formula for equalized relative velocities 
as derived in my letter of March 12 (and given above) 
we have: 

13,200 121,600 
-e + D 
2.56 y 2.56 y 

then, 35,558 y = 134,800 
. . y =3.791, and æ = 9.705. 

These calculated relative velocities give discharges as 

follows: 


For the 10-in. po... „„ „ „„ 5.208 cu. ft. per sec. 
For the 16-in. pipe.............. .. 5.292 cu. ft. per sec. 


These results are practically consistent, and would 
be entirely so except for dropping decimals in the fourth 
place. You will observe that the measured velocities 
and resulting discharges are practically the same as 
the calculated values. 

The bran traveled through the pipe as fast as the color. 
In fact, the noted time of the bran for the entire length 
of the pipe on the first test, March 10, was 3 h. 50 mins. 
On the second test, March 31, the time for the bran was 
3 h. 51 mins., while the green was not observed at the 
end of the 16-in. line until the expiration of 3 h. 52 
mins. The green had faded very materially by the time 
it reached the end of the pipe, while the red color had 
practically disappeared. It is possible that the thinning 
out of the coloring in the 12 miles of its travel in reach- 
ing the end of the 16-in. line may have rendered it im- 
perceptible until some time after the particles of water 
with which it had started its journey had actually reached 
the outlet. 

In any event, the experiment appears to prove quite 
conclusively that the lighter particles of bran have the 
same rate of travel as the water holding them in sus- 
pension. The fact that the bran had distributed itself 
throughout a greater length of pipe than the coloring is 
determined by the times at which the color and the bran 
appeared, and the times required for each to disappear 


= 13,890, 
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TABLE I.—QUALITY OF WATER SUPPLY AND EFFECT OF TREATMENT ON THB EL PASO & SOUTH- 


Incrusting Solids. 


— 
r. per U: 


Station. 


(BETWEEN SANTA ROSA AND CARRIZOZO, 
Non-Incrusting Solids. 


— 2 eee, EE — — 
S. gal.— Lbs. per 1,000 gals. Gr. per U. S. gal. 


N. MEX.) 


Chemicals Used, 
Ibs. per 1,000 gals. 
SS — r 


Sal- 

Untreated. Treated. Untreated. Treated. Untreated. Treated. Soda Lime. Caustic. sada. 

Santa Rosa ..... 140.12 14.40 20.02 2.06 28.76 235.35 8.41 mes 4.30 ee 
Pintado wonrin 80.47 15 to 22 11.50 3.21 9.42 66.94 4.35 8 0.96 2.43 
A ar 141.04 11 to 15 20.14 2.37 6.32 137.36 12.81 2.64 eer 8 
Tony 115.18 14 to 18 16.45 2.00 10.92 Teer 10.00 S tea 2.46 band 
DUD aeara 127.00 13 to 15 17.28 58 54.51 ed ned 12.64 3.14 88 er 
A osup hapi 179.95 6M% to 12 25.71 93 14.12 156.81 16.35 3.83 Day 
Gallinas ........ 90.78 15 to 20.89 12.97 2.98 7.49 95.46 13.89 2.82 gage 
Three Rivers 71.87 15 to 18.26 10.27 2.61 13.60 67.77 3.69 1 0. 75 2.00 
A 31.62 14 4.52 2.00 F 0.89 1 1.74 565 

at the end of the 16-in. pipe. The finer, lighter flakes of the 16-in. line, it is evident that the average velocity 


of bran and the milky color appeared first, while the 
larger and heavier particles lagged behind. 

The pouring of the green into the pipe began at 8.30 
a. m. and was finished in a period of 2% mins. It ap- 
peared at the relief valve at 8.52 a. m. and disappeared 
in a period of 3% mins. It reached the end of the 16-in. 
pipe, at 12.22 p. m., and disappeared in a period of 
3% mins. The red was poured into the pipe during a 
period of 2 mins. and it appeared at the relief valve for 
a period of 2 mins., but it did not appear with any dis- 
tinctness at the end of the 16-in. pipe. The bran was 
poured into the head of the pipe for a period of 2 mins. 
It appeared at the relief valve during a period of 2 mins., 
but at the end of the 16-in. pipe it appeared for a period 
of 20 mins. The finer lighter flakes and milky color came 
first, and the heavier particles last, as above described. 

As indicating the accuracy of the observations and the 


uniformity of flow in the 
p pipe, you will note that on 
x28x48 P. March 10, the bran went 
Steel Cover. through in 3 h. 50 mins., 
and on March 31, in 3 h. 51 


mins., a difference of one 
minute. The average time of 
the colors and the bran on 
March 31 differs but 1% 
mins. from the time of the 
bran test on March 10. the 
resulting discharges of the 
pipe being 5.29 cu. ft. and 5.31 
cu. ft. respectively. It appears, 
therefore, that the actual 
velocities and discharge are 
6% in excess of the 5 cu. ft. per sec. which the pipe 
line was designed to carry. 

The actual measured relative velocities and discharges 
in the 10-in. and in the 16-in. pipe show that there is 
no material leakage in the line. If there was a leakage 
sufficient to appreciably affect the velocity in the length 
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through the 16-in. section would have been less than 


that necessary to carry through all of the water received 
line. 
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Fig. 10. Course of Pipe Line across the Plain (The 
Poles are for the Telephone Line). 


The figures above show that the actual velocity through- 
out the entire length of the 16-in. line is the actual 
velocity necessary to carry all of the water received 
from the 10-in. pipe. As a matter of fact there was some 
leakage in the 16-in. line, but as far as it could be seen 
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TABLE II.—ANALYSES OF DEEP-WHLL WATER SUPPLIES; EL PASO & SOUTHWESTERN RY. 


r Santa Rosa M. P. 199. Pastura. 
Not treated. Treated. Not treated. Not treated. 
Incrusting solids: 

Calcium carbonate .......0. F e 9. 90 0. 30 10.45 7.70 
Calcium sulphate CCC Saa 100.50 none 104.39 104.90 
Calcium chloride ....... F reer none none none none 
Magnesium Carbonate ...ccccccccssccccccsssscces none 9.74 none none 
Magnesium sulphate ....... 1 Saw ae ee © ots 28.08 none 29.78 23.94 
Magnesium chloridvde d ae none none none 1.95 
Iron and alumina ...... ‘Cones C 0.12 0.04 0.82 0.77 
II; % ¼ ys ̃ ⅛ͤͤ ß ĩͤ ß r ERA ESO sua 1.52 0.47 2.33 1.40 
Suspended matter errr ferry ae wae a Trace 3.85 32.20 0.35 
Total „ „% „ 0 ee e e@e@ee ee e e 0 ees 140. 12 14 40 179 95 141.01 

Non-incrusting solids: 
Sodium sulphalae kk . 805 11.79 149.95 9.44 none 
Sodium chloride ...... e V 16.97 19.89 4.68 6.32 
Sodium carbonate FFC s none 65.51 none none 
Dll See aes CCC 28.76 235.35 14.12 6.32 
Alkalini %%% ᷣͤͤT—2——I——: S er 10.49 78.12 11.08 8.16 
Hard ness 33 Re ase katy So ee ee 108.04 9. 111.00 Peters 
Carbonic: geiiiddgdgdgdgdgddd e 16. 85 Not det. 15.32 14.93 
20.02 2. 25.71 20.14 


Pounds of incrusted solids per 1, 000 gals ` 


——— OS — — 
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TABLE III.—ANALYSIS OF NEW WATER SUPPLY FROM BONITO CREEK FOR DISTRIBUTION BY PIPB 


LINE; 


Gr. per 

Analysis. U. S. gal 
rr ðVj˖ ð 0. 700 
Oxides of iron and aluminnn kenn . . q ⁊=ꝶJ 474 
Calcium ox idgddd. res eecees 1.365 
MTE NAIA Id ð / e 220 
Sodium rſl“e‚e‚e Rene < 256 
Sulphuric aefſdddfddddd bow ees 1.950 
Gerin ee Sele O U4 ew aie be Se eee . 292 
Carbonic acid CiC beep NENA Bee eR 242 
5.499 

Less oxygen equivalent chlor ine EEE eave . 066 
PC ³·-A / c eae We 5.433 


EL PASO & SOUTHWESTERN RY. 


Gr. per 

Probably Combined. U. S. gal 
Silica.: soian eaea Sy peace avin paisa ee r woe ena . 0.700 
Oxides of fron and aluminnn ae. „ 474 
Sodium chlolllee ous oe ede „ 482 
Calcium sulpale we wee cee .... 8.315 
Magnesium carbonate ....s.sessssesocssoo . 462 


Total incrusting solids, 4.951; equal to 0.707 “ibs. pers, 1,000 gallons. 


and examined it would not exceed 5,000 gals. in 24 hrs. on 
the days when measurements were taken. When it is 
remembered that much of this line is working under 
pressures varying from 100 to 130 lbs. per sq. in., this is 
quite a remarkable result. 

The extreme water tightness has been secured by calk- 
ing the pipe with bran on several occasions, bran having 
been introduced into the pipe line at the upper end and 
carried throughout its length by the flow of the water, 
stopping the leaks as it went. This bran undoubtedly 
stopped many small invisible leaks. We know it actually 
did stop visible leaks of all kinds. Many of these were 
so small that it would have been difficult to stop them 
by calking, as the opening was not large enough to 
admit of calking with wedges. Im many cases, small 
leaks would be under a band and could not be got at ex- 
cept by the use of the bran on the inside of the pipe. 


MAINTENANCE RECORDS OF POOLED EQUIPMENT: 
| BOSTON ELEVATED RY. CO. 
By H. S. KNOWLTON.* 


In keeping records of defects and repair cost 
in connection with the operation of machinery 
the question of detail early comes to the front. 
The problem is to decide how far such records 
shall be subdivided, and this can be determined 
in specific cases only after a thorough study is 
made of the present and probable operating con- 
ditions. When the equipment is operated on a 
distinctly individual basis, taking each machine 
by itself and replacing it by another when any 
fuilure occurs, the recording of defects and re- 
pairs is a simpler task than when the machinery 
is pooled. If parts of different machines are 
‘substituted in time of trouble in preference to 
withdrawing the entire machine from service, 
the record system must be more elaborate, pro- 
viding for cross references in order to keep 
track of the location and service at any time of 
any given machine part. 

An excellent instance of the need of these 
cross references is noted in the practice of the 
Boston Elevated Ry. Co., in connection with the 
recording of defects occurring on its elevated 
trains. In electric railway service there is great 
opportunity to pool equipment successfully; 
transferring ‘motors from truck to truck and from 
car to car; substituting fresh wheels for those 
which are getting worn down; keeping the car 
as a whole in each instance regularly in service, 
so far as practicable. A similar opportunity is 
open to the manufacturer using a large number 
of electrically-driven machine tools, where the 
substitution of the spare part in preference to 
the withdrawal of the entire machine enables 
the tool service to be practically continuous. The 
amount of capital invested in a modern large 
machine tool is too much of a factor in the fixed 
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charges to justify a narrow policy in most in- 
dustries in regard to the purchase and storage 
of extra parts. 

In the case of the Boston Elevated Ry. the 
expected severity of the service and the many 
new problems which had to be solved by ex- 
perience in actual train operation made it neces- 
Sary for the company to plan unusually thor- 
ough means of keeping records of the behavior 
of its rolling stock. The card index afforded a 
ready and flexible method of filing the results of 
the dally operation, based upon the reports of 
the inspectors on the road, of the shop inspection 
organization and of the heads of the different 
shop departments. By means of these records 
and their interpretation the company has been 
able to reduce considerably the number of de- 
fects occurring in service. The application of a 
somewhat similar system on the company’s 
Surface lines reduced the number of failures 
some 50% in the last two or three years. On 
the elevated lines, however, there were many 
more new and unprecedented problems to solve 
than on the surface system, and in order to pro- 
vide for properly filing the data so that the ser- 
vice capabilities of the equipment might be 
learned in detail, and in terms of its life, the 
record system had to be more thoroughly sub- 
divided. 

To keep track of the pooled equipment, each 
armature, motor, truck and car is given one or 
more cards showing the location of each of these 
important parts at all times, showing the dates 
of changes from one car or truck to the other, 
the causes of changes, wheel-grinding dates, as— 
signments of motors to different trucks and 
cars, showing car lists by number and motor 
and armature cards by number, showing the 
dates and particulars of defects occurring in 
service. Each piece of equipment is given 
monthly cards showing the number of each kind 
of defect occurring on any day in the month. 
By summarizing the monthly cards into yearly 
cards, the tendency of any particular trouble to 
increase becomes apparent and the results of 
preventive measures are equally prominent. In 
one or two special cases the records have been 
plotted in curve form so that the tendencies are 
still more quickly perceptible. 

The lesson for manufacturing organizations, 
in this kind of record keeping on railways, is 
that cost accounting with pooled equipment may 
be maintained effectively by using enough cross- 
reference cards or filing sheets to enable the 
history of any important piece of apparatus to 
be followed in sufficient detail to give exact data 
upon its service performance, including its wear- 
ing power, reliability and expense of inspection 
and repair. Thus on traveling cranes, there 


-correspondingly lack the stone intermediate towers. 


might well be cards for each of the motors, 
probably one for the controlling apparatus and 
one for the mechanical transmission equipment, 
with a total card summarizing all the essential 
repairs and changes made from time to time. 
In the case of a multiple-spindle drill, driven by 
several motors, the records might provide for 
the numbering of the motors and their separate 
tabulation in matters of repair or transfer from 
machine to machine. If a new design of motor 
is applied to a machine tool upon which a great 
deal depends, from the productive standpoint, it 
may pay to subdivide the individual motors, and 
record on separate cards the performance of 
armatures, fields, commutators, leads and 
brushes. Carried to its logical extension, in each 
case, such a flexible record system affords a 
comparatively simple and inexpensive means of 
analyzing the performance of interdependent 
equipment. 
— — . — 


A 12,000-HP. STEAM TURBINE for a Buenos Aires 
electric works has been built by the firm of Franco 
Tosi, of Legnano, Italy. The turbine is of the Parsons 
type, with balancing piston. Governing is done by 
shifting a balanced throttle-valve operated by an oil- 
pressure piston, the oil admission and exhaust being 
directed by a rotary valve actuated by the governor 
lever. The rotary valve works in a ported sleeve which 
is rotatable in its casing; the sleeve is connected by lever 
with .the throttle-valve spindle in such a way that as 
soon as the throttle-valve follows the motion of the 
governor, the sleeve is rotated in the same direction 
as the earlier motion of the rotary valve, thus fol- 
lowing it and shutling the oil ports. 


— — . — iA 


THE NEW COLOGNE BRIDGES over the Rhine River 
at Cologne, Germany, consists of two structures. The 
southerly bridge (the central span of this bridge figured 
in the recent falsework accident) carries two railway 
tracks and two cantilevered footwalks. The two arch 
trusses are spaced 26 ft. apart in the clear. The river 
authorities required a central clear channel of 150 m., 
and side channels of 90 m. and 40 m., respectively; the 
clearance under the floor was to be 30 ft. above high- 
water level. The accepted design for the bridge shows 
three steel arch-truss spans over the river portion, and 
three true arch spans of steel on the right bank. The 


` river spans are through arches, both chords rising above 


the roadway, with a horizontal tie in the level of the 
roadway to take the thrust of the arch. The spans are 
333 ft., 541 ft. and 333 ft. (101.5 m., 165 m., 101.5 m), 
respectively, c. to c. The three shore arches are deck 
structures, with spans of 183.7 ft. in the clear. 

The northerly bridge is to accommodate four railway 
tracks, two trolley tracks, two roadways and two side- 
walks, all on one level. This bridge occupies the site 
of an existing double bridge of smaller capacity, but 
widening the latter by adding an adjoining bridge proved 
impracticable for a number of reasons. The old pair of 
bridges is to be removed entirely, and the new bridge 
built in its place. But as the old bridge was required 


to maintain traffic until at least part of the width of the 


new bridge should be ready for service, the new struc- 
ture as designed comprises virtually three adjoining 
but independent structures, seated on new plers wide 
enough to carry all three. The new pliers being so lo- 
cated that they do not interfere with the existing piers, 
it becomes possible to build the new piers complete and 
erect on them one of the three new structures, before 
tearing down one of the existing bridges. The general 
arrangement of spans and outline of the new bridge is 
similar to that of the southerly bridge. It comprises 
three spans, whose c. to c. lengths are $90 ft, 550.2 ft. 
and 402 ft. (118.88 m., 167.75 m., and 122.56 m.), re- 
spectively. The approaches are masonry, with several 
small arched street crossings. The trusses are arch 
trusses shaped like those of the south bridge, but the 
arches of the successive spans are independent and are 
separated visibly by masonry towers surmounting the 
piers, whereas the trusses of the south bridge are riv- 
eted together end to end, so as to be continuous, and 
The 
three structures of the north bridge have the following 
widths: Each of the two double-track railway bridges 
26 ft. in the clear between trusses, and the highway 
bridge 36.5 ft. in the clear, with sidewalks cantilevered 
out 10 ft. on the free side and 8 ft. on the side toward 
the railway bridges. The three bridges are distinct 
in all parts, including the end shoes; only the piers are 
common to all. 

The south bridge requires about 5,500 tons of steel, 
the north group of bridges about 17,000 tons. The total 
costs, including foundations and approaches, are about 
$1,250,000 and $3,250,000, respectively, a total of $4, 500,- 
000. The completion of the entire work was scheduled 
for 1911, but is expected to be delayed a year or more 
by the accident at the south bridge. 
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A LARGE REINFORCED-CONCRETE COAL POCKET AT 
CHARLESTOWN, MASS. 


By GBORGE P. CARVER,* Assoc. M. Am. Soc. C. E. 


The use of reinforced concrete as a structural 
material is extending more rapidly each year, and 
owners contemplating building are getting away 
from the old lines, and erecting structures which 
have all the advantages of the old method, few 


one side, but on the other side the wall of the 
pocket was located on the bulkhead line, which 
necessitated filling out into the slip a width of 
30 ft. for a driveway. With such a great dead 
weight as the pocket and the coal, it was, of 
course, impossible to construct the foundations 


directly on the fill, as the probability was that 
there would be uneven settlement and possible 
serious damage to the pocket. 


It was therefore 


FIG. 1. VIEW DURING CONSTRUCTION OF RE INFORCED-CONCRETE COAL POCKET FOR LE- 
HIGH & WILKESBARRE COAL CO., CHARLESTOWN, MASS. 
(Designed by Mr. George P. Carver, Assoc. M. Am. Soc. C. E.; Built by The Concrete Steel & Tile 
Construction Co. of Boston.) N 


of their disadvantages, and at the same or a 
slight additional cost obtain a genuine fireproof 
structure on which it is a waste of money to 
carry insurance, and on the contents of which the 
cost of insurance is only a small percentage of 
the cost for the same material in a structure 
which can easily be destroyed by fire. 

One of the many novel uses to which rein- 
forced concrete has been put is the construction 
of a large coal pocket, for the'storage of anthra- 
cite coal, which, so far as the writer has been 
able to discover, is the largest of its kind. This 
pocket has been constructed under the design 
and supervision of the writer for the Lehigh & 
Wilkes-Barre Coal Co., at Charlestown, Mass., 
and is capable of holding 10,000 tons of coal. 
It was determined by the owners to construct 
of concrete in order that when completed they 
would have a building that would last for all 
time; one on which there would be no mainten- 
ance charges, and which positively could not 
burn down. 

On the site of this new pocket there was 
originally a wooden pocket which was in use up 
to the time the construction of the new pocket 
was commenced. This old pocket had been 
erected about twelve years ago, and it was cost- 
ing $1,000 each year to keep it from falling down. 

The new pocket (Fig. 2) is 182 ft. long, 92 ft. 
wide and 24 ft. deep, and is set up on square 
columns arranged to allow the construction of 
paved driveways 13 ft. wide, with a head room 
of 10 ft. 6 ins. underneath, so that, in loading, 
a team may be driven through any of the drive- 
ways under the pocket containing the grade of 
coal desired. Upon reaching the proper chute 
the driver pulls a lever, releasing the coal, which 
passes over a screen into the wagon, giving a 
load of clean coal in the shortest possible time. 
In this way it is possible for a retail company 
to do the same amount of business with two- 
thirds of the teaming, compared to the old 
method of shoveling into the wagons from stor- 
age piles. 


FOUNDATIONS.—The pocket was located on 


a filled area between two bulkheads, of a width 
sufficient to allow a clear space about 40 ft. on 


“Consulting Engineer, 53 State Street, Boston, Mass. 


necessary to build a pile foundation, as the ab- 
sence of any firm bearing stratum precluded the 
use of deep footings owing to their prohibitive 
cost. The matter of piling was seriously con- 
sidered and it was eventually determined to use 
concrete piles for this construction, being more 
desirable in every way than wooden piles and 
actually costing less money. 

In the event of using wood piles the building 
laws would have required that they be cut off 
at a grade 10 ft. below the surface of the ground 
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and a load of only ten tons could be carried on 
each pile. This would have necessitated the use 
of three times as many wooden piles as con- 
crete and required an enormous amount of ex- 
cavation, bracing and additional concrete to 
carry the footings down to grade. Necessity of 
tide work would have made the use of wooden 
piles more expensive and awkward, because the 
excavated trenches would have filled the water 
at each rise of the tide, requiring pumping, sub- 
merging fresh concrete at each tide, and making 
progress slow and difficult. The construction of 
a cofferdam around the site was out of the ques- 
tion because of the expense Involved. One hun- 
dred and forty-three groups, containing a total 
of 750 Simplex piles, varying in length from 20 
ft. to 40 ft., were driven by the use of two 50-ft. 
drivers, the property of the New England Foun- 
dation Co., of Boston, Mass. These piles (Fig. 3) 
are of a uniform diameter of 16 ins. and are com- 
posed of a mixture of 1:2½ 5 cement, sand and 
traprock concrete. In placing these piles, the 
driver is brought to the proper position over the 
pile location and a hollow steel form, 16 ins. in 
diameter, fitted at the bottom with a blunt, de- 
tachable cast-iron point is driven until the re- 
quired penetration is obtained. Sufficient plastic 
concrete for the length of the pile is then poured 
into the form, and the form withdrawn, allowing 
the concrete to settle down into the hole, coming 
into intimate contact with the surrounding 
ground, cementing itself thereto and forming 
a rugged, monolithic column 16 ins. in diameter 
from top to bottom. The heads of these piles 
protruded 6 ins. into the _ reinforced-concrete 
footings, which were 2 ft. 6 ins. thick, and on 
which were constructed concrete column bases 
4 x 4 ft. x 15 ins. , 

CONSTRUCTION.—A hoist and tower was 
erected over the mixer and an incline, equipped 
with industrial railway and car operated by 
cable, was constructed from the storage piles of 
sand and stone to mixer. The concrete was 
raised to the desired height in the tower and 
discharged into a chute fitted with a gate. The 
concrete was drawn from the chute into indus- 
trial cars of about 18 cu. ft. capacity each, 
pushed by hand on tracks to the point of 
pouring. 

The concrete was machine mixed in the pro- 
portions of one part cement, two parts clean, 
coarse sand, and four parts -in. to 1%-in. 
crushed traprock. All concrete was mixed to a 
jelly-like consistency and when placed was 
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FIG. 2. PLAN AND LONGITUDINAL SECTION OF COAL POCKET. 
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thoroughly worked with spades and other tools the next lower, and in this way prevents a 
to increase the density of the concrete and to Straight drop of the coal to the concrete floor 
work the mortar to the form work so that when below, thereby reducing the breakage to a 1 
the forms were removed the surface of the con- minimum. 6 
crete was smooth and free from voids. Transversely across the building on each side A Anchor o.. et ` 
The forms of this work were made of spruce of the lower columns a reinforced-concrete wall . G ~: STAI. 3 
and were built in units at the mill and shipped 4 ins. thick has been con- a. 2 
to the site of the work, where it was only neces- structed, forming dirt IARI l 5 
sary to assemble the various units and support pockets. These pockets = he ec A OrOTETTATT he 
i ; 8 ; Fiznel fods * 
same. This proved to be a very satisfactory and receive the screenings E Croce. . e 
economical method. from the coal as it runs Part Plam = 
The reinforcing steel was delivered on the site over the screen in the Reus de Pte Buds. IPTC 6 
of the work and consisted of straight cup bars. chutes. These sereen- e ee -g 4 =j 
Bending of the bars was done by hand, cold, at ings are shoveled out 7) 8 5 . 
a very small cost. In placing and assembling, through openings in the -i 1. p , 
the steel was thoroughly wired together to pre- bottom of the dirt „ he ne ee eh oa 1. C 
vent displacement during the placing of concrete. pockets into carts taken Ea E ' 4 ' 
On the column bases the column reinforcement to a screening plant, „ 35 ( rig 
was erected and enclosed in a column form, and where they are deposited 5 ale Nan a lee lee cs ‘ta tet È i 
the forms for the slabs, girders and beams were into a large hopper and par ies ay FEE 522 
erected, supported and braced. The columns discharged on to a ver— pit See 3 I i 
were then poured with concrete to the under- tical bucket conveyor te REET | caps 73 
side of the girders and allowed to harden and carried up and run 8 5 — 4 — a S EE 
set for at least 48 hours. During this period the through a revolving J 7 4 „CTT 5 5 — i i 
; : awg : ` gered on Benn dene bo nnpenge | ek . e 
steel reinforcement for the girders and beams screen and separated into © 7 CEE oe eee dé 
was placed, and eventually these members were the smaller sizes of coal, ẹ  *---ẹ-- 5 os ge he war a a 
poured, and also the floor slabs, the reinforce- This plant is electrically & T= „„ Sy LL Le es ao PA 
ment for which was placed during pouring. The operated. 3 r 2. 5 22 3 * 
surface of the slab or floor was troweled to a Under the pocket in — 1 e 2 ; A 
smooth wearing surface while the concrete was all driveways, granite Rodo. 6 COO “Reds 6 t. toC 8 : 
soft. Previous to pouring the slabs, boxes at block paving with grout- : j SN o: 
the location of the openings in the floor for the ed joints is laid a a See ge eed 8 3 
chutes were set and secured, into which openings gravel base. This paving runs also 30 ft. out 5 D 
cast-iron hoppers were finally placed. from either side of the pocket, around and under bit 5 it 
Reinforcing rods were left protruding, and to the screen house, and up to the scales and office. 4. 3 83 
them other rods were spliced as reinforcement Under the pocket in each bay is a 16-c. p. elec- * E reel pe: 
for the walls. The forms for the walls were set tric light and under the roof over each separate ‘gt 1 ; ; 
up in sections to a height of about 6 ft., the re- pocket is a light and a reflector. The outside of 45 i ri- E 
inforcement placed and secured, and forms well the pocket and the yard is equipped with six arc ies a; A Erp E 
braced and the work then poured. lights. i paee -- 
The pocket is divided into twelve separate The Concrete Steel & Tile Construction Co., of 55 ar J: 
pockets, one division wall running the entire Boston, were the general contractors. i F d.. E -i T 
length through the center of the pocket, and ENTAS STATE er] LY -Y 
partition walls every 30 ft. apart transversely ee pee a get Ne NE IM NON AT 
across the pocket, making pockets 30 ft. by 45 THE COST OF BUILDING A GRAVEL-FACED EARTH 7 oo 
ft. in dimension. These division walls are 2 ft. dike at the site of the Whalen concrete diversion weir is Lee 5 8 
in width at the bottom and 1 ft. in width at the reported on in the U. S. Reclamation Record. as follows: ns a r NEWS 


top, and are designed as cantilevers, the steel 
being placed vertically and anchored in the gird- 
ers. Sufficient horizontal steel was used so that 
cracks would not develop. The outer walls are 
12 ins. thick at the bottom and 8 ins. thick at 
the top and are 24 ft. high. They are stiffened 
with buttresses every 10 ft. (Fig. 4). These 
buttresses extend into the pocket 7 ft. at the 
floor level and run to within 8 ins. of the line of 
the wall. They are 10 ins. wide and reinforced 
with nine steel rods on the inner face, running 
down into a beam for anchorage. The walls be- 
tween the buttresses were designed as beams 
and the steel was bent in at the buttresses and 
held by rods anchored into the buttresses. 


This dike, together with the concrete diversion weir 
abutting onto it, furnishes a means of diverting the flow 
of the North Platte River {nto the Interstate Canal, and 
will serve that purpose for the Fort Laramie Canal when 
it is constructed. The dike is about 1,600 ft. in length, 
11 ft. wide on top, with an average height of 10 ft. 
and side slopes of 2l% to 1. 

The embankment is now practically completed and 
contains about 35,000 cu. yds. of earth. The earth for 
its construction has been taken from a borrow pit on 
the upstream side thereof, the nearer edge of the borrow 
pit being not less than 100 ft., and the outside edge 
at about 500 ft. The whole embankment is faced with 
a covering of gravel, the thickness on the top and down- 
stream slope being 1 ft., and that on the upstream slope 
2 ft. Practically the entire embankment has been cov- 
ered with gravel at the present time, involving the plac- 
ing of about 6,040 cu. yds. of gravel. The distance from 
the gravel pit to the south end of the dike is 1,700 ft. 
on a down grade of approximately 1% from the pit and 
the total average haul is about 2,620 ft. The free haul 
under the specification requirements is 500 ft. 
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Cross Section. 
FIG. 3. 


A wooden roof with a tar and slag covering 
encloses the top of the pocket, protecting the 
coal from rain and snow. 

A new trestle 50 ft. in height has been erected 
and from this leads four automatic railways, no 
other power than gravity and a weighted triangle 
being necessary for their operation. 

On the interior of each pocket under the 
tracks has been erected a series of deflectors on 
an 8&-in. pitch, each deflector being constructed 
of wood and protected against excessive wear by 
sheet iron. The coal slides from one deflector to 


Section. 


Longitudinal 


SECTIONS THROUGH FOUNDATIONS OF REINFORCED-CONCRETE COAL POCKET AT 
CHARLESTOWN, MASS. 


The earth body of the embankment was placed in layers 
varying from 6 to 12 ins. in thickness, and these layers 
spread by hand and thoroughly compacted by the pas- 
sage of the scrapers and teams over them. The ma- 
terial as excavated shrank about 20% through the com- 
pacting to which it was subjected in being placed in the 


embankment. 
The gravel facing was loaded with wheel scrapers 
through a trap into four-horse wagons with slat bot- 


toms, each holding about 2% cu. yds. The gravel was 
dumped from the wagons onto the embankment and 
spread on the slopes thereof by means of a Fresno 
scraper and a hand shovel. Foremen were paid from 
35 to 10 cts. an hour: laborers from 2214 to 25 cts. an 
hour. The labor of horses in the earth work has been 
rated at 10 cts. an hour, and in the gravel work two- 


horse teams with drivers, at from 40 to 45 cts. an hour; 


Cross Section. 


FIG. 4. TYPICAL DETAIL OF SIDE BUTTRESS, 
CHARLESTOWN COAL POCKET. 


three-horse teams with drivers, at from 50 to 55 cts. 
an hour, and four-horse teams with drivers at from 
GO to 65 cts. an hour. 

Below is given a table of the unit costs per cubic 
yard of the earth body of the dike and of the gravel 
facing thereof distributed to labor, superintendence and 
plant depreciation. The cost data in the table following 
includes 30.000 cu. yds. of overhaul amounting to $450, 
which has not been separately considered. 


35,000 cu. yds. 6,040 cu. yds. 

earth body. gravel facing. 

r 
Distribution. Total Total. 

‘ cost. Unit. Total. Unit. 
Labor $7,695 50.219 $5,281 50.874 $12,976 
Plant depreciation 400 011 135 022 5355 
Superintendence 150 004 120 .020 70 
Total ....... . $8,245 50.234 $5,536 50.916 $13,781 
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THE IRON ORE PRODUCTION of the United States 
in 1907, according to a bulletin of the U. S. Geological 
Survey, amounted to 51,720,619 long tons, an increase 
of 8.32% over 1906, the most productive previous year. 
The maximum production of any one mine was 2,900,- 
624 tons, from the Hull-Rust mine in Minnesota. The 
Lake Superior district, which includes Michigan, Min- 
nesota and Wisconsin, produced 80.51% of the total. 
Details of the foreign trade in ore and of the pig iron 
production are given in the bulletin, as follows: 

During 1907 the United States imported more than 
1.0,000 long tons of iron ore. Of this total over half 
was from Cuba and about a third from Spain. About 
116.000 tons came from British North America, and the 
remainder was from numerous smaller sources of supply. 
The exports during the year amounted to 278,208 long 
tons, a slight increase over the exports of 1906. The 
bulk of these exports represent Lake Superior ores 
shipped directly from the American side to Canadian 
furnaces. 

The production of pig iron in the United States in 
1907 amounted to 25,781,361 long tons, as compared with 
an output of 25,307,191 tons in 1906 and of 22.992.380 
tons in 1905. The small increase shown by 1907 over 
1906 is due to the falling off in demand and produc- 
tion during the last quarter of the year. 

The 1907 production of Bessemer steel ingots and 
castings shows a decrease from that of 1905 of 608,281 
tons, while the production of open-hearth ingots and 


direct castings shows an increase of 568,675 long tons. 
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À NEW TYPE OF SWITCHBOARD: FOR THE SALT 
RIVER PROJECT, U. S. RECLAMATION SERVICE.* 
The engineering features of the various works 

in connection with the great Salt River Project 

of the U. S. Reclamation Service, near Phoenix, 

Ariz., have been treated from time to time so 

that it is of interest to place on record something 

about the switchboard developed for the control 
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fled by the government, one line in this diagram 
representing the three phases. It will be seen 
that both high and low tension busses are in 
duplicate, allowing ample flexibility for opera- 
tion, testing, inspection and repairs. Two elec- 
trically operated oil switches are used in every 
circuit and complete control of the system is 
therefore obtained at the benchboard. This ar- 


FIG. 5. SIDE VIEW OF FINISHED COAL POCKET. 


of the 6,000-KW. hydro-electric station which 
supplies a 45,000-volt transmission system. 

The alternating current switchboard selected 
by the government engineers for controlling the 
apparatus in the main station, is a development 
of recent “bench,” control-board construction. It 
is of the “open” type, that is, there is a space 
left between the instrument sections and the 
control bench, so that the switchboard operator 
can have an unobstructed view of any part of 
the generator room without going to the end of 
the board, which is located at the edge of the 
zallery about 18 ft. above the main floor. This 
benchboard is equipped for the control of the 
following circuits, the exciter switchboard being 
entirely independent and of the ordinary ver- 
tical construction: 

Six 2,300-volt, 1,060-K.V.A., 25-cycle, 3-phase, 
3-wire generators; six 2,300-volt, delta 45,000- 
volt Y, 1,060-K.V.A., 25-cycle, 3-phase banks of 


rangement is advantageous where it is import- 
ant that there be no shut downs of an appre- 
ciable length of time. With more than two 
transmission lines it would probably have been 
advisable to modify the connections to allow of 
isolating any line for testing purposes after the 
automatic switch had been tripped by a short 
circuit or other line trouble. 

All protective relays used on this board are of 
the time-limit type. Inverse time-limit overload 
relays are used on the transformer circuits and 
are so connected that trouble in any transformer 
will automatically disconnect all the transformers 
but will leave the generators operating in paral- 
lel on the low-tension bus. That the government 
engineers anticipate but little trouble with the 
transformers is evidenced by the fact that no 
provision is made in the transformer protective 
devices for selective operation. By using series, 
inverse, time-limit, overload relays on the high- 
tension side of the trans- 
formers, in addition to 
the low-tension relays, 
only the defective bank 
of transformers would 
be disconnected in case 
of trouble. 


The _  low-tension oil 
switches are a standard 


. J type, as shown in Fig. 3, 
= 05 a i each complete switch 
s : : consisting of three of 

these single-pole, single- 


Poastermers and à throw elements operated 
e Eine Lamit Aplaya * at . a , “a a A by a single solenoid. 
i ip 1 1 h Ó 5 15 É 05 Ó h = 00 The switches are mounted 
g z i . in fireproof cells, each 

Diseonseetng Swilehes 
* | | | | | | | l | pole in a separate com- 
EOAR EES EA SS E OE GE GE RAS ORE ere partment, with the sole- 
7 - noids in small subcells. 
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SIMPLIFIED DIAGRAM OF BENCH CONTROL BOARD. POWER 
STATION OF THE SALT RIVER PROJECT. 


FIG. 1. 


transformers, grounded neutral; two 45,000-volt, 
6000-KW, 3-phase, outgoing lines. 

Fig. 1 shows the system of connections speci- 
D ˙ A ee 


“Arranged from information supplied by the General 
Electric Co., Schenectady, N. Y. 


The cell doors are made 
of asbestos lumber with 
a fireproof, wooden 
framing and are pivoted 
at the top, but have no 
fastening at the bottom. 
This light, free swing- 
ing construction of cell doors has proven pre- 
ferable to heavy doors which are fastened 
tightly to the ce!ls as the effect of explosions in 
the cells is temporary only, so far as the door 
iş concerned, 


2 


“synchronizing, a 


and in- 
on pipe 


The disconnecting switches, bus bars 
strument transformers are mounted 
framework above the oil switch cells. As will 
be seen from the diagram of connections, dis- 
connecting switches are provided on both sides 
of every oil switch, so that any switch can be 
inspected, tested and repaired without shutting 
down any of the circuits. 

The high-tension oil switches are similar in 
construction to the low-tension switches. This 
switch is a top-connected device, but in this case 
the busses and disconnecting switches are neces- 
sarily located below the oil switch cells. Masonry 
compartments are provided for the hizh-tension 
bus bars. 

Protection against lightning is obtained by the 
use of a three-phase, aluminum-cell, lightning 
arrester for each transmission line, these arrest- 
ers being mounted outside of the station. 

The benchboard proper consists of six panels 
of oiled black slate, the total height, including 
the instrument section, being 8 ft. 2 ins., and 
the length, exc!usive of the swinging bracket, 
12 ft. 7 ins. Facing the switchboard, Fig. 2, 
the first panel at the left controls the two out- 
going lines, the next two panels each control 
three banks of step-up transformers and the 
three panels at the right-hand end control two 
generators each. The alternating current volt- 
meters and the synchronism indicator are 
mounted on a swinging bracket at the right-hand 
end of the board. The back of the instrument 
and control bench is entirely enclosed 
by removable grille-work doors. 


sections 

One alternating current ammeter, field 
ammeter and one polyphase indicating watt- 
meter are provided for each generator circuit. 
The two voltmeters on the swinging bracket are 
connected to the synchronizing bus in such a way 
that, when synchronizing, one indicates the volt- 
age of the starting machine and the other the 
voltage of the bus bars to which the incoming 
machine is to be connected. At other times the 
synchronism indicator is disconnected from the 
synchronizing bus by means of a small snap 
Switch mounted on the swinging bracket and 
the voltmeters can then be connected to any 
machine by means of the synchronizing plugs 
entirely independent of the synchronism indi- 
cator. 


one 


The synchronizing and control switches and 
the relays are mounted on the control bench. 
Two synchronizing receptacles are provided for 
each generator, one being used when synchroniz- 
ing with bus No. 1 and the „other when syn- 
chronizing with bus No. 2. Two sets of con-, 
tacts in these switches 
are used for synchro- 
nizing purposes, but the 
third set of contacts is 
connected in series 
with the closing side of 
the corresponding oil 
switch control switch 
so that no damage can 
be caused by the oper- 
ator becoming excited 
when synchronizing 
and trying to close the 
wrong oil switch. To 
assist the operator in 
gover- 
nor control switch is 
provided for each gen- 
erator circuit, this be- 
ing a double-pole, dou- 
ble — throw, reversing 
switch connected to the 
governor motor. 


The controlling 
switches for the oil 
switches and field 
switches are twin pull- 
button type, as shown 
in Fig. 2, which also 


shows the indicating 

lamps or bull’s-eyes. Fig. 2. Twin Pull- 
An indicator is pro- Button Controlling- 
vided on each switch, Circuit Switch with 


which shows green after Indicating Lamps. 
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FIG. 3. OIL SWITCH FOR USE ON 15,000 VOLT LINE; 300-AMPERE 


CAPACITY. 


(Made by General Electric Co.) 


the control switch has been operated to open the 
oil switch and red after it has been operated to 
close it. The indicating lamps are connected so 
that they show the actual position of the main 
switch, red when the oll switch is closed and 
green when it is open. If the indicating lamps 
and the switch indicator do not agree the oper- 
ator knows that the oil switch has tripped auto- 
matically. When this has occurred the control 
switch indicator shows red and the indicating 
lamps green. To make the indicating lamps 
plainly visible from a considerable distance or 
at an angle, a V-shaped projection is cast on the 
front of the lens. 


Generator-fleld rheostats are mounted below 
the switchboard gallery and are controlled by 
combination, bevel-gear and chain mechanisms, 
the operating hand wheels being mounted on 
pedestals in front of the switchboard. The field 
switches are solenoid operated and controlled 
from the benchboard, the same type of control 
switch and indicating lamps being used as for 
the oll switches. As stated above, the exciter 
and field switch panels are of the ordinary ver- 
tical type, two sets of bus bars being used. As 
the field switches are single-pole, single-throw 
it is necessary to connect double-pole, double- 
throw lever switches in series with them so that 
the fie'ds can be connected to either bus. 


Mimic bus bars are mounted on the control 
switch bench consisting of small, polished, cop- 
per bars which have no electrical connection 
with any part of the circuit. 
system of A. C. connections exactly as indi- 
cated in Fig. 1. The controlling switches repre- 
sent the oil switches and nameplates represent 
the generators, transformers and lines. 


The overload relays provided for the generator 
circults are single-pole, the secondaries of the 
current transformers being cross connected. As 
the generators are three-wire machines, the third 
line necessarily carries the resultant current of 
the other two lines and full protection is ob- 
tained by the use of two current transformers. 
This connection cannot be used on the trans- 
former panels, as three ammeters are provided 
for the transformer circuits, and it was con- 
sequently necessary to use double-pole relays. 
On the middle generator panel is mounted the 
signal relay which is used to ring an alarm bell 


They show the 


when any of the oll 
switches are tripped au- 
tomatically. This relay 
is arranged so that the 
bell continues ringing 
until the operator re- 
leases and is connected 
in such a way that it 
does not operate when 
the oil switches are 
opened or closed by the 
switchboard operator. 


Each transformer cir- 
cuit and each line is 
equipped with three am- 
meters. In addition to 
these instruments there 
is one ammeter con- 
nected in the neutral bus 
so as to read ground 
currents. The controll- 
ing - circuit equipments 
are similar to those for 
the generator panels. Syn- 
chronizing receptacles are 
provided for the line 
circuits but not for the 
transformer circuits, the 
receptacles for the line 
circuits being intended 
for use when additional 
generator station are 
laced in operation. 


To conclude, some ob- 
servations on the general 
arrangement and equip- 
ment of this board are 
worthy of attention. No 
panel is crowded, and 
the control and measuring apparatus is simple. 
The equipment for each circuit is segregated so 
that there is no confusion in emergencies. There 


are no elaborate testing equipments included. 
This board seems to be designed wholly for con- 
stant use in controlling the machines and cir- 
cults. 

The board and equipment was designed and 
built by the General Electric Co., of Schenectady, 
N. Y., to meet the requirements of the govern- 
ment specifications. 
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A FOLDING STADIA ROD WITH TARGETS, made 
by the Keuffel & Esser Co., of New York City, is in- 
tended to combine the self-reading and target features, 
the targets being mainly useful for unusually long sights. 
The folding arrangement (a 5-meter rod folds in three 
parts and is fitted with a leather handle for carrying) 
makes the rod more convenient in rough country. The 


„ hinges, of bronze, are set in flush with the wood, and 


the side plates are grooved to pass the targets. Catches 
and locks connected with the hinges hold the parts in 
position when the rod is opened out. The rod has cen- 
timeter divisions and the target vernier reads to milli- 
meters. Similar to other target rods, this rod is rela- 
tively narrow as compared with ordinary stadia rods, 
which restricts the possibilities of the marking. 
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THD PAIL SYSTEM of night soil collection and dis- 
posal in use at Ploen, Holstein, is the subject of a note 
kindly sent to this journal by Prof. W. P. Mason, of 
Troy, N. Y., who is now in the European city named. 
Prof. Mason writes: 


The city is an old one, numbering some 3,800 inhabi- 
tants, and possesses neither water nor sewerage system. 
Galvanized iron pails, fitted with tight covers, are used 
for the collection and removal of dejecta, the clean ones 
being brought into the houses covered, and the covers 
then clamped upon those ready for removal. 

Upon reaching the disposal station, outside the city, 
the collected material is mixed by hand with dried peat 
and the mixture sold for fertilizer. Before returning 
the pails to the city they are scoured by hand-driven 
brushes and thoroughly washed. 

The contractor and his son 5 8 the only labor re- 
quired and the city pays them 1. marks ($400) yearly 
for the entire service. The contractor also retains the 
sum arising from the sale of the manure. 

As illustrating the cost of the system for separate 
houses, let it be added that the small Hotel sum Prin- 
zen, having five seats, pays a yearly city tax of 68 
marks ($17) for the service. 


Ens, NEws. 


FIG. 4. GENERAL APPEARANCE OF ASSEMBLED: BENCH CONTROL BOARD. POWER STATION, 
‘ SALT RIVER PROJECT. 
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The fallacy of seeking greater capacity of a 
city railway by employing higher speed of cars 
is so common that we are not much surprised 
to find the Philadelphia “Record” making an 
argument based on this erroneous idea. In a 
recent issue that journal urges the adoption of 
higher speeds on the Philadelphia trolley sys- 
tem, in order that it may be enabled to carry 
More passengers. Philadelphia the Slow seems 
to be too fast for its trolleys. The “Record” 
asserts that in Boston the surface cars run much 
faster, and then says: 

A high speed here would enable the Rapid Transit to 
carry more people and earn more money on the same 
amount of trackage. 

This clearly implies the claim that increased 
Capacity would result from increased speed. 

The average man, in thinking of a transpor- 
tation system, almost invariably takes af mental 
trip on the line and shifts his viewpoint with 
the car as it goes along. When the car moves 
swiftly, he instinctively feels that the work of 
transportation is going along briskly; he rea- 
sons that, as the car leaves behind it a greater 
length of track in a given time than if it were 
tunning more slowly, the system must for that 
very reason be in the better condition as to 
capacity. There is in the background of his 
consciousness the specious analogy of the pipe 
through which water flows: The more rapid the 
velocity of flow, the greater the volume of 
water discharged in a given time; and by 
analogy, the faster we run our cars, the more 
cars can be run. He does not reflect on the mis- 
leading character of such a comparison between 
continuous flow and intermittent progression. 
He does not realize that to get correct views on 
his car problem he should stand at the street- 
corner, where the crowds wait for the cars, and 
observe the procession of arriving, stopping and 
departing cars. For if he did he could not fail 
to see that capacity is entirely unrelated to the 
speed at which the cars run after they leave the 
corner. He would observe also that the denser 
the procession of cars, i. e., the greater the ca- 
pacity developed, the slower are the cars run- 


ning; and he would conclude that so far as 
Speed and capacity have any relation at all it 
is an inverse one, the higher speed being coin- 
cident with lower capacity and lower speed with 
greater possible capacity. 

The curious feature about the ‘Record’s” 
argument is the implication that the Philadelphia 
cars are mechanically limited to low speeds. It 
happens that, as street cars are built, any of 
them is amply able to run at speeds as high as 
20 to 25 miles an hour, and so far as construc- 
tion or motive-power is concerned the Phila- 
delphia cars are able to run considerably faster 
than even the “Record” would approve. If, as 
the editorial from which we quoted seems to 
assume, the car speeds in Philadelphia are un- 
duly low, the cause is clearly to be sought in the 
congested traffic conditions. We believe the 
“Record” would find it an illuminating study to 
investigate these conditions and their effect on 
carrying capacity before repeating its unwise 
and futile demand for higher speeds. 


— . — 


Water distribution systems for railway service 
Are rare and where in use have been installed to 
meet special conditions. Elsewhere in this 
issue we describe one in New Mexico, the pipe 
mileage of which exceeds the length of the rail- 
way division which it supplies. In addition .to 
its 160 miles or so of wood pipe this water sup- 
ply system includes a storage reservoir of well- 
nigh a half billion gallons capacity and pump- 
ing stations to overcome an elevation of 925 ft. 
The new supply displaces one from deep wells, 
the water of which gave serious trouble be- 
cause of the large amounts of incrusting con- 
stituents which it carried, and that notwith- 
standing the use of an expensive water-soften- 
ing p!ant. The new supply, it is stated, will pay 
for itself in 18 months through the savings it 
will effect. 

Although the railway water supply problem 
is doubtless at its worst in the alkaline regions 
of the Southwest and West, at least one rail- 
way of the East has found it expedient to re- 
Place isolated supplies for Individual tanks on 
miles of road. The most notable instance of 
this in the East, so far as we remember, is 
afforded by the various systems built or under 
construction for the Pennsylvania Railroad, 
between Philadelphia and Pittsburg. One of 
these, comprising 135 miles of 36 to 10-in. cast- 
iron pipe, as well as other notable features, was 
described in our issue of April 9, 1908. Here 
the problem was to secure an abundance of 
water during the summer droughts and to avoid 
of corrosive qualities of the old supplies, due to 
the acid mine wastes which render some of the 
streams of Pennsylvania unfit for industrial as 
well as domestic use. 


A much earlier consolidated or centralized 
railway water supply system, perhaps one of the 
very earliest in the East, was a relatively small 
plant built by the Long Island R. R. a dozen 
years ago (Eng. News, Feb. 20, 1896). That 


was before the days when water-softening 
plants were common in this country, and it 
was to avoid a scale-producing water, as well 


as charges at city rates, that the Long Island 
plant was built.* 


Although but few centralized railway water 
supply systems have yet been built, it is rea- 
sonable to expect that other railways con- 
fronted with similar problems will follow the 
lead of those mentioned in this note. Certainly 
there are many railways that would be glad to 
free themselves from hard or muddy or acid 
waters, and that find small scattered plants for 
treating the water a source of heavy expense 
and annoyance, if not of serious difficulty. Cen- 
tralized plants for softening or otherwise treat- 
ing water may seldom if ever prove feasible, 
except at junctions and joint terminals. But 
centralized p'ants which substitute a naturally 
pure for an (industrially) impure water are quite 

*We are informed by Mr. G. C. Bishop, Supt. Motive 
Power, L. I. R. R., that the pipe lines have been ex- 
tended and that the average use of water is now 211,500 


cu. ft. per day; but this includes some water supplied 
for othcr than railway purposeg. 


another thing, particularly where they 
pumping as well as purification. 


— 


The use of bran to stop leaks in a long wood 
pipe line, which forms a part of the first of the 
railway water supply systems mentioned in the 
foregoing note, may possess no novelty what- 
ever, but we do not remember of having seen 
so expticit an account of its successful use, par- 
ticularly on so long a conduit. 

Perhaps more interesting and novel than the 
use of bran for stopping leaks was its use to 
determine the velocity of flow in the conduit. 
Green and red coloring matters were also used 
to ascertain the velocity. The bran (30 lbs.) 
and the green aniline dye (1 pt.) were readily 
discernible, after traversing 13,200 ft. of 10-in. 
and 47,500 ft. of 16-in. pipe, or nearly 15 miles, 
but the % pt. of permanganate of potash used 
ag a red color could scarcely be detected when 
it made its appearance at the lower end of the 
conduit. These velocity tests and their results 
are described and discussed at some length in 
the article named and are worthy of attention 
on the part of those interested in such sub- 
jects. 


save 


— —— —A— —ü— — 


Ten years ago, when the State of New York 
undertook the work of building a waterway from 
Lake Erie to the Hudson River, it was argued 
that the State must do this work itself and 
could not safely entrust it to the Federal Gov- 
ernment, because other cities which are rivals of 
New York in the export trade would combine 
and use their influence in Congress to prevent 
the work from being undertaken or long delay 
its completion. The commercial supremacy of 
New York City, it was said, depends on a water- 
way from the Lakes to the Atlantic and so New 
York cannot trust any one else to build or con- 
trol this waterway. y 

This was the argument of which much was 
heard ten to twenty years ago; but it sounds 
absurd at the present day. New York City has 
continued to increase by leaps and bounds in 
wealth and population, and though abundant 
grass grows in the Erie Canal it does not grow 
in New York streets. Events have proven, with- 
out the shadow of a doubt, that New York’s 
prosperity does not hang on waterway communi- 
cation with the West. Had New York’s com- 
merce been in the critical condition that was 
claimed when the voters of New York were 
persuaded to vote $101,000,000 for building the 
thousand-ton barge canal, her decline would al- 
ready be far advanced. 


It is interesting to recall now these arguments 


of a dozen years ago, for in the light of present 


know!edge it would appear that New York would 
have secured a waterway connection to the 
Lakes much sooner had it successfully used its 
great influence to have the Federal Government 
do the work than it will by performing the work 
itself. The work on the thousand-ton barge 
canal proceeds, it will be generally agreed, with 
provoking slowness. It is over four years since 


the legislation was complete and the organiza- 


tion made effective for construction; yet only a 
quarter of the work is as yet under contract and 
only 4%. of the total has been completed. Dur- 
ing May of this year the total work done 
amounted to $366,890. At this rate it will take 
twelve months to spend 4% million dollars and 
over 20 years to complete the whole work, as- 
suming the cost at $101,000,000. Of course the 
monthly output will be far greater when all the 
contracts are let, but on the other hand stress 
of weather suspends most of the work during the 
winter. 

We are referring to this slow rate of progress 
now to record the fact, not with any idea of 
criticism. As to the reasons for the slow prog- 
ress, some of them are set forth in the annual 
report of the Advisory Board of Engineers, 
recently issued. 

Great difficulty is being experienced in in- 
ducing contractors to bid upon this work. 
Among other reasons which make contractors 
wary of submitting bids, is the complications 
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which might follow changes in the State Gov- 
ernment. The Advisory Board might bring 
some small influence to bear to protect an hon- 
est contractor; but that it could really compel 
a square deal with a corrupt state administra- 
tion in control of the canal work is not at all 
likely. The Advisory Board itself, in its last 
annual report, enumerates ‘‘possible change of 
control during the life of the contract” as one 
of the reasons why contractors are slow to put 
in bids. 

The reasons which the Advisory Board gives 
for the long delay in getting the work under 
way are the length of the whole canal system, 
aggregating 445 miles, lack of appreciation of 
the climatic and physical difficulties, and the 
need of adjusting the many conflicting claims 
and vested rights of corporations, individuals and 
others and of choosing the alternative routes 
through various cities along the line. 


Unquestionably all these difficulties exist and 
it has required and will require much time to 
meet them successfully. In the winter, the con- 
tractor is greatly hampered by the severe climate 
and much work has to be suspended. In the 
summer, work must be carried on without stop- 
ping navigation on the adjacent canal, and this 
interferes with progress at many points. 
Further, contractors have to keep their bids 
within the engineer’s estimate of the cost of the 
work, and it is claimed that in the preparation 
of this estimate not enough was allowed for the 
contractor’s investment in working plant and 
its depreciation, for his expenses for bonds, em- 
ployees’ insurance, fire insurance and general ad- 
ministration. These are among the reasons why 
calls for bids on Erie Canal work have met with 
few responses, even at a time when contractors 
are hunting jobs and willing to work on small 
margins of profit. 


We point out these matters to present facts, 
not in any spirit of criticism. In the light of 
these facts, one would be rash to set a date when 
the barge canal system will be completed and 
available to save New York from the commer- 
cial paralysis that was supposed to threaten it 
twenty years ago. It does look, however, as if a 
Canadian deep waterway to the sea—an actual 
deep waterway, large enough to allow large Lake 
and ocean steamers to pass through it without 
breaking bulk—would be completed and would 
outclass New York's barge canal long before 
the latter has had a chance to justify its con- 
struction. 


RE —— epee nee Ey 


A CURIOUS PHASE OF THE STREET RAILWAY BANK- 
RUPTCY IN NEW YORK CITY. 


For nearly a year past the large and busy 
street- railway system of the old city of New 
York, the present boroughs of Manhattan and 
Bronx, has been enmeshed in a receivership of 
progressively growing complexity. The remarkable 
system of consolidated companies, whose nature 
we have already characterized* and whose make- 
up has been analyzed in detail by the Public 
Service Commisslon, f could not be made to pay 
when operated under experienced management, 
and is now being administered by a group of 
half a dozen lawyers who are endeavoring to 
secure more satisfactory results. As it would 
be too much to expect that these men, un- 
trained in street-railway matters, could operate 
the lines at higher efficiency than their pre- 
decessors, it is inevitable that to make a better 
financial showing they must employ means not 
available to a management lacking the pro- 
tection and direction of a court-of-law. 


The disaggregation of the great consolidation, 
or rather the .process of lopping off the most 
burdensome components, seems to be the chief 
instrument of this undertaking. In the course 
of this work, a very disagreeable transfer mud- 
dle has recently been created, which furnishes 
much food for reflection. It evidences the arbi- 
trary manner in which public-service matters 
are usually managed, and, we believe, empha- 
sizes the imperative need for such organs of con- 


*Eng. News, Oct. 3, 1907. p. 363. 
Eng News, March 5, 1908, pp. 264-265. 


trol as New York State has established In its two 
Public Service Commissions. 

A street-railway line known popularly as the 
Belt Line, which has long formed part of the 
united system under a lease, has been separated 
from the system by abrogation of the lease; 
thereby the general State law requiring issue of 
transfers between intersecting lines of a single 
company became inapplicable and transferring 
was discontinued. It happens that very many 
passengers had come to rely on these transfers 
for their daily transportation, and they now are 
compelled to walk or pay double fare. This 
situation is not at all novel, but some of its 
attendant circumstances are both new and in- 
teresting. 

The Belt Line, more properly the Central Park, 
North & East River R. R. Co., was leased 
by the Metropolitan in the course of the 
latter’s progressive acquisition of control 
over all the surface car lines of Man- 
hattan Borough. The lease rental agreed to 
was high, exorbitant in fact. There is no 
claim that the lease was made in order to give 
the traveling public the benefit of transfers, to 
improve the service generally and thus stimu- 
late traffic. Apparently the transaction had the 
object merely of centralizing control for purely 
speculative purposes; at least the ordinary 
motive of monopoly, eliminating competition, 
could have little influence, as the lines of the 
companies were in no direct competition. 
Whether the leasing was a wise move or not, 
we are justified in assuming that the supervis- 
ory authority of the State, had it been exercised 
at the time by some capable body like the pres- 
ent Public Service Commission, would have 
scrutinized the conditions, brought out its neces- 
sity or advisability or the reverse, and passed 
upon the terms, such as rental. The least that 
such a commission would have accomplished is 
a fair determination of whether the rental was 
proper, i. e., adequate as concerns the lessor and 
not unduly risky for the lessee. As the thing 
was done, without such supervision, no one dur- 
ing many years ever discovered, ostensibly, until 
the present embarrassment of the consolidated 
concern, that the lease was unprofitable. Now the 
public must pay in the coin of inconvenience for 
the ill-considered action of its ‘“uncrowned 
kings,” as the street-railway magnates have 
termed each other. 

But, it may be asked, is the public any worse 
off now than it would have been if the lease had 
not been made, and therefore the transferring had 
never been begun? It is very much worse off. 
The long- continued existence of transferring at 
a given point creates and directs currents of 
traffic in a certain path, influencing the dis- 
tribution of business and residential territory, 
etc. To discontinue suddenly a transit facility 
which has created and continued extensive 
movements of population is clearly a hardship 
which would not have been incurred if these 
movements had never been created; in other 
words, if the transferring had never been started. 

The point of the matter is this: Changes in 
the operation of traffic on a street-railway net- 
work have too important a relation to the 
orderly life of the community to be undertaken 
suddenly or arbitrarily. A capable and power- 
ful supervisory authority is necessary to con- 
trol such changes. In particular, changes in 
transfer privileges, including the initiation as 
well as the discontinuance of transfers at a 
given point, are a delicate matter, and if ill- 
considered they are sure to be harmful. 

It is worth noting that the New York situation 
was in part brought about by the State law re- 
quiring the issuance of transfers at intersections 
of different lines of a single company. Such a 
law seems to imply the assertion that it is de- 
sirable to issue transfers at all intersections. 
We believe that this is an error, and that not 
every intersection in a large network neces- 
sarily has a sufficient claim for the transfer 
privilege. Without stopping to enter into a 
proof of this view, we need say only that it is 
generally conceded that the transfer privilege in, 
New York City is grossly abused, that the public 
itself suffers thereby, and that, in our opinion, 


such abuse is facilitated in compound ratio with 
the number of transfer points in a given area. 
The need for a general law, of course, arises 
from the fact that the company itself cannot be 
relied upon to issue transfers at a_ sufficient 
number of points, or to issue them at all, with- 
out compulsion. But with a capable supervisory 
authority to protect the interests of the public, 
the need for a universal transfer law no longer 
exists. Better results for all concerned would 
be obtained by putting the whole matter of 
transfers into the hands of the Public Service 
Commission, with ample power to enforce its 
mandates, 

Another interesting matter about this case is 
the way the abolition of transfers by abrogating 
the Belt Line lease was brought about. The 
Metropolitan company, as already stated, never 
discovered the unprofitableness of the lease 
which is now alleged, or if so it did not take the 
public into its confidence. A short while ago, 
however, the company, with the aid of several 
accommodating creditors, went into a “friendly” 
receivership. Although the business is entirely 
within the State, a Federal court was sought 
out for the receivership, whereby incidentally the 
State is greatly hampered in enforcing its juris- 
diction over the company and protecting the 
interests of the public. Under these auspices 
the process of purifying the system is going on, 
including, apparently, the repudiation of lease 
contracts and other obligations which are no 
longer advantageous. The component compa- 
nies are fairly well crippled and cannot easily 
become a menace to the supremacy of the con- 
solidation. For example, when the largest original 
independent, the Third Avenue Railroad Co., was 
cut off, by the simple expedient of defaulting 
on the interest, the separate receiver appointed 
for the Third Avenue reported that he found 
the property in “a deplorable state of equip- 
ment.” The purifying process was applied to the 
Belt Line by a method which we, in our ignor- 
ance of law, had always believed impossible, 
namely, the simple cancellation of a contract 
by the act of one of the parties alone. It is 
true, of course, that this party acted with the 
authorization of a Federal judge. 

A Striking feature of the difficulty is that now 
the lawyer-managers of the Metropolitan ob- 
ject to an order of the Public Service Commis- 
sion to issue transfers between their line and 
the Belt Line. The owners of the latter, who 
have resumed possession of their property, are 
willing to issue transfers, on a half-and-half 
basis, but the larger company refuses. In ef- 
fect, ever since the institution of the receivers, 
they have denied the authority of the Commis- 
sion to exercise control over the operation, so 
that the legislation of the State in this respect 
is very successfully annulled. 

Out of the tangle of these maneuvers it ap- 
pears thgt when a public-service corporation gets 
into such difficulties that it must be put under 
guardianship, the first responsibility of the 
guardians should be toward the service rather 
than toward the stock and bond Interests. The 
public should be regarded as a preferred creditor, 
and such a view should be given explicit recog- 
nition by statute, if it is not to be obtained in 
opinions of courts. Certain it is that the op- 
posite view—the view that the public is only an 
asset on the receiver’s list and not an obligation— 
has proved capable only of perplexing the situ- 
ation, without clear advantage to the property 
as such, i. e., to the security holders. 

In conclusion, we are tempted to submit this 
question: Where the State has instituted a 
capable and highly-organized Public Service 
Commission, is not that organization the natural 
instrument for the temporary administration of 
a crippled public-service enterprise, so far as 
the conduct of transportation is concerned? In- 
dependent court receivers, whether “friendly” or 
not, may be excellent means for handling the 
mere business items, when coupled to the Public 
Service Commission as operating directorate; but 
to turn over to them the entire operation is 
bound to produce a confused, unsatisfactory state 
of affairs under which, as in this case, an en- 
tire city of millions may suffer. 
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LETTERS TO THE EDITOR. 


Allowing for Length of Straight Frog Rail in Calcu- 


lations for Turuouts. 

Sir: We note the letter you publish in your issue of 
the 18th inst. from Mr. E. T. Abbott, of Thrall, Cal., in 
reference to frog leads, and the question of considering 
the straight portion of the lead in the frog and in the 
serch point. 

1 would refer Mr. Abbott to Engineering News of 
April 21, 1898. which gives an article titled, ‘‘Simple 
and Accurate Rules for the Computation of Shortened 
Switch Leads, by Wellington B. Lee. This article not 
only considers this question, but also gives very handy 
formulas for figuring both the curved and straight lead 
aod radius for the correct curve to come tangent to the 
heel of the switch and toe of the frog. The Ramapo 
Iron Works have, through courtesy of the Engineering 
News, issued this article in pamphlet form for distribu- 
non among their friends and customers. 

] also note Mr. Abbott speaks of a standard frog being 
i ft. long. This is all right for spring frogs; but for 
rigid frogs there are only a few roads that have this for 
their standard length, except for frogs No. 10. One-and- 
a-talf times the frog number makes a very desirable 
lencth, giving ample room for the splice bars in all 
numbers of frog. Many roads take 8, 9 or 10 ft. as a 
minimum length of frog. Where the frog is one-and-one- 
tal! times the number, the spread at heel between gage 
line is usually made 12 ins. and at the toe 6 ins., giving 
the length from the theoretical point to the heel the 
same in feet as the number of frog, and from the theo- 
retical point to the toe end, in feet, one-half the number 
of the frog. This would make the No. 9 frog Mr. Ab- 
bott mentions, 13 ft. 6 ins. long, and would throw only 
4f. 6 ins. of the frog into the lead. 

Where large angle frogs as No. 6 are being used with 
12 or 15 ft. straight switches, it ls most essential in fig- 
uring these to consider the straight portion of the frog 
and the switch. If the turnout switch-point is curved 
back of separation of heads, as is often done, the 
formulas in the article referred to will still hold if one 
coasiders the length of the switch as the distance from 
tenaration of heads of switch rail and stock rail to the 
ewitch point, and the spread of the switch should also 
be taken at this point. 

These formulas have proved very useful to the writer 
and should be very instructive to your readers if inserted 
here. . 

Yours very truly, 
James B. Strong, Assoc. M. Am. Soc. C. E., 
Ramapo Iron Works. 
Y., Aug. 14, 1908. 


[The formulas referred to are as follows.— Ed.] 


To compute the leads a and b and the radius R by exact 
methods, requires the use of trigonometrical functions, 
324 preferably a table of logarithms, so the writer has 
developed a set of arithmetical formulas which gives sur- 
brisingly accurate results. With a No. 4 frog the error 


Hillburn, N. 


in ads is but 1 in., and in radius 6 ins. This error de- 
‘teases as the frog number increases, until with a No. 10 
frog it is but 1/ie-in. in leads and 1% ins. in radius. 
There is generally given, gage of track, g; vertex to 
hel of switch, v; spread at heel of switch, 8; vertex to 
‘0 of frog, t; spread at toe of frog, f. Then, 

v 


Switch number, n = —— 


8 
t 
Frog number, N = a 


d = 9 — (8 + f) 
nN 


Sir: Referring to Mr. E. T. Abbott's letter in your 
aue of Aug. 13, if he will look on page 385 of Tratman’s 
‘Railway Track and Track Work,” (second edition), he 


will find a treatment of this problem, giving approximate 
formulas, 


The following formulas may also be of interest, using 
the same lettering as Tratman: 


1 1 
Deve Re ata O 8) ia (0 + &). 


Rira AA 


1 1 1 
2 sin — (C — 8) sin — (C + 8). 
2 2 2 
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R cos S — D 
cos C = — 
: R 
Lead = L cos S+B+P 
= L + B +P nearly. 


Yours truly, 
R. Fleming Arnott. 

95 Liberty St., New York City, Aug. 17, 1908. 

— . — — 

Sir: As a reader of your publication for the past 
dozen or more years I have observed a number of arti- 
cles on the question of switch leads, and in none of 
them does it appear to me that the subject is handled 
in a manner which will enable the beginner to work out 
these leads so as to make them applicable to the par- 
ticular switches and frogs with which he may be com- 
pelled to work. 

I inclose two sketches which show the problem re- 
duced to the simplest form, and which problem may be 
Stated briefly to be as follows: With a given switch 
and a given frog to introduce a curve extending from 
the heel of the switch to the toe of the frog so as to 
use a curve of uniform radius. One of the first 
problems is to determine the angle of the switch, and 
this is a subject which never seems to be touched upon. 
The upper sketch will show the manner in which the 
switch is made. It will be noticed that the rail is 


bent in such a manner that when the rail is planed to 


the respective gage lines it leaves a blunt point of 


Switch Planed 
on these Lines 

Theoretical 5 
Font 


~ Additional Planing - 
to make Sharp Point 


Switch Rail. 
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Switch Lead Diagram, 
so that the theoretical point is some 


usually %4-in., 


distance beyond the physical point. The actual details 
of the planing will, of course, vary with the individual 
Manufacturers or the specifications of the purchaser. 
If the switch angle is not known it can be obtained 
by placing the switch rail against another rail, meas- 
uring the throw of the switch at the heel and de- 
ducting the thickness of the blunt point, from which 
the angle can be calculated, knowing the length of the 
switch rail. 
-Most of the articles proceed on the theory that the 
curve of the lead ends at the point of the frog, but 
usually the frog is made straight. The physical point 
of the frog is usually what is known as a half-inch 
point, so that the actual point of frog is some distance 
ahead of the physical point; with this in mind the 
actual distance to the toe of the frog and its throw 
can be determined. A glance at the lower sketch will 
readily show that the tangent distance of the curve 
that is to connect the switch and frog is a function of 
the distance M, which is the gage less the sum of 
the throws of the switch and frog, and it will be 
readily seen that this tangent distance T is 
M 
T Z =n 
sin A + sin B 
The other details of the lead can then be determined. 
From the above any combination of switch and frog 
lead can be arranged, and usually the ones most likely 
to be used are calculated and tabulated. After the 
theoretical leads are determined practical leads can 
be arranged to best suit the length of rails and num- 
ber of cuts required. Above No. 6 frogs a small vari- 
ation in the length of lead will not make much differ- 
ence, and convenience in the matter of cuts would be 
the determining factor, but below No. 6 no variation 
can be made. The writer has used frogs as small in 
number as No. 214, but these as well as No. 3 and No. 
4 frogs had the curve carried through the frog, and in 
One case a set of three were laid so close together that 
the heel rails of the frogs had to be bent to form the 
stockrail for the next. In this case we used No. 
frogs with T-ft. switches, so it will be seen that all 
the necessary functions had to be closely worked out. 
Yours truly, 
D. Hain, 

Supt. of Construction, Altoona & Logan Valley Electric 

Ry Co. 

Altoona, Pa. Aug. 15, 1908. 


—_——_—_———- —ü—Eàů E 
Sir: Regarding tables pertaining to turnouts for rail- 
road track, noted by Mr. Abbott in your issue of August 
13th, 1907; Many of the published tables in the band 
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“Gage Line of Stock Rail 
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books seem to be a survival of the days of the stub 
switch and very short frog. Railways now generally cal- 
culate their own tables based on the dimensions of their 
own track standards, and all recent ones coming to my 
notice figure the curve to be from the heel joint of the 
switch to the joint connecting the frog, and this very 
materially sharpens the radius of the turnout curve. 
The correct method is shown on page 385 Vol. 9 of Pro- 
ceedings of American Railway Engineering and Main- 
tenance of Way Association. Yours truly, 


O. K. Morgan. 
Johnson City, Tenn., Aug. 19, 1908 


[A small pamphlet entitled “Modern Turnout 
Formulas,” written by Prof. Wm. G. Raymond, 
now of the State University of Iowa, Iowa City, 
and published by C. A. Worden, Troy, N. Y., in 
1903, covers this Subject, and includes consider- 
ation of the three-throw switch. A table of 
Switch lead elements calculated from the for- 
mulas is appended to the text.—Ed.] 


— — . — 


Notes and Queries. 


L. M. M., of Watertown, Wis., sends a newspaper 
clipping which refers in the following terms to deviations 
of the plumb-line: 


A remarkable instance has been found in the island of 
Porto Rico, where the devia- 
tion from the vertical is so 
great that in mapping tho 
island the northern and 
southern coast lines as shown 
on the older maps had each 
ae moved inward half a 
mile. 


He inquires whether this is 
not Overdrawn, and asks for 
other instances of large error 

ae due to deviations of the 
plumb-line. 


It has been called to our 
attention that the Bazin for- 
mula for flow of water in 
open channels given in our 
editorial columns of Aug. 13, 
1908, p. 179, should have 
V r in the denominator of 
the fraction instead of 
the V as given, thereby 
agreeing with M. Bazin's 
opposition to the use of the slope in the coefficient, as 
noted in his letter. The formula should read: 


87 Vre 


v 

m 

11 — 

Vr 
This formula, but transformed to English measure, is 
given in the eighth edition of Merriman’s ‘‘Treatise on 


` Hydraulics,” Art. 115, not Art. 118, as stated in the 


text. 
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THE INTERNATIONAL CLASSIFICATION OF 
causes of death, originally known as the ‘‘Bertillon Sys- 
tem,” is now in use by every country in North and 
South America, by Japan, France, Spain, Holland, Bel- 
gium, Greece, Bulgaria, and other European countries, 
and has recently been adopted by the new Commonwealth 
of Australia. Aside from the use of this classification 
by the United States Bureau of the Census, it has been 
adopted by each of the registration states of this coun- 
try and by many of the registration cities. The classi- 
fication will be revised in 1909, in accordance with a 
scheme for decennial revision. At the last revision, 
which was made in Paris, August, 1900, representatives 
of 26 countries took part. The foregoing information was 
taken from Public Health Reports of the U. S. Public 
Health and Marine-Hospital Service. 


— — — 


A NEW TYPE OF TORPEDO has been invented by 
Lieut.-Commander Cleland Davis, U. S. Navy. The tor- 
pedo contains a tube of vanadium steel weighing about 
40 lbs. When the torpedo strikes the side of a vessel, 
a shell is discharged from this tube, through the opening 
made in the vessel, with a velocity of 600 ft. per sec. 
This shell is charged with high explosives and equipped 
with a time fuse, so that when it reaches the Interior 
of the vessel, which it will do, as it has sufficient ve- 
locity to penetrate the bulkheads and the coal, it will 
explode, doing the greatest possible damage. In this 
way the protection supposed to be afforded a vessel by 
the water-tight compartments, bulkheads, and layers of 
coal is overcome, and, of course, much greater damage 
done than when the explosion takes place on the out- 
side of the vessel or perhaps a few feet in. In a trial 
at Sheep Island, in Massachusetts Bay, Aug. 12, a 
torpedo of the Davis type was sent 120 ft. to a steel 
tank 15 ft. in diameter with three bulkheads of %-in. 
plate, and the torpedo shell passed entirely through the 
tank and bulkheads, going 100 ft. beyond. There was 
no explosive jn tbe sbell used in this trial. 
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A NEW DESIGN OF CONVERTIBLE STIFF LEG AND 
GUY DERRICK. 

In the use of derricks on excavation and con- 
struction work, either the guy type or the stiff- 
leg type of derrick may be best adapted to local 
conditions. The machine shown in the accom- 
panying cut is specially designed to be con- 
vertible into either type, as required. This is 
effected by the use of special interchangeable 
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Morrison electric hoist of 20 HP., using 500-volt 
direct current. It has two drums, and on one 
shaft is a reversible winch, and on one end of 
one shaft is a special reversible winch for 
swinging the derrick. The other shaft carries 
an ordinary winch head besides the drum. In addi- 
tion to the ordinary band brake, there is an auto- 
matic brake to prevent the drums from backing 
in the event of current being accidentally cut 


A NEW DESIGN OF ELECTRIC DERRICK IN USE ON THE CONSTRUCTION OF THE GRAND 


AVE. REINFORCED-CONCRETE 


The National Equipment 


fittings, so that only a small number of extra 
parts is required to change the derrick for dif- 
ferent classes of work. The machine can be 
adapted for use in excavating as well as for 
handling material. Twoọo lines are then led over 
the boom for operating the grab bucket. The 
line for the topping-lift, which raises and lowers 
the boom, is led up to the head of the mast and 
thence across to the head of the boom. 

The derrick is swung by means of a bull- 
wheel, which is built of steel and is adaptable 
to derricks of various sizes. This obviates the 
necessity of using tag lines on the boom. Stay 
or guy rods run from the rim of the wheel to 
the sides of the boom. The boom can be swung 
through an arc of about 270°. The casting for 
the mast bottom and step have chilled wearing 
surfaces running in grease or oil, and the step is 
fitted for two sheaves. The boom is fitted to 
iron straps pivoted to the mast bottom. The 
top casting on the mast has an attachment for 
a top or “rooster” sheave; this is used for the 
boom line when the machine is arranged to 
operate a grab bucket. The block of the topping 
lift is attached to this casting by 2 short chain. 
The cap of the boom is of annealed crucible steel, 
and is attached to the boom by steel side plates 
with through bolts. The end thrust, however, is 
received entirely by the cap, so that there is no 
pressure on the bolts which might tend to split 
the timber. The blocks for the hoisting and 
topping lines are attached to the cap by steel 
links and pivots. The sheaves are made for 
use with wire-rope, and have self-lubricating 
graphite bearings. 

These derricks are built by the National 
Equipment Co., of Chicago. The machine shown 
in the cut is one of two in use by the Newton 
Engineering Co. in the construction of the re- 
inforced-concrete viaduct at Grand Ave., Mil- 
waukee, Wis. (Engineering News, Feb. 14, 1907). 
Both of these are equipped as stiff-leg derricks. 
The hoisting capacity is 6 tons. The working 
radius is from 12 ft. to 38 ft., and the vertical 
lift is about 30 ft. when using the large drop- 
bottom buckets which are shown. These buck- 
ets are used for handling both excavated ma- 
terial and concrete. 

The derrick shown is operated by a Mead- 


VIADUCT AT MILWAUKEE, WIS. 
Co., Chicago, Builders. 


off while the machine is hoisting a load. The 
operating levers for the controller, the clutches 
and the brake are arranged very much as in a 
steam hoist. 
— — — 
THE PUECH ROUGHING FILTERS OF THE DERWENT 
VALLEY WATER BOARD, ENGLAND. 

In our issue of March 26, 1908, there appeared, 
in the course of an article by Mr. Ad. Kemna, of 
Antwerp, on “Novelties in Filtration and Their 
Theory,” an interesting general description and 
discussion of rapid multiple filters for the treat- 
ment of water preliminary to ordinary slow sand 
filtration. It appears that a number of these fil- 
ters, originally devised by Mr. Armand Puech, a 
cloth manufacturer, of Mazamet, France, and 
subsequently perfected in their engineering de- 
tails by another Frenchman, named Chabal, have 
been installed at various places. 

A plant of the Puech system is about to be in- 
stalled by the Derwent Valley Water Board, at 
Bamford, England. This board, it may be ex- 
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only open to the filtered water. 
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dent Engineer, with Mr. Andrew Williamson, As- 
soc. M. Inst. C. E., as assistant to the latter. In 
“London Engineering” for July 24, 1908, there 
appears an article by Mr. Williamson describing 
the whole flitration scheme. 

We reproduce herewith a cross-section of the 
roughing filters, and quote from “Engineering” 
as follows: 


The filters are arranged in four sets, each set con- 
sisting of four compartments, of similar design and 
length, but of different breadths, placed one behind the 
other, with inter-joining channels. There are thus 16 
beds, and, as it will not be necessary to clean more than 
one at a time, there will always be 15 in working or- 
der. 

Each compartment has a false bottom of wrought-iron 
perforated plates (6 ft. 8 ins. x 3 ft. 4 ins. x -In. thick). 
These are supported on rolled steel cross-tees (3% x 3 
x %-in. x 6 ft. 8 ins. long) placed across dwarf concrete 
walls, 6 ins. thick and capped with ashlar, running the 
length of the compartment. The floor is of 6 to 1 
cement concrete 1 ft. thick, with a %-in. lining of as- 
phalt; it has a falling gradient away from the inlet end 
in the direction of the length of the compartment, and 
at the lower end a fall of 2 ins. in the breadth towards 
the delivery-chamber in the opposite corner. At the 
inlet end there is a shallow trough of masonry, separ- 
ated from the gravel by a partifion wall; also two 12-in. 
sluice-valves which connect, for cleaning purposes, the 
channel outside with the floor below the gravel. The 
outlet end is provided with a chamber opening out from 
the underside of the perforated plates, and therefore 
In this chamber are 
fixed five delivery-pipes, each 6 ft. in circumference. The 
lips of these pipes are horizontal, 1 ft. 3 ins. below the - 
top of the coping of that compartment, and 6 ft. 9 ins. 
above the floor of the chamber. There is a sump in this 
chamber, and the water from underneath the gravel can 
be drained off when required into the waste-water cul- 
vert, through a 12-in. sluice. The dwarf concrete walls, 
which form narrow channels, have openings at their 
lower ends, through which the effluent flows to this 
delivery-chamber. Also at the lower end, but in the 
opposite corner, there is another sump, with a 12-in. 
sluice, which leads the water from above the gravel 
into the waste-water culvert. This sluice, and the one 
in the delivery-chamber, are only used for draining 
the water away when the bed is being cleaned. A waste- 
water culvert is built under the center wall of each two 
sets of roughing filters, and has two 12-in. pipes cutting 


through its arch and draining into it from each com- 


partment on either side. At the junction of the two cul- 
verts a 30-in. cast-iron pipe carries the water away to 
waste. Each of the compartments, therefore, is provided 
with penstocks and valves for the admission of impure 
water, and for the discharge of dirty water when clean- 
ing the beds; also with delivery-pipes for the escape of 
the outlet. The second compartment has a similar false 


- bottom, the perforations of which are 5/;.-in. in diam- 


eter. Its gravel is 1 ft. 2 ins. in thickness, and is sifted 
to a size larger than that of the holes, but smaller than 
the gravel in the preceding bed. The third and fourth 
compartments have perforated wrought-iron sheets with 
3/16- In. diameter holes. They are each filled with fine 
gravel 1 ft. 4 ins. thick, sifted to a size less than that in 
the second compartment. 

Past the outside ends of each set of roughing filters 
runs a 2-ft. 2-in. covered channel connecting the com- 
partments and acting as a by-pass, so that any one can 
be put into communication with any other of the set, 
or can be shut off and isolated. The effluent from a com- 
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CROSS-SECTION OF PUECH ROUGHING FILTERS, DERWENT VALLEY WATER BOARD, 
ENGLAND. 


plained, was organized a few years ago to develop 
and supply water to Sheffield, Derby, Nottingham 
and Leicester. The board is building works 
which will have an ultimate capacity of some 
43,200,000 U. S. gals. per day. For the present 
only one-third of this capacity is belng provided. 
Connected with the works will be a slow sand fil- 
tration system, which in general follows the or- 
dinary English practice. As a preliminary to the 
sand filtration, the water will be treated on the 
Puech roughing filters, of which there will be an 
area of 23 of an acre, as compared with 4% acres 
of slow sand filters, to treat 14,400,000 U. S. gals. 
per. day. 

Mr. Edward Sandeman, C. E., is Chief Engineer 
of the Derwent Valley Water Board. Mr. Her- 
bert Lapworth, Assoc, M, Inst, C. E., is Resi- 


partment passes through its delivery-pipes into this 
channel, from which it can enter any of the remaining 
compartments, or successive combination of them, or, 
instead, flow direct to the sand-filter channel. For ex- 
ample, the water may run through the first into the 
second, from there half into the third and half into the 
fourth, thence to the sand-filter channel; or it may go 
from first to third or from inlet to second, and 
to the third or fourth and on to the sand-filter 
channel. This allows any one of the filters to be cleaned 
without in any way interfering with the filtration of the 
other beds. 

In general the raw water is discharged from the Bam- 
ford syphon through a bell-mouthed stand-pipe into the 
inlet-chamber and channel to the roughing filters, the 
flow being controlled by a 36-in. manual valve. From 
the inlet-channel the water flows over two 10-ft. weirs, 
through a 3-ft. penstock, on to a trough in the first 
compartment. This it overflows, and runs over the 
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coarsest gravel, upon which it deposits its coarsest im- 
parities, and then passing through the perforated 
wrought-iron bottom, flows into the chamber contain- 
ing the five delivery pipes, through which it is dis- 
charged into a covered channel. From this channel it 
can be turned into No. 2 compartment, where it filters 
through the medium gravel, leaving there some of the 
impurities not retained in the first compartment; then 
through the delivery pipes into another covered channel. 
it next filters through No. 3 or No. 4 compartment, or 

half the quantity may go to No. 3, and half to No. 4, 
shere the fine gravel retains most of the remaining 
suspended impurities, and it is then discharged through 
the delivery-pipes into the covered channel leading to 
the sand filters. 

Afer a time, according to the condition of the raw 
water, the gravel gets too thickly clogged with deposited 
matter for the water to filter through at the required 
rate under the head available—about 9 ins. It is then 
necessary to thoroughly cleanse the bed, which Is done as 
follows: 

The compartment is isolated by closing the entrance 
penstock, and the water above and below the gravel is 
drained off through the two 12-in. sluice-valves at the 
lower end. A trench is dug in the gravel at the outlet 
end, the perforated plates being uncovered at the bot- 
tom, and a strong jet of water from a hose is played on 


the whole depth of the gravel thus exposed. This trench . 


is worked forward until the whole length of the compart- 
ment has been traversed. The dirty water, together with 
the slime removed, flows through the perforated bottom, 
and is drained off by the 12-in. sluice-valves; at the 
same time the plates are also 
thoroughly cleansed. 

It will be seen that every 
part of the filter can be in- 
spected without expense or 
difficulty, and without the 


Pipe Bolted to 
necessity of stopping the “Abutment 
operation of the apparatus. a 
As the washing is done in ; C= ̃ —— 


sity, none of the dirty filter- 
ing material has to be lifted 
out, as in sand filters, and 
the spaces ordinarily required 
for dumping and storing of 
old and new material for 
the filter-beds are dispensed 
with. 

The aeration of the water 
is considerable, thus assist- 
lag in its purification. It is 
also claimed for roughing A NOVEL HIGHWAY 
fiters, in combination with fine-sand filters, that the 
acreage required to filter a given quantity of water is 
considerably reduced, and sedimentation basins can be 
dispensed with, so that possibly 10 to 15% may be saved 
o capital outlay. 

The rate of filtration through the first compartment 
with the roughest gravel is about 22,800 U. S. gals. per 
. yd. per 24 hrs. [110,000,000 U. S. gals. per acre]; 
that is to say, 1 in. in depth will take 3 mins. to sink 
through the gravel. The area of the finest gravel is 
about 34% times that of the eoarsest, which layer the 
water would therefore take 3% times as long to pass 
through; that is, 1 in. in depth would filter through the 
fine gravel in about 10 mins. 

The slow sand filters have a combined area of 
21,000 sq. yds.; or, allowing for one filter out of 
use, a working area of 18,000 sq. yds. This gives 
a working rate of 800 U. S. gals. per sq. yd. per 
day, or 3,870,000 U. S. gals. per acre. The filter- 
ing material proper consists of 2 ft. of washed 
sand, for which the specifications read: 

Clean river, beach, or bank sand, entirely free from 
clay, dust, or organic impurities. It must not contain 
more than 2% by weight of lime and magnesia taken to- 
gether and calculated as carbonates, and the grains must 
be all of hard material which will not disintegrate. The 
size of the grains must be such that all of the sand 
will pass through a screen with 3/1s-in. diameter holes; 
that at least 70% will pass through a sieve having holes 
„-in. 9q.; and that at least 10% will pass through a 
sieve having holes 3/79-in. 8q. 

The sand rests on 12 to 15 ins. of gravel, in 
three layers of different size, and the gravel is 
supported on hollow brick underdrains. 

There is a small clear-water reservoir and the 
filtered water is measured by a Venturi meter. 

As to the use of the Puech filters elsewhere 
“Engineering” says: 

M. Puech's roughing filters were installed by Mr. W. 
B. Bryan, M. Inst. C. E., at the filters of the East Lon- 
don Water-Works, at Hanworth, near Sunbury, and it 
is understood they have given uniformly satisfactory re- 
eults since their introduction. This is the only place in 
England where they are in use; but on the Continent 
they are working successfully at the Municipal Water- 
Works of Paris; at the water-works of the Suburban Wa- 
15 Co, at Surenses, near Paris; at Nantes, Cherbourg, 


Mans, Annonay, Toul, Nancy (France), Valencia 
(Spain), Tiflis (Russia), Ismailia (Egypt)., etc. 


The East London works, we may explain, are 


Smooth 
Bend. 


5, 5"I-Beams 
(26°C.toc.) 


Trusses 126°C.t0C. 


under the control of the Metropolitan Water 
Board, London and vicinity, of which Mr. Bryan 
is chief engineer. 
that some of the plants named are trial installa- 
tions only. In Dr. Kemna’s article (Eng. News, 
March 26, 1908,) it was stated that the Puech fil- 
ters had been adopted for Madgeburg, on the 
Elbe. | 

The Puech filters, as compared with other types 
of roughing filters, with mechanical and with sed- 
imentation, were discussed editorially in our issue 
of March 26, 1908, (already mentioned) under 
the heading, “The Removal of Suspended Matters 
from Water and Sewage.” 

— — 


A NOVEL HIGHWAY BRIDGE. 
By F. M. GOODHUE* 


The unusual in engineering, in so far as it is 
founded upon correct principles and in conformity 
to the limitations or possibilities of the material 
employed, should be of interest to every en- 
gineer. In these columns the writer has had 
the pleasure of calling attention to the unusual, 
once to a bridge at Lawrence, Mass., and again 
to other matters, and in this article he wishes 
to draw attention to a highway bridge discovered 


while upon a recent tour in the Berkshire Hills ö 


in western Massachusetts. The design violated 
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BRIDGE AT WEST WORTHINGTON, MASS. 


no special engineering precept, the material was 
wood and iron, but it is not usual to see ordi- 
nary— except for size—pipe serving as the top 
chord of a bridge truss. 

The sketch accompanying is self-explanatory, 
but the following details, provided by Willard 
Jones, postmaster at West Worthington, and a 


member of the Board of Selectmen that built 


the bridge, are of interest. The bridge spans 
the middle branch of the Westfield River at 
West Worthington; the designer is Charles Ball, 
now in business at East Windsor, Mass. Being 
in touch with the district, with its many and 


small streams and not over rich town treas-. 


uries, he invented the bridge described as one 
that for a minimum of cost presented a maxi- 
mum of service and efficiency. It would seem 
these things were realized, for the bridge illus- 
trated only cost about $200, while bridge com- 
panies that bid upon the work asked double that 
amount or more; it has stood without repair 
for at least 15 years, with the exception of an 
occasional coat of paint or the tightening of the 
turnbuckles. 

The construction of the bridge offered no diffi- 
culty the town blacksmith and artisans could 
not surmount; in fact it Is understood the entire 
construction was by town residents. The bridge 
proved so satisfactory that several were built; 
three alone being in the town of Worthington. 
Mr. Ball’s reward from his invention was not 
what it should have been. It is stated the bridge 
companies seeing his bridge built so often, 
“froze” him out, and after regaining their 
market, calmly put up-prices to the old notch. 
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A 30-FT. BRICK WALL, which was being put up for 
a building in Chelsea Square, Chelsea, Mass., col- 
lapsed Aug. 25, burying 20 workmen, eight of whom 
were killed. The wall was being erected on the site of 
a building destroyed by fire last April. a 
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42 Broadway, New York City. 


We presume, but do not know, 


about one hour. 


THE VOLATILE MATTER or COAL AS EVOLVED 
UNDER DIFFERENT CONDITIONS.* 
By HORACE C. PORTER} and F. K. OVITzZ. 1 


In connection with the fuel investigations being con- 
ducted by the Technological Branch of the U. 8. Geo- 
logical Survey, an effort is being made to determine, 
among other things, the nature of the hydrocarbons 
which are given off from coal at a series of different 
temperatures, ranging from normal room temperature to 
that of the ordinary furnace. 

In a series of experiments not yet completed, on the 
deterioration in heat value of various coals during stor- 
age under different conditions, a liberation of gas in 
remarkably large quantities was found in certain cases. 
About 25 lbs. of bituminous coal of buckwheat size was 
stored in a 5-gal. glass bottle closed with a rubber 
stopper, which was provided with glass tubes for re- 
moving gas samples. 

The bottles stood in the laboratory at a temperature 
ranging from 20° to 25° C. In some of the bottles the 
coal was immersed in distilled water and the interstices 
well filled with water by attaching a partial vacuum for 
About 400 cu. cm. of air remained 
above the surface of the water. 

The gas liberated during these experiments consisted 


almost entirely of methane with a very slight amount 


of CO2 and no more than doubtful traces of CO and 
heavy hydrocarbons. No hydrogen could be detected 
by the palladium fractional combustion method. Whether 
this gas may properly be considered as volatile matter 
due to decomposition of the coal, or whether it is held 
in the coal as such by occlusion or absorption cannot 
be decided without further study. The fact that the 
oxygen of the air surrounding the coal was rapidly ab- 
sorbed without forming CO, indicates a change of com- 
position in the coal. It is reasonable to suppose that a 
larger quantity of gas escaped between the mining of 
the coal and the starting of the experiments than was 
measured during the experiments. -The measurement of 
quantity of gas formed is therefore of little value. The 
gas pressure in the case of one coal immersed, reached 
at one time 7 ins. of mercury. 

A series of experiments conducted primarily for direct 
weighing of moisture driven off from coal at 105° C. 
yielded results incidentally which showed the extent of 
the loss of substances other than moisture, principally 
CO, in small percentages. 

In studying the nature of the volatile matter at the 
medium and higher temperatures (500° — 1100° C.), 
two sets of experiments were run using different ap- 
paratus. In one a small sample (ten grams) was heated 
in a platinum retort suspended in an electric resistance 
furnace maintained constant at the desired temperature, 
the gases evolved being collected by displacement of 
water in a bottle. No attempt was made in this set 
of experiments to duplicate the methods of industrial 
practice. The apparatus was designed with the idea 
of maintaining definite and controllable conditions 
which would yield results comparable with each other 
in experiments on different scales. The other set of 
experiments was run on a somewhat larger scale, heat- 
ing 400 grams of coal in a cast-iron retort resting in a 
cylindrical electric resistance furnace, the tar, water, 
ammonia, COz, HS, and gas being collected in appro- 
priate absorption apparatus and measured. Owing to 
the heavy nature of the retort and the large sample of 
coal the temperature in the coal could not be varied a3 
easily in these experiments as in those using the plat- 
inum retort. Accordingly one set of conditions was 
adopted approximating as nearly as possible those of 
industrial by-product coke oven practice, and a number 
of typical coals compared under these conditions. The 
object was rather to compare the different coals with 
each other under this set of conditions, than to deter- 
mine absolutely the industrial by-product yields; and 
further to determine the composition of the volatile 
matter from different coals under these conditions. 

The series of tests on ten grams of coal in a platinum 
retort, at various temperatures, is not yet completed 
but has yielded sufficient results to show their approx- 
imate agreement with those obtained on 400 grams of 
coal and also to indicate the composition of the gas 
produced from different coals in the early stages of 
heating at low temperatures. A thermo-couple was in- 
serted in the retort so as to determine the temperature 
under the surface of the coal itself. The tests were run 
in an atmosphere of nitrogen which was passed through 
the retort until the exit gases contained less than 1% 
oxygen. The tar was collected in two 6-in. tubes of 
absorbent cotton heated to 100° C. The water was col- 
lected in a 5-in. CaCl, U-tube, and always contained a 
slight amount of light oil driven over from the tar 
causing an error of 1% or less. 

From the results given in the table it may be seen 
that the low temperature gases are high in illuminants 
and the higher homologues of methane, and low in hy- 


*Abstract of a paper presented at the June meeting 
of the American Chemical Society. 

Fuel Testing Laboratories, Carnegie Technical Schools, 
Pittsburg, Pa. 

Carnegie Technical Schools, Pittsburg, Pa. 
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ABSOLUTE QUANTITIES OF SMOKING AND 


NON-SMOKING PRODUCTS IN TEN MINUTES’ 


HEATING. 


TEN GRAMS COAL 
Smoking products 


Temperature 

5 ee NN — 

Fur- Tar 
Designation of coal nace Coal (%) Illum. 
Connellsville, Pfñůa 500 336 1 8 0 
Ziegler, III IIꝝswdsmm 5 500 325 ue 0 
Connellsville, Pa..........06 600 441 4.9 16 
Ziegler, IiI[»ßk seee ews 600 440 6.8 12 
Connellsville, Pa............ 700 562 11.0 42 
Ziegler, IIIIIIltI᷑IIII . 700 545 7.8 24 
Sheridan. W0o 700 580 8.2 50 
Pocahontas, W. Va 700 599 4.2 30 
Connellsville, Pa............ 800 687 12.6 76 
Ziegler, Ill... .. ccc cw wees 800 680 9.3 47 
Sheridan, W20o000o0 800 ee 7.9 48 

800 6.5 54 


Pocahontas, W. Va.......- 


Moisture. V. M. F.C. Ash. 

Connellsville, Pa........0.. 1.10 30.67 60.35 7.88 
Ziegler, Ill... .. cc ce cee ee ee 7.67 30.38 54.32 7.63 
Sheridan. W)2 o 9. 15 39.93 42.92 8.00 
35 20.93 75.51 3.21 


Pocahontas, W. V aa 


drogen. Comparing the four coals at 700° (565° in the 
coal) where the gas begins to be formed in considera- 
ble amount, the Connellsville is the richest of the four 
coals in illuminants and heavy hydrocarbons and the 
Pocahontas the highest in hydrogen. The high CO, and 
CO from the Illinois and Wyoming coals accords with 
other experiments on these coals. The tar at 700° is 
greater also in the Connellsville coal. The smokeless 
character of the Pocahontas coal may be connected 
more or less with the presence of considerable hydrogen 


Eng N Ev; N 


Gas (cu. em.) 


Non-smoking gases (cu. cm.) 


Ethane = 

etc. Total CO, CO CH, Hs Total 
0.6. 0.6 2.4 0.5 0.5 0 3.4 
0 0 13.5 4. 7 7.2 0 25.4 
46 62 12 11 71 4 98 
39 51 28 25 33 5 91 
103 145 18 31 256 78 383 
0 24 40 64 231 5 391 
69 107 294 204 190 154 H2 
109 139 13 27 300 192 532 
166 242 21 95 343 456 917 
78 123 47 200 346 420 1.013 
72 120 355 381 254 534 1,524 
186 240 19 77 390 691 1.177 


AN EXAMPLE OF THE DECOMPOSITION OF CONCRETE 
IN SEA WATER. 


In many of our past issues we have discussed 
the effect of sea-water on concrete structures 
and reprinted letters describing the experience 
of various engineers in this matter, but never 
before, we believe, have we been ablé to show 
such a marked case of disintegration as is illus- 
trated in the accompanying views of the sea- 
wall to some docks in the Charlestown Navy 
Yard at Boston, Mass. These urches are of non- 
reinforced concrete, some 20 ft. wide, and form 
the curved boundary to an earth and rock filled 
dock, the filling for which tails down under the 
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FIG. 1. DOCK WALL AT CHARLESTOWN NAVY YARD, BOSTON HARBOR. 


in its gas at low temperatures, since the low ignition 
point of hydrogen tends to assist in the burning of other 
gases present. 

The smoke producing constituents of the volatile mat- 
ter are here considered as including tar, and the heavier 
hydrocarbon gases; benzene, ethylene and homologues 
of methane (calculated as C2H6). While at 440° (in the 
coal) the Illinois coal (and probably also the Wyoming) 
has produced more smoky gases than the Eastern coals, 
at 565° and higher the Connellsville produces much 
more. This accords with the finding in practice of 
greater difficulty in burning coals of the Connellsville 
type without smoke. 


CONCLUSIONS. 


Some coals liberate gas during storage, of a compo- 
sition similar to that of natural gas, and some coals 
rapidly absorb oxygen from the air during storage with- 
out forming CO. 

During drying in air at 105° C. some coals lose appre- 
ciable amounts of CO, and most coals take up oxygen 
to a considerable extent, but none of those tested showed 
any considerable formation of combustible gases. 

The nature of the volatile products distilled from sev- 
eral coals at low temperatures in the early stages of 
heating varies in different coals in accordance with their 
smoke producing tendencies. 

The volatile matter of coal comprises a considerable 
proportion of non-combustible matter varying with the 
type of coal. 

A modification is suggested of Dulong’s heat value 
calculation for coal based on experimental results show- 
ing the distribution of oxygen between hydrogen and 
carbon. 


arch. The portion shown in the views was built 
in 1901, under the direction of the Bureau of 
Yards and Docks of the U. S. Navy Depart- 
ment, a bureau that has a reputation for the 
most careful and thorough work. We are not 
able to procure any definite information as to 
the conditions of material and workmanshiv 
from any one who was connected with the work 
during construction, but through the courtesy 
of Mr. Fred Thompson, M. Am. Soc. C. E., Civil 
Engineer, U. S. N., now the engineer officer of 
the navy yard, we have procured the photo- 
graphs herewith reproduced and such informa- 
tion as the records of the office show. 

The docks are located in the tidal salt water 
of Boston Harbor, which at this point is not 
highly polluted with sewage or factory 
waste, but which is subjected to considerable 
freezing weather and a 10-ft. range of tide. 
The concrete portion of the docks, built 
seven years ago, was constructed with all the 
care for which the Bureau is noted. The speci- 
fications call for continuous construction from 
pier to pier of the arch rings and for a 3-in. 
1:1 mortar face on all exposed surfaces. The mass 
concrete was a 1:2:4 mixture for 2 ft. back of 
the face and 1:3:6 for the interior, a standard 
cement and a local gravel being used. For the 
cement, all the usual specifications were pre- 
scribed with the following interesting clause: 


The contractor must furnish satisfactory evidence of 
the durability in sea-water of the brand of cement he 
proposes to furnish. 


In the construction the arch ring was first laid 
and after it was completed the showing spandrel 
walls built, the whole being of the dry well- 
tamped concrete so much used at that time. 

The photographs show without much further 
explanation the present condition of the face 
of the arches. It will be noted that the line of 
the extrados of the arch and the horizontal 
places where the parapet work stopped are both 
plainly marked in the decomposition. This rot- 
ting has extended for a considerable distance 
back into the concrete mass so that the mortar 
face alone is not responsible for the damage. 

The government authorities on the work have 
no explanation to make of the cause of the dis- 
integration, merely giving the facts in the case. 
It is well to note, however, that the decomposi- 
tion occurred in probably a porous concrete, as 
it was mixed and laid dry with no especial 
effort toward density or waterproofing, and that 
the structure is in tldal sea-water, subjected to 
alternate freezing and thawing and finally that 
the damage has been done mainly between the 
high and low water levels. 


eer —— 
NOTES FROM ENGINEERING SCHOOLS. 


HARVARD UNIVERSITY.—A Graduate School 
of Business Administration will be opened Oct. 
1, under the direction of Prof. E. F. Gay. This 
new school, for admission to which at least a 
bachelor’s degree is necessary, will comprise a 
two years’ course leading to a degree of Master 
in Business Administration and representing 
work in the fields of banking and finance, ac- 
counting and auditing, insurance, industrial or- 
ganization, transportation, commercial law, 
economic resources and public service. The 
other faculties of the university will be utilized 
for special instruction in any particular branch 
of study which the student's future work may 
demand. 


CORNELL UNIVERSITY.—A school of sani- 
tary science and public health is to be estab- 
lished, with the cooperation of the State De- 
partment of Health. For the present the in- 
struction will be limited to a course of lectures 
given at intervals beginning Oct. 8, 1908, and 
ending Jan. 14, 1909. President Schurman is 
reported as having expressed to Dr. E. H. Porter, 
Commissioner of Health, the hope that in time 
this “tentative course” may “develop into a 
great State school for sanitary science and pub- 
lic hygiene.” Besides lecturers drawn from the 
university faculty and from the State Depart- 
ment of Health, a number of specialists from 
Europe will take part in the course. In the list 
of lectures thus far announced (Bulletin New 
York State Department of Health, July, 1908), 
the sanitary engineering topics are notable by 
their absence. Perhaps this Is because of the 
fact that the various phases of this subject are 
already covered in the Engineering Department. 


UNIVERSITY OF ILLINOIS.—The School of 
Railway Engineering and Administration, which 
was established two years ago and which is in- 
tended to stand midway between the College of 
Engineering and the Department of Economics, 
is being gradually enlarged. According to a 
recent statement from the University the or- 
ganization of this school within the College of 
Engineering at present consists of an 
Associate Professor of Railway Engineering, in general 
charge, and especially concerned with the problems of 
railway equipment; an Assistant Professor of Civil En- 
gineering, especially concerned with problems of the 
track; an Instructor in Railway Mechanical Engineer- 
ing, especially concerned with locomotive performance 
and train resistance; and an Associate in Railway Engi- 
neering, especially concerned with the specialized prob- 
lems of electrical traction. Its organization within the 
Department of Economics consists of a Professor of Rail- 


way Administration and an Instructor in Railway Ac- 
counting. 


To the general faculty have recently been 
added Mr. F. D. Crashaw, as Assistant Dean of 
the College of Engineering, Mr. S. S. Roberts, 
as Assistant Professor of Railway Civil Engi- 
neering. Mr. Willam F. Schulz, as Assistant 
Professor of Physics, and Mr. K. G. Smith, as 


August 27, 1908. 


ENGINEERING NEWS. 


239 


Assistant Professor of Mechanical Engineering, 
in addition to nine other instructors and assist- 
ants. Prof. Crashaw has lately been Principal 
of the Franklin School at Peoria, III., Prof. Rob- 
erts has been engaged in active railway work, 
Prof. Schulz has been an instructor at the Uni- 
versity of Illinois, and Prof. Smith has been 
with the Kerr Turbine Co. Prof. Frank B. San- 
born, of Tufts College, has been granted a year’s 
absence from that institution to take up the work 
at the University of Illinois of Prof. Ira O. 
Baker, who is absent on leave. 


0 — 


AN EXPLOSION IN THE MAYPOLDB COAL MINE at 
Wigan, England, Aug. 18, entombed 70 miners, all of 
whom are believed to have perished, and started a fire 
in the mine. A report of Aug 20 states that it has 
been decided to flood the mine to check the progress of 
the fire. 

— . MM 

A DYNAMITE EXPLOSION Aug. 22 in the tunnel 
deing driven by the Philadelphia & Reading Coal & Iron 
Co. to connect the Raush Creek workings with the 
Brookside colliery, near Valley View, Pa., killed two 
men. The explosion is claimed to have been caused by 
lightning which was conducted into the tunnel along the 
rails. The men killed were working 1,300 ft. from the 
mouth of the tunnel, and were engaged in preparing 
the charge when the lightning struck. The other work- 
men had retired in anticipation of the setting off of the 


charge. 
— 51d —H— 
THE CORBETT DIVERSION DAM, a part of the ir- 
rigation structures pertaining to the Shoshone project of 
the U. 8. Reclamation Service, near Cody, Wyo., was 


FIG. 2. NEAR VIEW OF DECOMPOSED CONCRETE SEA 
WALL IN BOSTON HARBOR. 


finished in 1907 at a total cost of $66,750 and has re- 
eently been made the subject of a cost-data report by 
the service. 


The report states that the dam is of the reinforced- 
concrete buttress type, having a deck 30 ins. thick on 
the upper side with a slope of 1 on 1. This deck rests 
on buttresses 2 ft. thick, spaced 14 ft. on centers. The 
structure is founded on gravel and shale, and has a 
reinforced-concrete platform 2 ft. thick resting on the 
foundation and extending from the deck wall down 

to a distance of about 40 ft. Beneath the deck 
of the dam and this platform are three cut-off walls run- 
Bing lengthwise of the dam and extending down into the 
shale. The total length of the dam between abutments 
is 400 ft., and extending at the right abutment of the 
dam to the bluff is an earth embankment about 450 ft. 
in length. 

Careful records of cost were kept during the construc- 
tion of this structure, and the data relating thereto are 


tabulated in the accompanying table under the primary 
heading of distribution of cost and under the secondary 
headings of the class items of the schedule. Labor con- 
ditions were extremely bad during the entire construction 
period, but the contractor was provided with fairly effi- 
cient equipment. Laborers were paid at the rate of 
$2.50 to $3.00 per eight-hour day; carpenters at the 
rate of $3.00 to $4.50, and teams at the rate of $2.50. 
There was no suitable sand for concrete in the vicinity 
of the dam, and it was necessary to establish a crush- 
ing plant for manufacturing the same from cobblestones. 
The crusher and concrete mixer were located at a dis- 
tance of about 400 ft. from the right abutment of the 
dam. The concrete was hauled from the mixer to cen- 
tral points on the dam by means of cars of one-half cu. 
yd. capacity drawn by horses. At these central points 
the concrete was transferred to small hand carts, and 
thus conveyed to various local points on the dam. 


=M 


THE CUNARD LINER “LUSITANIA” has again 
broken all previous records for the trip across the North 
Atlantic. The passage of Aug. 16-20 from Daunt's Rock, 
England, to Sandy Hook, N. Y., over the short course, 
was made in 4 days 15 hours. This lowers her former 
record by 3 hours and 40 minutes. From noon of Aug. 
16 until noon Aug. 17, the liner traveled 650 
Nautical miles, exceeding by seven miles her best prev- 
fous performance. The average speed for this day's run 
was 25.66 knots, while that for the entire trip was 25.05 
knots. 

ee 


A RECORD RAINFALL ON THE PANAMA CANAL 
occurred on Aug. 7 at Bohio when, between 2:30 and 5:80 
p. m., 7.62 ins. of rain fell. The storm lasted from 
noon until about 9:45 p. m., during which time the fall 
was 8.82 ins., with maxima for 10 mins. and for 1 hr. 
of 1.15 and 4.50 ins., respectively. The 24-hr. record 
between midnights was 10.98 ins. Although concentrated 
at Bohio, the storm spread all over the Isthmus with 
its worst portions at points where no excavation was 
being carried on, hence with the exception of some 


trouble with sunken tracks and the ordinary difficulty 
of handling mud the work continued the next day as 
usual, 
—— er TAD 

THE BOILER EXPLOSION at York, Pa., which was 
noted in our issue of Aug. 13, has been pronounced by the 
coroner’s jury to have been due to the negligence of the 
owners, the Susquehanna Iron Co. The jury found that 
on the day of the accident there was absolutely no way 
of telling how many pounds of steam the boiler was 
carrying and that the shell had been pitted and corroded 
to such an extent that in many places it was not more 
than 4/;,-in. thick. To this, and the employment of in- 
competent men to operate the boiler, the jury attributes 
the explosion. 


TABLE OF COSTS OF CORBETT DIVERSION DAM, CODY, WYO., U. S. RECLAMATION SERVICE. 


Excavation, Class Excavation, Class 2, Excavation, Class 3, Puddling, 
1, 7,865 cu. yds. 2,681 cu. yds. 1,454 cu. yds. 1,712 cu. yds. 
Distribution of cost. 
Total. Unit. Total. Unit. Total. Unit. Total. Unit. 
Interest on investment ............. $347.00 .044 $354.00 50.132 $380.00 650.261 $72.00 $0.042 
Preparatory expense ............0.08 420.00 .053 430.00 .163 482.00 332 89.00 . 052 
Plant deprecl ation Pees 347. 044 354.00 132 380.00 261 72.00 -042 
Executive .....esssoscccesceoscosseeco 1,137,00 .145 1,165.00 .434 1,246.00 857 240.00 140 
C7%%/ yd yt 8 „486. 948 7,660.79 2.853 8, 214.07 5.648 1,631.25 953 
Süpplle nne anew eee 262.65 .035 262.62 .097 262.62 ASL wasse rrei è 
Total contractor’s cost........... . $9,980.28 81.269 $10,226.41 83.811 $10,964.69 787.541 $2,104.25 81.229 
U. 8. materials q . 8.28 . 001 8.29 ; 8.28 008 . 
U. 8. engineering. e 408. 15 052 465.04 175 555.81 383 44.68 .026 
Total actual cost............. . . . 810,396.71 $1.822 $10,699.74 33.900 $11,528.78 87.930 $2,148.88 


Reinforced concrete, 


$1.255 $75,279.69 515.209 $11,119.37 


THB HIGH-PRESSURE GATES in the outlet tunnel 
of the Shoshone Reservoir have been successfully in- 
stalled, and on Aug. 15 water was flowing through the 
tunnel. Since these gates were described in our issue 
of Jan. 2, 1908, it is only necessary to add here that 
each of the three cast-iron sluice-gates has a body 7% 
ft. long and 4% ft. wide and closes a waterway 7 ft. x 
3% ft. in section. Each gate weighs about 10,000 lbs., 


. sustains a water pressure of about 440,000 ibs., and will 


require for operation a lifting force of about 120,000 
Ibs. The work is being carried out by the U. S. Recla- 
mation Service. 

— . — 

FLOODS FROM HEAVY RAINS did great damage in 
North and South Carolina Aug. 25, the result of con- 
tinuous rains in the preceding 48 hours. Over a score 
of lives were lost. At Camden, S. C., it is reported a 
toll bridge was washed out and 19 persons who were 
standing on the bridge watching the flood were drowned. 
Several railway bridges and many culverts on the South- 
ern Ry. and the Seaboard Air Line Ry. were destroyed. 
The operation of water-power plants is interrupted, and 
there is much loss from the consequent failure of electric 
power and light service. Heavy rains affected the upper 
Atlantic States on Aug. 26, but with less serious damage. 

— . — — 

DEFIANCE OF THE PUBLIC SERVICE COM MISSION 
is the latest product of the receivership of the street 
railways in the boroughs of Manhattan and Bronx, New 
York City. The receivers of the Metropolitan Street 


Railway Co. were recently ordered by the Commission 
to agree on a joint rate with the Central Park, North & 
East River R. R. Co., as a substitute for the previously 
existing transfer arrangement, which ceased a few weeks 
ago when the receivers abandoned operation of the 
latter line and the lease thereby becoming void the line 
was resumed by its owners. 


The State law requiring 


FIG. 3. ANOTHER VIEW OF CHARLESTOWN NAVY YARD DOCK 


WALL. 


issue of transfers between intersecting lines of a single 
company becoming inoperative, to restore the traffic 
conditions existing in the past the Commission ordered 
a joint rate to be arranged before Aug. 25. On the 
latter date the roads reported a refusal to establish such 
a rate. Apparently much of the difficulty is due to a 
difference of opinon as to how the original fare is to be 
divided, the Central Park, North & East River holding 
that the fare should be divided half and half, while the 
Metropolitan believes that it furnishes the longer haul 
and should therefore receive more than half of the trans- 
fer fare. But in the return to the Commission’s order, 
the Metropolitan receivers go farther, and state that they 
will not enter into any joint fare arrangement as it is 
certain to prove unprofitable. This makes a direct re- 


— 


Hauling and placing Hauling and 
reinforcing steel, placing cast fron, 


— — — —ö — — — ee E ou 


4,950.59 cu. yds. 319,382 Ibs. 39,385 Ibs. 
Total. Unit. Total. Unit. Total. Unit. 
$1,675.00 50.338 $145.00 $0.0004 $27.00 .0007 
2,068.00 418 177. . 0005 34.00 .0009 
1,675.00 388 145.00 0004 27.00 .0007 
5,553.00 1.122 473.00 .0013 91.00 .0023 
$2,831.5 6.632 2,582.06 .0084 620.07 .0164 
4,950.70 1.000 ..... D Aa 3 wee ees aaah 
$48,753.24 $90,848 $3,522.06 50.011 $799.07 30.021 
24,369.55 4.925 7,275.76 .022 5,074.67 .129 
2,156.90 436 321. 55 001 230.52 .005 


owe el een — — — — — — — — — —— — 


80.034 $6,103.26 50. 155 
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fusal to comply with the Commission’s order. The 
matter will probably be decided by litigation. The re- 
- celvers deny that their action is due in any sense to a 
feeling of being under the protection of a Federal court 
and therefore not amenable to State administration. Judge 
Lacombe has already said, in a memorandum to the re- 
ceivers before their present refusal, that the question of 
their control by the Public Service Commission is wholly 
in the jurisdiction of the State courts. It has been sug- 
gested that the receivers will attack the constitutionality 
of the Public Service Commission law, in so far as it 
confers the authority exercised in the present case, on 
the ground that the compulsion of transferring in the 
face of the receivers’ opinion that it can not be made 
profitable would amount to confiscation. 
— © — — 

THE VENTILATION OF THE NEW YORK SUBWAY 
has just been made the subject of a report by Mr. Bion 
J. Arnold, the consulting engineer who was called in 
by the Public Service Commission to investigate the 
various deficiencies in that road. After a brief state- 
ment of the well-known superheated condition of the 
tube, Mr. Arnold suggest four ways available for reduc- 
ing the temperature of the air to that of the street or 
lower: First, refrigeration; second, cooling by water; 
third, blocking open the automatic louvres installed about 
two years ago as a relief measure, and fourth, build- 
ing a center wall between opposite-direction tracks so as 
to create ‘‘piston ventilation.’’ The first of these is con- 
demned as too expensive and the second also on account 
of the physical limitations in procuring cool water at rea- 
sonable cost. The two last methods are recommended as 
feasible and desirable. The automatic louvres are shut- 
ters in the side of the subway opening into the street 
and so arranged that they open upon sufficient air pres- 
sure being created by an approaching train, allowing the 
heated air to be discharged. However, on account of 
the slow speed of the trains and the conflicting air cur- 
rents, there is Prequently insufficient pressure to open 
them so that they are in operation only about 25 per cent. 
of the time. To remedy this, Mr. Arnold recommends 
that the louvres be kept open all day, allowing street air 
to enter and at night be arranged to operate in the orig- 
inally designed manner when the fans are being run, so 
as to remove the heated air, which, when blown out in 
the daytime, is offensive to passersby on the street. 
The last recommendation that a center wall be built 
between the up-town and down-town tracks, is expected 
to reduce the temperature markedly by creating a cur- 
rent of air through the tube in the direction of the 
trains, drawing fresh air from the station entrances and 
pushing foul air ahead to be expelled. The details of 
this wall are given as follows: 

Between 96th St. and Brooklyn Bridge this wall for 
controlling the air movements should be constructed on 
the center line of columns between the express tracks. 
The H-section plate and angle columns in the Subway 
are well adapted for the construction of a 4-in. terra 
cotta block wall laid in cement mortar, between the col- 
umns. This type of wall would be very strong and 
would strengthen the present structure. A concrete wall 
would be satisfactory, but more expensive, and would 
not serve the purpose for which the wall is installed to 
any greater advantage. It would, however, be more ef- 
fective as a guard in case of derailment of trains. It 
is essential to have the wall continuous so as to prevent 
any by-passing or short circuiting of the air. Between 
Stations it may be left in the rough, but for the sake of 
appearance in front of the stations it should be smoothed 
with cement mortar. At stations and wherever neces- 
sary, vertical counterweighted sliding doors could be in- 
stalled to atlow passage for employes, and if thought 
advisable, the upper half of the wall at stations could 
have vertical counterweighted sliding windows for ob- 
servations at stations. As the express trains do not run 
in the early morning hours, this wall could be put in 
quickly. While it would stop employes working in the 
Subway stepping between center columns to escape the 
trains, it does not make a dangerous condition, as they 
could use the space between the local and the express 

tracks the same as is now done in any place where two- 
track construction is used. The cost of a 4-in. terra 
cotta block wall between 96th St. and Brooklyn Bridge 
should not be over $76,000, or $2.25 per running foot. 
The cost of a concrete wall in the same section should 
not be over $130,000, or $3.85 per running foot. 

Finally, the report recommends the installation of 
large disk fans at 14th St. and Grand Central stations 
to cool the platforms and the construction of as many 
protected openings as practicable between the subway 
and the street. The report is now in the hands of the 
Public Service Commission for possibie future action. 

— — — 

THE SOUTHWEST LAND TUNNEL of the Chicago 
water-works is making good progress. Its speed of 
advance is of interest in connection with other rock-tun- 
nel records, recently reviewed in these columns, and 
with the rates of progress attained in the Gunnison and 
Bitter Root tunnels. While the tunnel is somewhat 
smaller than a railway tunnel, its maximum size is 
a horseshoe section 14 ft. x 13 ft. 8 ins., and it is In this 
section that the highest record has been made. The 
maximum monthly progress was made in June, being 
in drift 21 of Section No. 3. This record was 390 ft., 
made by working two groups of men in two ten-hour 
shifts. The daily average was 13.4 ft. for 29 working 
days. This work was under the direction of Mr. Daniel 
O'Connor, as Superintendent. The maximum daily 
average was 16.4 ft., made by the same force on June 


30. The gang for each 10-hour shift was made up as 
follows: 


1 Foreman 1 compressor engineman 
4 drillers 1 electrician and helper 
4 driller helpers 1 blacksmith and helper 
1 nipper 1 machinist and helper 
13 muckers 1 powder man 

1 cageman 1 pump man and helper 
4 top men 


38 Total. 


The excavation is carried on by a top- heading 9 ft. 
high kept about 12 ft. in advance of the bench, which 
is shot each day. For drilling the heading there are four 
Ingersoll-Rand drills mounted in pairs on two columns. 
Each set of holes consists of 8 cut holes 9 ft. deep, 6 
helper holes 7 ft. deep, and 12 rim holes 7 ft. deep. 
The drills are then turned over on the columns and 
four bench holes are drilled. About 250 lbs. of 60% 
gelatine dynamite are used to make an average progress 
of 7 ft. The rock through which the tunnel is driven 
is a hard limestone. The length excavated to July 31 
was as follows: Section 1, 18,841 ft.; Section 2, 18,880 
ft.; Section 3, 1,168 ft. This tunnel was described in 
an issue of Nov. 14, 1907. 


For the above information as to the records we are 
indebted to Mr. Geo. F. Samuel, Assistant Engineer in 
the Department of Public Works, who is in charge of 
this tunnel. 

ee 


THE LARGE EAST RIVER BRIDGES, New York 
City, progressed as follows during the past quarter: 

Blackwell’s Island Bridge.—The erection of the super- 
structure was completed on June 15, 1908. Some ma- 
sonry work is required to finish the main and anchor 
piers. Work on the approaches is progressing, and the 
steel viaduct work will soon be fully connected. Con- 
tracts for the inner trolley tracks, the roadway pave- 
ment and the footwalk flooring have been let and the 
work is in progress. The work remaining to finish the 
structure will be let soon. 

Manhattan Bridge.—The steel towers were completed 
ready for the cable contractor in May. The construc- 
tion footbridges, used in laying up the main cables, have 
been erected, and work on the cables themselves has 
been begun. Nearly 1,000 wires of the main cables are 
already in place, out of some 30,000. The approach sites 
have been practically cleared and the foundations for the 
viaducts are being bullt. 

Brooklyn Bridge.—The railway floor is being strength- 
ened by putting steel I-beam stringers in place of the 
wooden stringers. The shuttle-train service over the 
bridge railway tracks (connecting with the Brooklyn 
elevated lines), which hitherto was substituted for 
through traffic during the rush hours in order to gain 
capacity, has been abandoned since the completion of a 
tail-switching extension at the Manhattan end. The 
practicability of the change being established, the old 
shuttle cars were sold and the cable-haulage equipment 
removed from the bridge. 

a 

THE COL ONE BRIDGE ACCIDENT, reported briefly 
in our issue of July 16, 1908, p. 71, involved the loss 
of 8 lives. The accident is remarkable in the fact that 
the temporary work which failed was a steel truss 
bridge 200 ft. in span, forming part of the centering 
of a steel arch 541 ft. in span. The centering at either 
side of the truss consisted of pile trestle; the truss span 
had the object of leavimg a channel clear for naviga- 
tion, this channel being used by boats bound upstream, 
while a channel in another part of the bridge served 
for boats bound downstream. The 200-ft. truss span, 
specially built for this work, had already been criticised 
by the public authorities as too weak, and had been 
strengthened. The ‘‘Zeitschift des Vereines Deutscher 
Ingenieure” suggests that either the strengthening may 
have been insufficient or else certain of the upper laterals 
of the span had been removed to facilitate the erection 
of the arch members, although there were also rumors 
that a settlement of the pile-cluster end supports of the 
truss span had been produced as the result of scour by 
the current of the river. The normal depth of water is 
about 20 ft. The truss bridge comprised two parallel- 
chord Pratt trusses set 39 ft. on centers; the truss depth 
is about 26 ft., and the panel-length about 24% ft. 
(eight panels, with a very short end-post panel at either 
end). All members were detailed as rigid members, 
composed of steel shapes; the joints appear to have been 
bolted. At the time of the accident the span was carry- 
ing less than half its full erection load. A gantry 
traveler, consisting of two A-shaped side-frames con- 
nected by a portal construction, and about 100 ft. in 
total height, was standing on the span at the time of 
the accident. ' 

—ͤ—ę— a 

A CREOSOTED WOOD CONDUIT has recently been 
removed from Sixth Ave., New York City, after 21 years’ 
use, and has been found to be in excellent condition. This 
conduit, a 24-duct run, the product of the Wyckoff Pipe 
& Crcosoting Co., was placed in 1887 and had to be 
removed this year in the excavation for the Hudson 
River tunnels. It is in as good shape as when laid and 
is being stored for possible future use. 


PERSONALS. 


Mr. O. O. Winter, General Superintendent of the Grand 
Trunk Pacific Ry. Co., has resigned. He will be suc- 
ceeded by Mr. H. H. Brewer, formerly Superintendent 
of the Lake Superior Branch. Mr. Brewer's headquarters 
will be at Winnipeg, Man. 


Mr. Arthur L. Walker, M. Am. Inst. M. HA, has been 
appointed Professor of Metallurgy at Columbia Univer- 
sity to succeed Prof. Henry M. Howe, M. Am. Inst. M. 
E. Professor Howe will continue to lecture on iron and 
steel. Mr. Walker graduated from the Columbia School 
of Mines in 1883. 


Mr. J. G. Holcombe, M. Am. Soc. C. E., has resigned 
the position of Division Engineer in charge of the Mu- 
nicipal Engineering Division of the Isthmian Canal Com- 
mission to accept the office of Chief Engineer and Direc- 
tor of Public Works of the Republic of Panama. Mr. 
Holcombe was at one time Chief Engineer of the Philip- 
pine Government. 


Mr. E. J. McCaustland, M. Am. Soc. C. E., M. Am. 
Inst. M. E., has been appointed Professor of Municipal 
Engineering at the University of Washington, Seattle. 
Mr. McCaustland has previously taught as an Assistant 
Professor at Cornell University and as Professor of 
Mining Engineering at the University of Alabama. He 
has been principal Assistant Engineer in charge of track 
work in connection with the recent track elevation in 
Chicago. 


Obituary. 
T. Edward Lamb, Assoc. M. Can, Soc. C. E., of the 
firm of Laurie & Lamb, consulting engineers, Montreal, 
died Aug. 13, at Caledonia Springs after a brief illness. 


A. J. Bailey, formerly Superintendent of the Bridge 
and Building Department of the Grand Trunk Ry., died 
Aug. 14 at Toronto, Ont. Mr. Bailey retired about 
twelve years ago from the employ of the Grand Trunk 
Ry., for whom he had worked for 43 years. He was 74 
years old at his death. 


Isaac H. Sturgeon, who organized the North Missouri 
R. R. in 1857, died at his St. Louis home, Aug. 22. Mr. 
Sturgeon was born in Jefferson Co., Ky., in 1821. He 
was for ten years President and General Manager of the 
North Missouri R. R., and afterward assisted in organiz- 
ing the Ohio & Mississippi R. R. 


Joseph C. Hornblower, senior member of the firm of 
Hornblower & Marshall, architects, of Washington, D. C., 
died at The Hague Aug. 22. He was born at Paterson, 
N. J., in 1848, and graduated at Yale in 1869 with the 
degree of Ph. B. Mr. Hornblower was a Fellow of the 
American Institute of Architects and a member of sev- 
eral Washington and New York clubs. 


— i aa— 
ENGINEERING SOCIETIES. 


ee 


COMING MEETINGS. 


CENTRAL STATES WATER-WORKS ASSOCIATION. 
Sept. 15-17. Annual convention at Pittsburg, Pa. Secy., 
Wm. Allen Veach, Newark, O. 


NEW ENGLAND WATER-WORKS ASSOCIATION. 
Sept. 23-25. Annual convention at Atlantic City. N. J. 
peer: Willard Kent, 715 Tremont Temple, Boston, 
ass. 


AMERICAN INSTITUTE OF MINING ENGINEERS. 
Sept. 29. Annual meeting at Birmingham, Ala. Secy., 
R. W. Raymond, 29 West 39th St., New York City. 


LEAGUE OF AMERICAN MUNICIPALITIES. 


Sept. 30-Oct. 2. Annual convention at Omaha, Neb. 
Secy., John MacVicar, Des Moines, Iowa. 
ILLUMINATING ENGINEERING SOCIETY. 

Oct. 6-7. Annual convention at Philadelphia, Pa. Secy., 


Van Rensselaer Lansingh, Engineering Societies’ 
Building, 33 West 39th St., New York City. 


AMBRICAN STREET AND INTERURBAN RAILWAY 
ASSOCIATION. 
Oct. 12-16. Annual convention at Atlantic City, N. J. 
Secy., B. V. Swenson, 29 West 88th St., New York 
City. 


RAILWAY SIGNAL ASSOCIATION. 
Oct. 13-15. Annual meeting at Washington, D. C. 
Secy., C. C. Rosenberg, 12 North Linden St. Beth- 
lehem, Pa. 


ASSOCIATION OF RAILWAY SUPERINTENDENTS OF 
BRIDGES AND BUILDINGS. 
Oct. 20-22. Annual convention at Washington, D. C. 
Secy., R. H. Reid, Lake Shore & Mich. Southern Ry., 
Cleveland, Ohio. 


AMERICAN SOCIETY OF MUNICIPAL IMPROVE- 
MENTS. 


Oct. 20-23. Annual meeting at Atlantic City, N. J. 


Secy., A. P. Folwell, 239 West 39th St., New York 
City. 
AMERICAN ELECTROCHEMICAL SOCIETY. 
Oct. 30-31. Fall meeting at New York City. Secy., 
Dr. J. W. Richards, Bethlehem, Pa. 


CENTRAL RAILWAY CLUB.—The regular meeting and 
fall outing will be held at Buffalo, Sept. 11. There will 
be a trip down Niagara River and around Grand Island. 
The meeting will be held on the boat while en route, 
and Mr. W. H. Evans, Master Mechanic of the Inter- 
national Ry. Co., will read a paper on Electric Traction 
vs. Steam Railroad Operations.” 
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practical consideration. Steel freight cars have 
deen in extensive and successful use for a num- 
ber of years, and indications now point to an im- 
portant development in the use of steel construc- 
tion in cars for passenger-train equipment. This 
development has been checked by the financial 
conditions following upon the crisis of last 
winter. However, a number of steel cars are in 
use and under construction, while experimental 
work is still in progress, both as to design and 
actual use. 


Steel underframing has been used in passenger 

car construction for: some years, but the use of 
steel body framing and 
steel sheathing is of 
much more recent date. 
In this article we refer 
only to cars having both 
underframing and body 
framing of steel. These 
cars have been mainly 
for electrical suburban 
service and for city 
rapid-transit lines. Some 
of them, however, are 
for main-line train equip- 
ment. These latter in- 
clude not only coaches 
or day cars, - Sut also 
baggage, mail” dining, 
sleeping and parlor cars. 
In another column we 
have discussed some fea- 
tures regarding the design and use of steel cars 
for passenger-train service. 


The real beginning of steel passenger car con- 
struction as a commercial rather than an experi- 
mental proposition was in 1902, when it was 
decided to adopt steel cars for the New York 
subway or rapid-transit lines. This was soon 
followed by the adoption of similar construction 
for the cars for the electrically-operated subur- 
ban lines of the New York Central Ry. and the 
Long Island Ry. The Illinois Central Ry. has 
also a number of steel-frame cars in its Chicago 
suburban service. The Interborough Rapid- 
Transit Co., of New York, has some 350 steel 
cars on its subway lines, and large numbers have 
been built for other rapid-transit lines. In fact, 
this type of construction has become practically 
Standard for underground or subway lines of 
this class. Even street cars of all-steel con- 
struction have been built. 


Steel cars for main-line trains are as yet less 
humerous than those for suburban and rapid- 
transit service, but coaches and baggage cars 
are in use to some extent. Steel postal cars are 
in use on a few roads, their introduction having 
been aided by the demands of the railway mail 
Clerks for better protection in their work. The 
United States Post-Office Department has also 
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much improve the conditions. This matter was 
discussed in our issue of April 14, 1904. The 
first steel mail car has been in service about 18 
years, as noted later. 

One of the most definite and important steps 
yet taken in this direction is that of the Penn- 
sylvania R. R. This road has made long and 
careful expert investigation of the matter, and 
about a year ago it announced its intention of 
introducing not only ordinary passenger cars, 
but also dining, parlor, sleeping, mail and bag- 
gage cars of stee! construction, so as to provide 
the equipment for entire main-line trains. It 


1. STEEL PASSENGER CAR; SOUTHERN PACIFIC RY. 


has also definitely adopted steel cars for its elec- 
trically operated suburban service at New York, 
the trains running through the Hudson River 
tunnels. The designs for these cars were pre- 
pared by the railway company’s engineers, and 
were described and illustrated in our issue of 
June 20, 1907. Some of the cars are in service 
and others are being built. Other railways have 
been working in the same direction, and steel 
passenger-car construction has been taken up 
vigorously by some of the large car-building 
firms. The accompanying table and statement 
give the results of our enquiries as to all-steel 
cars in actual use for passenger trains. The 
total number represented is 1,228, of which about 
75% are in suburban or rapid-transit service. 


Steel Cars for Passenger Trains. 

Penni. ik desea deeds we i Be. De de E H wees 2 
TCC 191 Pullman M0. s6ccstatcere ok 
Lone .... Deere 350 
CCC AFK cic cczcces 50 
Die 3 N. Y. & Q. Co. 40 
C sivede aTh TT 1 
F r 80 
. O Boston Bl iraire 45 
BE ie e D.. Monnina ss 31 —— 
o oo 1.228 


Pennsylvania R. R.— Mr. Theo. N. Ely, Chief of Motive 
Power, furnishes the tabular statement given herewith. 
The delivery of the day cars was commenced in June, 
1908, and it is expected that the delivery will be con- 
tinuous until the orders are filled; 


New York Central Ry.—Mr. C. H. Quereau, Superinten- 
dent of Electrical Equipment, states that the road has 
125 steel motor cars and 55 steel trail cars. There are 
also six combination mail and baggage cars under con- 
tract. 

Long Island R. R.—Mr. Geo. Bishop, Superintendent of 
Motive Power, reports 132 multiple-unit motor cars and 
2 trail cars for the electric suburban service. Also one 
day car for steam service. There are under contract 50 
steel day cars for the steam service. 

Erie R. R.—Mr. E. A. Wescott, Superintendent of the 
Car Department, reports one day car and three mail, bag- 
gage and express cars. 

Southern Ry.—Mr. A. Stewart, General Superintendent 
of Motive Power and Machin- 
ery, reports three day cars 
in service. 

Illinois Central R. R.—Mr. 
J. G. Neuffer, Superintendent 
of Machinery, reports 17 sub- 
urban cars. 

Union Pacific Ry.—Mr. J. 
Kruttschnitt, Director of 
Maintenance and Operation, 
reports one mail car, one day 
car, and 15 motor cars in ser- 
vice. None are under contract. 

Southern Pacific Ry.—Mr. 
J. Kruttschnitt, Director of 
Maintenance and Operation, 
reports one mail car, one day 
car, and one motor car in 
service. None are under 
contract. 

St. Louis & San Francisco 
Ry.—Mr. Geo. A. Hancock, 
Superintendent of Motive Power, reports 25 baggage 
cars and 6 combination baggage and mail cars. 

U. S. Post Office Department.—The Railway Mail Ser- 
vice Division reports 12 all-steel mail cars in use, as 
follows: 5 on the Pennsylvania R. R., 3 on the Erle Ry., 
2 on the New York, New Haven & Hartford R. R., and 
2 on the Union Pacific Ry. System. It is also stated 
that the Pennsylvania R. R. intends to have 14 cars 
(see above), and that the Union Pacific Ry. intends 
building 35 cars. 

Interborough Rapid Transit Co. (New York City).—Mr. 
J. S. Doyle, Superintendent of Car Equipment, reports 
350 steel cars in service. No more are under construc- 
tion, but 50 have been completed recently. 

Hudson & Manhattan R. R. (New York City).—Mr. E. 
M. Hedley, General Superintendent, reports 50 cars in 
use. 

New York & Queens County Ry.—This electric road is 
reported to have 40 steel motor cars. 

Metropolitan West Side Ðlevated Ry. (Chicago).—Mr. 
E. T. Munger, Superintendent of Motive Power and 
Equipment, reports one steel car in use. None are being 
built. 

Philadelphia Rapid Transit Co.—Mr. F. H. Lincoln, 
General Manager, reports 80 steel cars in service. 

Boston Elevated Ry.—Mr. H. A. Parke, Superintendent, 
reports 45 steel cars in service. 


Many of the steel passenger cars now in use 
are somewhat heavier than wooden cars in the 
same service, but it must be noted that as a rule 
they are also larger than the latter. They are, 
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of course, very much stronger in proportion to 
the weight, and this matter of strength is dis- 
cussed elsewhere. The experimental 60-ft. pas- 
senger cars of the Southern Pacific Ry. weigh 
107,000 lbs., or 15,000 lbs. more than the stand- 
ard 60-ft. wooden cars. It is expected, however, 
that the weight of the former may be materially 


COACHES OR DAY CARS FOR MAIN-LINE 
TRAINS. 

PENNSYLVANIA R. R.— The cars for this 
railway were described and illustrated in our 
issue of June 20, 1907. Their structural design 
is similar to that of the mail cars of the same 
railway, which are described later. 


FIG. 2. 


reduced. The steel passenger cars of the Penn- 
sylvania R. R. weigh 113,550 lbs. (6,000 lbs. for 
storage battery) and accommodate 88 passen- 
gers, as compared with a wooden car carrying 62 
passengers and weighing 91,000 lbs. Thus the 
weight per passenger is only 1,290 lbs. in the 
steel car, as compared with 1,468 lbs? in the 
wooden car. The 70-ft. steel postal cars of the 
Pennsylvania R. R. weigh 128,000 lbs., as against 
110,000 lbs. for the 60-ft. wooden cars. On the 
Southern Pacific Ry. the steel and wooden postal 
cars weigh 119.800 Ibs. and 101,500 lbs., respec- 
tively. 

It is very probable that with the development 
of steel-car building the weight may be mate- 
rially reduced without in any way reducing the 
strength of the car. The question of weight is 
specially important in cars for local service, on 
account of the frequent stops and starts. Some 
steel cars for rapid-transit lines are said to be 
actually lighter than wooden cars of the same 
type and capacity. In the accompanying table 
we have summarized the figures of weights of 
some steel cars now in service, and similar fig- 
ures given in a report presented at the recent 
convention of the Master Car Builders’ Associa- 
tion: 

Weights of Steel and Wooden Passenger Cars. 


Per Passenger Per Ft. Length 
Min. Max. Ave. Min. Max. Ave. 


Ibs. Ibs. Ibs. Ibs. Ibs. Ibe. 
Steel: Coach.......... 1,145 1,528 1,352 1,404 1.573 1,435 
ms Mail & baggage ... 88 . 1. 1,822 
s Suburban ..... 828 1,648 1.092 1,150 1,758 1,333 
S Various 


pass. 

(M. C. B.)..1,145 1,528 1,331 1,313 2,546 1,837 
Wood: Various pass. 
(M. C. B.)..1,221 1,530 1,353 1,514 1,680 1,564 


*Cars for steam service. The other suburban cars 
have electric motor equipment. 


From the above it is evident that the steel 
passenger car is a practical proposition for both 
railway companies and car building companies. 
It will be of interest to consider some of the 
different designs and features of construction of 
cars of this kind, and we give herewith descrip- 
tions of a number of cars built for passenger 
train service on different railways. The framing 
design of such cars is a matter of interest to 
structural engineers, and the cars described rep- 
resent different systems of framing. 


INTERIOR OF STEEL PASSENGER CAR; SOUTHERN PACIFIC RY. 


SOUTHERN PACIFIC RY.—This road has for 
some time been designing steel cars for its pas- 
senger equipment. Experimental day and mail 
cars have already been built at the company’s 
shops at Sacramento, Cal. For particulars of 
these we are indebted to Mr. Julius Kruttschnitt, 
M. Am. Soc. C. E., Director of Maintenance and 
Operation, and to Mr. H. J. Small, General 
Superintendent of Motive Power. The passenger 
car, shown in Figs. 1 and 2, is 60 ft. long over 
the end sills and 66 ft. 4 ins. over the platform 
sills. The width over side sills is 9 ft. 8 ins., 
and the height from rail to top of roof is 13 ft. 
81% ins. The car has an arched or turtle-back 
roof, giving a clear inside height of 7 ft. 4% ins. 
at the sides and 9 ft. 2% ins. at the middle. 
The weight is 107,000 lbs., of which the body 
represents 75,500 lbs. and the trucks 31,500 lbs. 
The car has seating accommodation for 70 pass- 
engers, or a weight of 1,529 lbs. per passenger. 
The weight given includes the electric light 
dynamo, battery boxes, etc. In later designs the 
weight has been somewhat reduced. The wooden 
cars of similar character weigh 90,000 lbs., with- 
out the electrical equipment. 


The frame construction is practically the same 
as in the steel postal car described further on. 
The side posts are steel angles, with wooden 
filer pieces, and are fastened to a top angle or 
side plate which also carries the steel angle 
carlines for the roof. The posts are spaced al- 
ternately 21 ins. and 50 ins. apart, providing for 
large side windows having lights 25 x 27 ins. 
The floor consists of a 1/16-in. steel deck, cov- 
ered with 1%-in. tongued and grooved pine, a 
layer of mineral wool being placed between the 
steel and wood. The wooden flooring is covered 
with a 1/16-in. steel plate, 1/16-in. of asbestos, 
and a %&-in. surface of linoleum. The interior 
finish is of mahogany, except that the headlining 
is of 1/16-in. steel plates having the ends flanged 
and riveted to the carlines. The projecting ends 
of these are concealed by copper moldings se- 
cured by the same rivets which hold the head- 
lining. This arrangement is shown in Fig. 3. 
The outer roof is also of 1/16-in. steel. 

The car is mounted on four-wheel trucks, with 


-ventilators on each side of the roof. 


36%-in. wheels and a wheelbase of 6 ft. 9 ins. 
There being no monitor deck with side openings, 
ventilation is provided for by a row of Cottier 
In some 
steel cars, the exterior rivets have the outside 
heads countersunk or concealed by moldings, but 
in this car they have the ordinary button heads 
exposed. 

UNION PACIFIC RY.—In 1907, this road 
built at its Omaha shops a steel coach embody- 
ing features first introduced in the gasoline 
motor cars invented by Mr. W. R. McKeen, 
when Superintendent of Motive Power. Be- 
sides its structural design, it presents some novel 
features in its roof, doors and windows, as 
shown by Fig. 4. 

The side frames are trusses (Fig. 5), the bot- 
tom chords (forming the side sills) being angles 
6 x 3% ins. The center sills are two 12-in. I- 
beams, 16 ins. apart, connected to the side sills 
by transoms, needle beams and diagonal brac- 
ing. The center sills are intended to carry only 


'the buffing and traction stresses, the load being 


carried by the side trusses. At each end 
is a steel casting 11 ft. long and 9 ft. 9 ins. 
wide, forming (in one piece) the end sill and 
double body bolster. Each casting weighs 
3,700 Ibs. Upon the underframing is a deck of 
1/16-in. steel. This is covered with a %-in. 
layer of hair felt, upon which is a -in. flooring 
of fireproof composition in pressed sheets 3 x 4 
ft. There are nailing strips embedded in the 
felt, and the floor construction is put together 
with small stove bolts. 

The body has cross frames of 3-in. channels, 
each forming two side posts and a carline for 
the elliptical roof. Riveted to these are the 
diagonal truss members. The in. steel 
sheathing extends the full depth of the side of 
the car. It is riveted to the angle forming the 
siil, to the 4-in. channel forming the side plate, 
and also to the posts and diagonals. The win- 
dows are 25-in. circular openings fitted with 
aluminum frames. Instead of the usual en- 
trances, there is a central vestibule with side 
doors in the truss panels. The ends of the car 
are rounded in order to reduce wind resistance, 
and have doors for communication through the 
train. The interior partitions and lining are of 
the same composition boards as used in the floor, 
-In. thick for the headlining and -in. thick for 
other parts. The sides of the car are only 2 ins. 
thick, giving about 7 ins. additional inside width 
as compared with ordinary construction; this is 
allowed to the central aisle. All moldings are 
of fireproof material, and the only wood used 
(about 200 lbs.) is for small filling blocks. 

This car is 68 ft. long, 9 ft. 556 ins. wide over 
the sills, 12 ft. 1% ins. high over all. The in- 
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Fig. 3. Carlines and Roof for Steel Car; Southern 
Pacific Ry. 


side height is 7 ft. 8½ ins. It is mounted on 
four-wheel trucks having cast-steel frames. It 
seats 78 passengers. The weight is 89,300 Ibs. 
equivalent to about 1,148 lbs. per passenger or 
1,316 Ibs. per ft. 

SOUTHERN RY.—This road has three steel 
cars which were designed and built by the 
Pressed Steel Car Co. in 1906. The framing and 
the outside sheathing below the windows are of 
steel. There is a large amount of woodwork, 
however, especially in the upper part of the 
body, both for structural work and for interior 
finish. The sides form 36-in. plate girders, and 
transmit a certain portion of the load through 
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the bolsters to the center plates. A large por- 
tion, however, is transmitted to the center sills 
and thence to the bolsters. The center sills are 
of the fish-belly pattern, built up of plates and 
angles; they are 22 ins. deep at the center and 
13% ins. deep beyond the bolsters. The side 
girders and center sills are connected by the 
bolsters and end sills, and by cantilever tran- 
soms riveted to the center sills. 
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and moldings (in several places attached to 
wooden filler pieces). 
used. 

As a result of experience with this car the 
railway company ordered from the American 
Steel Car & Foundry Co. 50 steel cars having 
the underframe similar to that of the Penn- 
Sylvania R. R. cars. The center sill is a box 
girder composed of two 9-in. channels with top 
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FIG. 4. STEEL PASSENGER CAR WITH MIDDLE VESTIBULE; UNION PACIFIC RY. 


The cars are 74 ft. 6 ins. long over the plat- 
forms, 65 ft. 6 ins. long inside, 9 ft. 1014 ins. 
wide, and 14 ft. 2 ins. high from rail to top of 
roof. They are mounted on the railway com- 
pany’s standard six-wheel wooden-frame trucks, 
spaced 50 ft. c. to c. The weight is 74,000 lbs. 
for the body and 36,000 Ibs. for the trucks, or 
110,000 Ibs. in all. They accommodate 74 pass- 
engers each, giving a weight of 1,487 lbs. per 
passenger. The report of the Master Car Build- 
ers“ Association committee on steel passenger 
cars (1908) states that if modern four-wheel 
steel-frame trucks were used the weight would 
be reduced to about 99,000 lbs. This would be 
about 1,338 lbs. per passenger. 

LONG ISLAND R. R.—An experimental car 
built for the steam main-line service of this road 
is somewhat similar to 
those for the electric e. 
suburban service of the 

THF 


New York Central R. R. 
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(described below). It is 
shown in Fig. 6. It is 
7 ft. 4 ins. long over 
the p'atform sills, and 
has seats for 72 passen- 
gers. The weight is 94,- 
% Ibs.; body, 66,800 
lbs.; trucks, 22,000 lbs.; 
Storage batteries of the electric-light system, 
51700 Ibs. The entire weight is carried by plate 
girders formed by the sides below the windows, 
and is transmitted from them directly to the 
trucks by the bolsters. The center sills have to 
sustain only the buffing and pulling stresses. 
The side girders have 3/16-in. web plates, with 
a top chord composed of a bar 7/16 x 3 ins. and 
a special bulb angle. 

The center sills are 10-in. I beams, 16 ins. 
c. to c., extending the full length between the 
platform sills. Each body bolster is in two 
pieces, 5 ft. apart. The center plate attachment 
is placed between these and between the webs 
of the center sills. Between the bolsters are 
three transoms or cross bearers, with diagonal 
bracing in the panels between them. There is 
no corner diagonal bracing, but at each end are 
two 8-in. channels forming intermediate sills ex- 
tending from the rear members of the bolster to 
the platform sill. Two lines of longitudinal 
angles between the side and center sills, and 
Supported by transverse angles riveted to the 
webs of these sills, help to carry the corrugated 
steel deck. Upon this is laid cement flooring. 
The body framing comprises posts of 3 x 2-in. 
angles and 3 x 3-in. tee bars, riveted to the side 
sills and side plates. The carlines are steel 
angles. The hood of the roof is stiffened by 
extending the lower deck sills to the end plate, 
and using in. web plates in the triangular 
end panels of the monitor roof (which extends 
onto the hood). In each corner panel of the 
hood there is also a horizontal diagonal brace, 
extending from the top of the end body frame 
to the end plate of the vestibule. The roof is of 
‘in. steel. The interior finish is of steel plates 


and bottom cover plates 4 x 26 ins. and % x 24 
ins. respectively. 
STEEL SLEEPING CARS. 

The design of sleeping and parlor cars of all- 
Steel construction has been taken up by the 
Pullman Car Co. in cooperation with the Penn- 
Sylvania R. R., and the first steel sleeping car 


was shown at the Jamestown Exhibition in 
1907. This car is 80 ft. long over the plat- 
forms, and 72 ft. 6 ins. over the end sills. It 


has 12 sections, 
and toilet rooms. 

The framing is on the ‘“‘backbone”’ system, in 
which all the weight of the body is carried by 
a heavy center sill and transmitted directly to 
the trucks. The center sill is practically a single 
member, consisting of two 15-in. I-beams with 
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FIG. 5. FRAMING OF STEEL PASSENGER CAR; 


UNION PACIFIC RY. 


a %-in. top cover plate. It is stiffened by two 
1%-in. truss rods, which pass under struts fitted 
beneath the middle transoms or cross-bearers, 
and over saddles on the bolsters, the ends being 
attached to the body end sills. The bolsters, 
platform sills, body end sills and four cross- 
bearers are all steel castings. Between the 
cross-bearers are floor beams of 4 in. channels 
laid with web horizontal and fitted between the 
side and center sills. There is a continuous 
deck of steel plates. These are in lengths of 5 
ft. 3 ins. and wide enough to cover the full width 
of the car. They are cut away or slotted over 
the trucks to clear the body bolsters. The sides 
of the car (below the windows) form plate 


Steel window sashes are - 


girders. The 14-in. web plate is about 30 ins. 
deep; the top chord is a 3-in. bar, while the 
bottom chord is an angle 6 x 6 ins. 

The side posts are 4-in. I-beams, having holes 
punched in the webs to reduce the weight and 
to provide passage for the electric conduits. 
They are from 1 ft. 7 ins. to 4 ft. 3 ins. apart, 
but mainly 2 ft. 7% ins. c. to c. They are placed 
singly and in pairs, the latter united on the 
outside by a 1/16-in. plate. The upper ends of 
the posts are bent to form carlines for the side 
decks, their ends being attached to a tee-bar 
deck sill. The carlines of the upper deck are 
alternately 2 x 2%-in. tee-bars and pressed steel 
channels. They are spaced 21 ins. to 24 ins. 
apart. 

The roof is of galvanized iron with copper 
flashing. The floor is of corrugated steel covered 
with a cement composition. Beneath this is a 
false floor laid upon the cross bearers and floor 
beams, and the space between the floors is filled 
with a sound-deadening material. Between the 
inner and outer sheathing of the sides and ends 
are two thicknesses of asbestos board to serve 
for heat insulation and for deadening noise. 


There is very little wood finish or decorative 
work. The seat frames, berth frames and other 
parts are of pressed steel, and the sheathing of 
the upper berths is of steel plate. The interior 
finish is of sheet steel, with headlining of alum- 
inum for the upper deck and composition board 
for the lower deck. The window sashes are of 
brass. Fig. 7 gives a good idea of the interior 
appearance. The simplicity of the finish and 
the absence of elaborate decorative work are 
very marked. The car is mounted on six-wheel 
trucks with cast-steel frames and bolsters and 
38-in. wheels. Its weight is a little more than 
that of sleeping cars of wooden construction, 
which latter averages from 125,000 Ibs. to 130,000 
lbs. 


MAIL, BAGGAGE AND EXPRESS CARS. 


Steel postal or mail cars are likely to be intro- 
duced somewhat extensively. This development 
is approved by the Post-Office Department on 
account of the greater safety for the mail clerks. 
As noted elsewhere, the Railway Mail Service 


Division reports 12 all-steel mail cars now in use. 


The first steel mail car was built in 1888 to the 
patented designs of a Mr. Green. This was put 
on the Chicago, Indianapolis & Louisville Ry. in 
January, 1889. It is still in service, but has been 
converted into a baggage car on account of being 
too small for postal service. In regard to this 
interesting car, Mr. Charles Coller, Master Car 
Builder, wrote us as follows in 1907: 

At the time this steel car was built we also built two 
wooden cars of the same length. The cars have been 
running between Chicago and Louisville in the same ser- 
vice up to a few months ago, and I cannot say that the 
steel car has given any better service than the wooden 
cars, except that in case of wreck the steel car has come 
out better than the wooden one. I do not believe that 
any more will be built on this plan of construction, as 
it is not heavy enough for the heavy locomotives ‘and 
equipment that are now used. 

ERIE RY.—This road has three steel mail cars, 
two of which were originally baggage and ex- 
press cars, respectively. It has been reported 
that they were converted on account of being un- 


FIG. 6. STEEL PASSENGER CAR; LONG ISLAND R. R. 


FIG. 7. 


comfortably hot or cold, but we are informed by 
Mr. E. Williams, General Mechanical Superin- 
tendent, that the change was made simply be- 
cause it was considered they would be of more 
value in the mall service. These cars were built 
by the Standard Steel Car Co. in 1904. 


SOUTHERN PACIFIC RY.—A steel postal car 
designed in accordance with the general design 
of the passenger car already described was 
built at the company’s shops at Sacramento, 
Cal. It is 60 ft. long inside and has no end plat- 
forms. Special regard has been paid to flre- 
proof conditions, and this car has much less 
woodwork than the passenger car, the finish and 
fittings being almost entirely of steel. Fig. 8 is 
a view of the car and Fig. 9 shows the struc- 
tural design. It will be seen that no attempt is 
made to conceal the rivet heads. 

The underframe construction includes two 12- 
in. I-beam center sills and two 5% x 7 in. angles 
for the side sills. Between the sills are trans- 
verse 5-in. channels about 24% ins. apart. Out- 
side of each center sill is a truss rod which 
passes over saddles on the bolsters and is se- 
cured to the end sills. Near the middle of the 
car are two transoms or needle beams of fish- 
belly plate girder construction. Their webs and 
chord angles are fitted between the sills, while 
the top and bottom cover plates extend the full 
width of the car. Beneath these are the cast- 
steel struts for the truss rods. The body bolsters 
are massive steel castings, each having two 
transverse members connected by three longitud- 
inal members. They are fitted between the sills 
and make a very solid construction. In the long 
panel between the bolster and needle-beam at 
each end are four diagonal braces of 5-in. chan- 
nels; these extend between the side and center 
sills and form a horizontal diamond frame. 

The side posts are angles riveted to the side 
sills and to the angles forming the top side 
plates. A steel angle forms the belt rail, but the 
belt rails and side plating are interrupted by the 
two doors on each side. The plating is 3/16-in. 
thick up to the belt rail, and then in. thick to 
the side plates. The door frames are angles, and 
those of the side doors are braced by diagonals 
extending from the side plate to the sill. 


INTERIOR OF SLEEPING CAR. 
(All the interior finish is of steel and aluminum.) 


The 
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ends are braced by 
plates 3, x3 ins. from the 
end sills to the top of 
the frame, and by a 5/16 
x 20-in. plate fitted hori- 
zontally between the two 
end carlines in the hood 


of the roof. The end 
sills are steel castings 
fitted between the center 
and side sills. To these 
are attached end posts 
of angles 3% x 6 
ins. 

The carlines are steel 
angles, with the ends 


fianged out and riveted 
on top of the side-plate 
angles. They are bent to 
the curve of the turtle- 
back roof, which has a 
rise of 2 ft. 9% ins. The 
roof has a radius of 7 ft. 
6 ins. at the middle, 4 
ft. 6 ins. at the side and 
15% ins. at the corners. 
Upon the carliñes are 
riveted the 1/1G-in. roof 
plates. These extend 
down over the side-plate 
angles, and are lapped 
by the gin. steel plate 
forming the letter board 
over the window open- 
ings. The carlines are 
spaced 24 ins. c. to c., 
and between them are 
the 1/16-in. steel sheets 
forming the headlining 
(Fig. 3). The floor is 
supported by the center 
sills, by longitudinal Z- 
bars on the transverse channels, and by shelf 
angles riveted to the side sills. It has two 
courses of corrugated iron (with the corrugations 
laid transversely of the car), and a packing of 
hair-felt between them. Upon this is a covering 
of cement composition, in which a sheet of ex- 
panded metal is embedded. The total thickness 
of the floor is 2 ins. 

The sides and ends have an inside lining of 
asbestos board, and all fixtures (including the 
letter cases and post-office fittings) are of fron or 
brass. The only parts made of wood are the win- 
dow sashes and some fillers in the framing. Ven- 
tilation is provided for (as in the passenger car) 
by Cottier ventilators placed on each side of the 
roof. The car is mounted on six-wheel trucks, 
with 36%-in. steel wheels and a wheelbase of 
10 ft. 6 ins. The following is a comparison of 
the new steel car with the company’s standard 
wooden postal cars: 
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Steel. Wood. 
Length over end sills........ 60 ft. 1% ins. 60 ft. 7% ins. 
Wheelbase, total ............ 54 ft. 7% ins. 55 ft. 1% ins. 
Weight: Body................ 99,550 Ibs. 81,250 Ibs. 
THC KS 3 e555 6s 243 owes 20,250 Ibs. 20,250 Ibs. 
Tot!!! 119,800 Ibs. 101,500 Ibs. 


PENNSYLVANIA R. R.—tThe steel mail cars 
are 70 ft. long. The underframe is similar to 
that of the passenger coach, except that four 
side bearing plates are provided for each truck 
(six-wheel trucks being used), and the ends are 
modifled on account of the omission of the vesti- 
bule and side steps. The end castings of the 
center sill are of such shape as to provide rigid 
support for heavy door posts of 12-in. I-beams. 
These posts are relied upon to prevent the raking 
of the superstructure in case of collision. Their 
upper ends are securely framed into the roof 
structure so that an end shock to the car would 
be well distributed. The car contains only 370 
lbs. of woodwork. Fig. 10 is a cross-section of 
the side of the car. The belt rail is a flat bar, 
reinforced by a tee bar fitted between the posts. 
The roof construction is practically the same as 
that used in the passenger coach. The door 
posts support pressed steel jambs, and the doors 
are of steel. The window sashes are of wood. 
The inside lining is of 1/-16-in. steel, to which 
is cemented 3/16-in. of asbestos. All the interior 
furniture, inc'uding the letter cases, is of 1/16-in. 
steel. 

The car is 74 ft. 93%, ins. long over the platforms 
and 70 ft. 8% ins. inside; its width is 9 ft. 11% 
ins. over the eaves and 9 ft. %& in. inside. 
mounted on six-wheel trucks (Engineering News, 
June 20, 1907), having rolled-steel wheels. The 
trucks have a wheelbase of 11 ft. and are spaced 
öt ft. 9 ins. c. to c. The total weight is 128,500 
lbs., including an axle-driven electric lighting 
equipment. 

ST. LOUIS & SAN FRANCISCO RY.—In 1907, 
some baggage cars and combination baggage and 
mail cars were built by the Pullman Co. These 
have four plate-girder sills of fish-belly pattern. 
Each side sill has a Z-bar for the top chord, and 
to this are attached the steel 3-in. channel posts 
of the body framing. Transoms and twin-bolsters 
are fitted between the sills and secured to them 
by large connection plates. The entire under- 
frame is covered with a in. deck plating. 
Each altgrnate post is a complete cross frame, 
forming two side posts with the connecting car- 
line. Between these are wooden carlines. The 
corner posts and side door posts are braced by 
diagonal angles. The posts for the end doors are 
10-in. I-beams. The sheathing is of wood. 

The sills are designed for a maximum fiber 
stress of 12,500 Ibs. per sq. in., and the under- 
framing is designed to carry a distributed load 
of 80,000 Ibs. The combination cars are 70 ft. 
long and weigh 117,800 Ibs. The baggage cars 
are 60 ft. long and weigh 106,200 lbs. These 
weights include 40,200 lbs. for the trucks. 


FIG. 8. STEEL POSTAL CAR; SOUTHERN PACIFIC RY. 
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STEEL CARS FOR SUBURBAN AND RAPID- 
TRANSIT SERVICE. 

ILLINOIS CENTRAL R. R.—This road has 17 
steel cars in its Chicago suburban service, oper- 
ated by steam locomotives. They are of the side— 
door type designed by Mr. A. W. Sullivan and 
Mr. W. Renshaw (Eng. News, Nov. 26, 1903). 
They are 71 ft. 11% ins. long over all, and have 
transverse seats accommodating 100 passengers. 
The weight is 82,800 Ibs., of which the body rep- 
resents 58,900 lbs. The underframe consists of 
four 9-in. I-beams, with I-beam cross-pieces, and 
four truss rods. This is reinforced by a deck of 
14-in. steel plates. The posts are 4-in. channels 
spaced 28% ins. apart and riveted to the side 
sills and top plates. <As alternate panels form 
the side doors, double diagonal bracing (below 
the windows) is fitted in the other panels. In 
the end panel of each side there is heavy diag- 
onal bracing extending from sill to side plate to 
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The top chord is formed by an outside V-shaped 
bulb angle and an inside flat bar 7/16 x 3 ins. 


The web is in three pieces, with butt joints and. 


cover plates. The posts are 3 x 2-in. angles, 
crimped to fit inside the chords. They form web 
stiffeners, and above the sill (or top chord of 
girder) some of them are formed by 2½ -in. tee- 
bars. All the posts are attached to an angle 4% 
x 3 ins., which forms the side plate. The roof is 
of the usual monitor type, with carlines of angles 
13, x 11⁄4 ins. Fig. 13 is a view of the framing, 
and also shows the corrugated steel floor. 

The center sills are 8-in. I-beams. They are 
spaced 24 ins. c. to c., but beyond the body 
bolsters they flare out and are about 9 ft. 4 ins. 
apart where they are attached to the platform 
sills. This is done to clear the movement of the 
radial draft gear, which is pivoted to allow of 
coupling cars on curves of 135 ft. radius. These 
sills are subject only to the buffing and traction 
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windows are utilized as plate girders. The center 
sills are I-beams. The transverse members or 
floor beams are flat plates 96 x` 4% ins. (set on 
edge), having one end flanged to fit against the 
web of the I-beam, while the outer end is riveted 
against the side of the post. 

A special feature is the use of transverse knee- 
bracing. At two points on each side, there are 
transverse diagonal braces of angles 3 x 4% ins., 
riveted to the side post and the floor beam. The 
brace extends below the floor beam and is riveted 
to a steel casting which fits beneath and between 
the center sills, thus forming a complete trans- 
verse truss. This arrangement is made possible 
by the use of fixed transverse seats in the center 
of the car, the braces being enclosed in the backs 
of these seats. Fig. 14 shows the same plan as 
used in the New York subway cars of the Inter- 
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FIG. 9. FRAMING OF STEEL POSTAL CAR; SOUTHERN PACIFIC RY. 


enable the structure to resist heavy buffing or 
collision shocks. 

NEW YORK CENTRAL RY.—Steel cars have 
been adopted for the electrically operated subur- 
ban lines at New York, as described in our issue 
of Nov. 16, 1905. There is a considerable amount 
of wood used for the attachment of the interior 
finish, but this is fireproofed and is enclosed in 
steel These cars are 60 ft. long over the plat- 
form buffers, 48 ft. 11% ins. long inside, 9 ft. 8% 
ins. wide over side sills, and 13 ft. 9% ins. high 
from the rail to the top of the roof. The weight 
is 67,170 lbs. for the body (including electrical 
‘quipment), 15,000 Ibs. for the motor truck, and 
11,140 lbs. for the carrying truck. With 12,000 
lbs. for the motor equipment the total service 
weight is about 105,500 lbs. Each car has seats 
for 64 passengers. 

The framing design is shown in Fig. 11, while 
Fig. 12 shows a section through the side. The 
Principle of the design is to carry the entire load 
of the body and underframe by two plate-girders 
formed by the sides (below the windows), and 
to transmit this load through the bolsters di- 
rectly to the trucks. The 3/16-in. web plate is 
%3 ins. deep, with a 6 x 6-in. angle at the bottom. 


stresses. They are supported by pressed steel 
cross-bearers resting on the side-sill angles. 
Diagonal bracing is provided in the end corner 
panels and in the panel between the body bolster 
and the nearest cross-bearer. The bolsters are 
of cast steel, of I-section, so shaped as to em- 
brace the center sills and side angles. They 
carry the load from the side girders to the 
trucks. 

The interior finish is of steel plates and mold- 
ings with fiber-board for the head lining and the 
main roof. The roof is covered with painted 
canvas. Upon the framing formed by the sills, 
bolsters, cross-bearers and light intermediate 
angles is laid a deck or corrugated steel sheet- 
ing, covered with a cement composition. The 
wearing surface is formed by wooden strips laid 
longitudinally in the aisle and transversely be- 
tween the seats; these are secured by screws. 
These cars were built by the American Car & 
Foundry Co. 

LONG ISLAND R. R.—The steel motor cars 
for the electrically operated lines of this road 
were illustrated and briefly described in our 
issue of Nov. 2, 1905, in a description of the 
electric traction system. The sides below the 


borough Rapid-Transit Ry. In these, however, 
the greater number of cross seats enables addi- 
tional braces to be used. 

The body bolsters consist of top and bottom 
plates, with spacing blocks. The ends are bent 
to fit under the side sills, and intermediate sills 
of 4 x 3-in. angles extend from the bolsters to the 
platform sills. The body end sills are pairs of 
angles fitted between the side sills. The side 
posts are steel angles placed singly or in pairs, 
and the body corner posts are of built-up con- 
struction. The side plate to which the tops of 
the posts are riveted is an angle extending the 
full length of the car (to the front of the vesti- 
bule), and to this is attached the plate forming 
the letter board. The roof is of the deck pattern 
with steel angle carlines bent to shape, and re- 
inforced by projecting angles outside the corners 
of the upper deck. Between the carlines are 
longitudinal angles. Maple furring bolted to the 
carlines serves as the attachment for the roof 
and headlining. which are of composite board. 
Over the vestibules the roof is of No. 16 sheet 
steel. The entire roof is covered with canvas 
painted with white lead. The floor is of cement 
on a corrugated plate decking, and has wooden 
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wearing screwed to it between the 
seats. 

The motor truck of each car has 36-in. wheels 
and a wheelbase of 6 ft. 8 ins.; the carrying 
truck has 30-in. wheels and 5 ft. 6 ins. wheel- 
base. The drawbar is pivoted behind the end 
sill to an eyebar 27 ins. long, whose rear end is 
pivoted at the center plate. This forms a knuckle 
which allows for the side swing of the couplers 


as the cars pass curves of 90 ft. radius, while 
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Fig. 10. Cross-Section of Side of Steel Postal Car; 
Pennsylvania R. R. 


reducing the travel of the coupler head. The 
cars are 51 ft. 2 ins. long over the platform sills; 
8 ft. 6% ins. wide over side sills, and have a 
height of 12 ft. 34 in. from rail to top of roof. 
They were designed by Mr. George Gibbs, Chief 
Engineer for the electrification of the Long Is- 
land R. R., and are practically identical with 
those designed by him for the New York subway 
lines, except that the latter (for use with high 
station platforms) have no side steps. They 
were built by the American Car & Foundry Co. 


PENNSYLVANIA R. R.—The steel cars de- 
signed for electrically operated suburban service 
are shorter and lower than those for main line 
service (Eng. News, June 20, 1907), but are of 
very similar design as to the framing. The 
center sill is shallower, however, in order to pro- 
vide sufficient space for the motor, the height 
from rail to underside of sill being 3 ft. 5 ins. 
This sill consists of two 10-in. channels with a 
single -in. top cover plate and two %-in. plates. 
This form of section keeps the center of gravity 
low and decreases the bending moment brought 
about by the fact that the drawbar is below the 
sill. The draft sills (beneath the center sill) are 
of cast steel. The center plate is of special form 
to permit the use of the same trucks as are used 
on the ordinary cars. 

The body framing is similar to that of the main 
line cars, but the main posts are 8 ft. 6 ins. apart, 
with two intermediate posts between each pair. 
There is no sub-floor, and no pipe duct, the 
heater pipes being carried by standards against 
the side of the car and covered with a top guard 


Side Sill, L,6 x6" 


transit line between New York, Jersey City and 
Hoboken. The cars have vestibuled platforms, 
and a middle door at each side. The door pre- 
vented the utilization of the lower part of the 
side as a plate girder, and the limited clearance 
made it undesirable to reinforce the side by a 
deep sill at this point. The entire side frame of 
the body (exclusive of the vestibules) was there- 
fore designed as a five-panel truss, with the door 
in the middle panel. The chords are 6-in. chan- 
nels forming the side sill and the side plate. The 
posts are 8-in. channels, with diagonal braces 
(below the window sill) to the side sills. At the 
top of the middle panel there are diagonals from 
the posts to the side plate; these are concealed 
by the side sheathing, which is shaped to form 
curved sides for the upper part of the door and 
window openings. The truss depth is 7 ft., and 
the fiber stress, under full load, does not exceed 
12,000 lbs. per sq. in. in any member. 

The center sills are 6-in. channels extending the 
full length of the car, and spaced further apart 
than is usual. They do not carry any draft rig- 
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ELECTRICAL SUBURBAN SERVICE; NEW YORK 


CENTRAL RY. 


plate. These cars are 64 ft. 55% ins. long over the 
buffers, and 54 ft. over the end sills. The total 
height is limited to 13 ft. with a view to the 
use of an overhead trolley system. They are 
mounted on four-wheel trucks with a wheelbase 
of 7 ft., spaced 39 ft. 6 ins. c. to c. 
INTERBOROUGH RY.—This New York rapid- 
transit line has about 350 steel cars, the first of 
which were built in 1904 by the American Car & 
Foundry Co. They contain only about 700 lbs. of 
wood (which is fireproofed). The floors are of 
cement and the outside roof has a composition 
board sheathing. The height of the cars is lim- 
ited, as they are adapted for the underground 
lines. The sills must be shallow, in consequence, 
and for this reason the lower part of the side of 
the car is built as a plate girder, its top chord 
being a special bulb-angle which forms the belt 
rail. The cars are 41 ft. long, 8 ft. wide and 12 
ft. high over all. They have transverse knee- 
bracing (Fig. 14), as described in connection with 
the Long Island R. R. cars. 
HUDSON & MANHATTAN RY.—This road 
has adopted steel cars for its underground rapid- 


ging attachment. The drawbar (bent to a flat 
S-shape) is attached to the bolster, while its 
lower end projects beneath the end sill and is 
supported by a yoke. This allows lateral travel 
sufficient for passing curves of 90 ft. radius. 
Heavy cast-steel stops riveted to the end sills 
and rising 8 ins. above the platforms are pro- 
vided to prevent telescoping in case the under- 
frame of one car should rise and ride upon that 
of the next car in the event of an accident. 

The side and end sheathing is of 1/16-in. steel 
plate, and this plating is independent of the truss 
frame, the latter being riveted up complete before 
the sheathing is put on. The roof is of the moni- 
tor type. ‘The doors, seat frames, cushion frames, 
window guides, etc., are all of steel. The interior 
sheathing and headlining are of 1/32-in. steef 
plate. Even the seat covering is of woven metal 
fabric instead of rattan. The cars are 48 ft. 3 
ins. long over the couplers, 12 ft. high and 8 ft. 
10% ins. wide over all. Each car has a motor 
truck with 3414-in. wheels and 6 ft. 6 ins. wheel- 
base, and a trailer truck with 30-in. wheels and 
5 ft. 6 ins. wheelbase. The trucks are 33 ft. c. to 
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c., and the motor truck has two 160-HP. motors. 
The cars were designed by the officers of the rail- 
way company. The trucks were built by the 
Baldwin Locomotive Works, and the bodies by 
the American Car & Foundry Co. and the Pressed 
Steel Car Co. 


METROPOLITAN ELEVATED RY.—This Chi- 
cago road has an experimental steel car, in which 
the vestibule is a part of the car proper, there 
being no partition or door across the car at the 
inner end of the platform. The underframe con- 
sists of 6-in. channel side sills connected by 6-in. 
transverse I-beams, and having end silis and 
platform sills of 9-in. and 6-in. channels. The 
posts are angles and I-beams, connected by angle 
irons forming the top side plate and the belt rail, 


LABORATORY TESTS OF THE EFFECT OF STORAGE 
ON THE VITALITY OF THE TYPHOID BACILLUS 
IN THE LONDON WATER SUPPLY. 

The beneficial effect of storage upon the sani- 
tary quality of water is now well established. 
A further contribution to the data of the subject 
has just been made public in the form of a re- 
port by Dr. A. C. Houston, Director of Water 
Examinations, Metropolitan Water Board, Lon- 
don, England.* 

Eighteen 4,000 c. c. portions of water, divided 
equally between the Thames, Lee and New 


rivers, were infected with from 40 to 8,000,000. 


typhoid bacilli. At weekly intervals bacterial 
counts were made until no typhoid germs were 
found. 
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In contrast, taking all methods and media 
tried into account, and testing 1, 10 and 100 c. c. 
samples, the following results were obtained: 


NEGATIVE SAMPLES OUT OF THE 18 PORTIONS. 


With With With 
1 c. c. of water. 10 c. c. of water. 100 c. c. of water. 
Qin 1 week Oin 1 week Oin 1 week 
1 ae 2 sé 1 “a +92 t 0 ae 2 44 
$: ae 8 oe 1 ee *3 ae 0 oe 3 se 
8 ae 4 ae vi oe 4 se 0 oe 4 a 
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*From one of the original portions no cultures were 
made until the fourth week. 


In water that is to be subjected to filtration, 
the report brings out anew, preliminary storage 
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FIG. 12. CROSS-SECTION OF SIDE OF STEEL CAR; NEW YORK CENTRAL RY. 


to which the steel sheathing is attached. Longi- 
tudinal angles form the upper and lower corners 
of the monitor deck. The seat frames are of 
pressed steel and the headlining is of thin steel 
plates, but the general interior finish is of wood. 
The car is 47 ft. 6% ins. long over the platform 
sills, and weighs 60,000 lbs. It has seats for 48 
passengers. 

PHILADELPHIA RAPID TRANSIT CO.—The 
steel cars have a door in the middle of each side, 
so that the sides cannot be utilized as plate 
girders carrying the weight. There are deep fish- 
belly side sills connected by steel framing, over 
which is a deck of corrugated steel sheets cov- 
ered with a cement flooring composition. The 
sheathing is of steel for the exterior and ma- 
hogany for the interior. The cars were built by 
the Pressed Steel Car Co. They are 49 ft. 714 ins. 
long over the platform sills, and have the trucks 
spaced 34 ft. 6 ins. apart. They have seats for 
52 passengers. 

LONDON UNDERGROUND RAILWAYS.— 
Steel cars are extensively used on the “tube” 
underground railways of London, England, and 
some of these cars were built in this country. 


STEEL CARS FOR STREET RAILWAYS. 


Cars with steel underframes are in use by sev- 
eral electric street railways, and all-steel cars 
are being introduced. Some cars built by the 
Pressed Steel Car Co. for the Brooklyn Rapid 
Transit Ry. are 42 ft. 6 ins. long over the plat- 
forms and 31 ft. 6 ins. over the body, with seat- 
ing accommodation for 48 passengers. The un- 
derframing is of 5-in. steel channels, with side 
plates 5/16 x 18 ins. secured to them by angles. 
A steel deck is laid upon the framing and cov- 
ered with a wooden floor. The superstructure 
framing is also of steel. Each car has four 40- 
HP. motors. The weight is 50,800 lbs., which is 
said to be about the same as that of wooden cars 
of the same size and capacity. Steel-frame cars 
50 ft. long have been built. 


The Montreal Street Ry. reports that it has 
had ten steel cars in service for about a year, 
and that they are giving very good results. The 
Metropolitan line of the New York City Ry. has 
37-ft. steel cars of the closed type. A steel-frame 
private car for the Los Angeles & Pacific Electric 
Ry. was noted in our issue of May 25, 1905. One 
of the London surface electric lines, using a sub- 
way for part of its run, has its cars built entirely 
of steel, including all interior finish, window 
sashes, etc. A strip of carpet or thin cushion for 
the seats forms the only upholstering. 


Although by employing a variety of culture 
methods it was nine weeks before tests of as 
large samples of 100 c. c. were negative for all 
18 of the original portions of water, yet this 
gives no adequate idea of the results of the tests 
from a practical every-day viewpoint. Thus, by 
using the same culture medium for the first week- 
end test as was used to determine the number 
of typhoid germs used for infecting the water, 
1 c. c. samples showed: 100% reduction at the 
end of one week for the three portions of water 
infected with 40 germs per c. c.; 99.9% reduction 
for 13 of the other samples; and 97.8% and 
99.7% for the two remaining samples, these two 
having been dosed with 470,000 germs. 

In this same series of tests, 10 of the orfginal 
portions of water were negative in 3 weeks, 16 in 
4 weeks, and the whole 18 in five weeks. 


*The Vitality of the Typhoid Bacillus in Artificially 
Infected Samples of Raw Thames, Lee and New River 
Water, with Special Reference to the Question of Stor- 
age. 


has a marked “leveling effect” upon the inevit- 
able fluctuations in the bacterial contents of 
river water. If the storage be of sufficient 
length, these experiments indicate, the water 
reaching the filters will be free from typhoid 
germs and the need for elaborate tests of the 
effluents from each of the 160 filter beds con- 
nected with the London supply would be greatly 
reduced. Moreover, 


it is not impossible that the safety“ of adequately 
stored water may come to be accepted so fully as even 
to afford justification for filtration through mechanical 
filters at a specially rapid rate; with a result of thus 
compensating to a large extent for the initial cost of 
the storage reservoirs. Doubtless there is much to be 
said for a policy of preserving all the old filtration 
safeguards and adding to them the enormous benefits 
accruing from adequate storage. Nevertheless, I my- 
self am well satisfied that a well-stored rapidly filtered 
water is likely to be safer than an unstored slowly 
filtered water. 


The chief drawbacks to long storage are (1) 
capital cost and (2) possible trouble from algae. 
As to cost, obviously 
a point may be reached beyond which the extra ex- 


FIG. 13. 


FRAMING AND FLOOR CONSTRUCTION OF STEEL CAR; NEW YORK CENTRAL RY. 
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penditure on storage would seem, to an increasing ex- 
tent, not to be balanced by a commensurate gain 
freedom from risk of danger to health. 

As bearing on this point Dr. Houston states 
that experiments in progress indicate that al- 
though the Thames and Lee are seriously pol- 
luted with sewage, yet they “are safer epidemi- 
Ologically than could have been supposed in the 
absence of this new and distinctive knowledge.” 
Moreover, the mortality of water-borne diseases 
in London are not appreciably more prevalent 


FIG. 14. FRAMING OF STEEL CAR FOR RAPID-TRANSIT SERVICE 
WITH TRANSVERSE KNEE-BRACES. 
(These braces will be concealed in the backs of the cross seats.) 


than in large cities having unpolluted water sup- 
plies. At the same time, the possibilities of out- 
breaks of typhoid fever on the water supply 
drainage areas should be borne in mind. 

As to troubles from algae likely to arise from 
long periods of storage, after 57 days nominal 
storage the Lee water is very pure bacteriologi- 
cally and remarkably free from algae growths.” 

In the way of practical conclusions as to 
length of water storage Dr. Houston states: 


The advantages accruing from even a few day’s stor- 
age may be so material that, exceptional cases apart, 
the use of raw unstored water for filtration purposes 
should strongly be deprecated. 

Although as a counsel of perfection a water should 
possibly be stored for one or two months, storage for 
four weeks may perhaps, in the present state of our 
knowledge, 
of safety. 

The question of storage is one both of quality and 
quantity and, strictly speaking, the number of days it 
is desirable to store water to improve its quality should 
be added to the minimum number of days of storage 
which it is necessary to provide in guarding against the 
possibility of a shortage of water. [It should be re- 
membered that these conclusions are intended to apply 
to London or similar conditions.—Ed. ] 

The advantages accruing from adequate storage of 
water are of a general character and are not confined 
to the elimination of danger from typhoid fever. 


be regarded as affording sufficient margin 


— — —— 


A HYDRAULIC DREDGE to clean out a water- supply 
reservoir has recently been put in service at the Dele- 
carlia Reservoir near Washington, D. C. This reservoir, 
about forty acres in area, is fed through a concrete 
and brick conduit from the Potomac River, some twelve 
miles distant, and is midway on the system leading to 
the city. During the past a great amount of slit and 
mud has washed into the bottom reducing the storage 
capacity materially. After consideration of various 
methods for cleaning, the U. S. army engineers, who are 
in charge of the system, decided upon the hydraulic 
dredge. This machine, on account of the inaccessibility 
of the reservoir, was made by the Wetherill Bros. Ma- 
chine Co. at their works at Chester, Pa., but was 
shipped knocked down to the site, there to be assem- 
bled, launched and equipped. It is on a wooden hull, 
66 x 24 x 6 ft. in size, and is equipped with a 10 x 20 x 
10-in. compound engine, direct connected to a 10-in. 
cast-iron special sand and dredging pump having a 10- 
in. suction and 12-in. discharge pipe. This outfit is 
capable of delivering 2,300 gals. of water per min. 
against a 60-ft. bead. 


STADIA SURVEYS FOR THE LOCATION OF THE 
CATSKILL AQUEDUCT, PEEKSKILL DIVISION. 
By BORIS LEVITT.* 


In September, 1905, the Board of Water Sup- 
ply of the City of New York, began surveys for 
the location of the new Catskill Aqueduct, which 
is to furnish the city with an additional supply 
of water from the Catskill Mountains. 

The following is a description of the stadia sur- 
veys for the location of a section of this aque- 
duct, comprising the 
Peekpkill Division, now 
under construction. 

Upon the completion 
of the reconnoissance 
surveys for the location 
of several tentative 
routes, a detailed topo- 
graphical survey of the 
approved route was be- 
gun. The survey cov- 
ered a strip of from 300 
to 1,000 ft., each side 
of the traverse line, 
varying in width with 
the profile of the line. 
The maps resulting from 
this survey were plotted 
to the scale of l-in. 


100 ft. and were used 
for the study of the 
final location of the 


center line of the aque- 
duct. 

Before beginning this 
survey, some improve- 
ments in the stadia meth- 
ods were considered. 
Experiments were made 
with a view to devising 
a method which would 
eliminate many ofthe er- 
rors in observing and re 
cording, by arranging the 
order and number of observations in such a way 
as to make each step to be a check on the next 
one and in this way make the work check auto- 
matically. 

After some experimenting a method ° was 
adopted which to a large extent accomplished the 
desired result. 

In the instructions to the field party the fol- 
lowing was required at each transit station for 
the location of the base line traverse; two read- 
ings for distance on each of the two intersecting 
courses of the traverse, two readings for each 
vertical angle, the horizontal angle between the 
intefsecting courses, and the azimuth of the for- 
ward course, also the magnetic needle. This 


*Assistant Engineer, Board of Water Supply, City of 
New York, Peekskill, N. Y. 


gave four readings for the distance on each 
course and four readings for each vertical an- 
gle, the average of all, in each case, being used. 

To accomplish this four separate steps were re- 
quired, a record of which is given by the first 
four lines of the notes. 

The successive steps in detail were as follows: 

Transit centered over the station. 

Step 1. Plate clamped at zero, telescope pointed to the 
back station. The upper stadia wire made te cover an 
even hundred division on the stadia rod and separate 


readings for each of the three wires recorded, and the 
vertical angle. 

Step 2. Lower motion clamped, telescope pointed to 
forward station, the stadia readings and vertical angle 
recorded as in (1) also the horizontal angle between 
courses. 


Step 3. Plate elamped to read the back azimuth of 
the preceding course, telescope again pointed to the 
rear station. The lower stadia wire made to cover an 
even hundred division on the stadia rod, the stadia 
readings and vertical angle recorded as before. 

Step 4. Lower motion clamped, telescope pointed to 
forward station, stadia readings and vertical angle re- 
corded as in (3) also the azimuth of the forward course 
and magnetic needle. 

In reading distances on the stadia rod the in- 
strument man was required to read each of the 
three stadia wires separately, instead of the in- 
tercept, and these readings were recorded in the 
notes. The required distance was obtained by 
the recorder by taking the difference between 
the readings of the extreme wires. 

As a check on the instrument man the re- 
corder was required to check the reading of the 
azimuth of the forward course by adding the 
horizontal angle, already obtained, to the back 
azimuth of the preceding course, and to see that 
they are nearly equal as proof that no error was 
made in reading the distance by taking the dif- 
ferences between the readings of the middle and 
extreme stadia wires. 

It was expected in adopting the above method 
that the recorder by applying these checks 
would be able to detect serious errors and have 
them corrected before the instrument was moved 
away from the station. 

The work of locating the traverse line com- 
pleted, the work of taking side shots for the to- 
pography was begun. In taking side shots dis- 
tances were read only once and directly off the 
Stadia rod by intercepts. In the note book each 
shot was numbered consecutively at each sta- 
tion, and described by means of a code of single 
letters previously prepared, and furnished with 
each note book. In addition each shot was dis- 
tinguished by the initial letter of the rodman’s 
name. 

Field notes were kept in a loose leaf notebook 
on a form specially adapted for the work. The 
loose leaf notebook was found to be very con- 
venient not only for filing purposes, but also for 
the reason that the notes at the end of a day’s 
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work could be detached from the book and left 
in the office to be worked up, instead of waiting 
until the whole book is filled as would otherwise 
be the case. 

Bench marks were set in advance by a level 
party and readings were made upon these bench 
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FIG. 2. 


marks in the same way and with the same de- 
gree of care as upon a transit station. 

The stadia rods used were 12% ft. long by 4% 
ins. wide by %-in. thick. A stiffening .rib 10% 
ft. long, 3% ins. wide and %-in. thick, beveled 
towards the ends, was screwed on the back. Iron 
shoes, made of strap iron, about in. thick, 
were screwed to the top and bottom of the rod. 
The rods were marked into feet and tenths, grad- 
uated to suit the instrument and painted, by the 
field party. The diamonds on the rod were 
painted in black on a white field, later changed 
to a deep blue on a yellow field. The first foot 
mark was 6 ins. from the bottom, and the twelfth 
even with the top of the rod. The diamonds at 
the fifth and tenth foot had a Roman V and X 
painted in red across the diamond. (Fig. 4.) 

SKETCHING TABLE.—Excellent field sketches 
of the topography were made in the field on a 
portable sketching table which the party carried 
with them. These sketches were plotted to scale 
and were an immense help in the preparation of 
the maps. The sketching table was designed by 
Mr. Leicester Durham, Assistant Engineer of the 
Board of Water Supply, 
and was made by a 
carpenter from a draw- 
ing prepared in the 
office. It consisted of 
a sketch board 16 x 
23-in. supported on a 
tripod, and so con- 
structed that it could 
be revolved in azimuth 
and clamped in position 
by means of a wing nut 
under the head of the 
tripod engaging a bolt 
attached to the under 
side of the board and 
passing through a hole 
in the center of the 
tripod head. A 12-in. flat 
engineer’s scale, gradu- 
ated twenty parts to 
the inch, with a vertical 
sight attached at one 
end and a peg at the other served both as a 

scale and instrument for direction. On one side 

of the ruler at the zero point of the scale, a notch 
in the projection of the bottom plate of the ver- 
tical sight provided a point at which the ruler 
could be rotated around a pivot as a center, the 
pivot being a pin stuck in the paper and marking 
the transit point from which the work proceeded. 
(See Fig. 2.) 
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In use, the table was set up a few feet from 
the transit and oriented by placing the ruler on 
the line of the previous course, already on the 
paper, and turning the top of the table until the 
rod held on the preceding station could be seen 
through the vertical sight of the ruler and in 
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TABLE FOR STADIA SURVEYS. 
line with the peg at the other end of it. The 


top was then clamped and the table was oriented. 
When the transitman had sighted on the for- 
ward station and called off the horizontal angle 
and distance to the recorder, the sketcher by 
means of a small protractor plotted the forward 
course, scaled off the distance and marked the 
point to be used as his next set up. In plotting 
the side shots the sketcher followed the opera- 
tions of the transitman and got the direction for 
each shot by pointing his ruler to the rod. As 
the transitman called off the distance the 
Sketcher plotted it to scale (l-in. = 200 ft.) and 
by means of a little circle around the dot and 
a dash along the edge of the ruler, indicated 
both the point and the direction from which the 
shot was taken. He also numbered each shot to 
correspond with the number of the same shot in 
the recorder’s notes, checking up these numbers 
with him at intervals of each ten or fifteen shots. 
The numbers of the shots on the sketch and in 
the field notes had to correspond to make the 
sketch useful to the draftsman. 

Before leaving the station the sketcher con- 
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ILLUMINATED TARGET USED FOR POLARIS 


OBSERVATIONS. 


nected the different shots taken along roads, 
brooks, fences, walls, at corners of buildings, 
etc., and sketched these in by using topographic 
symbols. He then sketched in enough contour 
lines to indicate the general profile of the coun- 
try, and added other information given him by 
the chief of the party and rodmen, such as 


names of owners, nature and condition of build- 


ings, cultivation, ete. 


‘ing 


The sketch while in progress was of fee 
use to the chief of party as a progress diag- 
of the field work. By consulting the sketch 
any time he could tell at a glance just hoi 
much of the work had been done, fill in such por 
tions of the area as may have been Overlooked, . 
and prevent overlaps in the work. 

No delay was occasioned by the sketcher 
taking time to sketch in the topography, as he 
generally got enough time between shots to do 
much of the sketching and completed the rest 
while the instrument man was engaged in set- 
ting up his instrument and taking readings for 
the base line traverse. The sketching was most- 
ly done by the chief of the party himself, re- 
lieved when necessary by some one of the party 
who could be spared for a time. No additional 
man was employed as sketcher. 

In the office all the notes were reduced as soon 
as they were brouzht in by the field party, the 
co-ordinates of all transit points computed, and 
the maps plotted. All distances and differences 
of elevation on the traverse line were reduced 
from printed tables, and all Side shots were re- 
duced by diagram or slide rule. 

In the preparation of the maps the field 
sketches were used as follows: The first opera- 
tion was to plot on a sheet the traverse line and 
the side shots only, as 
many as would go on the 
Sheet, paying no atten- 
tion to the description of 
the shots. The transit ` 
points were plotted by 
co-ordinates, and the 
side shots with a pro- 
tractor. Each side shot, 
as plotted from the field 
notes, was marked with 
its number and eleva- 
tion. The draftsman, 
then, instead of plotting 
the surface topography 
from the field notes, 
which is a slow and tedi- 
ous operation, took up 
the field sketch covering 
the same area and re- 
produced the topography 
shown on the sketch by 
identifying and connect- 
the corresponding 
side shots on the map. 

The map once started, 
the side shots were eas- 
ily located on the fleld 
sketch by their numbers 
and relative position to 
the same transit points. 
In this way, plotting the 
Surface topography con- 
sumed the least amount 
of time in the process 
of preparing the maps. 
Contours were interpo- À 
lated between the ade a Catskill 
shot elevations at five Aqueduct Survey. 
foot intervals, using the field sketches 
guide. 

Any errors in the field notes were generally 
detected by the unreasonable position of some 
side shot as plotted from the notes, and such 
were immediately tested by applying a protrac- 
tor and scale to. the field sketch and corrected. 
Between the field notes and the field sketches 
very few errors of any consequence were found 
which could not be corrected without sending 
the party out in the field. 

In the course of the work frequent Polaris ob- 
servations for azimuth were made. These were 
nearly all time observations, that is, the star was 
observed in its path between elongation and cul- 
mination and the exact time and azimuth when 
the star was covered by the instrument recorded 
in the notes. The horizontal angle between the 
star and the course was observed in one opera- 
tion and to do this quickly a simple illuminated 
target (Fig. 3), was set up over the forward 
station. The target was centered over the sta- 
tion and held in place by three stay strings. The 
illumination was furnished by two candles be- 
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narrow slit in the target. <A piece of trac- 

‘cloth pasted over the slit made the light ap- 

ar uniform and continuous. Six to eight obser- 

ations, in sets of two, were made at intervals 

sf a few minutes. The observations were re- 

duced by using a table prepared by the U. S. 
Land Office. 

The Peekskill Division is a part of the North- 

ern Aqueduct Department and is 13 miles long. 


Mr. J. Waldo Smith is the chief engineer of the . 


Board of Water Supply, Mr. Robert Ridgway, 
Department Engineer of the Northern Aqueduct 
Department, and M. A. A. Sproul, Division En- 
gineer of the Peekskill Division. The division 
is located between Hunters Brook in West- 
chester County, and Foundry Brook in Putnam 
County, and is in general direction parallel with 
the Hudson River. The southerly end of the 
division is about 4% miles east of the village of 
Peekskill on the Hudson, the first quarter point 
from Hunter’s Brook is about 2% miles from 
Peekskill, and from there in a generally straight 
line to a point about 1144 miles east of the Village 
of Cold Spring on the Hudson. 


— — — . — — 


D'OCAGNE’S* METHOD OF ISOPLETHE POINTS 
APPLIED TO THE FRANCIS WEIR FORMULA. 
By RICHARD MULLER.} 


As regards rapidity in calculations it has been 
often observed that graphical methods are far 
superior to numerical methods. Not only does 
the graphical method save time and labor, but it 
practically eliminates gross errors. 

The particular graph which we have here 
under consideration is based on the ingenious 
method of isoplethe points, developed by M. 
d' Ocagne. The principle that this mathematician 
has established is so elegant and yet so simple, 
that an explanation of it will undoubtedly be ap- 
preciated, and at the same time prove the cor- 
rectness of the graph of the Francis formula 
shown in Fig. 2, which has been developed by 
this method. 

Assume a system of rectangular coordinates, 
as shown in Fig. 1. Let AB and CD be two 
lines parallel to the Y-axis and call their inter- 
ceptions with the axis of z, d and b, respectively. 


Assuming two points P and Q, representing, a 
variable nature whose ordinates are p and q, if 
such two points satisfy the relation mp + nq = r 
(m, n and r remaining constant), the line PQ re- 
volves about a fixed point, R, whose coordinates 
(z, )) can be determined without difficulty. 

Effectively, R may be regarded as the point of 
application of the resultant of two parallel forces 
whose moments are: 

mp + nq = (min) y, 

ma + nb = (m + n) z, 
taking moments about OX and OY, respectively. 
If we solve these two equations with respect to 
4 and y we find ö 


ma + nb 
g =———- (1) 
(m + n) 
mp + nq 
and y = —; 
i (m + n) 


„Maurice d'Ocagne, Professor at the Ecole des Ponts 
et Chaussées, Paris, France. 


10 = 3.33 L Hì 


t With Viele, Blackwell & Buck, Consulting Engineers, 
49 Wall St., New York City. 


1 
but mp + ng = r, therefore y - — (2) 
(m + n) 
Expressions (1). and (2), as is readily seen, are 
independent of p and q, and if r alone varies, m 
and n remain constant. 

Therefore R is a fixed point in the first case, 
and in the other, a point moving such that its 
locus is a parallel to the given lines. We may 
conclude, then, that if we plot on the lines AB, 
CD, RS, points whose ordinates will be propor- 

r 
tional respectively to p. Q, these values 
m+n, 
satisfying an equation of the form mp + nq = 
such points will be in a straight line. 
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Fig. 2. Graphic of the Francis Weir Formula, De- 
veloped by M. d’Ocagne’s Method of Isoplethe 
Points. 


Let us now apply. this principle in developing 
the graph of the Francis formula 
Q = 3.33 LH? 
This expression may be transformed to the loga- 
rithmic equivalent: 


3 
log Q = log 3.33 + log L + — log H 
2 
which is identical with the normal form; as 


3 
log Q = r; log L = mp; z log H = nq; 


log 3.33 is a constant, K. 


In this case, however, the graduation on the 
parallel lines will not be proportional to the vari- 
ables, but to their logarithms. The work of plot- 
ting these is laid out as shown by Fig. 2. It is 
manifestly clear, that with the help of this 
graph two values of the Francis formula being 
known the other will be found readily, and by a 
“single stroke,” a thing which cannot be realized 
in most diagrams, or graphic representations of 
formulae. The rapidity and ease with which this 
diagram may be used will be better appreciated 
by its application to a practical example: The 
depth of water above the crest of a dam, 1,000 
ft. long, is 10 ft. What is the discharge? Join 
1,000 on AB with 10 on CD, and find Q = 105,000 
cu. ft. per sec. on RS. Solving in the ordinary 
way by the formula gives Q = 105,250 cu. ft. per 
sec., thereby proving the accuracy of the dia- 
gram. i 

— ů — . — D—kL⸗ä— 
TRACK MAINTENANCE AT CURVES.* 
By DR. HEUBACH. 

Measurements on the Bavarian State Rys. were taken 
at a curve, which according to plans should have a radius 
of 1,148 ft. The object was, (1) to make comparative 
measurements of actual curvature by method of meas- 
uring the versines of the arcs and by the Reiss curve- 
measure; (2) to ascertain why this curve, particularly in 
places, gave unusually great trouble in maintenance 
and was correspondingly expensive. The superstructure 
consists of 29%-ft. steel rails weighing 70.29 Ibs. per 
yd. The wear of the sides of the heads of the rails, 
which had been laid in 1903 and were accordingly four 
years old, was also measured; also the superelevation and 
the gage. The following conclusions may be drawn: 

(1) The points which gave special trouble in mainte- 
nance showed considerable deviation from the true cur- 
vature. The radius varied between 977 ft. and 1,448 ft., 
according to the measurements taken by the versine 
method, and between 934 ft. and 1,902 ft., according to 
the measurements made with the curve-measurer. 

(2) The points which were more easily maintained, 
showed much smaller deviations from the true curva- 
ture. The radius varied only between 1,016 ft. and 1,279 
ft. 
(8) These measurements confirm the correctness of 
the recommendations (see Zentralblatt der Bauverwal- 
tung, No. 12 of Feb. 6, 1907) that greater attention 
should be paid to the position of rails at curves, and 
that more measurements should be taken, but that the 
really necessary degree of accuracy should not be ex- 
ceeded. 

The results of these measurements, particularly those 
obtained on the more easily maintained points, give a 
clue as to what degree of accuracy is really necessary. 
For they show that variations of from 8% to not more 
than 10% from the correct radius are not of real im- 
portance, and that it would be rather useless to adjust 
and maintain the curvature more accurately. 

There is also another reason why such scrupulous ac- 
curacy is unnecessary; for from the point of view of the 
German railway regulations it is not very important 
whether the radius of a curve is 1,476 ft., 1,640 ft., or 
1,804 ft, as the speeds specified for these radii vary 
between 48.2 and 51.3 mi. p. hr. The real points of im- 
portance are to have the curvature moderately uniform 
(so that there are no sudden transitions from a small 
to a large radius and vice versa), and more especially not 
to have such large errors as are bound to occur, accord- 
ing to the statements of Hansen and Bräuning (1907, 
No. 33, p. 523; Zentralblatt der Bauverwaltung, No. 14 
of Feb. 14, 1906, and No. 12 of Feb. 6, 1907) if the curves 
are adjusted by eye only. 

Systematic observations will perhaps* lead to the re- 
duction of the now-accepted admissible error of 8 to 10%. 
If we consider that according to Hansen and Bräuning's 
statements tracks, which were carefully adjusted by eye, 
showed errors of 230, 40, 27 and 45% in the radius, we 
must admit that a limit of error of 8 to 10% is already a 
considerable improvement. 

(4) The conclusions so far mentioned, only touch upon 
the points which are important as regards maintenance 
and traffic, that is to say, which chiefly affect the ques- 
tion of safety. But the matter is also very important 
from the financial point of view. 

The measurements of the wear of the side of the rail- 
head showed very clearly that there is a very close con- 
nection between errors in the curvature (radii too small) 
and unusually large wear of rail. At points where the 
radius is much too small the wear is two or three times 
greater than it is on the section where the curvature 
is more correct. This leads to the important conclusion 
that errors of this kind may result in reducing the life 
of the superstructure to 50% or even 33% of what it 
would be if the curvature was correct. 

*Condensed from a paper in ‘‘Zeitung des Vereins 
Deutscher Eisenbahnverwaltungen,’’ as translated and 


printed in the August ‘‘Bulletin of the International Rail- 
way Congress Association.’’ 


September 3, 1908. 


ENGINEERING NEWS. 


251 


TESTS OF “‘SMOKELESS’’ BOILER SETTINGS AT 
CHICAGO. 

The campaign against smoke production in 
Chicago has led to some controversy between 
the Smoke Inspection Department and the Board 
of Education as to the boiler setting which the 
latter has been using for some years and which 
was designed by Mr. T. J. Waters, Chief Engi- 
neer of the Board. This setting is shown in 
Fig. 1. The Smoke Inspection Department 
claimed that for years the school houses, where 
soft coal was used with horizontal tubular boil- 
ers, have been among the worst offenders. The 
city ordinance establishing the Smoke Inspection 
Department makes it necessary for any one in- 


that about 175 lbs. more wood were required by the 
firebrick enclosed furnace to produce steam at the start. 
This heat was no doubt absorbed by the brickwork, to 
be given off gradually after the plant was shut down. 


The Smoke Inspection Department claims, on 
the one hand, that these tests are not to be 
taken as indicative of the expected performance 
of a “smokeless” design which it would ap- 
prove. On the other hand, it claims also to 
have made no pretentions about the efficiency 
of tubular boilers used with soft coal as it is 
interested in smoke prevention only. The rec- 
ords of observations made (using the Ringleman 
system) show slightly less smoke with the low- 
arched firebox than with the standard design of 
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stalling a boiler first to have the plans approved. 
Permits were refused for the installation of 
boilers according to the standard design of the 
Board of Education. 

During the Christmas holiday, one boiler in 
the Felsenthal school was equipped with a brick 
arch or roof covering the grates. (Fig. 2.) This 
setting was designed by Mr. P. P. Bird, Smoke 
Inspector. The department suggested that this 
boiler be so equipped, not because it considered 
that the equipment would represent the best that 
could be done, but as in the few days available 
the arch could be put in and results observed. 


At the time of the change nothing was said of 
the comparative efficiencies of the arrange- 
ments, the only attempt being to decrease the 
smoke emitted. Even this change made was 
not claimed as what would be permitted in new 
work where the boiler is required to be set much 
higher than has heretofore been the practice, 
so that a larger furnace may be obtained in 
which to burn the highly volatile local coals. 


Tests were made on the two boilers (one old 
standard setting and one with an arch) by Col- 
lins & Stevens, engineers. An extract of their 
report follows: 


TEST OF JAN. 6.—During the first hour, the smoke 
emitted was considerable for a short interval imme- 
diately after firing. In neither case was very black 
smoke given off for more than a few seconds. On the 
remainder of the test, the Waters setting was operated 
with very little smoke at any time. It was necessary 
to clean the fires three times during the test of the 
firebrick-enclosed furnace against one cleaning of the 
Waters setting. This cleaning was the cause of a con- 
siderable loss of efficiency and also was conducive to 
the production of smoke as well as being of serious con- 
sequence in the reduction of the steam pressure to a 
point where it was necessary to shut down the engine. 

TESTS OF JAN. 11 AND 12.—The smoke in neither 
case was objectionable at any time. Both settings 
smoked somewhat during the first hour. Results show 
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the Board of Education, although, with the ex- 
pert firing during the test, neither smoked seri- 
ously. Such expert attention could not be ex- 
pected with either setting in ordinary practice. 

The Smoke Inspection Department further 
claims that the smoke problem is of sufficient 
importance to warrant buying larger boilers, if 
necessary, to make the same amount of steam, 
and in using more coal, if necessary, to evapo- 
rate a given amount of water in order that it 
may be done without making smoke. While it 
is not believed that with a properly-designed 
boiler setting it will be necessary to burn more 
coal or to use a larger boiler, yet the depart- 
ment claims that the expenditure would be jus- 
tified if this were the only way that smokeless 
stacks could be obtained. 

EO —— —— 

OVERHEAD RAILWAY CROSSINGS in the city of 
New Bedford have two unusual features. They are of 
the rather common pony through plate-girder type, with 
columns at the curbs so as to make three spans, a long 
one over the roadway and two short spans over the two 
sidewalks. Ordinarily the main girders are carried 
over all three spans, from abutment to abutment. At 
New Bedford, however, the main girders terminate over 
the columns; the sidewalk spans are formed of the 
track stringers only. The girders do not seat on the 
columns direct, but on a shallow, heavy box girder ex- 
tending over all the columns of the bent. Crossed di- 
agonal bracing between adjacent columns below this 
box-girder completes the bent. The second unusual 
feature of these crossings is the use of an ordinary 
open floor (wooden cross-ties or stringers) covered with 
2-in. plank to protect the street and sidewalks from drop- 
pings of oil, ashes, etc. For further protection a canopy 
extends over the sidewalks. This work is described in 
a paper by Mr. W. F. Williams in the July issue of the 
«Journal of the Association of Engineering Societies.” 
The bridges were designed by the bridge department of 
the New York, New Haven & Hartford R. R. Co. Mr. 
B. T. Wheeler is in charge of the construction for the 
railway company, and Mr. J. F. Keon was in charge 
for the contractor, J. K. Ryan. 


BOILER SETTINGS WITH AND WITHOUT LOW-ARCHED FIREBOXES. 5 


Coal to raise steam 
Wood to raise steam 
Time to raise steam 


Evap. per Ib. of coal (actual) 


Evap. per Ib. of coal from and at 212° fw... es 
Cost to evap. 1,000 Ibs. feed water as 
HP. developed . 2... ccc cence sccwescvesecsnccccescece 
lc) {a nn ere ee ee ee ae ba wees 


Effic. of boiler and grate. ...... ccc ccc cc cece sccceccvesee 


m-an. 6.-——__——_ an. 11, 12.—ͤ— 
Waters ird. Waters. Bird 
75 Ibs 75 lbs 100 lbs 100 lbs 
800 lbs. 1. 200 Ibs. 475 lbs. 650 lbs. 
1 hr. 25 min. 1 hr. 45 min. 1 hr. 6 min. 53 min. 
64.82% 57. 75% Peas eons 
6.189 5. 75.638 4.985 
7.463 6.503 SR 8 
16.16 cts 18.50 cts 17.73 cts. 20.06 cts 
104. 117.8 94 96 
aK Slight. Slight. 


A COMBINATION CONCRETE BLOCK AND REINFORCED 
CONCRETE BUILDING. 
By L. A. WATERBURT.“ 


In the construction of a new dormitory for 
Pomona College, at Claremont, Cal., there is 
a somewhat novel feature in the use of rein- 
forced- concrete columns cast in the hollow con- 
crete blocks of which the side walls are com- 
posed. The typical blocks are 12 ins. wide, 12 
ins. deep and 24 ins. long, with two vertical 
cores, 8 ins. square, in each block. In laying 
the walls the blocks are so placed as to form a 
continuous vertical opening at each column. 
When the wall for one story has been com- 
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FIG. 2. EXPERIMENTAL BOILER SETTING WITH LOW-ARCHED 


FIRE-BOX. 


pleted the reinforcement for the wall columns 
is lowered into place, in the openings which have 
been made for this purpose. The reinforcement 
for each of these columns consists of four ver- 
tical rods, together with a spiral of heavy wire. 
The vertical rods are of such length that when 
the reinforcement is in place the top will pro- 
ject at least 2 ft. into the columns of the story 
above. The ends of the rods, at the top of each 
column, are wired together so that they will not 
interfere with the reinforcement for the story 
above, when it is lowered into place. Before 
the wall columns are cast a hole is broken into 
the block at the bottom of each column, to per- 
mit the removal of chips and dirt. This hole 
is closed by a board wired to the steel within. 
After the column has set, the board is removed 
and the wires are cut close to the concrete. 


At the top of each story there is a reinforced- 
concrete band, forming part of the wall, and 
extending entirely around the building. The 
concrete slab of the floor above forms the top 
of this band, so that the band forms a girder 
supporting the floor. If the blocks were entirely 
removed this girder and the wall columns would 
be sufficient to support the adjacent floors. The 
building thus has a complete reinforced-concrete 
skeleton. 


The interior columns are each reinforced with 
six longitudinal rods and a heavy spiral. For 
these columns two longitudinal rods are con 
tinuous at each floor, and the other rods have 
joints with pipe sleeves. 

There are two reinforced-concrete cross walls 
which divide the building into three parts. 
There are also reinforced-concrete walls ad- 
jacent to the stairways. With these exceptions 
the partition walls are formed of metal lath 
plastered on both sides to form solid walls 2 ins. 
thick. The bases and the floor finish are made 
of cement mortar. 

The block walls will be plastered on both sides. 
The plaster used for the exterior will be a Port- 
land cement mortar, with a small percentage of 
lime. 

The architects for the building are Myron Hunt 
and Elmer Grey, Union Trust Bldg., Los Angeles, 
and the contractor is Richards-Neustadt Con- 
struction Co., also of Los Angeles. 


*Professor of Civil Engineering, University of Arizona, 
Tucson, Ariz. 
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THE GOVERNING AND SPEED VARIATIONS OF GAS 
ENGINES.* 
By JAMES ATKINSON,} M. Inst. M. E. 


The continuous increase in the size of gas engines 
and the widening field for their employment have 
necessitated various modifications in their design and 
methods of operation, the question of their regularity 
of turning and closeness of governing being by no means 
the least important causes of these modifications. It is 
very usual to hear remarks made as to the irregularity 
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Fig. 1. Improved Hit-and-Miss“ Valve Gear for 


Gas Engines. 


of gas engines, as though they were usually and neces- 
sarily more irregular than steam engines, such remarks 
being very unfair. It is true that the cyclical variations 
of speed may be slightly greater in the ordinary single- 
cylinder ‘‘Otto’’ gas engine than in the case of the 
ordinary steam engine; but the mean variation is usually 
considerably better, and even with hit-and-miss govern- 
ing such engines are amply steady enough for ordinary 
shop driving, pumping and the great majority of pur- 
poses for which power is required. Even for electric 
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light driving, ample steadiness can be obtained by using 
a sufficiently heavy fly-wheel. 

Methods of governing gas engines may be divided into 
two classes. In the first class the volume of the charge 
remains constant and sufficient to fill the cylinder as 
nearly as possible at atmospheric pressure, but the pro- 
portion of gas to air is varied according to the load. 
In the second the proportion of gas to air is kept ap- 
proximately uniform, but the volume of the charge is 
varied either by closing the admission valve before the 
end of the suction stroke or by throttling; the result in 
either case being a charge sufficient to fill a part of 
the cylinder only at atmospheric pressure. The first 
method is commonly called the quality method and the 
latter the quantity method. 

The most desirable arrangement to use depends to a 
large extent on the size and type of engine, also the 
kind of gas employed. It is desirable to use the quality 
type with engines having any considerable weight of re- 
ciprocating parts attached to one connecting-rod, be- 
cause under these circumstances the inertia of the re- 
ciprocating parts should be cushioned by the compres- 
sion pressure in the cylinder at the time of ignition, 
otherwise shock may be caused similar to that in a 
steam engine working with Insufficient compression or 
lead. Either the quality or quantity method is ap- 
plicable to engines having only one piston attached to 
the one connecting rod and running at a moderate speed, 


*An abstract from a paper read at a meeting of the 
n of Mechanical Engineers, London, April 10, 


¢With Crossley Bros., Ltd., Manchester, Eng. 
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as under these circumstances the reduced compression 
pressure is sufficient to take up the inertia forces and 
to prevent shock at the time of ignition. When some 
kinds of producer gas are used it is necessary to have 
governing appliances which are not liable to be upset by 
a little tar or dust in the gas. 

The quality method may be subdivided into hit-and- 
miss governing, variable gas admission uniform during 
the suction stroke, and variable gas admission caused by 
opening the gas-valve earlier or later during the suction- 
stroke but always closing it at the end of this stroke, 
the contents of the cylinder when reduced loads are 
being carried being to some extent stratified, air being 
next to the piston and a rich mixture drawn in last, 
remaining near the firing point. 

The quantity method of governing may be divided into 
throttle governing and cut-off governing. With one 
or two unimportant exceptions all types of governing 
are included in the above. 

For many years hit-and-miss governing was uni- 
versally and exclusively employed, and it still remains 
the usual method for small or moderate sized engines. 
So far as the author is aware, its economy has prac- 
tically never been excelled, being only equalled on full 
loads by very carefully arranged methods, and on light 
loads it is still necessary to combine hit-and miss gov- 
erning with other methods to obtain such results. 

As usually constructed the governor decides whether 
there is to be a hit and a miss by the fact of one knife 
edge passing on one side or the other of a second knife 
edge, practically by a hair line and the same hair line 
on all loads; the governor itself therefore always gov- 
erns when in one position, and it does not much matter 
if it is very far from being isochronous; also, as it has 
very little actual work to do, the parts to move being 
very Nght and having scarcely any resistance to over- 
come, a very small governor will effectually control a 
large engine. The closeness of governing or the mean 
variation of speed on varying loads with an engine 
having a fairly heavy fly-wheel can easily be kept within 
2% from full load to any load. 
Most gas engines fitted 
with hit-and-miss governing 
are so arranged that if the 
engine pulls up on the load 
from any cause, the oper- 
ating gear for opening the 
gas valve is drawn out of 
contact as the engine slows 
down and before it stops, thus 
the engine cannot stop with 
the gas valve open. This 
precaution is absolutely nec- 
essary for the safety of en- 
gines Hable to be left for 
long periods by the attend- 
ant, and drawing their alr 
charges from the engine room. 

The ordinary hit-and-miss 


P. per Hour. 


gear is well known, but a 
recent improvement may be 
described. It is shown in 
Fig. 1 and consists in allow- 
ing the blade of the pusher 
0 a small amount of side play 
at right angles to the line 
of thrust, so that the knife 
edge may always find the 
bottom of the V in the die 
METHODS. in whatever position the 
latter may be held in the governor rod. When disen- 
gaged, the blade rests in the V of the fixed block and 
naturally slides to the bottom thereof, thus returning 
to its proper position should it have been deflected side- 
ways by the motion of the die. The deflections, without 
this improvement, though small, often cause correspond- 
ing movements of the governor, and occasionally nibbling 
or partially opening and sudden flying back of the gas 
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FIGS. 4 AND 5. GOVERNING GEAR ON 
Crossley Bros., Ltd., Manchester, England, Builders. 
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valve, accompanied by needless wear and tear, objection- 
able noise and sometimes irregular explosions in the 
cylinder. 

There is a tendency in some quarters to belittle hit-and- 
miss governing, but for many purposes, especially in 
small engines, it still remains the most suitable ar- 
rangement, and it is advisable to give due weight to 
the solid and substantial advantages it offers before sub- 
stituting other arrangements. z 

Fig. 2 shows some conzumption lines for engines gov- 
erning by hit-and-miss. The full lines give the con- 
sumption per B.HP. per hour, and the total consumption 
per hour. It is interesting to note that the total-con- 
sumption-per-hour lines are practically straight, being 
in this respect similar to what is known as the WII- 
lans” line of steam engines. It is unfortunate that the 
particulars given in these and in other tests are com- 
parable only with themselves and not with each other, 
owing to the constant and great variation in the calorific 
value of the Manchester gas, which during the last two 
or three years has constantly fluctuated from less than 
500 to over 600 B. T. U. per cubic foot (on the lower 
scale), as tested in a Junker calorimeter, often varying 
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Fig. 3. Governing Gear for 500 HP. Gas Engine. 


Recently constructed and tested by Crossley Bros., Ltd., 
Manchester, Eng. 


Ato main casting. H gas valve. 


B ajr connection. I vacuum piston. 
C throttle valve. J cylindrical plug. 
D gas connection. L buffer spring. 
D gas cock. N snifting valve. 
F admission valve. 


30 or more units during a test and larger amount from 
day to day. It will be seen that these tests are for three 
different-sized engines, the smallest giving about 14 
brake-HP. as a maximum, the next in size about 47 
brake-HP. and the largest 100 brake-HP. 

Quality governing by admitting the gas in varying 
quantities continuously throughout the suction stroke is 
not generally adopted, though some very large engines 
have been controlled in this manner. The extent to 
which variation in richness of the mixture can be car- 
ried out in this way is somewhat limited. If the charge 
is either too rich or too weak it will not ignite freely but 
will burn slowly, and in either case a point is very soon 
reached when it burns so slowly as to continue still 
inflamed during the whole of the exhaust-stroke, and un- 
til the commencement of the suction stroke, when the 
fresh charge drawn into the cylinder is fired by the 
smoldering flames still lingering there and an ex- 
plosion takes place while the admission valve is still 
open, resulting in burnt products being driven into the 
air and gas mains, sometimes causing the next or 
second charge to be vitiated so that two full working 
strokes are occasionally spoiled in this way. 
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Mean Pressure 
88 Ibs. 


Atm. Live 


240 Ibs. 


Mean Pressure 
55.6 Ibs. 


160 * 


Atm. Line 


Figs. 6, 7 and 8. Indicator Diagrams Taken From 
Engines Fitted with Governing Gear shown in 
Fig. 3. 


When the engine is always working on full load, or 
almost full load, this method of governing can be used 
successfully, but for engines which have to govern 
throughout the full range of work from full load to no 
load it is not satisfactory. It has, however, the ad- 
vantage of simplicity. A very common arrangement is 
to have two throttle valves, one in the air main and 
one in the gas main, controlled by the governor which 
closes one as it opens the other and vice versa. As 
these throttle valves can be arranged to be in equilib 
rium, the governor need not be very powerful. In small 
or medium-sized engines the addition of a gas valve 
and hit-and-miss governing, to come into operation so as 
to miss occasionally when the engine is running below 
half load, makes a great improvement to this type of 
governing, by preventing the irregularities which might 
otherwise occur on these light loads and also the ex- 
cessive gas consumption. Unfortunately hit-and- miss 


governing is scarcely suitable for large engines, owing - 
to the inadvisability of opening a large and necessarily 


heavy gas valve by means of a knife edge. 

Variable gas admission caused by opening the gas 
valve earlier or later during the suction stroke, but al- 
ways closing at the end of this stroke, is a method of 
governing which is of recent years rapidly coming into 
use and is a most satisfactory method at any rate for 
large gas engines. By admitting the air and gas in 
this way when working on light loads air only is first 
drawn in, the gas being admitted towards the end of 
the suction-stroke; the result is that part of the charge 
next to the piston does not contain any gas or at any rate 
a very small proportion, but the part near the ignition 
point has sufficient to make it freely ignitable, there 
being what is known as Stratification throughout the 
cylinder during both the suction and the compression 
strokes. In the earlier days of gas engines, Mr. Frank 
Crossley perfected a method of applying this principle to 
the smaller engines made in those days by means of a 


— in| 
14 | 


1 
101 | 
} 
il 


"| 
I 
1 
ii 


4.9 
ii 


40 


L . smi 

‘m3 AT 
ae HIJ LLLA. ASSETA 

A — 


— 1 
í 2 >> 


Fo 


FIG. 9. AUTOMATIC GAS REGULATING VALVE. 


stepped gas cam for opening the gas valve, the various 
steps causing the gas valve to be opened earlier or later 
according to the power required but always closing with 
the air. A considerable number of engines were made 
in tbis way, but as it was found that ordinary hit-and- 


miss governing was practically as good, they were given 
up, the air-line governing of the hit-and-miss comparing 
very favorably with the increased movement of the gov- 
ernor necessary to move the roller operating the gas die 
from one step to another. The engines which were 
governed in this way were only of small powers and 
usually operated by rich illuminating gas. 

A very considerable proportion of the large gas engines 
recently made have been governed in this manner, in- 
cluding all of the Oechelhäuser and Koerting types, in 
which it is practically necessarily adopted. Also a very 
large number of double-cylinder engines which un- 
avoidably have considerable inertia in the reciprocating 
parts. In its application to these latter engines such 
arrangements have recently been described and illus- 
trated. 

The author’s firm having recently constructed some 
tandem engines of 500 to 600 HP., the question as to the 
method of governing them had to be considered. It was 
decided that on the first engine a governor-valve oper- 
ated by a trip-gear, similar to some of the gears above 
referred to, should be applied to one cylinder and a 
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Fig. 10. Pneumatically Controlled Cut-off Valve 
for Small Gas Engines. 


Crossley Bros., Ltd., Manchester, Eng. 


novel type of governor applied to the other, the inten- 
tion being to adopt permanently the kind which proved 
to be most satisfactory in working; the result was that 
the trip governing gear was abandoned and the other 
adopted, it proving to be more simple, more prompt in 

action, considerably cheaper 


and thoroughly reliable. 
The arrangement of the 
gear is shown in Fig. 


3; it is also illustrated in 
Figs. 4 and 5 taken from 
photographs of one of these 
engines. Referring to Fig. 
3, a main casting is fixed 
on the top of the cylinder 
in which the valve proper 


is inserted. It has an air 
connection containing a 
throttle valve which is 


fixed definitely in one po- 
sition to suit the gas which 
is being used, also a gas 
connection containing a gas 
cock, which serves to reg- 
ulate the gas. The admis- 
sion valve is opened at the 
commencement of each suc- 
tion stroke by means of a 
cam rod and lever in the 
usual manner, being closed 
by a spring at the end of 
the suction strokes. The gas 
valve is centered on the spin- 
dle of the admission valve 
and has attached to it at its 
upper end a vacuum piston; 
the admission of air, either freely, partially or its non- 
admission to the vacuum cylinder, is controlled by a 
cylindrical plug, having a groove turned in it which 
opens or closes the air connection. The position of this 
plug is decided by the governor, a movement of about 
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Fig. 11. Light Spring Indicator-Diagrams, Taken 
From Gas Engines Working with Full and Light 
Loads. 


half an inch controlling the speed of the engine from 
full load to no load. Acting on the gas valve there is 
a spring which forces the vacuum piston to the end of 
its upward stroke whenever the admission valve is 
closed, being assisted finally by a strong buffer spring. 
When the admission valve is closed, it will be seen that 
the spring is neutralized; as soon as the admission valve 
commences to open, the pressure of this spring at its 
upper end is taken by the nut which is screwed on the 
spindle of the admission valve, and the pressure at the 
lower end tends to open the gas valve. If the plug al- 
lows free access of air to the vacuum cylinder, the gas 
valve moves with the admission valve and also closes 
with it, allowing a uniformly rich charge to be drawn 
into the cylinder during the whole of the suction stroke, 
thus giving full power impulses. If, however, the plug 
closes the communication from the atmosphere to the 
vacuum cylinder, the vacuum in the cylinder prevents 
the gas valve being opened, a few pounds vacuum in 
this cylinder being amply sufficient to overcome the 
power exerted by the spring; under these circumstances 
no gas is admitted during the suction stroke, but as 
the air passage is freely open, air only is drawn into 
the cylinder and there is no impulse; this represents 
two extremes, which in practice rarely occur, as the 
plug is usually in such a position as to give a more 
or less restricted admission of air, causing a partial 
vacuum in the vacuum cylinder at the commencement 
of each suction stroke, this partial vacuum, restraining 
the opening of the gas valve, making it open later and 
more slowly; it, however, catches up to the main ad- 
Mission valve and always closes with it, consequently 
air only to a greater or less extent is drawn in first 
and a rich mixture at the last. There is a small snift- 
ing valve opening outwards from the vacuum cylinder 
which always ensures the prompt return of the valve 
in closing. There is also an indicator (see special sec- 
tion) which rests on the vacuum piston, moves with it 
and gives an external indication of the action of the 
gas valve. 

It will be seen that all the governor has to do, when 
governing a tandem engine having two single-acting 
cylinders, is to move two small cylindrical plugs which 
are an easy sliding fit in their cylinders, the plugs 
themselves being always in equilibrium, with the result 
that prompt and certain control is always ensured. The 
vacuum pistons, the springs, and the other moving parts 
are all enclosed and shut off from communication with 
the gas, consequently any tar or dust in the gas can 
only gain access to the gas valve which is so constructed 
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Fig: 12. 


Working Indicator-Diagrams of Gas 
Engines. 


that they cannot clog its movement; the mechanical 
parts are also constructed so that any wear will be in- 
finitesimal. The actual operating medium is atmospheric 
air which is costless and indestructible. 

A short time ago an engine fitted with these valves 
was tested by Dr. Nicolson, Professor of Engineering at 
the Municipal School of Technology, Manchester. An 
extract of his report is as follows: 


“Variation of speed, full to light load.”—The engine 
speed varied only from 119.4 to 121.4 revolutions per 
minute when the horse-power was instantaneously 
dropped from about 600 to about 50. The total variation 
in speed was therefore 1%% of the mean speed. The 
full load was then thrown on again as quickly as possi- 
ble, and so on in succession. The speed of the engine 
under such circumstances never varied more than the 
above percentage. This system of governing must there- 
fore be admitted to be a very good and close one. No 
back firing of any kind took place. The engine supply 
valves, which had been adjusted at the commencement 
of the trial, were not touched or altered in any way 
while the trials were being made. 
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A further advantage of this gear is that it is perfectly 
noiseless, with the exception of a slight hissing noise 
due to air entering and leaving the vacuum cylinders. 
This noise could, of course, be easily prevented, but 
as it is an audible indication of the working of the 
valves and of the load on the engines, it is of consid- 


Device for Separating Gas and Air, Until 
Entering Cylinder. 


As arranged for vertical high-speed gas engines by 
Crossley Bros., Ltd., Manchester, Eng. 


Fig. 13. 


erable service in supplementing the visible indicators 
above referred to. 

It will be seen from the above extract from Dr. Nicol- 
son's report that the maximum variation in speed from 
full load to practically no load, was only 134%, being 
obtained with a movement of the governor plugs of 
about one-half an inch; it is quite possible to reduce 
this half-inch to say one-eighth of an inch by causing 
the plugs to open and close cylindrical narrow ports, 
instead of round holes; in this manner the speed vari- 
ations might be reduced to almost nothing. In most 
cases, however, a speed variation of 114 to 2% is pre- 
ferable. Diagrams taken from engines fitted with this 
gear are given in Figs. 6, 7 and 8. 

It is of course an essential point in connection with 
governing gear that the economy of the engine should 
not be interfered with, and it is satisfactory to note 
that in the tests above referred to a remarkably low 
consumption was obtained. The gas was made from 
bituminous coal in a Crossley plant. A sample was 
analyzed by Dr. Nicolson, and gave: 


Carbon dioxdee,‚.t cee (CO) 11.4 
Unsaturated hydrocarbo s (CzH.) none 
OXY BEDS | ote 0x wu ( mr 8 (O2) 1.0 
Carbon monox due (CO) 15.1 
Hydrogen snss ie oe wa oe (H2) 24.3 
Mae sian Sed haia (CH,) 3.5 
Nitrogen (differenceeeeeꝛuꝝnDꝭnmYumãm (N2) 44.7 

100.0 


The calorific value on the lower scale works out to 
156.5 B.T.U. per cubic foot, at 0° centigrade and 760 
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Fig. 14. Throttle“ Governing a Single-Cylinder 
Gas Engine from 35 to 90 B. HP., Combined 
with Hit-and-Miss“ Method and Lighter Loads. 


mm. pressure. The gas was also tested in a Junker 
calorimeter during the time of the test, the gas being 
taken from close to the inlet to the engine; the result 
was 149 B.T.U. per cubic foot on the lower scale, at 
atmospheric temperature and pressure, according very 
closely to the heat value given by the analysis. The 


Horse Power. 


engine was running on a brake load of 559 HP., the 
gas consumption per B.HP. reduced to 0° centigrade and 
760 mm. was 51.94 cu. ft. per B.HP. per hour. The 
heat supplied was therefore 8,128 B.T.U. per brake 
horse-power per hour. The thermal efficiency on the 
brake was therefore 31.32%. So far as the author is 
aware this is the highest efficiency that has been ob- 
tained in a large gas engine in any well-authenticated 
trial. 

The same method of governing has been successfully 
applied to smaller engines, in which the gas-valve has 
been arranged independently of the main admission 
valve and combined with hit-and-miss, this arrangement 
being more suitable for smaller engines. It Is fully 
shown in Fig. 9, which explains itself. 

Quantity governing as represented by suddenly cutting 
off the charge has been adopted in some instances, a 
very common method being to use cut-off gears, practi- 
cally identical with similar gears as used with steam 
engines. These have been successful in practice, but 
unfortunately necessitating in most cases trip arrange- 
ments which require heavy and powerful governing 
gear, together with somewhat noisy operation and con- 
siderable wear and tear. 

A method which is being used in some instances is 
shown in Fig. 10. The method of operation bears some 
resemblance to that previously described for large en- 
gines, being pneumatically controlled by a small cylin- 
drical plug opening and closing a small passage com- 
municating from the atmosphere to a vacuum cylinder; 
in this case, however, the vacuum is used to restrain 
the closing of the valve, instead of restraining the 
opening of the valve. The cut-off valve consists of a 
conical part directly connected to the vacuum piston, 
and having a number of annular ports which open and 
close corresponding annular ports in a conical seat. At 
the commencement of a suction stroke the ports are 
open as shown, the vacuum piston being always re- 
turned to this position by the external adjustable springs. 
If the governor plug closes the communication, the 
valve remains in the opened position throughout the 
suction stroke, because no air can be drawn into the 
vacuum cylinder, and the engine draws in full charges 
and gives full-powered impulses; if, however, the little 
plug opens the communication, more or less, the suction 
of the engines causing a suction on the cut-off valve 
and piston, drawing a little air into the vacuum cylin- 
der and allowing the cut-off valve to move so as to cut 


Fig. 15. Light Spring, Half Load Indicator- 


Diagram. 
(See Test Fig. 14.) 


off the charge earlier or later, according to the extent 
of the opening of the communicating passage. 

Light spring diagrams, Fig. 11, show the action which 
takes place in the cylinder on full load and about half 
load; it will be seen that on light loads there is a con- 
siderable vacuum in the cylinder at the end of the 
stroke. As, however, no more air or gas can obtain 
access to the cylinder after the cut-off valve has closed, 
the piston on its return compression-stroke recompresses 
the charge to about atmospheric pressure on the same 
line as thea suction line, then going on, compresses the 
charge up to a lower compression pressure than for a 
full-power stroke; although the smaller charges are 
ignited at a lower compression pressure, it will be seen 
from the working diagrams, Fig. 12, that the expansion 
of the smaller charges is carried out more nearly to at- 
mospheric pressure, resulting in satisfactory economical 
working. In this case it is also desirable to combine 
hit-and-miss governing with the cut-off, and engines 
constructed in this manner are practically as economical 
as engines governed on hit-and-miss only. This will 
be seen by again referring to Fig. 2, in which the dot- 
and-dash lines show two of the engines working with 
cut-off governing, the tests being made on the same 
engines at the same time and working alternately with 
this method and with hit-and-miss only. Two four- 
cylinder engines of about 450 effective HP. recently 
constructed for driving alternators in parallel, were fit- 
ted with this type of governor, and had a maximum 
speed variation, under any change of load, not exceed- 
ing 1%. 

Throttle governing has been very largely used, vertical 
high-speed engines being almost universally controlled 
in this manner, also large numbers of single-cylinder 
horizontal engines. As applied to vertical engines the 
usual method has been to throttle a uniform mixture 
into a pipe from which each cylinder draws its charge, 
the mixture in this pipe being nearly at atmospheric 
pressure for full loads and various pressures below the 
atmosphere for lighter loads. One objection to this ar- 
rangement is that if, from any irregular working in any 


of the cylinders, a back-fire takes place the contents of 
the pipe itself are fired, thus fouling the charges for the 
other cylinders and causing imperfect action in them 
also. As a remedy for this the author’s firm has adopted 
the arrangement shown in Fig. 13, in which the gas and 
air are separately throttled into separate pipes, com- 
municating with the cylinders, the gas and air being 
kept separate until they pass through the admission 
valves into each cylinder, where also there is an inde- 
pendent gas-regulating cock. The gas cocks enable the 
cylinders to be regulated independently or even in 
emergency shut off. 

The gas and air throttle valves are arranged on the 
same spindles, and they can be rapidly drawn out for 
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Indicator-Diagrams of Gas Engines, Combining 
„Throttle“ with Hit-and-Miss“ Governing. 


cleaning or inspection. The throttle valves themselves 
have four cutting-off edges, these four edges in the air 
throttle being similar, but in the gas throttle valves, 
two of them are similar to those of the air throttle to 
be used when the engine is running on producer gas; 
but the other two are arranged with inclined surfaces 
of such a shape that they give suitable proportions of 
gas areas, to the air areas, when working with rich 
illuminating gas. In some instances it is useful to be 
able to change over from one kind of gas to another 
without stopping the engine, and in the arrangement 
shown it is only necessary to disconnect the governor 
rod from one arm of the bell-crank lever which oper- 
ates the throttle valves and connect it to the other arm, 
an operation which can be performed without stopping 
the engine. 

Throttling governing is frequently applied to single- 
cylinder small and medium-sized engines, which repre- 
sent such a large proportion of the gas engines made; 
a test of such an engine is shown in Fig. 14. In this 
case, however, the throttle governing was combined with 
hit-and-miss governing on the lighter loads. Under 
these circumstances the economy of the engine is quite 
Satisfactory; a light spring diagram, Fig. 15, shows 
what takes place in the cylinder at about half load, and 
Figs. 16 and 17 are working diagrams on full load and 
about half load. This method of governing is very use- 
ful and satisfactory for engines working with their own 
suction-gas plant, by adjusting the connection to the 
hit-and-miss governing, and so arrange it that the throt- 
tling is carried down to very light loads. Under these 
circumstances the gas is somewhat uneconomically uti- 
lized on these lighter loads, but as it is desirable to 
keep the producer working, and making at least a mod- 
erate amount of gas under all conditions, there is a 
sufficient reason for working an engine and plant in 
this manner. 

Throttle governing for single-cylinder horizontal 
gines is very largely used in continental practice, 
methods usually adopted being to vary the lift of 
admission valve, or to place a throttle valve in the 
passage to this valve. The first method is carried out 
in a very satisfactory manner by the Gas Motoren 
Fabrik, Deutz. In their arrangement the admission 
valve is operated in the usual manner by means of a 
cam rod and rocking lever, the fulcrum of which how- 
ever is shifted by the governor so as to vary the lift of 
the valve. A somewhat powerful governor is necessary. 
One objection to all kinds of quantity governing is that 
very powerful springs are required on the admission and 
exhaust valves, as very commonly the partial vacuum 
in the cylinder is as low as 9 Ibs. below the atmos- 
phere. Gas-engine valves invariably open inwards, and 
a large valve requires a strong spring to prevent its be- 
ing opened by a suction of 9 lbs. 

Good governing is only one of the requirements in gas 
engines; when extreme regularity is necessary, more 
than one cylinder and heavy fly-wheels containing a 
considerable amount of inertia are also needed. 
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A MILE-LONG STREET RAILWAY TUNNEL has re- 
cently been opened in Genoa, Italy, connecting that city 
with the nearby town of Rivarolo. The Genoa Street 
Ry. which formerly circled the mountain in the line be- 
tween the two cities is now shortened 114 miles by the 
tunnel. 
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DIAGRAMS FOR SPACING BANDS ON WOOD-STAVE 
PIPE. 

The increasing use of wood-stave pipe in hy- 
draulic work, particularly in the western 
states, has developed in the design a certain 
amount of standardization, which, on account of 
the peculiarities in the wood structure, local de- 
fects, knots, etc., has been applied more gen- 
erally to the steel bar or round rod with which 
the wood staves are held together. In this 
connection, Mr. Bertram D. Dean,“ has pre- 
pared for the more convenient determination of 
the spacing of the bands on the pipe, a series 
of diagrams, a typical one of which we publish 
herewith, together with the method of com- 
putation used. 

The problem to be solved is: Given the head 
of water in feet and internal diameter of the 
pipe in inches, to find the proper band spacing 
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separate curves for each size band may be 
plotted between S and H as coordinates for dif- 
ferent size pipes. These are hyperbolic curves, 
however, and the process of plotting for each 
size pipe is quite lengthy, and to avoid this 
extra labor Mr. Dean has utilized logarithmic 
plotting paper, on which the curves plot as 
straight lines. 

In the accompanying figure is shown the set 
of diagrams for the proper spacing, under vary- 
ing head and size of pipe, of %-in. round bands. 
The method of drawing the curves is as follows: 

The abscissas are laid off in feet or head of water; 
the ordinates in sixteenths of inches of bands 
spacing. Now for a 58-in. band, the section A in 
the formula is equal to 0.3068. Select any size 
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rods have been made by Mr. Dean, but lack of 
space prohibits their publication. The method 
of their preparation is quite simple and the sav- 
ing of time from their use should well warrant 
their general adoption by engineers designing 
or estimating much wood-stave pipe. 

— Oo ſ:ä——— 

THE LOETSCH BERG TUNNEL BREAK-IN, which 
occurred in the north heading on July 24, as reported 
briefly in our issue of July 31, was a very serious ac- 
cident, which will result in a long interruption of work 
at this end of the tunnel and may possibly lead to a 
change of route. The tunnel, whose north end enters 
from the valley of the Kander River, passes under the 
upper valley of the stream in a region called the Gas- 
ternboden, about 124 mi. from the portal. There is less 
than 600 ft. of cover over the tunnel at this point; its 
nature is not known, as no borings were made, but the 
geologists’ examinations led to the conclusion that while 
there might be possibly 300 ft. of detritus and river fill, 
the tunnelers could rely on at least 100 to 200 ft. of rock 
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CURVES TO DETERMINE SPACING OF %-IN. ROUND RODS ON WOOD-STAVE PIPE OF VARIOUS SIZES UNDER VARIOUS HEADS. 


for any given size band and the number of 
bands per 100 ft. of line. Using the following 
notation: 

S = spacing c. to c. of the bands in inches. 

A = sectional area of band in sq. ins. 

L = safe tensile stress of steel—lbs. per sq. in. 

H = head of water in feet. 

R = inside radius of pipe in inches. 

By the rules of hydraulics the unit tensile 
stress in the bands (assuming no tension in the 
wood itself) is equal to 


0.434 R H 
— 
4 i 
but Sp L 
AL 
<. 8 = —— 
0.434 R H 


In this final formula L is, of course, constant, 
and is assumed in the curves at 15,000 lbs. per 


$q. in. Now, with the formula in this shape, i. e., 
D 


wa Puget Sound Bridge & Dredging Co., Seattle, 


* 


the paper. 


(Devised by Mr. Bertram D. Dean, Seattle, Wash.) 


pipe, say 36-in. internal diameter, and substitute 
one of the known values in the formula, for two 
values of S, at the upper and lower limits of 
Thus for S = 1 ins., H = 471.8 ft. 
and for S = 12 ins., H = 49.1 ft. 

As the original equation is that of a hyperbola, 
the logarithmic plot will be a straight line, so 
the curve for the 36-in. pipe can be drawn as 
a straight line between the two points computed 
above. To determine the curves for the other 
diameters, apply, reversed, the lower horizontal 


logarithmic scale to the upper edge of the paper, 


with the 36 of the lower scale on the 36 of the 
upper and lay off the diameters of the pipe 
along the upper horizontal line opposite the cor- 
responding numbers in the lower line. With the 
diameters of pipe so determined at the top draw 
line parallel to the computed 36-in. diam. line 
for each inch of diameter of pipe. 

The number of bands per hundred feet can be 
worked out mentally for 12-in. and 2-in. spacing 
and the points connected giving the line shown 
dotted in the figure. 

Similar sheets for 3%, %, , % and 1-in. round 


cover. The break-in, occurring under this valley, has 
shown that the geologic gorge or rift is much deeper 
than was thought possible. 

When the break occurred, water and soil rushed in 
under such pressure that three-quarters of a mile of the 
heading was filled with the debris. The heading crew 
was killed to the last man. A large flow of water con- 
tinued for some days. Overhead, in the Kander valley, 
a depression of considerable size was found to have been 
produced, depressing the banks so that a wide pool was 
formed. A vortex was observed in the river surface for 
some time after the break, but this later disappeared, 
with apparently some further settling. Work is now un- 
der way to clear the tunnel heading, and apparently it 
has not yet been interrupted by difficulties with the 
water-bearing material. 

The Berner Alpenbahn Gesellschaft has appointed a 
commission of engineers to examine the situation and 
report on what is to be done. The ‘Schweizerische 
Bauzeitung’’ of Aug. 8, which notes this fact, names the 
following: S. Grosjean of Aarau, R. Moser, Prof. A. 
Heim, Prof. F. Hennings and Prof. K. E. Hilgard of 
Ziirich, J. Lusser of Zug and A. Schafir and H. Herzog 
of Bern. Suggestions have been made that the safest way 
to avoid further difficulties is to carry the tunnel in a 
long bend around the Gasternboden, which would not 
involve very great increase of length of tunnel. 
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REVOLVING STEAM SHOVELS FOR SMALL PIECES OF 
WORK. 

There are many small jobs of excavation where 
the use of a steam shovel would be desirable, but 
for which the ordinary large double-truck ma- 
chine would be neither economical nor convenient. 
This is due to the size of the machine, the number 
of men required, and the fact that the work is 
not of sufficient extent to keep the machine oper- 
ating at its full capacity. To meet the conditions 
of such small jobs, a compact single-truck type 
steam shovel is being built. The design is some- 
what on the lines of a locomotive crane, the whole 
machine swinging upon the turntable. A steel- 
frame four-wheel truck (with either railway or 
traction wheels) carries a turntable having a 
frame upon which are mounted the boom, A- 
frame, engines and boiler. These steam-shovels 
have two special features which do not exist in 
the larger machines: (1) the boom can be raised 
and lowered (as in a crane); (2) the boom can be 
swung through a complete circle, so as to exca- 
vate and dump in any position. The machines 
are adapted for excavating cellars and founda- 


deposit the material excavated in front as back- 
filling at the rear. Machines of this kind are 
used also for railway ditching. For this purpose, 
che machine is taken from its truck and mounted 
on small wheels upon which it travels along the 
cars of the work train, loading them as it goes. 
With the dipper handle removed, the machine can 
be used also as a crane, as an excavator handling 
a grab bucket, or as a pile driver (with leaders 
attached to the boom). 

The truck frame is built up of beams and chan- 
nels. Upon it is a cast-steel combination wheel- 
path and rack, carrying a central pivot with 
brass bushing. The upper body consists of a 
large central casting which engages with the 
pivot or trunnion and rests on bronze washers 
fitted between the upper and lower castings. Upon 
the upper casting are mounted the side frames 
for the main engine, and the drums for hoisting 
the dipper and raising or lowering the boom. The 
legs of the A-frame from which the boom is sup- 
ported rest upon the engine side-frames. A 
frame of I-beam sills and channel cross-pleces is 
attached to the upper casting and carries the ver- 


SINGLE-TRUCK REVOLVING STEAM SHOVEL. 
Vulcan Steam Shovel Co., Toledo, O., Builders. 


tions, gravel and clay pits, ditches and trenches, 
and for almost every kind of excavation where a 
small and economically operated machine is re- 
quired. 

Steam shovels of this class are made by differ- 
ent builders. The accompanying cut represents 
a recent design now being manufactured by the 
Vulcan Steam Shovel Co., of Toledo, Ohio. It 
can be operated entirely by the engineman, al- 
though when working at full capacity a fireman 
may be needed. The craneman, however, is dis- 
pensed with in any case. The machine Illustrated 
is in use at a brickyard, and averages 90 to 100 
cu. yds. per day at a cost of less than $7. This 
quantity is all that is required by the brick plant, 
but is only about 25% of the capacity of the ma- 
chine. The same quantity was formerly exca- 
vated by six men at $1.50 each or $9 per day. 
Other machines are being used for sewer trenches 
and other work. 

There is the usual arrangement of boom and 
dipper handle, with main engines for hoisting and 
swinging and an independent engine on the boom 
for thrusting the dipper against the bank. By 
raising and lowering the boom, the depth of cut 
and height of dump can be varied within a con- 
siderable range. For deep trenches, however, the 
machine may be fitted with a longer dipper han- 
dle; it may also be given a lower reach by taking 
it from the truck and placing it on rollers or 
skids over the trench. It can dig trenches from 
3 ft. to 18 ft. wide, and as deep as 16 ft. In 
some trench work, as in laying water mains, the 
revolving feature of the machine enables it to 


tical boiler, water tank, coal bunker, and engine- 
man’s platform. 

The wire hoisting cable passes from the en- 
gine drum to a sheave at the head of the boom, 
then around a sheave on the hoisting block at- 
tached to the bail of the dipper; it is then led 
over a second sheave at the head of the boom 
and has its end attached to the hoisting block. 
The swinging and propelling movements are ac- 
complished by an engine, which, through gear- 
ing, drives a vertical shaft in the center of the 
machine. For swinging, this shaft operates a 
train of bevel gears which ends in a pinion en- 
gaging with the rack on the lower turntable 
casting. For propelling, a bevel pinion on the 
lower end of the shaft drives a bevel wheel on a 
cross shaft carrying sprockets for a chain drive 
to each axle. All the movements are controlled 
by clutches operated from the engineman’s plat- 
form. 

The 35-ton revolving steam shovel handles a 
dipper of 1 or 1% cu. yds. capacity. The maxi- 


-mum lift gives a clearance of 12 ft. from the 


rail to the door of the dipper when swung open. 
The minimum radius of swing for the boom is 
12 ft. The maximum radius for dumping (with 
the ordinary length of dipper handle) is 26 ft. 
from the center of the turntable to the center 
of the dipper. The capacity of this machine in 
ordinary material is from 500 to 800 cu. yds. per 
day. Machines of smaller sizes have %-yd. to 1- 
yd. dippers, and their daily capacity is rated 
at 200 to 600 yds. The smaller machines weigh 
from 15 to 27 tons. 


A TIME RECORDER FOR MACHINE TOOLS. 


A close knowledge of the actual time and cost 
represented by individual processes in manu- 
facturing establishments is a most important 
feature in regard to efficiency of operation and 
the capacity and economy of output. This is 
Particularly true of machine-shop work, and 
numerous systems have been devised for de- 
termining the time required and used by a ma- 
chine in performing each step in the production 
of a piece of work. A difficulty with many of 
these is that individual loss and waste of time 
by the men handling the machines are not easily 
detected. In a large shop it is impossible to 
prevent such loss, and the small individual 
periods may aggregate a serious loss of time. 

A machine recorder is now being introduced by 
which each machine or machine-tool will trace 
a diagram showing the actual time of each stop 
and start. This diagram will indicate the actual 
length of time the machine has been running, 
and also the time and duration of each working 
and idle period. One recorder in the office of 
the manager (or other official) will contain the 
diagrams of 50 machines. The work of each 
machine can be followed, and at the end of the 
day the amount of work done and the time con- 
sumed and lost can be figured. <As the diagrams 
are visible, any exceptional loss of time by a 
machine can be noted and investigated at once. 


The apparatus consists of a horizontal drum 
driven by clockwork and having clamped upon 
its face a sheet of paper for the diagrams. This 
Sheet is ruled in horizontal lines, each space 
representing one minute, and the circumference 
of the drum is such as to admit a sheet ruled 
for 12 hours. A frame in front of the drum 
carries a row of 50 metallic markers or points. 
each point being connected electrically with one 
of the shop machines. The connection is made 
with the shipper or belt-shifting lever by which 
the machine is started and stopped. When the 
shipper is used to start the machine, the elec- 
trical connection brings the corresponding 
marker of the recording apparatus in contact 
with the sheet on the revolving drum. This con- 
tact continues while the machine is running, so 
that a line is traced upon the sheet. When the 
machine is stopped the marker is withdrawn. 
and the line is interrupted until the machine is 
again started. 

The foreman has a record of the work given 
to each machine. An examination of the line traced 
by that machine will show not only when the 
man started and stopped his work, but also the 
time the machine was running for each oper- 
ation. Many men are careless or ill-informed 
as to running their machines at the speed and 
feed most suitable to the work in hand. The 
record will show if a man takes too long a time 
in making a roughing cut, or if he stops too 
long to place and adjust the work in the ma- 
chine. It will also show if a variable-speed 
machine is being operated to the best advantage. 
With two or more machines performing similar 
work, the respective capabilities of the oper- 
ators are made apparent by a comparison of the 
lines traced on the recorder. If a man is cau- 
tioned as to his loss of time on a certain oper- 
ation, the subsequent diagrams from his ma- 
chine will show whether he is heeding the 
warning or instruction given. 

The special object of this recorder is to re- 
duce the time so often lost by not running ma- 
chines at their proper capacity, by delays in 
setting work in the machines, or by a habit of 
starting late and stopping before the proper 
quitting time. With the working time of each 
individual machine thus under direct notice and 
control by the officials, a manufacturing plant 
may be operated with greater efficiency and 
economy. While the use of the recorder has 
been described in relation to machine-shop work, 
it can be applied to other kinds of machinery. 

The apparatus is being introduced by the 
National Machine Recorder Co., Marquette Blidg., 
Chicago. It is the invention of Mr. P. A. Cooney, 
who is President of the company, and to whom 
we are indebted for information, 
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The floods in the South during the last week 
again call attention to the need of wel!-consid- 
ered measures to prevent, or at least to lessen, 
such disasters. What such measures should be 
we will not attempt to say at this time, but the 
frequent occurrence of such disasters in the 
South during the past few years ought to set the 
people of that section to thinking and planning 
for either preventive or ameliorative works. With 
every year of neglect there is reason to believe 
that conditions are growing worse. Here, cer- 
tainly, is work for both State and interstate 
commissions devoted to the conservatism of nat- 
ural resources. 

— rʒ᷑³1 x — ——— 

If typhoid-infected water can be rendered ster- 
lle by a few weeks’ storage, as is proved anew 
by the interesting London experiments reported 
elsewhere in this issue, why not build huge reser- 
voirs instead of immense filtration plants to 
z- make safe the water supplies of our large cities? 
: The answer is obvious: The heavy capital charges 
: for land and for construction would far exceed 

the combined capital and operating charges for 

fitration. This is particularly true of supplies 

drawn from streams near large cities, because in 

fuch localities land is high-priced and the topog- 

raphy generally makes the unit cost of providing 

storage capacity high also. But while this is true 

as regards sufficient storage to insure sterility, 

it is frequently quite feasible, as well as highly 

advantageous, to provide a moderate amount of 

- storage for the sake of the bacterial reduction 

and other improvements in the water that may 
be effected thereby. 

Doubtless it will strike many who read our 

i abstract of Dr. Houston’s London report, men- 

tioned above, that he is inclined to lay too much 

stress on the desirability of delivering a typhoid- 

kterile water to the filters. But it will be noted 

that he recognizes that there is an economic and 

also a hygienic limit beyond which it will not 

Fay to go, and that he considers storage so ad- 

vantageous that he is willing to increase the rate 

of filtration in order to secure the benefit of 

storage. 
Dr. Houston’s tentative suggestion for four 


weeks’ storage, it should be remembered, is far 
more feasible for the low water consumption of 
London than it would be for New York, with 
three times the per capita consumption; or Phil- 
adelphia, with five or six times; or some of our 
still more wasteful cities, which report consump- 
tion and waste up to 250 or 300 gal. per head per 
day. 

Finally, it should be remembered that Dr. 
Houston’s studies are not yet completed, so that 
his conclusions thus far given are subject to 
modification. They are certainly interesting, sug- 
gestive and worthy of thoughtful consideration on 
both sides of the Atlantic. 
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When a commuter boards a morning train 
for his trip from a suburb to the city, his first 
object is to get to his office or store as quickly 
as possible and his second to continue to enjoy 
his newspaper or whist until he arrives at his 
destination. But only a small percentage of com- 
muters are able to ride to their office doors 
without a change in their mode of conveyance 
and a longer or shorter walk. The walk, ob- 
viously, cannot be wholly eliminated, but in the 
ideal system of urban and suburban transpor- 
tation of the future—and let us hope the near 
future—the change from steam to electric rail- 
way or ferryboat will be unnecessary. ö 

Perhaps New York, with its chief business in- 
terests packed into the lower end of a relatively 
long and narrow island, has been the worst ex- 
ample of inconvenient transportation between 
the suburbs and the city. We say “has been” 
because many improvements have already been 
made and others are nearing completion which 
eliminate ferryboats and bring passengers near 
their places of business by rail, even though a 
change from steam to electric cars is still neces 
sary for most commuters. a 

A further and notable change for the better 
has just been suggested as a possibility. This 
is nothing less than a subway extension of the 
New York, New Haven & Hartford R. R. as far 
as the Battery, by which its commuters would be 
enabled to sit in their seats until stations near 
their down-town destinations were reached. The 
details or the chances of realization of this prop- 
Osition need not be presented here, since we are 
concerned with a general defect in commuter 
transportation and mention the above possibility 
only as an illustration of how the defect may be, 
and as we believe often should be, remedied. 

The electrification of, first, street railways and, 
second, the terminal and suburban portion of 
steam railways (the latter only well begun as 
yet) makes possible such a unification of urban 
and suburban passenger conveyance as will 
actually land a large percentage of commuters 
within easy walking distance of their daily work. 

The Pennsylvania R. R. has been far-seeing 
enough to tunnel beneath Manhattan and the two 
rivers on either side, so as to bring commuters 
and through traffic alike onto Manhattan Island 
without change of train. By other agencies, 
more or less closely allied, tunnels to serve the 
street railway traffic of northeastern New Jersey, 
as well as the various steam railway lines now 
terminating on the west side of the Hudson, 
have been or are being built. These river tun- 
nels, it is true, involve a break in the car journey 
of the commuter, but some day that may be done 
away with on all, as it already promises to be 
on some, of the lines. 


Decades ago, the New York & Harlem R. R., 
long since under control of the New York Central, 
brought its passengers down to the city hall. 
With two rebuildings of the Central terminal 
within a dozen years, and with the subway con- 
struction before its eyes, why has not the Cen- 
tral wakened to the need of landing its com- 
muting passengers downtown instead of leaving 
the chance for the New Haven road to seize? 
But any such accommodation to the public has 
been so far from its thoughts that when the first 
subway was built by the city, the railway did 
nothing to secure direct covered passage between 


the Grand Central Station and the subway, which 


passes its door. Consequently, thousands of per- 
sons, every day in the year, regardless of storm 


or heat. must make their way between the sub- 
way and the Grand Central Station by way of 
the open street. 

We can conceive of no more striking example 
of lack of coordination in city transportation 
Service. Of course the blame rests partly upon 
the old Rapid Transit Commission. 

Whatever may be the outcome of the proposed 
New Haven subway connection its mere sugges- 
tion as a possibility, and that by the president 
of the road, gives reason to hope for better days. 
But if the public should be served as it has a 
right to demand it must look out for its own in- 
terests. Heretofore it has accepted such facili- 
ties as the railways have offered. Hereafter it 
must take a hand in seeing that its needs are 
met. 
— — 

SOME FEATURES OF THE DESIGN OF STEEL PASS- 
ENGER CARS. 

Now that financial conditions promise to im- 
prove, a steady increase may be expected in the 
use of steel cars for passenger train equipment, 
Commenced a few years ago. While the use of 
steel passenger cars has been mainly on rapid- 
transit lines and for suburban service on main 
lines, several railways (and notably the Penn- 
sylvania R. R.) are introducing steel cars for 
their main-line traffic. The special reason for 
the use of steel construction in passenger train 
equipment is the increased safety which it af- 
fords, owing to the greater strength and fire- 
proof qualities of the cars, as compared with 
wooden cars. There may also be found an actual 
economy to the railways, due to the greater 
strength resulting in greater durability and 
lower cost for maintenance and repairs. The de- 
creasing supply and increasing cost of large 
timbers for car construction must also be taken 
into account. 

In this article we propose to discuss some of 
the principal features of the design and con- 
struction of steel passenger cars. In another 
column we describe a number of steel cars of 
different kinds for passenger-train equipment on 
various railways. These not only illustrate the 
extent of the present development, but also 
represent different types of structural design. 
Some of the cars have been built by the rall- 
ways, and others by car-building companies. 

In the structural design of steel cars, a fun- 
damental point for consideration is that of the 
stresses to which the framing will be subjected 
in service. The most severe service stresses 
(omitting collisions) are those due to buffing 
shocks in switching, but there is little reliable 
knowledge as to what the stresses actually are 
or the manner of their distribution. Tests made 
with steel freight cars on the Pennsylvania 
R. R. in 1907, and on the Lake Shore & Michigan 
Southern Ry. in 1902, indicated buffing stresses 
of 400,000 Ibs. to 600.000 lbs. The report of a 
committee on steel passenger cars, presented at 
the annual convention of the Master Car Build- 
ers’ Association in 1908, contained the following 
statement on this point: 


In collisions between passenger and freight cars, the 
passenger cars should not be seriously damaged. This 
requires the passenger car center-sill construction to be 
at least as strong as that of the strongest freight cars. 
For passenger cars it is advisable to use a higher factor 
of safety. Therefore, the center-sill construction in pas- 
senger equipment cars used in through trains should be 
capable of withstanding a shock of 150.000 Ibs. on the 
draft year and 250,000 lbs. on the buffers. This makes 
a total of 400,000 Ibs. compression, in which the com- 
bined stresses should be 12,500 lbs. per sq. in., and in 
no case exceed 15.000 Ibs. per sq. in. For cars used 
strictly in suburban service (in comparatively short 
trains with coaches of the same size) the fiber stress 
might be increased to 20,000 lbs., but this figure should 
not be exceeded. 


In the Union Pacific Ry. car having side 
frames forming trusses 7 ft. deep the fiber stress 
in any member does not exceed 12,000 Ibs. per 
sq. in. In the design of the Pennsylvania R. R. 
cars, the compression load due to buffing shocks 
is assumed at 400,000 lbs., distributed as 250,000 
lbs. between the buffers and 150,000 Ibs. in the 
draft rigging. This is, of course, to be added 
to the load due to the weight of the car. The 
weight due to passengers is relatively so small 
as to be negligible. The combined fiber stress 
under these conditions is limited to 12,500 Ibs. 
and 20,000 Ibs. per sq. in. for the main line and 
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suburban cars, respectively. These cars have a 
very heavy center-sill construction, forming a 
box girder. In the calculations for strength, the 
web plates of the sides of the body (with their 
top chord angles) and all material above the belt 
rail, are left out of consideration. It was held 
that owing to their great length and width the 
plate girders of the sides would probably col- 
lapse under direct end thrust. The accompany- 
ing table was prepared by the Pennsylvania 
R. R. in regard to dts new steel cars: 


STRESSES IN STEEL AND WOODEN PASSENGER 
CARS: PENNSYLVANIA R. R. 


Wooden Steel Steel 
coach. coach. suburban. 
, oie ehw ERO 53 ft. 70 ft. 54 ft. 
No. of paSsSengers.......eceee 62 RS 72 
Weight of car, Ibðs 91,000 113.500 75,000 
Weight of car per pass., Ibs.. 1,470 1,290 1,042 
Area of center sill at middle 
of car, sq. insg. 152 50 24.32 
Area of center sill at center 
plate, sd. ines 152 50 33.32 
Stress in center sills due to 
150.000 Ibs. l on 
draft gear and 250, . on 
butter, lbs. per sq. in....... 10,850 11,000 18,500 
Comparative values of cente 
IIIb ee e... 29% 100% 60% 
*Estimated weight (including 6,000 Ibs. for storage 


battery). 
Estimated weight. 


It is rather remarkable that the Master Car 
Builders’ Association has given very little at- 


tention to the development of steel passenger car 


construction. This is doubtless because it has 
failed to recognize the future possibilities and 
probabilities in this direction, but of late years 
its energies appear to have been devoted to 
matters of detail rather than to broader ques- 
tions of car design. With cars of this type in 
actual use, however, the problems of their de- 
sign, maintenance, repair and equipment will be 
forced upon the attention of the car department 
officers. At the 1904 convention of the Asso- 
ciation, a paper on steel construction for pass- 
enger cars was presented by Mr. Wm. Forsyth, 
who referred to the steady increase in weight 
of cars and suggested the use of steel as a means 
of increasing safety in transportation without 
any further increase in weight. 

The subject was not again considered by the 
Association until the 1908 convention, when a 
committee presented a somewhat extended re- 
port. This, unfortunately, was not discussed. It 
was recommended, however, that the subject of 
standard structural shapes for steel freight and 
passenger cars should be reported upon at the 
next convention. The recommendation was not 
adopted, and steel passenger-car construction will 
not be considered at the convention of 1909. 

In the design of steel passenger cars, there are 
different systems of framing to be considered. 
All of these, of course, are intended to carry 
the load due to the weight of the car and its 
contents, and to transmit this to the trucks by 
means of the center bearings. In the first place, 
there is the central-girder system. Here the 
center sills are made heavy enough to carry the 
entire load, the sides and superstructure being 
supported by cantilever cross-bearers riveted to 
the center sills. These sills transmit the dead- 
weight load directly to the trucks, and they also 
sustain the pulling and buffing shocks. This 
system is adopted in the cars of the Pennsyl- 
vania R. R., the center sills in this design being 
connected by cover plates so as to form a heavy 
box girder. 

In the second place, there is the side-girder 
(or side-truss) system. Here the sides below the 
level of the windows form plate girders, which 
carry the entire load and transmit it through 
the body bolsters and center plates to the trucks. 
The center sills have to sustain only the pulling 
and buffing shocks. This system is represented 
in the cars of the New York Central Ry., and of 
several rapid-transit lines. In a modification of 
this system, the side framing of the body forms 
trusses which carry the load. This is the system 
employed in the Union Pacific Ry. car of the 
middle-entrance type, described elsewhere in this 
issue. 

In the third place, there is the underframe 
system. This is similar to the usual system em- 
ployed in wooden car construction. Center and 
side sills, with intermediate sills, cross-bearers, 


bolsters and connections form a frame or floor 
system upon which the load is distributed, and 
by which the load is transmitted to the trucks. 
This is the system employed in the baggage and 
mail cars of the St. Louis & San Francisco 
Ry., and in the cars of some rapid-transit lines. 

In a combination of the first two systems, the 
side girders transmit a portion of the load to 
the center sills by means of cross-bearers be- 
tween the bolsters. In this case, the center sills 
carry a proportion of the dead load, in addition 
to sustaining the buffing shocks. It has been 
suggested that center sills might be dispensed 
with, and all buffing and pulling stresses trans- 
mitted through the bolsters and side girders. We 
are not aware that this has ever been tried. In 
fact it does not appear advisable, as it would 
tend to cause severe shocks and vibration, with 
racking stresses on all connections. 

In many designs, additional strength is given 
to the underframing by diagonal bracing (some- 
times in the corner panels and sometimes in the 
main panels), or by a continuous deck of steel 
plate. In some designs, also, the sills are re- 
inforced by truss rods, as in wooden cars, but 
it appears much better and simpler to dispense 
with these by making the sills strong enough and 
stiff enough in themselves. 

In cars having side doors, such as mail and 
baggage cars and some suburban cars, the sides 
cannot be utilized as plate girders. For such 
cars a truss frame may be used for each side 
of the body, the door and window openings oc- 
cupying the panel spaces. This is not always 
practicable where the openings are large and 
numerous, as is the case in many suburban and 
rapid-transit cars. Cars of this class have been 
built, however, with trusses 7 ft. deep, but in 
others the third or underframe system is used to 
carry the load. 

It is not a difficult matter to design an under- 
frame of ample strength, especially with the re- 
inforcement afforded by stecl deck plates and 
flooring. There is greater difficulty with the 
superstructure. The roof and body framing may 
be made with substantial posts or verticals con- 
nected by longitudinal members forming the 
belt rails, window sills, side-plates, and deck 
sills. As a rule there is little opportunity to use 
diagonal bracing, but the side sheathing may be 
utilized as web plating. In some of the latest 
cars, however, diagonals are fitted in the panels 
below the window sills, and knee braces be- 
tween the posts and top side-plates. These 
braces are concealed by the side sheathing, 
which is shaped to form curved openings for 
the upper part of the windows and side doors. 
In this case the underframe and superstructure 
framing are built up complete, independent of 
the side plating. The latter is secured by rivets 
which do not form any part of the structural 
connections. 

To ensure ample strength to resist shock and 
to prevent telescoping in case of collision, the 
posts must be strongly secured to the under- 
frame and roof framing, while the end framing 
is made very heavy and well braced. With such 
construction, if the floor of one car should rise 
above that of the next one in the shock of a col- 
lision, it would be practically impossible for it 
to shear its way through the upper works of the 
latter, as is so often done with disastrous effects 
in accidents with wooden cars. Heavy stops 
rising above the car platforms have been used in 
some steel cars to relieve the superstructure 
framing in such an event.. The steel vestibule, 
the body end framing and the hood of the roof 
should be heavily built, connected and reinforced 
to act as a collision bulkhead. The Pennsyl- 
vania R. R. cars are said to have a superstruc- 
ture framing of sufficient strength to prevent 
collapse in the case of a car being overturned 
and rolled down an embankment. 

In this connection, reference may be made to 
the elliptical or turtle-back roof adopted in 
some steel cars. This is discussed in the Mas- 
ter Car Builders’ report mentioned above, and 
it appears that there are decidedly conflicting 
opinions as to whether this form of roof is 
Stronger than, or has any advantages over, the 
ordinary monitor or upper-deck design. The 


latter provides additional light in the middle of 
the car, and while skylights might be provided 
in the elliptical roof, we believe they have not 
been used in any of the passenger cars now in 
service. If the elliptical roof is approximately 
at the level of the lower deck of the ordinary 
car, there is a material loss in head room. This, 
it is argued, would detract from the appearance 
of the car. If raised to the level of the upper- 
deck, it is said that there might be trouble with 
the clearance limits of some tunnels. The cost 
of the elliptical roof is probably less, owing to 
its simplicity. At any rate, the elliptical roof 
is as yet an experimental innovation, and there 
appears little doubt that a monitor roof of ample 
strength can be designed. 

Both rolled and pressed steel shapes are used 
for structural members, and in some designs 
of cars these are used in combination. In 
many cases, all exterior rivets are concealed, 
the heads being countersunk or covered with 
moldings, but in some cars the ordinary rivet 
heads are left exposed. Special attention must 
be given to the design of the connections, in 
view of the shocks to be sustained in service, 
the continual vibration, and the racking stresses 
in both longitudinal and transverse directions, 
due to irregularities in track and the passage of 
curves. Ample area and an ample number of 
rivets.must be employed, and the use of gus- 
sets and connection plates is very desirable to 
ensure sufficient rivets and strength at joints. 
The stresses will, of course, be very much more 
severe in a passenger car 70 or 80 ft. long, and 
14 ft. high, supported on truck centers 50 or 55 
ft. apart, than they will be in a 35-ft. or 40-ft. 
hopper or gondola freight car having truck cen- 
ters spaced only 25 to 30 ft. apart. 

The exterior roof is usually of light steel plate. 
In some cars, however, the steel is used only at 
the ends, to connect the end framing into a 
structure that will withstand heavy buffing 
shocks or even collisions. In such cases, the 
main part of the roof is of fiber board, attached 
to the steel carlines and framing. This is 


covered with canvas, which is well painted. 


The floor system should be of sufficient strength 
to resist blows from broken brake-rods or 
brakebeams, etc. This is obtained in several 
designs by the use of steel deck-plating or a 
course of steel plate (flat or corrugated) to carry 
a cement floor. The floor itself must be strong 
enough to resist service stresses without crack- 
ing or fracture. It should be fireproof, non- 
absorbent, and sound insulating. This last may 
be obtained by a course of felt or similar ma- 
terial in the fioor, or by placing a light false 
floor beneath the underframing, and packing 
loose sound- insulating material between this and 
the floor. A floor of cement composition is used 
very frequently, and may be covered with lino- 
leum (or similar material) in the more elaborate 
cars. For suburban cars, however, a wearing 
surface of wooden slats may be used, being put 
together in sections or screwed to the floor. 

The interior sheathing, headlining and par- 
titions are of sheet steel or fiber board. The 
latter effects a reduction in weight, while re- 


taining the fireproof and sanitary qualities. The 
board is made of various compositions of ce- 
ment, asbestos, wood-pulp, etc., compressed 


under heavy pressure and subjected to different 
styles of treatment. Material of this class af- 
fords a wide selection for interior finish and 
decoration, and is a better non-conductor of 
heat and sound than is the steel lining. 

An obvious possible objection to the steel 
sheathing is in regard to the temperature effect 
upon the interior of the car. In most cases, the 
outer sheathing is faced on the inside with as- 
bestos cloth. Where steel is used also for the 
inner sheathing, it may be faced on both sides 
with this asbestos, and perhaps lined with fiber 
board on the interior of the car. The insulation 
combined with the air space between the inner 
and outer sheathings, and in conjunction with 
the ventilating and heating systems, is expected 
to obviate any trouble due to temperature or un- 
pleasantness due to close contact with the steel 
lining. Thus, in the Pullman sleeping car, the 
steel interior lining is exposed throughout, being 
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merely painted. Experience will demonstrate 
whether any further measures must be taken to 
make steel cars comfortable under varying at- 
mospheric or climatic conditions. 

One advantage of the steel and fiber-board in- 
terior finish is that it tends to simplicity and 
the use of large plain surfaces, to the exclusion 
of the moldings and carved work used in wooden 
cars, and often used to an excessive extent. 
Simple moldings of copper, aluminum, brass or 
pressed steel may be employed where necessary, 
but ro doubt the more elaborate work will be 
avoided as far as possible. 

As to the exterior finish, time and experience 
alone will show what kind of paint will best 
meet the requirements of durability, economy, 
protecting the steel, and maintaining a good ap- 
pearance. The latter requirement makes the 
problem much more difficult for steel passenger 
cars than for steel freight cars. 

The fireproof qualities of steel cars are of 
special importance, particularly for cars in 
suburban and rapid-transit service, handling 
large crowds. In fact this has been one of the 
principal reasons leading to their adoption. The 
earlier cars had steel framing only, with wooden 
inner and outer sheathing, and sometimes wooden 
flooring. The majority of the more recent cars 
have cement floors, steel outer sheathing and 
roofing. and steel or fiber board for the inner 
sheathing or lining. Some of the cars have a 
considerable amount of wood furring, blocking 
and fillers, etc., for the attachment of the in- 
terior finish. This woodwork is generally pro- 
tected, however, by being enclosed between the 
Inner and outer steel sheathing. The first steel 
passenger car of the Pennsylvania R. R. con- 
tained some 1,500 lbs. of wood, while in the 
present adopted design this has been reduced to 
%% lbs. (mainly for window sashes, seat arms 
and brake-rod guards). In the first car of the 
Southern Pacific Ry. there was no special at- 
tempt at fireproofing the interior, and the finish 
was of wood (mahogany) in the usual style. On 
the other hand, the steel mail cars of this and 
other roads have practically no wood either for 
construction or finish. 

In some steel cars, special efforts have been 
made to exclude all inflammable material. Steel 
doors are used in some cars. Window sashes of 
métal have been used also, as in the steel sleep- 
ing car noted elsewhere, but as a rule it is con- 
sidered preferable to make them of wood. In 
the same car, steel seat frames and fittings are 
used. The Master Car Builders’ committee, how- 
ever, appeared to think it unnecessary to carry 
this exclusion of wood to such an extreme. In 
case of accident, broken window glass might 
cause more injury than splintered wooden fit- 
tings. In fact, the use of wired-glass has been 
Suggested for the steel cars of underground rail- 
Ways. In some cars for underground rapid- 
transit lines the seats are covered with a woven 
steel fabric instead of the usual rattan covering. 
The upholstering and carpets of ordinary cars 
may be treated chemically to render them in- 
fammable. Fireproof paints may be used if 
considered advisable. 

The greater safety of the steel car in case of 
raiway accidents is one of the fundamental 
reasons for its introduction. The necessity of 
special provision for safety in cars for under- 
ground electric railways was the principal in- 
duence in determining the practical adoption of 
steel car constraction for such lines. But for 
general railway service also, the steel car 
promises to greatly reduce the casualties in 
train wrecks. From the point of view of safety 
to passengers, steel construction is needed quite 
as much fer the cars of ordinary trains as it 
is for those of high-speed long-distance trains. 
In fact it is in accidents to trains to the former 
‘lass that a large proportion of the deaths and 
‘tjuries occur. In trains of the latter class, the 
cars are as a rule equipped with vestibule con- 
nections, which form perhaps the best pre- 
ventative of telescoping. In case of collision, it 
ems Impossible to keep ordinary open-plat- 
‘rm cars in line. so that the shock will be trans- 
mited through the underframes. One car rises 
eid its underframe is driven through the com- 


paratively light body framing of the next car, 
which offers little resistance. The vestibule 
diaphragms prevent this, even in wooden cars, 
and would be still more effective in combination 
with a body steel framing which in itself would 
make a stronger structure. l 

The more substantial the body construction, 
the less disastrous is the result of the accident. 
This is evidenced by the comparative immunity 
from damage of this kind in sleeping cars, even 
in case of rear collisions. In head collisions, of 
course, these strong and heavy cars are, as a 
rule, protected by lighter day cars and baggage 
cars which are placed between them and the 
engine, and the crushing of which serves to 
absorb the force of the collision. Greater 
strength and stability in wooden cars can only 
be obtained by an increase in weight, but with 
the adoption of steel a great increase in strength 
becomes possible with practically no increase 
(and possibly a decrease) in weight. 

In freight train accidents, steel cars suffer much 
less damage than wooden cars, and are often re- 
paired at slight cost after treatment which 
would have put a wooden car beyond possibility 
of repair. In commenting upon the telescoping 
and crushing of passenger cars in railway acci- 
dents, in our issue of July 21, 1904, we made 
the following remarks: 

The behavior of steel cars in freight wrecks speaks 
strongly for the value of a rigid and resistant car body. 
These cars are thrown off the track, are piled upon each 
other, are battered and distorted, according to the vio- 
lence of the accident. But they are not crushed to 
splinters as are passenger cars, nor are they telescoped. 
A box framed in steel, filled with passengers, would, 
even if thrown about and badly distorted, offer a much 
greater chance for life than does the wooden box of the 
present passenger car. : 

The maintenance cost of steel passenger cars 
cannot be determimed until some years of ex- 
perience with a considerable number of cars. 
We have, however, an extended experience with 
steel freight cars from which to draw some con- 
clusions. In a review of the question of main- 
tenance and repair of steel freight cars in our 
issue of June 23, 1904, it was shown that these 
expenses have been very much less for steel 
cars than for wooden cars. The maintenance is 
often nominal, being limited to occasional paint- 
ing, but in passenger cars it would be higher on 
account of the necessity of keeping the car in 
good appearance. The repairs have been mainly 
due to injuries received in accidents. In our 
issue of Nov. 22, 1906, also, it was shown that 
the average cost of repairs for 11,700 steel 
freight cars and 10,600 wooden cars on the 
Harriman lines during a period of 17 months 
was $2.42 and $3.74 per car respectively. 


The first cost of the steel passenger cars will 
necessarily be considerably higher than that of 
wooden cars, even if the latter are of heavy con- 
struction. The general use of steel cars, and the 
development of their manufacture as a com- 
mercial industry will tend to reduce the cost. 
But first cost is only one side of the question, 
and it is not at all improbable that steel cars 
will prove actually economical in the long run. 
Their life should be greater, and the cost of 
inaintenance and repair less, while in case of 
accident a steel car may often sustain slight 
injury where a wooden car would have been 
crushed beyond repair. Furthermore, there is 
the insurance against damage suits to be con- 
sidered. If a car load of freight is injured or 
destroyed, the damage is readily determined and 
the loss is not likely to be felt seriously by the 
company. But personal damages awarded against 
the company as the result of the wreck of a 
single passenger car may prove a very serious 
matter financially. Every injury and death in 
a train accident is liable to prove costly to the 
railway company. If a steel car will reduce this 
liability, this must be considered in comparing 


the relative cost and economy of steel and 
wooden passenger cars. 
A still further financial argument in favor 


of the steel car is the effect of its introduction 
upon the public. Every improvement that is 
generally recognized as increasing the safety of 
railway travel tends to increase the passenger 
mileage and to make for that better feeling 
between the publi¢ and the railwayg that is sq 


much to be desired. Finally, although it cannot 
be discussed here, the humanitarian side of the 
subject, as reflected in the reduction of physical 
and mental suffering and loss of limb and life, 
should not be overlooked. 


LETTERS TO THE EDITOR. 


A Statement from the Cameron Septic Tank Co. 


Sir: A statement of the Association for the Defense 
of Septic Process Suits appeared in your issue of Aug. 
13. After reciting in brief the opinion of the trial 
court, the reversal of that opinion as to process claims 
by a unanimous decision of the United States Circuit 
Court of Appeals, and the denial of a petition for re- 
hearing, the Association proceeds to place its own con- 
struction on the process claims as sustained, and then 
concedes that the petition for writ of certiorari, which was 
stated as the primary object of the existence of that 
Association, had been denied by the Supreme Court of 
the United States and the decision of the United States 
Circuit Court of Appeals thereby upheld. 

Having failed in the primary object of its organization, 
the Association invites additional contributions, and de- 
clares its determination: (1) to resist all attempts on 
the part of the Cameron Co. to have the case re-apened 
so far as the apparatus claims are concerned, unless the 
whole case is reviewed; (2) to resist all attempts on the 
part of the Cameron Co. to obtain an extension of its 
patent. 

In a circular letter dated July 21, addressed by the 
Executive Committee to all the authorities believed to 
be interested, the Association declared its intention of 
formulating a plan of future procedure upon more prom- 
inent lines than hitherto drafted, and in addition to its 
declared intentions mentioned in its statement, outlined 
the following: 

Resistance to attempts, if made, on the part of the 
Cameron Co., to collect royalties for the past use of the 
so-called septic process in amounts exceeding the cost 
of cleaning out settling tanks with a frequency which 
would obviate an infringement of the said patent. 

An attempt to formulate a plan of united action by 
which, through litigation or otherwise, there can be 
arrived at a clearer understanding than now exists as to 
what tanks and what methods of operation constitute 
obvious infringement of the patent in question. 

In view of the uncertain attitude or position in which 
the whole subject of infringement is left apparently by 
the decision of the Circuit Court of Appeals, it seems 
necessary that this Association should secure data in 
connection with its other objecte above outlined for 
arriving at a reasonable conclusion in the premises re- 
garding the status of numerous tanks already in exist- 


ence, and which conclusion shall be fair and logical 
both from a legal and engineering point of view. 


Adding that: 


With an increasing membership and with increasing 
funds to assist in securing equity in this field of munici- 
pal sanitation, there will also be accumulated data to 
permit a well formulated plan of procedure to be out- 
lined and submitted at a future date, and which program 
shall have for its purpose a minimum outlay by all 
members of the Association in dealing with this ques- 
tion. 

Furthermore, an invitation is extended to infringing 
municipalities and individuals to avail themselves of the 
advice and counsel of the Association; adding that it is 
its intent and purpose to render all possible advice and 
assistance in the equitable adjustment of claims for 
past use of the Cameron process, and suggesting that all 
negotiations and correspondence with the Cameron Co. 
be carried on through the executive committee of the 
Association. 

The Association for the Defense of Septic Process Sults 
consists mainly of a few engineers who, having freely 
recommended the adoption of the septic process, have 
as freely advised their clients to disregard the Cameron 
patent covering that process. With supreme indiffer- 
ence for the application of the law to such matters they 
long ago decided that the septic process was unpatent- 
able: the United States Courts have decided otherwise. 

Directly following a recent meeting of the Association 
in Columbus, O., a full column article appeared in a 
Columbus paper with scare-head-lines. This article out- 
lines the result of the Cameron Septic Tank Co.’s suit 
against Saratoga Springs and states that the Association 
had placed in the hands of Senator O. E. Harrison, Spe- 
cial Counsel in the Office of the Attorney General, a list 
of thirty-five cities and towns in the State that havo 
either installed septic tank plants or are proceeding 
under plans including the process. It is further 
stated that the company making the claim has become 
very extravagant now in its demands since it has won a 
decision in the U. S. Court of Appeals’’; and that it 
“igs asking from Columbus 540.000. 

As a matter of fact, no demands whatever have been 
made on the city of Columbus, nor is there any founda- 
tion for the statement that our demands have become 
extravagant since the decision of the U. S. Circuit Court 
of Appeals. For the accuracy of these statements we 
very confidently refer to the municipalities involved. 

Since the decisions in our favor many settlements have 
been effected, and not one complaint has been made that 
our demands have been in any way unreasonable, 
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The very engineers who obtained their knowledge of 
the septic process from Cameron are the ones who, while 
utilizing that knowledge for infringements, have kept 
the Cameron Co. in litigation for the past five or six 
years, and are now seeking to force us into further un- 
necessary litigation by inciting their clients to resist 
our just and reasonable demands. 

The Cameron Septic Tank Co. has offered to settle 
with infringing municipalities on liberal terms; many 
have accepted that offer, while others have been in- 
duced to support the Association for Defense of Septic 
Process Suits, hoping thereby to avoid payment of our 
claims. 

The large majority of engineers, while sincere in 
their belief that the septic process was unpatentable, are 
now willing to accept the decisions of the United States 
Courts and are not in sympathy with the guerrilla war- 
fare being waged on the Cameron Septic Tank Co. by 
the association. Their belief in the unpatentability of 
the septic process was probably due to their having 
confounded it with putrefaction, which they have very 
properly insisted is a natural process and has always 
existed. We are quite willing to admit that putrefaction 
is a natural process and always has and always will 
take place in any inert mass of organic matter. It ex- 
ists in the remote recesses of cesspools, and in tanks 
used for the sedimentation of sewage solids unless re- 
moved at frequent intervals. It is this process of putre- 
faction that was so universally condemned by all the 
authorities on sewage disposal methods, prior to the In- 
troduction of the septic process, as dangerous to the 
public health, and we might add that unless intelligently 
combined with oxidation or nitrification it is equally 
dangerous to-day. 

“Septic Action” is entirely distinct from the natural 
process of putrefaction; the latter is the act or process 
of putrefying, or the development of anaerubes within 
an inert mass of organic matter; septic action, on the 
other bands, is the action of the so-developed anaerobes 
on a slowly moving, or as expressed in the patent, a 
flowing current of sewage, and when combined with sub- 
sequent aeration and filtration, constitutes what is known 
as the septic process. As pointed out in the decision of 
the U. 8. Circuit Court of Appeals, it consists in “the, 
use of one of the agencies of nature for a practical pur- 
pose.” 

By an ingenious arrangement Mr. Cameron succeeds 
in utilizing the otherwise dangerous and universally 
condemned process of putrefaction by intelligent com- 
bination with subsequent oxidation, and what in nature 
was a menace to the public health, has become an im- 
portant part of a process for the disposal of sewage that 
has completely revolutionized the art. 

The process as sustained by the courts is described in 
the specifications of the patent as follows: 

The invention consists in certain methods of developing 
in a flowing current of sewage bacteria capable of dis- 
solving the mass of solid organic matter contained 
therein, of subsequently utilizing the so-developed bac- 
teria in liquefying the mass of organic matter contained 


in the flowing current, and of further purifying the ef- 
fluent liquid. 


Claim 4 of the patent reads: 


The process of Iiquefying the solid matter contained in 
sewage, which consists in secluding a pool of sewage 
having a non-disturbing inflow and outflow from light, 
air and agitation until a mass of micro-organisms has 
been developed of a character and quantity sufficient to 
liquefy the solid matter of the flowing sewage, the in- 
flow serving to sustain the micro-organisms, then sub- 
jecting said pool under a non-disturbing inflow and out- 
flow and under exclusion of light and alr to the lique- 
fying action of the so-cultivated micro-organisms until 
the solid organic matter contained in the flowing sewage 
is dissolved, then subjecting the liquid outflow to an 
aerating operation, and then to a filtering operation. 

We make the foregoing statement not only for the 
purpose of pointing out to your readers that there are 
two sides to this question, but also to invite their at- 
tention to the fact that the decision of the U. S. Circuit 
Court of Appeals is merely a statement of the court’s 
reason for sustaining the process claims of the patent 
and should not be taken as in any sense superseding 
those claims. The patent itself is so clear and distinct 
that there can be no reasonable ground for doubt or 
uncertainty elther as to the scope of the claims them- 
selves or as to the intent and meaning of the court’s 
decision when considered with thcm. Any questions 
arising should be decided by competent patent counsel. 

Cameron Septic Tank Company, 
H. D. Wyllie, General Manager. 
Monadnock Block, Chicago, III., 
Aug. 22, 1908. 
— —— — 


Concerning a Forestry Bureau Circular on Wood Paving. 

Sir: The growing tendency of the governmental de- 
partments at Washington to extend their activities into 
fields outside of their legitimate domain is becoming 
more and more aoticeable. As might be expected, when 
a department organized to deal with one particular class 
of technical subjects undertakes to deal with other, not 
closely related subjects, inadequate and incompetent 
treatment is likely to, and often does, result, and errors 
and misstatements are likely to be found in the govern- 
ment reports and publications relating thereto. 


The latest instance brought to the notice of the writer 
is the publication of Circular 141 of the Forest Service 
Bureau of the Department of Agriculture, under the title 
of Wood Paving in the United States.“ The author of 
this circular not only assumes to constitute himself an 
expert on street paving, but his enthusiasm leads him 
into a position of open advocacy of a certain kind of 
pavement to a degree entirely inconsistent with his 
position as an official of the Government. To the in- 
telligent citizen who has no special knowledge of the 
subject of street paving the impression is inevitably 
conveyed that, upon the whole, wood pavement is su- 
perior to any other kind of pavement for use on city 
streets. ` 

Whether this be the fact or not is immaterial for our 
present consideration. The point is that it is entirely 
foreign to the function of the Forest Service Bureau to 
undertake to deal with the relative merits of different 
varicties of street pavement; and particularly so to 
marshal facts and statements as to give the general 
reader an impression that is not sanctioned by the judg- 
ment of a majority of engineers and experts who, by 
special study and large experience, are, best qualified to 
express opinions on the relative merits of the different 
pavements in use. 

It is true that the author modestly puts forth some of 
the erroneous statements and conclusions contained in 
the circular as being the average of the opinions ex- 
pressed by ten municipal engineers upon the relative 
merits of different pavements. With these opinions, and 
the right of tbeir holders to express them, we can have 
no quarrel. But when they are put forward by a gov- 
ernment bureau, under official approval, in a public doc- 
ument, to support an apparently desired and possibly 
pre-determined conclusion, there is reason for grave 
criticism. If the disinterested opinion of the profession 
was wanted, why confine the inquiry to ten engineers 
when there are ten times that number who may be 
equally competent to express opinions? Why, if only 
ten engineers were to be referred to as authorities, 
were their names not given, so that the public might 
judge of the weight to be attached to their opinions? 

These questions are especially pertinent when some of 
the conclusions based upon, or at least to be inferred 
from, these ten opinions are considered. A great ma- 
jority of the city engineers whose knowledge and ex- 
perience qualifies them to speak on the subject would 
hardly corroborate the asscrtion that under normal and 
average conditions asphalt block pavement is 40% more 
durable than sheet-asphalt pavement; or that granite 
block pavement is but 43% more durable than wood 
pavement; or that the resistance to traction on 
brick pavement is more than 10% greater than that 
on wood pavement; or that in sanitary qualities, asphalt 
block pavement is inferior to wood pavement; or finally, 
that considering all the qualities that go to make a street 
pavement economical and desirable, wood pavement 
stands at the head of the class. 

The circular might be fairly criticized and its errone- 
ous statements pointed out on many other points, but it 
is unnecessary to take up space for the purpose here. 

The serious objection to the publication is that it will 
doubtless mislead great numbers of intelligent people 
who have no special knowledge of the subject. They 
will naturally attach weight and importance to state- 
ments and conclusions put forth by a government bu- 
reau with the approval of a member of the Cabinet. 

Lest the motive of the writer be misunderstood, per- 
mit him to say that he has no desire or intention to 
discredit the merits of creosoted wood block pavement. 
It has many desirable qualities and for some locations 
and conditions is almost ideal. It is good enough to 
stand on its own merits without governmental boosting. 
In its present form it is a comparatively new pavement, 
and in some important qualities it must be still consid- 
ered on trial. Its durability under the severe stress of 
heavy city travel is yet to be determined. This is ad- 
mitted by the author of the circular when he says 
“There is in the United States almost no wood pave- 
ment of the modern kind which has yet been down long 
enough to show its durability. The values assigned by 
the engineers to durability are, therefore, based princi- 
pally on general impressions and inference from Euro- 
pean experience.” He might have added that the testi- 
mony obtainable from cities abroad is conflicting and 
inconclusive. Time will be required to settle this ques- 
tion of durability in our American cities, and in the 
meantime the Forest Service Bureau, if it is to continue 
the rolé of expert adviser on street paving, should 
await developments before publishing official opinions 
on the subject. 

It seems a little singular that the Forest Service Bu- 
reau, which was organized to study and promote For- 
estry and to conserve the timber supply in the United 
States, should be advocating the use of timber in new 
fields, thus’ hastening the exhaustion of our supply. 

S. Whinery. 

95 Liberty St., New York, Aug. 12, 1908. 


[We agree with Mr. Whinery in some of his 
criticisms, particularly those pertaining to the 
erroneous deductions that may be drawn from 


the comparative tabular data. These deductions, 
and perhaps some other portions of the circular, 
illustrate the need of having all government 
Publications of this sort prepared, or at least 
edited, by experts in the lines ventured upon, 
particularly when those lines reach into what 
some may consider to be outlying fields. 

We think Mr. Whinery lays too much stress 
on the circular being a plea for wood as against 
the other forms of pavement, and that he would 
like to set too narrow limits on the technical in- 
vestigations and on the publicity work of gov- 
ernment departments. We also think he quite 
misconceives the scope of the work of the U. S. 
Forest Service if he thinks it either is or should 
be limited to conservation. Forests should be 
conserved for profitable use, and it is an im- 
portant and valuable service to tell how their 
products may be used most profitably, and even 
to present well- considered reasons why the 
products of the forest are superior, for certain 
purposes, to those of the mine or quarry. 

We agree with Mr. Whinery that the value 
of the tabular statement of the relative merits 
of different kinds of pavements might be more 
readily judged if the names of the engineers had 
been given, although this would really matter 
but little except to other engineers. As to giving 
the opinions of only ten engineers, it should be 
remembered that, to quote from the circular, 
“opinions were sought from engineers of a num- 
ber of American cities who have had experience 
with the modern creosoted block pavement.” * > ® 
It would really be interesting to know how many 
engineers there are in America who could 
properly be called experts on wood pavement. 

For the benefit of those who have not seen 
the circular we may state that, among other 
topics dealt with besides those criticised by Mr. 
Whinery, the circular outlines tests of different 
kinds of paving woods now being carried out on 
the streets of Minneapolis, jointly by the U. S. 
Forest Service, the city named and two inter- 
ested companies. ; 

Finally, those who have not seen the circular, 
may obtain a copy, if they wish, by addressing 
the Forest Service, U. S. Department of Agri- 
culture, Washington, D. C.—Ed.] 

— M. 


Notes and Queries. 

In the article on Concrete Paving for Streets, in 
our issue of Aug. 20, the invention of the “granitoid con- 
crete block pavement” was attributed to Mr. Rudolph 
S. Blome. We are informed that it is the joint invention 
of Mr. Blome and Mr. Sinek, who are the members of 
the Rudolph S. Blome Co., of Chicago. 

— . — IE ID 


A REIN FORCED-CONCRETE LIGHTHOUSE, built in 
the Stralts of Malacca by the government of the Straits 
Settlement and recently described in The Engineering 
Review’’ of London, is an interesting construction. The 
new lighthouse, which is situated in a very rough 
waterway with a 25-ft. mean depth and a 14-ft. tidal 
range, consists of a two-story octagonal house carried 
on concrete piles some 20 ft. above mean water and 
surmounted by a pyramidal skeleton column construc- 
tion which carries the lantern about 92 ft. above mean 
high water. The foundation piles, which were made 
15 miles from the site and transferred on hogshead 
rafts, were originally 50 ft. long and from 18 to 24 ins. 
square, with a small hollow interior and reinforced with 
1\%-in. longitudinal rods. On driving it was found that 
this length was insufficlent so the hollow was filled and 
a 13-ft. addition made to the length, the new rein- 
forcement being laced tightly to the old. With these 
new piles, by the use of the water jet, hard bottom 
was reached at an average penetratian of 26 ft., that is, 
52 ft. below mean high water. The piles were placed 
in an octagonal form, having a center pile 24 ins. square, 
afterward protected by a 5-ft. concrete filled cylinder, 
an inner ring of 18-in. piles at a radius of 9_ft. 9 ins., 
and an outer ring of 24-in. piles at a radius of 20 ft. 
At a depth of 24 ft. m. h. w., these foundation piles 
were connected, radially and circumferentially, by steel 
girders protected by concrete, and well clamped to the 
extended reinforcement of the piles. On top of the 
piles circular concrete columns, with reinforcement 
overlapping that of the piles, were carried up 21 ft. to 
the first floor elevation, being braced by concrete beams 
at two points in this height. The house proper is of 
the ordinary reinforced-concrete construction, as is alse 
the pyramidal skeleton on which the lantern is carried. 

The entire structure was designed by Mr. O. p. 
Thomas, agent in Singapore for the Colonial Ferro. 
Concrete Syndicate, 
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THE PUMPING PLANT OF THE HUNTLEY IRRIGATION 
PROJECT. 
By F. W. HANNA.® 


In the construction of extensive irrigation 
canals it usually becomes necessary to drop the 
canal bed from one level to another to prevent 
excessive slopes and consequent high velocities. 
Where such a drop is considerable and the 
canal is of fair size the development of water 
power ls an easy matter. In connection with 
the large irrigation projects under construction 
by the United States Reclamation Service, many 
uses can be found for power for industrial and 


sec.-ft. of water from the Yellowstone River, 
at a point about three miles above Huntley, for 
the irrigation of 29,000 acres of land, about 
25,000 of which are covered by a gravity system 
and the remainder by a pumping system. After 
traversing a distance 
of about 14 miles, the 
main canal drops 334% 
ft. to lower bench 
lands, and it is at 
this point that a pump- 
ing plant is installed. 
As the power is 
used without inter- 


Furnp End 


The pressure for each water-lift bearing 1s ob- 
tained through two pipes leading from the whirl- 
pool chamber of the pump to an annular cham- 
ber in the bearing support. The entrances to 
these pipes are provided with strainers per- 


l Discharge 
qey Section on Intake. Front Elevation. 

FIG. 1. GENERAL LOCATION OF CANALS AND PUMPING PLANT. FIG. 3. SECTION OF TURBINE PUMPING UNIT. HUNTLEY IRRI- 
HUNTLEY IRRIGATION PLANT, HUNTLEY, MONTANA. GATION PROJECT. 

irrigation purposes. Where a perennial flow is mediate electrical development, this plant is forated with holes 1/16-in. in diameter so as to 


maintained in the canal, the power can be used 
for general industrial purposes, but where the 
flow is continued only through the irrigation 
season the useful applications of the power are 
limited. Evidently where the power can be uti- 
lized for pumping water for irrigation purposes 
the highest benefit will result. This is the use 
to which the Huntley plant is put, the hydraulic 
power being applied without the intervention of 
electrical machinery. 

The Huntley project is located on the bottom 
lands of the Yellowstone River a few miles be- 
low Billings, Mont., in the Reclamation Service 
district in charge of Mr. H. N. Savage, Super- 
vising Engineer. As shown in Fig. 1, the main 
canal diverts, without the use of a dam, 500 


i aruer U. 8. Reclamation Service, Washington, 
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typical of a number of plants likely to be con- 
structed by the Reclamation Service. 

As seen in Figs. 2 and 3, the pumping plant 
contains two vertical-shaft pumping units, each 
consisting of an inward-downward flow tur- 
bine directly connected with an upward-outward 
flow centrifugal pump of 28 sec.-ft. capacity, in- 
closed in a common case with a central water 
chamber supplied by a 63%-in. pressure pipe. 
The turbines are provided with cylinder gates 
and the pumps are of the closed runner type. 
The shaft of each pumping unit is provided with 
a guide bearing placed immediately above the 
gate chamber and a combined guide and water- 
lift thrust bearing situated above the pump for 
supporting the weight of the revolving parts or 
such portion thereof as may exist when the 
system is in operation. 


Longitudinal 


FIG. 2. 


eliminate debris from the water before reaching 
the bearing chamber. The water is forced by 
the whirlpool pressure through the pipes into 
the annular® space referred to, thence through 
openings in the supporting plate, beneath the 
bearing plate partly up into a cap dome and out 
through a small drain pipe and partly down 
through the steady bearing into a second annular 
chamber above the impeller. To decrease the 
downward thrust of the revolving parts when 
starting and to discharge the fiow of water 
through the steady bearing, the annular space 
above the impeller is provided with a drain pipe 
so that it may be entirely relieved of pressure. 
This pipe is also connected with the supply 
chamber (see Fig. 3) for the purpose of equal- 
izing the pressures in this annular space and in 
the supply chamber when under operation. The 


GENERAL LAYOUT OF THE HUNTLEY IRRIGATION PUMPING PLANT. 
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fact that the pumping units are so placed ag 
to give a static pressure of about 20 ft. on the 
suction side of the impellers is an important 
factor in a starting unit. Until sufficient water 
pressure has been developed in the whirlpool 
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Horizontal Section. 
FIG. 4. CONCRETE BAFFLE FOR BY-PASS 
TURBINE PUMPING PLANT. 


chamber of the pump to raise the water-lift 
bearing off its seat, it is essential that this 
bearing be relieved of downward thrust. This 
relief is accomplished by utilizing the 20-ft. 
head acting on the lower surface of the im- 
peller, while the corresponding upper surface of 
the impeller is subjected only to atmospheric 
pressure as explained above. When the unit is 
running at full speed, the upper side of the im- 
peller is closed to the air and opened to the 
supply chamber, thus balancing the pressures 
on the top and bottom surfaces of the impeller 
and throwing the weight of the revolving ele- 
ments on the water-lift bearing. The water 
pressures on the turbine runners are balanced 
by means of pipes connecting their upper sur- 
faces with the draft tubes below. 

The total head on the turbines is 33% ft., 26% 
of which is pressure head and 7 is draft 
tube head; the total pump lift above the supply 
is about 48% ft., 3 of which is the result of 
friction losses in the discharge pipe. The water 
in the supply pipes causes a pressure of about 
20 ft. on the suction side of the impellers as 
already noted, the pumps being below the sup- 
ply source. The lift or operative pressure on the 
discharge side is therefore 68% ft. 

The supply canal terminates in a concrete 
structure, Fig. 4, having a spillway on one side 
connecting with a by-pass pipe about 220 ft. 
long discharging into the canal below the power- 
house through a concrete baffle chamber. The 
by-pass pipe is constructed of reinforced con- 
crete and has an internal diameter of 49% ins. 
and a thickness of 9 ins. Protected by screens 
and controlled by gates at the end of the con- 
crete structure are the entrances to the two 
reinforced concrete supply pipes, each having 
an internal diameter of 63% ins. and a thick- 
ness of 9 ins. These pipes run for a distance of 
about 100 ft. approximately along the contour 
of the ground, where they are connected to 
riveted steel pipes leading into the common sup- 
ply chamber of the turbines and pumps. 

The pumps discharge through riveted steel 
and cast iron pipes, each controlled by a gate 
valve. These two discharge pipes unite at a 
short distance from the power-house and empty 
into a reinforced concrete pipe 49% ins. in 
diameter and O ins. in thickness. This concrete 
pipe has a length of about 1,385 ft. and dis- 
charges into the high line canal supplying 
irrigable bench lands above. 


The turbines discharge into the canal below 
through concrete draft tubes forming a portion 
of the power-house and pumping machinery 
foundation. The power-house itself is con- 
In- 


structed of plain and reinforced concrete. 


Vertical Section. 


ternally its length is 30 ft., its width 14 ft. 
and its height 20 ft. The walls are 12 ins. 
thick and are composed of plain concrete while 
the roof is built of reinforced-concrete beams 
and slabs. In the upper portion of the house 
supported on steel frame work is installed an 
I-beam traveler with a 5-ton chain block for 
handling the pumping apparatus in case of re- 
pairs. 


The complete cost of the pumping units, in- 
cluding the supply pipe and their headgates, 
frames and controlling mechanism, the metal 
intake connections between the supply pipes and 
chambers, the discharge pipes with their con- 
trolling valves, the draft tubes and the repair 
handling apparatus, was $12,675. The con- 
struction of the concrete intake structure, the 
concrete pipes and the power-house and all ex- 
cavating, paving and other work in connection 
with the plant were done on government force 
account for $38,753.75. This makes a total cost of 
of $51,428.75, amounting to about $12.85 per acre 
of the present irrigable area served by the plant. 
An extension has been surveyed that will in- 
crease the irrigable land by about 2,000 acres 
and thereby reduce the unit cost somewhat. 


The pumping apparatus was furnished under 
contract by the Camden Iron Works, of Camden, 
N. J., and is now under operation on the pro- 
ject. The combined guaranteed efficiency of the 
turbines and attached pumps was 55% and the 
results of the required 60-day operating test 
shows the actual efficiency well within the 
‘guaranty. 

[It is of interest to append to Mr. Hanna’s ar- 
ticle a table of cost data, relating to this plant, 
appearing in the “Reclamation Record,” July 
issue.—Ed. ] 


— . — —— 


DUPLICATION OF CITY LIGHTING SYSTEMS under 
specia] conditions is being permitted by the Public Ser- 
vice Commission of the Second District of New York. 
In granting a petition of the Citizens’ Electric Service 
Co., of Bath, N. Y., for permission to begin construc- 
tion and render service in Bath, Avoca and Savona, the 
Commission makes the following statements: 


(1) The service rendered by the existing company for 
several years has been very poor. 

(2) The management has been indifferent to the needs 
of Bath and has not fulfilled its contractual duties to 
the village in respect to the street lighting, its failures 
in that regard being gross and inexcusable. 

(3) The plant of the existing company is antiquated 
and dilapidated in many rticulars. Some recent im- 
provements have been e, but not of a character and 
extent adequate to make the plant as a whole equal to 
the fair requirements of the village. 

(4) There is a considerable demand for daylight or 
power service in Bath. Neither company shows the 


FIG. 5. CONCRETE POWER-HOUSE, 


COST DATA RELATING TO HUNTLEY PUMPING 


Unit cost Unit cost Unit cost 

Distribution of excavation puddling concrete 
cost. 22,285 299 785.1 

cu. yds. cu. yds. cu. yds. 

Labor F000. 524 $0.37 $6.17 
Materlalls e epee 5.05 
Suppllennns 0.012 anes 0.10 
Plant depreciation.. 0.027 beans 0.32 
Totals ......... .. $0.563 $0.37 $11.64 
Paving ...... . . Py 8 
Engineering 8 9 A 
Grand total @eee0e0s 9 0 08 eaaeo 0 0 00 


PLANT. 
Unit cost Unit cost 
4914-in. 63%-in. Total cost 
concrete concrete iron Total cost Totals. 
pipe 1,607 pipe 355.2 and wood miscel- 
Hn. ft. lin. ft. work. laneous. 
$2.95 -51 254.97 $429.99 506.71 
3.43 94.12 2240.43 ware ate Serer tee 
0.05 0.06 8 240.69 695.03 
0.16 0.21 8 45.58 1,289.94 
$6.59 $6.90 $405.51 $716.26 ee oe 
3 ae 1 . 1,073.67 


$88,753.75 


HUNTLEY TURBINE PUMPING PLANT. 


extent of the same or whether it would be remunerative 
or unremunerative. Applicant is willing to furnish it: 
respondent is not willing to afford it. 

(5) The villages of Avoca and Savona desire electric 
service which will be given by applicant only. 

Held, that no general rule can be formulated which 
will indicate with precision when a new lighting com- 
pany will be permitted to do business in a field al- 
ready occupied by another company. That the circum- 
stances and conditions prevailing in each case must 
control the decision. 

If an existing company has failed to properly dis- 
charge its duties to the public and does not put its ser- 
vice upon the proper basis, it is entitled to little con- 
sideration when it seeks to exclude competition. 

The principles laid down in the Lockport and Katonah 
cases decided by the Commission reaffirmed. 


September 3, 1908. 


UNEMPLOYED FREIGHT CARS IN DIAGRAM. 
The Committee on Freight Car Efficiency of the 
American Railway Association has supplemented 
its latest report of freight-car surplusage by a 
diagram of the shortages and surpluses fpr the 
entire period from January, 1907, to date. As 
will be remembered, an acute shortage of cars 
marked the early part of 1907, while in the third 
quarter of the year a phenomenally sudden drop 


50000 

77 w 
EAN 
han 

E WS: 
© spo00h ANS 


— 
— 


5 190000 


N 
N 
T ` 
* * 


7 
5000 ———— i 
T 
VA 
00,000 2 ; 
| | h f 
| | | | YW f 4 «9 
| | | <4 0 
50000 — 222222 +— LAY 
| Í 
i | 
2 | | Hail 
“ 500 A — — + +++ s 4 2 —— 
o 200.000 | | } | | 
„ 
Uv 750.000 TT + — 4—4 + — — + +——+ 
| | | 
19 
500.000 |_| $e U S S U 
| | Í | | 75 
| am | Ke 
30000 ĩß— ert —— 12 
° | | 
; | | 
Re 
Eng NE | 
400.000 Moa aial si ta 2 5 “a m 
. — S 
s s e 553 
EAA AISI w leis ＋ 
| 
te 1907 — +--+- ---- ahe-----------+- -- 1908 ------ 


Freight-Car Shortage and Surplus, January, 1907, 
to August, 1908. 


(From a diagram prepared by the Car Efficiency Com- 
mittee of the American Railway Association.) 


in demand converted the shortage into a glut or 
surplusage within the short space of a few 
weeks, The course of this notable change is 
shown in striking manner by the diagram, which 
we reproduce herewith in slightly modified form. 
Besides the general course of the lines, there are 
several matters of interest in the diagram, for 
examp'e, the large percentage of hopper and 
gondola cars in the surplus as compared with 
their share in the shortage; the general parallel- 
ism of the curves for the corresponding seasons 
of the two years shown; the later appearance of 
the Spring demand for cars in 1908 than in 1907, 
and the early appearance of the fall decline in 
1907. - 

a . — — 

THE COAL BRIQUETTING PLANTS in the United 
States produced, in 1907, an output of 63,153 short tons, 
having a value at the plant of $244,942. According to 
the U. S. Geological Survey bulletin, from which these 
figures were obtained, there were ten such plants in op- 
eration in this country in 1907. | 

— . — 

REINFORCED CAST-IRON PIPE is among the ex- 
hibits at the British and French Exhibition now being 
held in London. According to “The Engineer,” of Lon- 
don, the pipes are 5 ft. inside diameter, and are rein- 
forced by steel hoops which are set in position while 
hot. Whether they are shrunk upon the pipe or placed 
in the mold so as to be embedded in the cast-iron shell 
does not appear. Presumably they are embedded in the 
pipe as they are said to provide strength to resist both 
internal and external pressure. The pipe is manufac- 
tured by the Société Anonyme des Hauts Fourneaux et 
Fonderies, of Pont-a-Mousson, France. The company 
bas three large foundries, and operates its own iron 
mines and blast furnaces. The waste gases from the 
furnaces are used to operate gas engines forming the 
greater part of the power plant. 

— . 

AN ELEVATED RAILWAY EXTENSION in Chicago 
i to be built by the Northwestern Elevated Ry. in 
order to relieve the congestion of traffic on the elevated 
terminal loop. The extension will be on the north side 
of the river, on North Water St., which street runs close 
to the river bank and is occupied by railway freight 
tracks. The extension will be at right angles to the 
main line on Wells St., and will run to a terminal at 
Clark St., a distance of two blocks. The terminal 
station will be level with the viaduct approach to the 
Clark St. bridge over the river. This terminal will be 
convenient to the northern part of the business dis- 
triet. Some of the trains will use this new terminal, 
while others will continue to use the loop as at present. 


ENGINEERING NEWS. 


263 


CONSTRUCTION.* 
By SAMUEL M. GREEN. M. Am. Soc. M. E. 


While the sawtooth system of roof construction has 
great advantages where a good light is essential, as in 
weave sheds, it is admittedly troublesome in the Ameri- 
can climate on account of leakage and condensation. 
Following are the important details of a new type of 
weave shed roof whose construction remedies these 
troubles. 

Fig. 1 is a detail of the gutter, glass, stile and ridge 
construction, as adopted for this weave shed. It will be 
noted that the toe of the truss is supported by an I-beam 
column and that the gutter is supported by light cross 
beams. These beams are set at different heights in the 
length of the gutter, so that proper pitch is obtained 
from the high point of the gutter to the point where 
the water is taken down. 

The curb or bottom part of the skylight sash is made 
of 4-in. Michigan pine, bevelled at a sharp angle at its 
top to permit the water of condensation to readily run 
off the curb, and it is also grooved at the lower part of 
this bevel to form a drip edge, so that all condensation 
on the glass will drip into a small copper gutter which is 
carried the whole length of this sill.. This copper gutter 
is connected by means of small lead pipes to the regular 
roof downtakes. 

The gutter proper is made as follows: 

The corners formed between the bottom of the gutter 
and the curb on one side, and the gutter and the flat 
roof on the other, are filled with a fillet of wood of 
curved shape. Then sheet asbestos 3/;,-in. thick is laid, 
extending up to within 3 ins. of the glass on one side, 
and 2 ft. on the fiat roof on the other side. On this as- 
bestos is then laid galvanized iron of about No. 24 gage, 
extending to the same height as the asbestos paper. This 
galvanized iron is nailed to the roof. The gutter is now 
ready to receive the regular five-ply or pitch roofing. 
Immediately under the lower end of the glass there is a 
flashing of galvanized iron, which is cut into the sill 
of the skylight by a specially prepared tool. This iron 
extends down and over the roofing material. 

The stiles or bars of the skylight were made of white 
pine, firmly fastened to the curb and ridge with brass 
screws. Both the curbing and stiles were kiln dried 
and were shellacked before delivery on the roof. 

The glazing is double; the inside light is of in. 
factory ribbed glass, and the outside of plain double-thick 
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Fig. 2. A Ventilator Designed for use on Weave 
Sheds. 
glass. The outside glass is held from slipping down- 


wards by means of brass screws. Both lights were 
thoroughly bedded in putty and the outside light was 
properly drawn. The putty used contained 33%% of 
white lead. The gutters are drained at various points 
throughout their length. 

VENTILATING AND HEATING.—This shed is heated, 
for reasons of economy, by direct radiation, steam pipes 


*Abstract of a paper presented at the annual meet- 
ing of the National Association of Cotton Manufacturers, 
at Boston, Mass., April 16-17, 1908. 

Consulting Engineer, Holyoke, Mass. 
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running around the walls of the building near the floor, 
and also lengthwise of the building, underneath the 
skylights. For ventilating, cooling and humidifying, two 
steel plate blowers, having wheels of 90-in. diam. and 
48-in. face, were installed in the basement. Each is 
driven by a 25-HP. motor at 150 r. p. m., at which speed 
the builders’ rating credits them each with 48,000 cu. ft. 
of air per minute. For cooling and humidifying the air 
in the summer there is a system of spray nozzles placed 


Fig. 1. Gutter Construction for Sawtooth Roofs. 


in the conduit through which the air from outside is 
drawn by the fans. There are 48 of these nozzles and 
they require 30 gals. of water per min. under about 40 
Ibs. pressure. After the air passes through this fine 
spray of water it encounters baffle plates which remove 
the entrained water. The air is delivered by the fans 
into galvanized iron conduits which deliver into the 
weave room, about 8 ft. above the floor. 

On each sawtooth there are provided four 16-in. ven- 
tilators. Roof ventilators have been a constant source 
of annoyance, owing to the fact that they condense 
the moisture from the outgoing air, which drips into the 
room below. To obviate this difficulty these ventilators 
were designed as is shown by Fig. 2. The walls of both 
the stationary and revolving parts are made double and 
the space between is filled with non-conducting material. 
In order to tightly close the ventilators, to prevent con- 
densation in winter, a damper was designed as is shown 
in this figure. This damper shuts against soft packing 
and has proved satisfactory. A slight amount of con- 
densation, however, has occurred even with this tight- 
closing damper, and this is cared for by a metal trough, 
as shown, into which the condensation drips. It alter- 
nately collects in this trough and re-evaporates. 


rr — ——' 


A MINE FIRE in Hailey-Ola Coal Mine No. 1, near 
Halleyville, Okla., Aug. 26, destroyed the hoisting shaft 
and air shaft and caused the suffocation of 25 miners. 
The fire had its origin in the ignition and subsequent 
explosion of a barrel of oil. 


— ù— — — 


A RUNAWAY MINE CAR at the Warrior Run Col- 
liery of the Lehigh Valley Coal Co., Aug. 28, caused 
the death of five miners. A car filled with men was 
being hauled, at the end of the day’s work, up a 2,000-ft. 
slope running from the surface to a vein 900 ft. below. 
When about half way up the slope, this car was struck 
by the runaway car laden with refuse and traveling at 
a speed estimated at 40 mi. per hr. The two cars then 
plunged together to the bottom of the slope. The car 
of refuse is said to have been run out of a side slope 
on to a branch track, contrary to orders, while the 
other car was coming up, in order that it might be sent 
down as soon as the ascending car had passed. Be- 
coming unmanageable it ran down the branch track 
and jumped the switch onto the main track. 


— —— 


A FIRE IN NEW ORLEANS Aug. 80 destroyed a num- 
sber of wholesale houses and manufacturing plants near 
the intersection of Bienville and Chartres streets. The 
alarm was turned in shortly before 3 p. m., at which 
time the firemen of the city were in the midst of their 
annual picnic at a suburban park. Reports state that a 
mere handful of men had been left in charge of the en- 
gines, and their work was further complicated by an in- 
adequate supply of water. The section devastated was 
composed largely of old buildings, some of which had 
been in use for more than half a century. 

— —— 

THE OIL WELL FIRE which has been burning near 
Tampico, Mex., for two months was extinguished Aug. 
30. The fire is said to have been smothered by gravel 
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and mud which was pumped into the mouth of the well 
continuously for ten days. It is estimated that 3,000,000 
bbls. of oil were burned. The oil is again flowing, hav- 
ing worked its way to the surface through the material 
used for extinguishing the fire. 

—— — ů ů 

CLOUDBURSTS in the northern part of New Mexico, 
Aug. 27, destroyed Folsom, a village of 600 inhabitants, 
and swept away 15 houses of the town of Raton. Eleven 
persons were drowned at Folsom. 

— — 

OVERHEAD HIGH-TENSION WIRES IN NEW YORK 
City were reported in the course of the hearing noted 
just above, as follows, in addition to the 10.4 miles of 
the New York Central: Long Island R. R., 40 miles; 
Manhattan borough, 1 mile; Brooklyn borough, 145 miles; 
Bronx borough, 92 miles; Queens borough, 172 miles; 
Richmond borough, 150 miles. The total is about 610 
miles. This includes about 500 miles at potentials of 
1,000 to 3,000 volts, and about 100 miles at potentials 
from 3,000 to 11,000 volts. With the exception of the 
Long Island R. R. and New York Central lines, these 
overhead lines are used for electric light or trolley ser- 
vice and are strung along public streets. 


— —½ 
THE NORTHWEST FOREST FIRES which destroyed 
the towns of Fernie, Hosmer and Michel, as noted in 
our issue of Aug. 6, continucd for several weeks after 
that date, and destroyed great amounts of standing tim- 
ber. During the month there were also many extensive 
fires: in Montana, especially in the Lolo and Coeur 
d'Alene reserves. 
— s5ð2 — — 


THE SOUTHERN FLOODS which began Aug. 24 and 
25 produced the greatest localized damage at Augusta, 
Ga. Nearly the entire city was flooded as a result of a 
phenomenally high stage of the Savannah River and 
the breaking of a power-dam just above the city. Sev- 
eral railway bridges near Augusta and a number through- 
out Georgia, South Carolina and North Carolina were 
wrecked, and many washouts of railway embankments 
occurred, resulting in several train wrecks. The loss 
of life from the floods in the three states named will 
exceed a hundred. The Weather Bureau reports that 
the Savannah, the Catawba, the Pedee and the Wateree 
exceeded all previous flood marks by several feet, and 
several other rivers reached the highest stages previously 
recorded. The extensive interruption of railway, tele- 
graph and telephone service, and in several cities, as 
Augusta, the failure of water supply, gas and electric 
light service, produced a complete paralysis, which, 
however, is being relieved very rapidly. In addition to 
the damage mentioned, however, great loss resulted from 
the destruction of cotton crops and the washing of soil. 

— — E 


THE WILLAMETTE RIVER BRIDGE of the Spokane, 
Portland & Seattle Ry. (originally called the Portland & 
Seattle, and described fully in our issue of Feb. 13, 
1908, pp. 161-164) was completed in August. Its total 
length is about 1,750 ft. and it includes a drawspan, 
521 ft. long c. to c. of end pins, and four 269-ft. fixed 
spans. The railway’s bridge across the Columbia River 
is expected to be completed in the course of the present 


month. 
— . — — 


THE HUDSON BAY RAILWAY PROJECT was en- 
dorsed to the extent of a hearty support to government 
officials favoring it in the recent provincial elections in 
the Province of Saskatchewan, Canada. Press reports 
state that surveying parties have already been started 
out to begin surveys. 

— . —d 


; PERSONALS. 


Mr. W. H. Elliot has been appointed City Engineer 
of Eureka Springs, Ark. 


Mr. H. A. Vaughan has been appointed Superintendent 
of the Texas-Mexican Ry. at Laredo, Tex. 


Mr. W. C. Hayes has been appointed Superintendent 
of Locomotive Operation on the Erie R. R. He was 
formerly Superintendent of the Susquehanna division. 


Mr. W. L. Tracy, a division master mechanic of the 
Louisville & Nashville R. R., has become Assistant 
Superintendent of Machinery of the Missouri Pacific Ry. 


Mr. Luke J. Ferritor, Superintendent of the Spring- 
field division of the Wabash R. R. at Decatur, III., has 
resigned to become General Superintendent of the Grand 
Trunk Ry. at Montreal. 


Mr. Forest E. Cardullo, formerly Professor of Practi- 
cal Mechanics at Syracuse University, has recently ac- 
cepted the chalr of mechanical engineering at the New 
Hampshire State College. 


Mr. G. E. Carson, Master Car Builder of the Pittsburg 
& Lake Erie R. R., will take a like position with the 
New York Central & Hudson River R. R. Sept. 1 at 
West Albany, N. Y. He will be succeeded by Samuel 
Lynn, at present, car foreman. 


Mr. G. W. Taylor, formerly Division Master Mechanic 
of the Atchison, Topeka & Santa Fe Ry. at Newton, 


Kan., has become Superintendent of Motive Power of 
the San Antonio & Aransas Pass Ry. at San Antonio, 
Tex., succeeding Mr. G. W. Butcher, resigned. 


Mr. W. H. Wheeler, of Boston, England, has lately 
retired from the position of Borough Surveyor and Har- 
bor Engineer of that town, after a service of 49 years. 
On his retirement he was presented by the Mayor of 
Boston with a heavy silver tray. Mr. Wheeler will re- 
side hereafter at Bromley, Kent, England. 


Mr. Edward J. Mason, Assoc. Am. Inst. E. E., has 
been elected Professor of Physics and Electrical Engi- 
neering in the University of Pittsburg to succeed Dr. S. 
N. Taylor, who will go to the University of Cincinnati. 
Mr. Mason received the degree of M. A. at Trinity Col- 
lege, Hartford, Conn., for graduate work in electricity 
and mechanics, and afterward became the assistant of 
Dr. Robb, Professor of Physics and Electrical Engi- 
neering of the Rensselaer Polytechnic Institute. Mr. 
Mason has also had considerable experience in practical 
engineering. 


Obituary. 

Ralph Johnson, a mining engineer, is reported to have 
been drowned July 8 while making explorations in the 
northwestern part of British Columbia. He was a 
graduate of the University of Minnesota and is believed 
to be Ralph I. Johnson, M. Am. Inst. M. E. 

Elbridge H. Beckler, M. Am. Soc. C. E., dropped dead 
from cerebral hemorrhage Aug. 26 at the West Tunnel 
camp of the St. Paul Pass, which is being constructed 
for the Chicago, Milwaukee & St. Paul Ry. through the 
Bitter Root Mts. in Montana. Mr. Beckler was at one 
time Chief Engineer of the Great Northern Ry. and was 
afterward a member of the firm of Winston Bros. Co., 
contractors. Further reference to his career will appear 
in a later issue. 


Antoine Henri Becquerel, the French scientist, died 
Aug. 25. Mr. Becquerel was born in 1852 and was ed- 
ucated at the Ecole Polytechnique, where he spent three 
years. His father and grandfather were eminent physi- 
cists. Henri Becquerel first attained prominence as the 
discoverer of the Becquerel rays. For his success in 
this discovery he received the Rumford Medal of the 
Royal Society of England. Ile was actively engaged 
at the Conservatoire des Arts et Metiers and was one 
of the chief engineers of the Department des Ponts et 
Chaussees. 


Edward Fithian, Rear-Admiral, U. 8. N., retired, died 
Aug. 29 at his home in Bridgeton, N. J. Admiral 
Fithian was born in New Jersey in 1820 and entered 
the Navy in 1848, when he was appointed a third assist- 
ant engineer. Three years later he became a second 
assistant engineer and was made a chief engineer in 
1859. He was in charge of the motive power of the 
frigate ‘‘Susquehanna’’ of the East India Squadron, 
which visited Japan under the command of Commodore 
Perry in 1853-4, and was afterward on duty on the same 
vessel when she acted as the escort of the “Niagara” in 
the first attempt to lay an Atlantic cable in 1857. He 
served during the Civil War on the steam frigate ‘‘Roa- 
noke” and in New York City, where he was in charge of 
construction of naval machinery from 1861-3. Chief En- 
gineer Fithian retired in 1882, and was advanced in 
1906 to the rank of Rear-Admiral, retired, for his ser- 
vices during the Civil War. 


— 
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COMING MEETINGS. 


CENTRAL STATES WATER-WORKS ASSOCIATION. 
Sept. 15-17. Annual convention at Pittsburg, Pa. Secy., 
Wm. Allen Veach, Newark, O. 


NEW ENGLAND WATER-WORKS ASSOCIATION. 
Sept. 23-25. Annual convention at Atlantic City, N. J. 
1 Willard Kent, 715 Tremont Temple, Boston, 
ass. 
LEAGUE OF AMERICAN MUNICIPALITIES. 
Sept. 30-Oct. 2. Annual convention at Omaha, Neb. 
Secy., John MacVicar, Des Moines, Iowa. 


AMERICAN INSTITUTE OF MINING ENGINEBRRS. 
Oct. 1. Annual meeting at Chattanooga, Tenn. Secy., 
R. W. Raymond, 29 West 39th St., New York City. 


ILLUMINATING ENGINEERING SOCIETY. 
Oct. 6-7. Annual convention at Philadelphia, Pa. Secy., 
Van Rensselaer Lansingh, Engineering Societies’ 
Building, 33 West 39th St., New York City. 


AMBRICAN STREET AND INTERURBAN RAILWAY 
ASSOCIATION. 
Oct. 12-16. Annual convention at Atlantic City, N. J. 
Boe B. V. Swenson, 29 West 39th St., New York 
ity. 


RAILWAY SIGNAL ASSOCIATION. 

Oct. 13-15. Annual meeting at Washington, D. C. 
ie 5 C. Rosenberg, 12 North Linden St. Beth- 
ehem, Pa. 


ASSOCIATION OF RAILWAY SUPERINTENDENTS OF 
BRIDGES AND BUILDINGS. 
Oct. 20-22. Annual convention at Washington, D. C. 
Secy., R. H. Reid, Lake Shore & Mich. Southern Ry., 
Cleveland, Ohio. 


AMERICAN SOCIETY OF MUNICIPAL IMPROVE- 
MENTS. 

Oct. 20-23. Annual meeting at Atlantic City, N. J. 

Secy., A. P. Folwell, 239 West 39th St., New York 


City. 


_ Mathewson, 


AMERICAN GAS INSTITUTE. 
Oct. 21-23. Annual meeting at New York City. Asst. 
Secy., W. Bissell, 29 West 39th St., New York City. 


AMERICAN ELECTROCHEMICAL SOCIETY. 
Oct. 30-31. Fall meeting at New York City. 
Dr. J. W. Richards, Bethlehem, Pa. 


PACIFIC COAST GAS ASSOCIATION.—The 16th an- 


Secy., 


. nual convention will be held at Santa Cruz, Cal., Sept. 


15-17. 

ASSOCIATION OF AMERICAN PORTLAND CEM ENT 
MANUFACTURERS.—A meeting will be held at Detroit, 
Mich., Sept. 14-16. 


COLORADO SCIENTIFIC SOCIETY.—At the regular 
meeting to be held at Denver Sept. 5, a paper on 
“Smelter Fumes,” by Franklin R. Carpenter, M. Am. 
Inst. M. E., will be read and discussed. 


LAKES-TO-THE-GULF DEEP WATER WAY ASSO- 
CIATION.—The third annual meeting will be held in the 
Auditorium at Chicago, Oct. 7-9. The afternoon of Oct. 7 
has been set aside for a trip to Lockport. New officers 
will be elected at this meeting, at which an attendance 
of 3,000 delegates is expected. Wu Ting-Fang, the 
Chinese diplomatist, is among those who will address 
the convention. 


THE NATIONAL SOCIETY FOR THE PROMOTION 
OF INDUSTRIAL EDUCATION.—Next annual conven- 
tion at Atlanta, Ga., Nov. 19-21. An exhibition of trade 
school work from all parts of the United States will be 
a feature of the convention. The preparation of this 
exhibition is under the direction of Professor K. G. 
President of the Georgia School of Tech- 
nology, Atlanta. 


RAILWAY SIGNAL ASSOCIATION.—At the Chicago 
meeting, to be held Sept. 8, a paper by James S. Lang, 
M. Am. Soc. M. E., entitled ‘‘Practical Snow Melting” 
will be discussed. This paper deals with a new method 
of freeing switches from snow and ice. Sub-Committee 
No. 1 will present a report on ‘‘Malleable Iron Castings,’’ 
„Gray Iron Castings,” ‘‘Specifications for l-in. Pipe and 
Couplings,” Machinery Steel and Wrought Iron Bars” 
and ‘Specifications for Signal Roundels.’’ 


THE NATIONAL ASSOCIATION OF COTTON MANU- 
FACTURBRS.—Semi-annual meeting No. 85 will be held 
Sept. 29-30 at Saratoga Springs, N. Y. Among the 
papers to be presented are the following: ‘‘Commutator 
Grinding,” Cotton Fiber Substance and Its Properties, 
Importance of Forest Preservation for Manufacturers,” 
“Low Pressure Steam Turbines,” ‘‘Measurements of 
Power and Its Transmission,” Positive and Accurate 
Humidity Controlling Devices,“ Textile Mill Power 
Plant.“ 


AMERICAN INSTITUTE OF MINING ENGINEHERS.— 
The annual mecting will be held at Chattanooga, Tenn., 
Oct. 1, instead of at Birmingham, Ala., Sept. 29, as 
formerly announced. The change !s due to the existing 
labor troubles in the Alabama mines. 

Among the papers to be presented are the following: 
Oct. 2, two separate papers on experience with the 
Gayley dry blast process, by Edward B. Cook, Pottstown, 
Pa., and T. W. Robinson, Chicago, III.; “Mr. Gayley's 
Invention,” R. W. Raymond, New York; “Blast Pres- 
sure at the Tuyeres and Inside the Furnace,” R. H. 
Sweetser, Columbus, Ohio; ‘‘The Relation of Slow Driving 
to Fuel Economy in Iron Blast Furnace Practice,“ John 
B. Miles, Philadelphia, Pa.; Report of the Institute 
Committee on Steel; various papers on economic geology. 
Oct. 3, ‘‘Pressure-Fans versus Exhaust-Fans,” Audley 
H. Stow, Maybeury, W. Va.; “Requirements of a Breath- 
ing Apparatus for Mining Use,” Walter E. Mingram, 
New York; “Sulphur Dioxide as an Agent in Fighting 
Mine Fires,“ Walter O. Snelling, Washington, D. C. 
The Management of Mining Operations,” Joseph Mac- 
Donald, Guanajuato, Mex.; “The Treatment of the Gold 
Ores of Hog Mountain, Ala.,” T. H. Aldrich, Jr., Bir- 
mingham, Ala. R 


WESTERN SOCIETY OF ENGINEERS.—At the meet- 
ing of Sept. 2 a paper was presented entitled The 
Analysis of a Hydro-Electric Project,” by H. von Schon. 
The program and list of meetings for the coming season 
has been issued, and includes the following papers: 
Sept. 25, “The Electrification of the St. Clair Tunnel," 
F. A. Sager; Oct. 7, ‘‘Methods of Studying the Heat 
Absorbing Properties of Steam Boilers,” L. R. Stowe; 
Oct. 9, “Distribution of Light and Power,” H. B. Gear: 
Oct. 21, “Macadam Road Construction,” A. N. Johnson: 
Nov. 4, “Retaining Walls,” I. F. Stern; Nov. 18, ‘‘Elec- 
trolytic Corrosion of Boiler Tubes,” C. F. Burgess; Nov. 
18, “The Work of the Engineering Staff of the Wiscon- 
sin Tax and Rate Commission,” W. D. Pence; Dec. 2, 
“The Reconstruction of the Street Railway Tracks in 
Chicago, George Weston; Dec. 11, ‘‘Hydro-Electric De- 
velopment in the Northwest,” C. E. Freeman; Dec. 16, 
“The Improvement of the Upper Mississippi River,” 
Col. C. McD. Townsend; Jan. 2, 1909, annual meeting: 
Jan. 8, Discussion on Electric Traction; Jan. 29, ‘‘Steel 
Castings, R. P. Lamont; Feb. 8, “A New Form of 
Concrete and Steel Construction,” T. W. Schaub; Feb. 
12, “Multiple Cable Distribution in Telephone Work,” 
B. C. Groh. The meetings are held at the society's 
rooms in Chicago. 
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By CHESTER WASON SMITH,* Assoc. M. Am. Soc. C. B. Work up to the present time. The first view [on 1905, p. 91, Construction News Supplement), 


The Roosevelt Dam, which when completed 
will be one of the highest dams in the world, 
has been under construction for three years 
and has now reached a maximum height well 
toward a hundred feet. The dam will eventually 
provide storage for 1,284,000 acre-feet. It will 
have a maximum height of 284 ft., a maximum 
water depth of 242 ft. and a crest length of 1,080 
kt. 


» Engineer U. S. Reclamation Service, Roosevelt, Ariz. 


this page] shows the dam as it appeared on 
July 1, 1908, and is supplemented by Fig. 5, 
which shows the dam looking down-stream. Figs. 
1 and 2 show the vicinity of the dam, including 
the plant of the contractor, and Figs. 3 and 4 
give some idea of the flood conditions encoun- 
tered from time to time. 


The dam as originally proposed, was described 
and illustrated, and the principal features of the 
specifications quoted, in Engineering News for 
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and on April 8 a contract was made with John 
M. O' Rourke & Co., Galveston, Tex., for its con- 
struction. 


The only change in plan has been to raise the 
proposed height of the reservoir flow line and 
dam 10 ft., the cross-section of the dam remain- 
ing the same, i. e., at equal distances below the 
top, the thickness is the same. This change 
was due to, and warranted by, the large rainfall 
and runoff figures for 1905. 


— 
W 
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THE ROOSEVELT DAM ON JULY 1, 1908; LOOKING UPSTREAM. 
(The proposed height of the crest of the dam is at the elevation of the road along the cliff at the left.) 
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The contractors worked through the summer 
and fall of 1905, establishing camp, getting in 
plant, stripping the quarries, and driving piles 
for cofferdams and flume. 

By the latter part of November all the piles 
had been driven, but on Nov. 27 occurred the 
second largest flood on record for the Salt River. 
At noon, Nov. 26, it began to rain, and between 
6 p. m., Nov. 26, and 11 a. m. of the 27th the 
river rose about 30 ft. at the dam site; from a 
discharge of a little over 2,000 sec.-ft. to a 
maximum of about 130,000 sec.-ft. This de- 
stroyed all work done on the cofferdams and 
flume and washed away some machinery. 

Construction could not be resumed on the 
temporary works till some time in March, and 
after that some delay and damage was caused 
by fioods. In the meantime, it had been decided, 
upon the request of the contractors, to dispense 
with the flume and depend entirely upon the 
Sluicing tunnel to carry the river, which tunnel 
has a capacity of about 1,300 sec.-ft., with 
water at the elevation of the top of the coffer- 


FIG. 2. GENERAL VIEW OF VICINITY OF ROOSEVELT DAM, ARIZONA. 


dam. (Roosevelt and Salt River on the opposite river bank. In background, from left to right: U. S. Reclamation 
Early in June the cofferdams were completed, Service headquarters, cement mill, dam site, and, across river, the camp of J. M. O’Rourke & Co., Contractors 

and on June 13, 1906, the river was diverted for the dam.) 

through the tunnel, For the next three months which is the most favorable position possible. The first stone was laid Sept. 20, 1906, and 

the work was to make the cofferdams tight, and A few small mud seams and faults occurred, progress on the masonry was regular till the 

excavate the material between them to bed- but nothing presenting any special problem. winter floods, which began Dec. 2. 


rock. (See view of dam in flood, Fig. 3.) All 
the pumping, and much of the excavation, was r , , s 3 z 
done by two 1l-in. Campbell hydraulic excava- 5 | id 400 600 + 800 1000 
tors and four small auxiliary hydraulic pumps, tt 
all of which were supplied with water from the — A = ot 
power canal, with a head of about 240 ft. For Pi Roos ai Low 
handling the water nothing better or cheaper L N KA gr 
could be devised, but, owing principally to the 7 adi ETa 
nature of the material encountered, the exca- Camping | 
vators were only moderately successful. 0 Grounds — 
The bedrock was encountered at depths corre- J | — 

sponding very closely to the depths obtained from 4 
the preliminary borings. It is a hard, fine- 
grained sandstone, in well-defined strata, dip- 
ping up-stream at an angle of 29° from the hori- 
zontal, approximately at right angles to the dam, 
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FIG. 1. MAP OF ROOSEVELT DAM AND VICINITY, SHOWING GENERAL LAY-ỌUT OF CONTRAC TOR’S CAMP; ALSO PROFILE OF DAM. 
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FIG. 4. ROOSEVELT DAM CONSTRUCTION IN FLOOD, FEB. 4, 1908, LOOKING DOWN- STREAM. 


In the spring of 1907 the cofferdams had to be 
entirely rebuilt, the upper one being constructed 
this time of masonry, and it was the middle of 
June before the pit was again cleaned out and 
work on masonry resumed. During the sum- 
mer and fall of 1907 many small but vexatious 
delays were due to floods just above the capacity 
of the sluicing tunnel; but during November and 
December, 1907, and January, 1908, there were 
no floods, and excellent progress was made; so 
that, when high water did come, on Feb. 4, the 
south two-thirds of the dam was at Elev. 25, 
and the north one-third at Elev. 9 (the latter 
left in that way for a channel for the river 
over the north end). On arriving at this stage, 
it might have been said that danger of serious 
interference or damage from floods was past, 
and that there was no further use for cofferdams. 


At about this time the sluicing tunnel was 
closed by bulkheads at the entrance, in order 
that the gates could be put in. These gates 
were fully described in Engineering News for 
May 30, 1907. They were erected, and the ac- 
companying reinforcement and concrete was put 
in to such a point that, on June 2, 1908, the 
tunnel was again used to carry the river. 


During February to June, 1908, masonry was 
laid on the south end of the dam, bringing it up 
to Elev. 75, and since June 2 masonry has been 
laid on the north end of the dam, which is now 
at Elev. 40. 

The principal features of the contractors’ plant 
are as follows (see plan and profile, Fig. 1): 

Two Lidgerwood cableways, 1,200 ft. long, span 
the canyon at an elevation of about 350 ft. above 
the river. During the day shift they bring down 
the mortar and concrete, which are mixed on the 
south hil'side, and spalls from the quarry at the 


north end of the dam. During the night shift 


no masonry is laid, but the cableways bring down 
stone and spalls, storing them on the dam. 


A smaller cableway disposes of the waste from 
the quarry, and another brings in a small amount 
of stone from a quarry on the north side of the 
river, 600 or 700 ft. above the dam. 


In the quarry at the south end of the dam is 
the crushing and mixing plant, consisting of a 
No. 7% Style D Gates crusher, elevator, bins, 
1% cu. yd. Smith mixer, etc. The mixing plant 
is the terminal of a Leschen tramway about 
1,700 ft. long, which brings cement from the 
cement mill and sand from the sand-crushing 
plant; the cement mill and the sand-crushing 


plant being operated by the Reclamation Ser- 
vice. 

During July, 1908, the mixer delivered an aver- 
age of 212 batches per eight-hour shift; two 
batches per skip-load, which was run out on a 
track to a point under the cables. 

About fifteen derricks are used for quarries 
and masonry, equipped with swinging-gear, and 
operated principally by electric engines of about 
40-HP. capacity. 

At a central power station is a motor gene- 
rator set for transforming the 2,200-volt alter- 
nating current delivered by the Government to 
500-volt direct current used by the various 
motors; also an air-compressor with a capacity 
of 700 cu. ft. of free air per min. to 100 lbs. 
pressure, . 


Several operations of the Reclamation Service 
are intimately connected with the work on the 
dam, as follows: 

Power is furnished to contractors at % ct. per 
HP.-hr. For this purpose a power canal, 19 
miles long, capacity 250 cu. ft. per sec., was 
built. This gives a drop of 220 ft. at the dam 
site. At the intake of the canal is a concrete 
diversion dam, 450 ft. long, which raises the 
water about 6 ft., headgates, sluicegates, etc. 
On the line of the canal are 21 tunnels, 75 to 
1,700 ft. long, through all kinds of ground, and 
all concrete-lined; also sluice gates, overflow 
weirs and other structures. Some inverted 
siphons of reinforced concrete, on this canal line, 
were described in Proceedings of the American 
Society of Civil Engineers for August, 1907. 
About a mile and a half of the open canal was 
also lined with concrete. The canal was put in 
Operation about April 1, 1906. and, with but 
slight interruptions, has furnished power ever 
since. 

The last tunnel on the line is the penstock 
tunnel, circular in section, 7 ft. in diameter, 
passing under the south spillway at the dam 
site and on to the power-house, just below the 
dam. 

The first hydro-electric unit of 1,000 KW. was 
Placed in a small cave excavated in the face of 
the cliff behind the power-house proper. The 
Power-house has been built since, and other 
units are being installed. 


A cement mill, with a nominal capacity of 
300 bbls., but with an actual capacity of over 
400 bbls. per 24 hrs., was built, and has been in 
operation since the spring of 1905. This mill 
has furnished the larger part of the cement used 
in the canal and appurtenances; practically all 
the cement used in the Granite Reef diversion 
dam, 40 miles down-stream on the same project; 
and all the cement used in the Roosevelt Dam, 
power-house, etc. It is of excellent quality. The 
limestone is within 200 ft. of the mill; the clay 
is hauled about 1% miles. 


Crude oil is used for fuel. This is hauled in 
tank wagons, 60 miles, from Mesa, and delivered 
at a contract price of $3.48 per bbl. of 42 zals. 
A barrel of oil will burn a trifle over 4 bbls. of 
cement. There is storage capacity for 12,500 
bbls. of cement and about 4,000 bbls. of clinker. 
Owing to the intermittent demand for cement, 
the mill has been closed down some of the time, 
and so far has run but a small part of the time 
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at full capacity. The cement is delivered at the were laid: cement used, 0.71 bbl. per cu. yd. of 


eastern terminal of the tramway, above men- 
tioned, which is at the cement mill. 

To furnish sand for the mortar and concrete 
used in the dam, the Government built a plant 
for crushing rock. This is located between the 
cement mill and the dam, and consists of a Blake 
jaw crusher, two sets of crushing rolls 36 ins. 
in diameter, elevator, screen, bins, etc. Later, 
another crusher, Gates No. 4, was added. 

The rock first used was a dolomite limestone. 
Afterward, in order to get a larger per cent. of 
fine sand, a rather coarse, soft sandstone was 
mixed with the dolomite, in equal proportions. 
The sand is delivered to the same tramway. 

The assembling of the materials on the dam 
has been described. For laying the masonry, 
stiff-leg derricks are used, with about eleven 
men per derrick. The larger stones are bedded 
in mortar, and the vertical joints filled with con- 
crete, which is used quite wet, and into which 
spalls are rammed. For the narrower or deeper 
joints the concrete is shoveled in, but a con- 
siderable proportion of it is dumped from the 
skip, and then churned with shovels and bars. 
An inspector is located at each derrick. 

To Aug. 1, 1908, 111,549 cu. yds. of masonry 


OF LABOR COST, ROOSEVELT DAM, 
MARCH, 1908. 


ANALYSIS 


———_Cost — 
Total. Percu. yd. 
Cement tramway, 1,700 ft. long. Takes 
cement and sand to mixer. Worked 
two 8-br. shifts per day, and took over 
8.958 buckets of sand at 8 cu. ft. and 
5,626 buckets of cement at 7 cu. ft.: 


Day, 5 men, 27% shifts............ $437.00 
Night, 6 men, 25 shifts 472.00 
Two Lidgerwood cableways, 2% in. 
diameter, 1,200 ft. long. Took from 
mixer to dam 2,117 skips of mortar 
and concrete; and from quarries to 
dam took 630 skips of spalls: 
Day, 8 men, 26% shifts............ 688.00 


Night crew takes down stone (almost 
entirely from quarries on north side 
of river). Includes collecting stone in 
quarry, transporting to dam, and some 
passing around on dam. Took on to 
dam 5,400 cu. yds. stone and some 
spalls: 
Nicht shift, aver. 30 men, 29 shifts. 2,829.00 


— ä —— 


Transporting materials, cost. $4,426.00 50.309 


Quarries on north side of river pro- 
duced 4,800 cu. yds. large stone, 1,134 
cu. yds. spalls, 2170 cu. yds. waste, 
234 cu. yds. crusher rock: 
Day shift, aver. 52 men, 29% shifts.$4,15 
Night shift, aver. 21 men, 29 shifts. 1,67 
Quarry on south side produced 334 cu. 
yds. large stone, 1,442 cu. yds. stone 
for crusher. Includes also feeding 
8 e er d verage 20 men 
ne s per day, ave ; 
SI! eee 1,612.00 


( 


ES 


say, $0.74 per cu. yd. excavated..... 7,444.00 


Stone for up-stream face: This month 
it was nearly all taken from storage. 
Used about 200 cu. yds. It would 
cost about $6 per cu. yd. of cut 
StONE co knn SOR ee 

Mixing mortar and concrete: Materials 
drawn from bins into car, transferred 
10 ft., and dumped into a 40-cu. ft. 
capacity Smith mixer, dumped into a 
skip on a car, and hauled by a sta- 
tionary engine either 50 ft. to No. 1 
cableway or 125 ft. to No. 2 cable- 
way. Mixed 4,234 batches: 

One shift per day, 6 men, 26% shifts 
Cost per cu. yd. mixed, $0.099. 
676 


Laying masonry: Three derricks, 
hrs. derrick, laid 12,000 cu. yds. = 
17.7 cu. yds. per derrick hr. For 6 
shifts one gang was split, and with 
an extra engineer and tagman ran 
another derrick. Average force per 
derrick: 1 1 r Cugine; 2 tag- 
men, 2 masons, 5% laborers: 
2644 shifts COSt...essesssessseereeo 3,506.00 0.291 


Miscellancous: 


$0.620 


1,200.00 0.100 


517.00 0.043 


days. 

Moving derricks and cleaning up 
underneath 
Moving derricks from, and back to 
the wall on account of an antici- 
pated flood 1 
Repairs chargeable to masonry... 85 

General expense, includes superin- 

tendent, mechanic, electrician, 
timekeeper, man at power- house. 
, ice Nie WE Ge Re OMEN 225 


— 


387 $1,478.00 0.123 


— 


0.060 


—— 


51.606 


Total 


ment 


Pe ee ee ee oo orosvas oe ot ‘l 


Total 


The above includes all labor, ordinary repairs for the 
month, and power; does not include any portion of 
equipment and erection cost, nor any material and sup- 
plies, 


masonry. 

At first, while working in a rather cramped 
location in the bottom, only 6 to 10 cu. yds. were 
laid per derrick hour; but since Nov. 1, 1907, 
86,629 cu. yds. have been laid in 5,243 derrick 
hours, or 16.5 cu. yds. per derrick hour. 

The masonry is composed of the following: 


Per cent. 
1—2 TCC o e a ie ew ae a Bees 4.9 
1—21 Mortar 5 ci eek o pare E E ĩͤ a Sa 11.1 
1 — 214-4 concrettttetteteekkkkk . eens 82.7 
lll ⁰⁰d 8 9.3 
Large h/ as Mein acer een aa es 42.0 


The accompanying tabular analysis of labor 
cost (to the contractors) of the masonry for the 
month of March, 1908, may be of interest. 
During the month, 12,000 cu. yds. of masonry 
were laid. 

The operations conducted by the Reclamation 
Service, largely preliminary to the work on the 
dam proper, consisted of building about 146 
miles of road; erecting a sawmill; sawing about 
three million feet of lumber and hauling it 30 
to 35 miles to Roosevelt; manufacture of bricks, 
concrete and lime; building telephone lines, 
erecting and equipping machine, blacksmith and 
carpenter shops, refrigerating plant, power- 
house, domestic water supply, electric lighting, 


THE PERFORMANCE OF THE NEW STEAMERS ‘‘MAUR- 


ETANIA” AND “LUSITANIA.” 


Great interest is attached to the performance 
of the noted steamers “Mauretania” and Lusl- 
tania” of the Cunard Line, owing to their great 
size and the enormous power of their propelling 
machinery. The details of the engine perform- 
ance, however, have been kept private, and little 
information has been published except the speed 
records, which we have noted from time to time. 
In June, 1908, the “London Times” published in 
its engineering supplement a very interesting 
article on the sea performance of these steamers. 
This was written by Sir William H. White, Past 
President of the British Institution of Civil Engi- 
neers, who was consulting naval architect for the 
“Mauretania.” | . 

A great part of this article related to the aver- 
age and maximum speeds attained, but the en- 
gine performance, the vibration and the behavior 
of the ships in heavy seas were also discussed, 
giving the results of personal observations made 
in voyages on both steamers. 

It may be noted that these steamers are 785 
ft. long, with a displacement of about 38,000 
tons at mean draft. Each has four screws driven 
by steam turbines having an aggregate rating of 


FIG. 3. 


etc.; building 19 miles of power canal, with in- 
take dam and other appurtenances; construc- 
tion of office and camp buildings; the haul of 
enormous quantities of freight from Mesa and 
Globe, etc., etc. 

Owing to the nature of the country, and dis- 
tance from base of supplies, not one of these 
operations could be begun upon the scale 
which it was necessary to reach later: 
they were so interdependent that each had to be 
started when it could, and all carefully nursed 
and pushed (often by the use of temporary ex- 
pedients) till they were going properly, 1. e., a lit- 
tle progress in one direction enabled something 


else to be started, or a little better rate of prog- 


ress made on à third thing, and so on back and 
forth through the bunch. 

The contractors for the dam deserve credit 
for their persistence through more than two years 
of discouraging conditions. It is cheerful to be 
able to record that their troubles are practically 
over. 

The construction of the dam is under the di- 
rection of Mr. L. C. Hill, Supervising Engineer, 
U. S. Reclamation Service, Phoenix, Ariz., with 
the writer tn immediate charge. 

—ͤ Y — OO — — 

THE PRODUCTION OF REFINED LEAD in the 
United States in 1907, according to C. E. Siebenthal of 
the U. S. Geological Survey, reached a total of 414,189 
short tons, of which 314,241 tons was desilverized lead 
and 99,948 tons was soft lead. No lead ores from the 
United States were treated in foreign smelters in 1907. 
The increase over 1906 was 9,250 tons. 


ROOSEVELT DAM CONSTRUCTION IN FLOOD, JUNE 16, 1906, LOOKING DOWN-STREAM. 


66,000-HP. This machinery is designed for an 
average sea speed of 25 knots. The steamers 
were described in our issues of Aug. 23 and Sept. 
27, 1906; and the question of the relation of 
power to speed was discussed in our issue of 
Sept. 19, 1907.. 


We quote from the article already named, as 
follows: 


The best information available in regard to coal con- 
sumption is that contained in a paper read by Mr. Bell 
before the Institution of Naval Architects in April, 1908. 
On the third westward passage of the ‘‘Lusitania,’’ when 
2,176 knots were covered at a mean speed of 24.65 knots, 
the average shaft-HP. of the turbines was 65,000 HP., 
and the daily coal consumption for main and auxillary 
engines was 1,090 tons. Mr. Bell estimates that nearly 
14.6% of the total steam consumption on this voyage was 
expended for auxillary services (heating, lighting, venti- 
lating, etc.), and that 13.1 Ibs. of coal per shaft-HP. 
was the average expenditure for the main turbines. 
This is a very fine performance. On the 1,200 miles 
contract trial at 25.4 knots, when the shaft-HP. was about 
69,000 HP., the average consumption of steam was about 
12.8 Ibs. per shaft-HP., corresponding to a coal con- 
sumption of 1.43 lbs. per HP.-hour. 

It will be recognized that the foregoing figures for 
power differ from those usually given for reciprocating 
engines, where indicated horse-power is the measure 
employed and the internal waste-work of the engine 
must be deducted in order to obtain the shaft-HP. and 
to make a fair comparison with steam turbines. Ac- 
cording to the best authorities the shaft-HP. in large 
marine engines of the reciprocating type is about 90 to 
93% of the I. HP. So that if reciprocating engines had 

been fitted the power required would have been about 

70,000 I. HP. for 24.65 knots, 
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Economical as the steam turbines have been proved to 
be in the new Cunard steamships, the enormous power 
required to drive them at the high speed desired involves 
great coal expenditure. Mr. Bell gives 5,400 tons as 
the total weight of coal burned on the voyage in ques- 
tion from Liverpool to New York, and 1,090 tons had to 
be transferred from bunkers to furnaces every 24 hours 
when running at 24.65 knots. All possible means for 
minimizing labor in coal-trimming and stoking were 
rmbodied in the design of these vessels, but the task 
remains a heavy one, and the efficient working of the 
hoilers and economical combustion of the coal necessi- 
tates most careful organization and supervision. 

When it is considered that the power developed exceeds 
by more than 50% that of the largest and swiftest At- 
lantic steamers previously built, and that the 25 boilers 
occupy a length of about 350 ft., being placed in four 
separate compartments, it will be understood that the 
task is no easy one and calls for special qualities and 
experience on the part of those charged with its super- 
vision. 

Here is a case where oil fuel would have been of the 
greatest value had regular and adequate supplies been 
available at prices which could be accepted by the 
Cunard Co. This matter was thoroughly considered in 
‘he stage of design. It was recognized that there would 
he a considerable gain in weight and space required for 
fuel, large economies of labor in the stokehold and the 
numbers in its staff, easier regulation of the steam, and 
more uniform production, as well as considerable ad- 
vantages in shipping fresh supplies of fuel in port. Guar- 
antes of regular supplies at acceptable prices could not 
be obtained, however, and the use of coal was decided 
upon. 

Much has been said and written In regard to the vibra- 
tion of these great ships. The writer has been acquainted 
with the facts throughout, and as consulting naval arch- 


itect for the “Mauretania” has been personally inter- 


ected in the question. He has made thorough investiga- 
tions of the phenomena of vibration. He is famillar also 
with the vibratory phenomena of other fast Atlantic 
steamships, and is in possession of accurate measure- 
ments of the actual vibrations in many high-powered 
steamships. As the result of a careful study of all this 
information he is decidedly of opinion that (1) in both 
the “Lusitania” and ‘‘Mauretania’’ the vibration is in 
no place serious or objectionable; (2) that it is only 
sensible over narrow limits of length in a few portions 
of the ships; (3) that even in these places it is so small 
as to be practically negligible, and (4) that for the 
most part throughout the ships there is no sensible move- 
ment except when speed is being altered or course 
changed. , 

The writer can testify to the fact that the sensible 
vibration is much less than that in many of the preced- 
ing Atlantic steamships, and this opinion is confirmed 
by the comparison of actual measurements of the vibra- 
tory movements in a number of ships. At first there 
were local vibrations of an objectionable character, es- 
recially in the after-part abreast the wing propellers. 
It was also true that the architectural treatment of the 
great public rooms placed high above water, and in a 
part of the structure which was not intended to con- 
tribute to the main structural strength of the vessels, 
imposed difficulties of a special nature in keeping down 
vibrations of the floors and fittings. These difficulties 
dave been overcome by simple additions, largely in the 
form of girders and pillars, and there remains no reason 
for serious complaint. 

No doubt there are many passengers whose nervous 
systems are highly-strung who will still experience dis- 
comfort. But it is inevitable that when something like 
74.000 HP. is being developed and a great ship driven 
across the Atlantic at a speed exceeding that of many 
railway trains, absolute quietude cannot be secured. 
Quiet is not expected on a railway journey, where the 
shaking is accepted as inevitable. It is true, no doubt, 
that in a large steamer of the intermediate type, with 


engines developing about 25% the power installed in 


the Cunarders, and with speeds of 16 to 17 knots, the 
sensation of movement will be lessened. The highly- 
sensitive passenger may prefer the longer voyage in the 
slower sbip: but those who prefer the faster vessels 
may be assured of greater comfort than has been 
hitherto available in fast Atlantic liners. 

Brief reference may be made to the behavior of the 
new vessels in heavy seas. They have been thoroughly 
tested during the past winter, and the verdict of those 
who have witnessed their performances is most favor- 
able. The writer has had an opportunity of making per- 
sonal observations which confirm this verdict, and his 
study of the subject for 30 years enables him to speak 
with some authority. For rolling motions the period for 
a single swing (port to starboard or vice versa) is 11 
seronds when the ships are fully laden. As the coal is 
turned the motion becomes somewhat slower. It is al- 
ways slow and gentle as compared with nearly all pre- 
c-ding ships, and this fact tends to much greater aver- 
age steadiness. 

The greatest angles of rolling in vessels having these 
long periods of oscillation occur when the vessels are 
running away from the sea, and the line of wave ad- 


vance is considerably abaft the beam. In these con- 
ditions there may be approximate synchronism between 
the periods of the waves and the ships, and rolling 
motion may accumulate. So far as obscrvations go, no 
very heavy rolling has occurred, and the motion when 
at its maximum is always so slow as to be less trying 
than the corresponding motion in a quicker-rolling ves- 
sel. The period for pitching is about one-third of that 
for rolling and is relatively long; so that in this respect 
the vessels are exceptionally well situated, as might be 
anticipated from their great length. They make light 
of weather that would be seriously felt by most of their 
predecessors. 

Some writers have been disposed to argue that the 
results obtained in the Mauretanla'' when one screw 
was disabled indicate that three screws are better than 
four. This contention does not call for serious con- 
sideration. There is abundant proof that a high ‘‘co- 
efficient of propulsion’’ has been obtained with the 
quadruple screws. Judged by that standard they need 
not fear comparison with triple-screw ships like the 
“Carmania” and the Allan liners, or with twin-screw 
ships. Possibly the most efficient forms of screws have 
not yet been discovered for the Cunarders. But, apart 
from that possibility, it is obvious that the Maure- 
tania’’ must have been worked at a serious disadvan- 
tage with one high-pressure turbine idle and with the 
constant use of helm to keep her on a straight course. 

As to details of sea speed, half a knot may appear to 
be a small difference. But when this ts obtained above 
a speed already very high, it involves considerable in- 
crease in the power developed. For smooth water the 
increase in engine-power to raise the speed from 23 to 
23.5 knots would be about 8.5%; the corresponding in- 
crease of speed from 24 to 24.5 knots would involve an 
increase of about 11%. In order to pass from 23.5 knots 
(the maximum speed of preceding Atlantic steamships) 
to 25 knots in the new Cunarders, about 33.3% more 
engine-power must be developed. In steamship propul- 
sion it is the “last step” which costs dearly. 


— 3. ies 


THE PUMPING STATIONS OF THE INTERCEPTING 
SEWER SYSTEM OF CHICAGO. 


The intercepting sewer system of Chicago is 
an important part of the extensive works under- 
taken by the city to eliminate the sewage pol- 
lution of Lake Michigan, and thus remove the 
danger of pollution of the city’s water supply. 
It intercepts the sewers that formerly discharged 
into the lake, and discharges this sewage into 
the Chicago River. The flow of the river was 
reversed with the opening of the Drainage Canal, 
and carries the sewage into the canal. 

The intercepting sewer system comprises three 
sections: 1. The Central Division, which con- 
sists of two sewers under 12th and 22d Sts. 
These serve a large proportion of the sewerage 
of the more densely populated central section of 
the city. The sewers north of 12th St. discharge 
into the main stem of the river. 2. The South- 
ern Division, which consists of a continuous 
sewer paralleling the lake shore from 73d St. 
to 35th St. (about 4.75 miles). This delivers the 
sewage into a 20-ft. tunnel extending 2.3 miles 
under 39th St. to the south branch of the 
river. 3. The Northern Division, with a similar 
Sewer near the lake shore from Fullerton Ave. 
to Bryan Ave. (about 5.5 miles). It delivers the 
sewage to a 16-ft. tunnel extending about three 
miles under Lawrence Ave. to the north branch 
of the river. 

It may be noted that part of the southern 
division main sewer is close to the shore of the 
lake and in the right-of-way of the Illinois Cen- 
tral Ry. (east of the present railway tracks). 
This was protected by the railway company’s 
bulkhead wall of piles and stone filling, but the 
failure of parts of this bulkhead by decay and 
the effect of storms has caused the waves to 
attack the filling along the sewer. The sewer 
was built between continuous lines of Wakefield 
Sheet piling, which protect the sewer at the 
present time. The city will reinforce this by a 
revetment of riprap stone on the lake side of the 
Sheeting, as a protection against the waves, on 
account of the defective condition of the bulk- 
head wall. This protection will be required only 
for a length of about 600 ft. 

The central division has a gravity flow only. 
This has been in use since 1898. The other two 
divisions have pumping plants which deliver both 
sewage and lake water into the river for the 
purpose of diluting the sewage. That from the 
39th St. pumping station of the southern di- 


vision, however, serves also as an auxiliary supply 
to the drainage canal, thus relieving the south 
branch of the river from the necessity of carry- 
ing the entire flow capacity of the canal, which 
would involve an objectionably swift current. 
The southern division has its pumping station 
at the upper or lake end, being located on the 
lake shore at 39th St. This has been in operation 
for about two years, during which time no sew- 
age has been discharged along the lake front be- 
tween the mouths of the Chicago River and the 
Calumet River. The northern division has its 
pumping station near the lake end, at Lawrence 
and Evanston Aves. The intercepting sewers of 
this division were completed a few years ago, 
but the Lawrence Ave. tunnel to the river has 
been delayed by contractors’ difficulties and pro- 
longed litigation. It is now in partial operation, 
the sewage being discharged into the river, but 
without dilution. The lake water for dilution 
purposes will be turned in probably next October, 
as the intake crib is now under construction. 
The intercepting sewer system has been de- 
signed and built under the direction of Mr. Wm. 
S. MacHarg, M. Am. Soc. C. E., Consulting Engi- 
neer to the Division of Intercepting Sewers in the 
city Department of Public Works. The pumping 
plants have been built and installed by the 
Allis-Chalmers Co., of Milwaukee, Wis. We are 
indebted to this company and to Mr. MacHarg 
for plans, photographs and other information. 


39TH ST. PUMPING STATION. 


The 39th St. tunnel is 2.3 miles long, with an 
intake and pumping station at the lake end, as 
already noted. The tunnel is 20 ft. in diameter, 
and was designed for a normal flow of 57,000 cu. 
ft. per minute. For about 3,000 ft. at the west 
end it was built in open cut, and is of horse- 
shoe section 22% ft. wide and 18 ft. high. A 
view of the pumping station is given in Fig. 1. 
This shows the screens of the intake and also 
the timber protection which forms the forebay. 
The general plan, Fig. 4, shows the position of 
the pumps, and the connections with the inter- 
cepting sewer, the tunnel conduit, and the lake. 
A special feature of the station is the arrange- 
ment of the pumps, channels and gates. This is 
planned to allow great flexibility in handling the 
normal sewer flow and the additional flow due 
to storm water, and in admitting from the lake 
the amount of water needed for the proper dilu- 
tion of the sewage. The equipment Includes four 
centrifugal pumps and two screw pumps. 

The flow from the intercepting sewer enters 
the pumping station at its southwest corner, at 
a level 34 ft. below the pump room floor or 20 
ft. below datum (low-water level in the Chicago 
River in 1847). At the connection is a screen 
chamber, 27 x 28 ft. From this a channel 12 ft. 
wide and from 32 to 34 ft. below the floor level 
extends along the side of the building for 130 
ft. to the lake front, where it makes a curve of 
90° and connects with the gravity channel to the 
tunnel or conduit. All the channels, pump pits 
and foundation pits are of concrete. The foun- 
dations as originally planned (from surveys made 
by borings) were to be of the pile and grillage 
type. But on investigation of the ground by 
test pit it was decided to support them on con- 
crete piers carried down to hardpan, which is 
found at an elevation of 29 ft. below datum. 
This work was done after the site had been sur- 
rounded by a cofferdam and the water pumped 
out, as described in our issue of Dec. 17, 1903. 


CENTRIFUGAL PUMPS.— There are four cen- 
trifugal pumps. Each has a horizontal runner of 
the enclosed vane type, on a vertical shaft, 
driven by horizontal triple-expansion condensing 
engines. To a crank arm on the upper end of 
the shaft are attached the connecting rods of 
the engines, these rods moving in horizontal 
planes. There is no fly-wheel, but the crank 
arm has a counterbalance. The general design 
of pumps of the same type for pumping sewage 
into the lower end of the southern division of 
the intercepting sewer was illustrated in our 
issue of March 31, 1904. 

The two smaller pumps (for ordinary sewage) 
have each a capacity of 75 cu. ft. per sec., 
against a head of 24 ft. Each pump has a run- 
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ner 7% ft. diameter, and is driven by a horizontal 
triple-expansion Corliss engine with the cylinders 
set at angles of 120°. The cylinders have diam- 
eters of 12, 22 and 32 ins., and a stroke of 30 
ins. The two larger pumps (for storm water) 


from the sewers rises in the chamber, due to ex- 
ceeding the capacity of the first two pumps, its 
pressure forces the gate open and admits the in- 
creased flow to the intake of the two larger 
pumps, Nos. 3 and 4. 


FIG. 1. 


PUMPING STATION AT 39TH ST. AND THE LAKE FRONT; CHICAGO 


INTERCEPTING 


SEWER SYSTEM. 
(This station pumps sewage and lake water to the Chicago River and the Drainage Canal.) 


have each a capacity of 250 cu. ft. per sec., 
against a head of 13 ft. Each pump has a runner 
944 ft. diameter and is driven by an engine of 
the same type as above described. The cylin- 
ders are 16, 30 and 46 ins. diameter, with a stroke 
of 30 ins. A recent official duty test of these 
pumping engines showed a duty of from 104,- 
000,000 to 109,000,000 ft.-lbs. per 1,000 lbs. of dry 
steam. An efficiency of 69% was obtained for 
the engine and pump combined. Fig. 2 is a 
view in the engine room, showing the engines 
of the centrifugal pumps. 

The two smaller centrifugal pumps, Nos. 1 and 
2, will take care of the dry-weather flow. This 
now amounts to about 90 cu. ft. per sec., but 
may eventually reach a maximum of 145 cu. ft. 
per sec. Ordinarily, therefore, the flow from the 
intercepting sewers is admitted to these pumps 
only. They are placed in circular pits, with the 
suction 19% ft. below datum (30% ft. below the 
floor) and the discharge 17 ft. below datum. The 
suction connection between each pump and the 
sewage well is built in concrete. It has an 
elliptical section 4 x 6 ft. at the well, tapering 
to a circular section 4 ft. diameter at the pump 
pit. 

The combined flow of sewage and storm water 
in the intercepting sewers during storms or 
rainy seasons may reach as high as 666 cu. ft. 
per sec., and additional pumping capacity is pro- 
vided to handle and control this. In the channel 
beyond the screen chamber (Fig. 4) is a sewage 
chamber, A, having its bottom 25 ft. below 
datum. This is formed by a cross wall of con- 
crete 8 ft. high, built midway between the screen 
chamber and the curve to the gravity channel. 
Above this wall is placed a transverse automatic 
swinging gate, B, 11% ft. wide and 20 ft. high. 
It is hung from its upper edge, so that its lower 
edge closes against a brass seat on the gate 
frame. This gate and the cross wall thus seal the 
sewage chamber from the inlet channel, C, under 
normal conditions. When the storm-water flow 


The hottom of each of the pits of these latter 
pumps is 9.5 ft. below datum. The suction con- 
nection is similar to that of the smaller pumps. 
It is 9 x 11 ft. (elliptical) at the sewage well end, 
and 7 ft. diameter at the pump pit. In order to 
obtain the best practicable velocity in the sewer, 
the water surface must be kept at a level 8 ft. 
or more below datum, depending on the quan- 
tity of the combined storm-water and sewage 
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FIG. 2. 


flowing to the well. For these reasons the water 
level in the well varies from 8 to 14 ft. below 
datum. The greater part of the service performed 
by the larger pumps occurs when the level is 
from 11 to 13 ft. below datum. The quantity 
pumped under these conditions ranges from 100 
to 500 cu. ft. per sec. 

When the larger pumps are handling the flow 
from the intercepter, the lift-gate D is closed. 
This shuts off the inlet channel C from the 
gravity channel, and excludes the lake water. 
The inlet channel, C, and the sewage chamber, 
A, then form a single main sewage well. When 
the lift-gate, D, is opened, the swing-gate, B, 
will be closed automatically by the water pres- 
sure, thus separating the sewage chamber from 
the inlet channel. 


SCREW PUMPS.—Under ordinary conditions 
the level of Lake Michigan at the intake is fully 
14 ins. above that of the river at the outlet. This 
gives a gravity flow through the 39th St. tunnel. 
The volume of water thus carried, however, is 
not always sufficient to give the requisite total 
fiow of lake water in the Drainage Canal. In 
order to supply the necessary volume, two screw 
pumps are provided, one or both of which may 
be used as required. They have each a capacity 
of 666 cu. ft. per sec. These pumps, E and F, 
are very similar to the screw pump of the river 
flushing pump at Milwaukee, Wis., described in 
our issues of Aug. 1, 1907, and April 23, 1908. 
They have been installed and the results of 
their official tests are noted at the end of this 
article. 

Water from the lake is led to these pumps (and 
also to the channel for gravity flow to the tun- 
nel) through channels from an intake of horse- 
shoe shape in plan, 80 x 80 ft., fitted with 
screens. This extends 80 ft. into the lake, and 
is protected by bulkhead walls forming a fore- 
bay, with an opening on the south side. The 
intake discharges into the gravity channel of 
the pumping station through an opening fitted 
with a gate, G. Between the gravity channel 
and the channel leading to the south screw pump, 
E, is a lift-gate, H. The two openings from the 
intake to the screw pumps also have lift-gates, 
I and J. All four lift-gates are operated by 
motors in the gate house on the lake front. 
Fig. 9 is an interior view of the gate house, 
showing the electric hoists. 

An hydraulic lock gate, K, seals the gravity 
channel from the conduit leading to the river. 
Similar gates L and M close the tail races or 
discharge conduits of the screw pumps when it 
is necessary to exclude water from the wheel 
chambers to allow access to the pump wheels. 
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These lock gates swing on hinges built into the 
side walls of each channel. They are opened and 
closed by oil cylinders operating under 3,000 Ibs. 
pressure. Four sets of vertical guides for tim- 
ber partitions are formed in the sides of the grav- 
ity channel, so that any one of the centrifugal 
pumps may be temporarily isolated and have 
its pit emptied, without affecting the operation 
of the other pumps. Under those circumstances 
the discharge from such of the units as may be 
on the lake side of the partition can be sent to 
the conduit through the south screw pump, E, 
by closing the lift-gate D and opening gate H. 
Fig. 5 is a view showing the connection from the 
sewage channel to the first screw pump. At the 


left is the gravity channel (Fig. 4), and beyond 


the opening is the entrance of the channel to 
the screw pump. The vertical slot in the walls 
of the opening is for gate H. 

Each screw pump is driven by a vertical 
triple-expansion condensing engine with cylin- 
ders 22, 88 and 62 ins. diameter and 42 ins. 
stroke. The total height of the engines above 
the foundation is 35 ft. The wheels are 14% 
ft. diameter, each consisting of an hexagonal 
hub surmounted by six blades or impellers set 
in the direction contrary to that of a boat’s 
propeller. A cone is placed on each side of the 
wheel, to direct the flow to and from the blades. 
The wheel revolves in a cylindrical cast-iron 
casing set in a concrete cylindrical channel 16 
ft. long and allowing a clearance of -in. for 
the blades. A second casing placed in the chan- 
nel, just beyond the wheel, contains stationary 
deflector blades which reduce the swirling motion 
given to the water by the wheel. The shaft on 
which the wheel is mounted is carried by an 
outboard bearing in the center of the second 
casing, where it is supported by the deflector 
blades. Each engine is directly connected to 
its pump wheel by a horizontal shaft, and the 
pull on the shaft is taken up by a thrust bearing 
of the marine type, which is placed inside the 
engine pit. The wheels revolve at 55% r. p. m. 


The engines are peculiar in having the high- 
pressure and intermediate cylinders placed tan- 
dem upon one frame, while another frame carries 
the low-pressure cylinder. The tandem cylinders 
(with the high-pressure cylinder on top) are 
nearest the pump. With this arrangement only 
two cranks and two main shaft bearings are re- 
quired. As the screw shaft is driven from the 
tandem crank by a drag crank, the alinement of 
the engine shaft is independent of that of the 
Screw shaft. 

The connection between the cylindrical channel 
at the wheel and the rectangular channels at 
the gates on either side is made by inclining the 


Fig. 3. Coal Handling Plant at the 39th St. Sew- 
age Pumping Station. 


arch upwards in each di- 
rection from the wheel. 
The connections, there- 
fore, are of oval section, 
with varying vertical di- 
ameters. The inverts of 
the wheel casings are 21 
ft. below mean lake 
level. 
The engine pit is lo- 
cated between the two. 
channels leading from 
the screw pumps. It is 
oval in plan, 37% x 45 È 


Va 


LAKE Mle, 
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ft, and is 25 ft. deep. N 
The bottom is 14 ft. iÈ 
below datum, and is i 


anchored to a mass of 
concrete about T ft. thick. 
The pit is built up of 80 
cast-iron sections or 
panels, as shown in Fig. 
6, which is a view of 
the structure erected in 
the builders’ shops. The 
sections are approxi- 
mately 10 ft. square. They 
are 2 ins. thick, and have 
internal flanges for 
bolting. The faces are 
planed, and lead sheets 
are fitted at all joints, so 
as to form a permanent 
packing which can be 
calked at any time. The 
inclined rib showing on 
one side (and cast with 
the sections) forms the 
skewback for the con- 
crete arch of the con- 


duit roof, which rises 
behind the wheel, as 
already described. The 
vertical offsets or ribs 
on the outside of the 
pit form joints with 
the conduit walls, 


which are thus main- 
tained at their full thick- 
ness where they meet 
the shell of the pit. 
The total weight of 
the pit is about 250 tons. The anchorage to the 
foundation, and the weight of the arches and 
floors hold the pit down with a force in excess 
of its flotation when submerged. There is, there- 
fore, no fear of any tendency towards lifting. 

The condensing plant consists of Tomlinson 
condensers, with 8-in. circulating pumps of the 
single-stage centrifugal type, directly connected 
to small engines. Each of the screw pumping 
engines has its own condenser. There are 
separate condensers for the four centrifugal 
pumping engines, but the exhaust piping from 
these engines is so arranged that any one of 
them can exhaust into either of the two con- 
densers provided for the screw pumps. The use 
of centrifugal pumps for the condensers was 
adopted for the reason that the injection water 
is impregnated with sewage and contains foreign 
substances, which would tend to clog up valves 
and interfere with the action of a piston or 
plunger. The water passages in the head of the 
barometric condenser are also designed so that 
foreign substances in the water may pass 
through without trouble. 

The boilers are of the Aultman & Taylor 
water-tube type. Each is rated at 264 HP., or 
a total of 1,584 HP. (on a rating of 10 sq. ft. of 
heating surface per HP.). They have Mansfield 
chain-grate stokers, fitted with an improved 
water-back. They developed 74% efficiency 
under 58% overload, using Illinois coal screen- 
ings. The boilers are served by a chimney 
S ft. 6 ins. diameter and 188 ft. high above the 
ground. This is of the Alphons Custodis radial 
brick construction. . 

Coal cars are switched on a spur of the Illinois 
Central Ry. under the loop of a steel-truss run- 
way extending over the west end of the boiler 
room and the coal-storage house. On the run- 
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FIG. 4. PLAN OF 39TH ST. PUMPING STATION; SHOWING THE 
ARRANGEMENT OF PUMPS, CHANNELS AND GATES. 


way travels a car with apparatus for handling 
a grab-bucket. This coal-handling system is 
shown in Fig. 3. When the loaded bucket is 
raised, the car carries it around the elevated 
track to one of two dumping positions; over the 
coal-storage house, or over a hopper in the end 
of the boiler house. Thence the coal is taken 
directly to the magazines of the stokers by a 
traveling hopper mounted on a four-wheeled 
truck and running on an elevated track which 
passes across the boiler room in front of the 
stokers. The entire handling of coal is done 
without hand work. Coal in the storage house 
is handled by the bucket in the same way, the 
bucket loading the coal into the traveling hopper. 
The ashes are handled by wheelbarrows, but 
chutes are formed behind the grates through 
which they may be delivered to a conveyor in the 
basement. No conveyor has been installed. 


LAWRENCE AVE. PUMPING STATION. 


This pumping station was planned originally to 
be at the lower or outlet end of its tunnel. As 
constructed, however, it is at the lake or intake 
end, as in the case of the 39th St. pumping sta- 
tion. A general plan is shown in Fig. 8. There 
are three horizontal centrifugal pumps, for 
handling the sewage and storm water. One of 
these has a capacity of 37.50 cu. ft. per sec., 
which is estimated to be sufficient for the dry- 
weather flow of sewage. The others (to handle 
storm-water) have each a capacity of 125 cu. 
ft. per sec. They are driven by engines of the 
same type as those at the 39th St. station. For 
pumping lake water into the river there is a 
screw pump having a capacity of 585 cu. ft. per 
sec. This is of the same type as the screw pumps 
at 39th St., already described. The sewage 
pumps are in use and the screw pump is erected 
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FIG. 5. CONCRETE WORK OF PUMPING STATION, SHOWING OPEN- 
ING TO CONNECT SEWAGE WELL WITH INTAKE OF SCREW 


PUMP. | 


(The view is taken from point x in Fig. 2; Gate H slides in the slot in the walls 


of the opening. 


but not yet in service. It is ready for use when 
the lake intake is completed, which is expected 
to be in October. 

The intercepting sewer enters at the south- 
east corner of the building, and connects with a 
channel in which is a screen chamber, A. Be- 
yond this the channel forms the sewage well, B. 
From this the sewage is drawn by the cen- 
trifugal pumps and delivered to the discharge 
channel, C, terminating in the Lawrence Ave. 
tunnel. At D is a connection for a sewer in 
connection with sub-main sewers which are to 
be reconstructed west of the pumping station. 
The main 16-ft. conduit in Lawrence Ave. is 
diverted to pass through the pumping station, 
as shown on the plan. It enters the southeast 
corner of the building, makes a right angle bend 
(of 22.3 ft. radius on the center line) past the 
pump pit, and returns to Lawrence Ave. 

The wheel of the screw pump is placed at E, 
and the circular section of the conduit is gradu- 
ally reduced to 13% ft. diameter at the wheel. 
Gates are provided to allow of shutting off the 
channel on each side of the wheel. These gates 
are of particular interest. They are of cast iron, 
and slide vertically in slots in the walls of the 
13%-ft. channel. Owing to the great size, each 
gate is cast in two parts; these are put to- 
gether with a vertical flange and bolted joint. 
To each side of the gate is attached a sprocket 
chain. These pass over sprocket wheels on a 
shaft above the gate slot, and thence horizon- 
tally to similar wheels on another shaft which 
{s driven by gearing from an electric motor. 
The chains are not wound upon a drum, but 
hang loosely from the rear sides of the driving 
sprockets. 

The arrangement of the two gates (on oppo- 
site sides of the pump wheel), with their oper- 
ating machinery, is shown in Fig. 7. 

A by-pass connection between the intercepting 
sewer and the lake water conduit is provided at 
F. Thus the sewage can be pumped by the 
Screw pump in emergency, or in the event of 
repairs being made to the three centrifugal 
pumps or the sewage well. All the foundation 
work is carried down to hardpan, as shown by 
the section in Fig. 8. 
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FIG. 6. CAST-IRON PIT FOR THE VERTICAL ENGINES DRIVING THE 


SCREW PUMPS AT THE 39TH ST. PUMPING STATION. 


(The inclined rib cast on the sections forms the springing line for the con- 
crete arch of the discharge channel.) 


TESTS OF THE SCREW PUMPS AT THE 39TH 
ST. PUMPING STATION. 

The official duty tests of the screw pumping 
engines at the 39th St. station were made in 
May, 1908, under the direction of three experts: 
Mr. Henry A. Allen, Consulting Engineer, rep- 
resenting the Sanitary District; Mr. L. E. Stroth- 
man, representing the Allis-Chalmers Co., and 
Mr. Wm. J. Jennings, Consulting Engineer, rep- 
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GATES AND GATE MACHINERY FOR THE 13%-FT. CONDUIT AT THE 


resenting Robert W. Hunt & Co. For particulars 
of the tests we are indebted to Mr. Allen. 

The contract called for two vertical triple-ex- 
pansion condensing Reynolds-Corliss engines, 
each connected to a screw pump. Each unit 


Was designed to raise 666 cu. ft. of water per 
sec. against a static head of 7 ft., and to be 
capable of delivering an equivalent quantity 
against a head of 10 ft. 


Each unit was designed 
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FIG. 8. PLAN AND SECTION OF LAWRENCE AVE. PUMPING 
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also so that it could be made to give the maxi- 
mum efficiency attainable for any head between 
5 ft. and 10 ft. The engines were designed for 
a working steam pressure of 170 lbs. The pump 
and thrust bearings were designed for pressures 
due to a head of 10 ft. 


The contract provided also that the pump 
should be tested when working against a head 
of between 6 and 7 ft., this head to be the static 
head between points about 20 ft. ahead of the 
screw and 60 or 70 ft. behind the screw. Under 
these conditions the builders guaranteed for each 
unit a duty of not less than 95,000,000 ft.-lbs. 
per 1,000 lbs. of steam containing less than 2% 
of moisture. The tests showed a duty of 145,- 
347,847 ft. lbs. for the south unit, and 150,681,634 
ft. lbs. for the north unit. The summarized de- 
tails of these tests are given in Table I. The 
results of tests of a tandem-compound screw 
pumping engine for the Kinnickinnic River flush- 
ing plant at Milwaukee, 
issue of April 23, 1908. 


The accurate measurement of the large quan- 
tity of water to be pumped (666 cu. ft. per sec.) 
was considered a difficult problem, and it was 
decided that the greatest accuracy could be ob- 
tained by using current meters. Four current 
meters were ordered from W. & L. E. Gurley, 
and were mounted in a steel frame suspended 
across the discharge channel. The frame was 
held in vertical guides. The meters were placed 
in two positions on the frame, making eight 
points of observation in each horizontal line. 
These observations were made at vertical inter- 
vals of about 22 ins. Thus there were eight 
observations for each of 15 horizontal lines at 
varying depths. The velocities at the 120 points 
of measurement in the cross section of the chan- 
nel for the south pump ranged from a minimum 
of 1.89 ft. per sec. near the top to a maximum 
of 3 ft. per sec. near the bottom. For the north 
pump the range was from 1.72 ft. to 3.86 ft. 
Tests of the weight of water gave an average of 
62.42 lbs. per cu. ft. 


were given in our 


In addition to the duty tests above noted, 
capacity tests were made by Mr. Allen. These 
were made under a clause of the specifications 
which states that during excessively heavy rain- 
fall, one of the pumps will be required to raise 
and deliver 22,000 cu. ft. of storm water per 
min. to a height of 10 ft. This must be done 
without undue strain or loss of efficiency. The 


TABLE I.— OFFICIAL DUTY TESTS OF SCREW- 
PUMPING ENGINES AT THE 39TH ST. PUMPING 
STATION; CHICAGO. 


C. d ĩͤ v seeks eens North South 
Date: (1908) May 15-16 May 11-12 
Duration of test, hours........... 24 24 
Barometer, ins. mercury.......... 29.471 29.06 
Barometer, Ibs. per sq. in......... 14.47 14.27 
Pressure; steam per sq. in. at throt- 
r She dees k 185.56 184.43 
Steam per sq. in. at throttle, 
Ore: JG.) ͤ d ET oe oe 171.09 170.16 
Ist receiver, gage, lbs........... 22.59 24.09 
2d receiver, gage, Ibs. —1.22 —0.24 
Ist reheating coil, gage, lbs 38.02 34.53 
2d reheating coil, gage, Ibs 0.7 1.206 
Calorimeter manometer, ins. of 
ur, cc abdwc ani danke os 6.18 6.46 
Vacuum (ins. of mercury), exhaust 
pipe at condenser ........cccee 26.49 26.60 
Water level, suction, ft. below datum 1.439 713 
Discharge, ft. above datum 5.635 6.352 
Head. total <cascéenasceeeas 7.074 7.065 

Temperature, at eng. throttle (°F.) 375.48 374.97 
At exhaust at condens er 115.15 109.30 
Hot-well ove 54s chet ees 7˙ e ee ce 63.76 59.55 
In Calorimeter sirae ostisi teed 286.81 289.52 
Circulating water 50.2 49.56 
Water. pmp essas 86% 0:0%.0 v8.0 50.7 50.00 
Engine room at barometer...... 81.37 78.70 

Water, feed to boiler; total lbs....189,680.5 194,866.0 
Leakage from boilers, total, lbs.. 5,145.1 4,365.0 
Returned from traps, total, lbs.. 7,458.0 7,272.0 
Chargeable to calorimeter, total, 

P MSs ORR Eanes eek 1,393.0 1,384.5 
Steam used by engine, total, lbs. . . 175, 684.4 181, 844.0 
Steam, quality, per cenß t. 98.177 98.35 
Revolutions main engine, total. 75,400 77,262 
Revs. per min., main engine, ave. 52.361 53.654 

Circulating engine, average..... 346.38 319.02 
Piston speed; ft. per min., average 366.53 375.58 
Discharge channel, average width 

P 9.929 10.125 
Ave. depth at meters, ft. 26.645 26.463 
Ave. cross-sec. area at meters, 

o / AA awe ene i 264.558 267.938 
Ave. velocity at meters, ft. per sec 2.623 2.589 

Capacity, water pumped, ave. cu. 

ft: PEP ORG. ix6sstenieecaguisase 693.935 693.691 
Weight of one cu. ft. of water 

Fr ˙ m 62.416 62.419 
Foot- pounds, average per sec. 

(average cu. ft. per sec. to aver- 

// A 306,393.665 305, 910.957 
Water HP., ave. measured........ 08 . 
Steam I. HP., main engine, ave. 

from “GATOS 6 < se AAA nunuees 641.54 690.72 
Circulating eng., ave. from cards. 12.03 10.22 
PPC 653.57 700.94 

Mechanical efficiency combined, % 85.20 79.30 
Saturated steam per I. HP. per hr. 11.20 10.81 


Official duty per 1,000 lbs. steam.. 
150,681,634.46 145,347,847.70 


TABLE n TESTS OF SCREW PUMPING 


NGINES 
North engine. South engine. 
ANTARO Ty. D Whe cesec vdvswss 56.910 57.555 
c 913.770 937.400 
r Vas wesaaeera 2.975 6.690 
Dor HOA: ticis isnie 7.136 3.499 
TOL ONG, ia waar ee ae 10.111 10.189 
Vel. of discharge, ft. per sec.. Za aai 
Ave. capacity, cu. ft. per sec.. 673.223 664.000 


engine must work smoothly and economically 
and at a moderate rate of speed. The capacity 
tests were made for a three-hour run with each 
engine. A summary of the results is given in 
Table II. 


MA oe 
it oe 


FIG. 9. 


INTERIOR OF GATE HOUSE, WITH ELECTRIC HOISTS FOR HANDLING LIFT GATES. 
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A GAS OLENE MOTOR WITH ROTATING CYLINDERS. 


The motor described in what follows, in some 
respects, might be termed a rotary gasolene en- 
gine. However, it carries cylinders in which pis- 
tons reciprocate as in an ordinary gas engine. 
The motor is a four-stroke cycle machine and 
the power is derived from the explosion of a mix- 
ture of gasolene vapor and air between the pis- 
ton and cylinder head as in ordinary internal- 


FIG. 1. 


(One at right in operation.) 


combustion engines. Instead of fastening down 
the cylinder and causing a crank shaft to re- 
volve, as in an ordinary engine, here the crank 
shaft is fixed and the torque resulting from the 
explosion pressure causes the frame, holding the 
cylinders, to revolve. This idea of revolving the 
cylinders instead of a wheel driven from pis- 
tons has been used by many inventors before 
and this particular design has previously 
been adapted to automobile work and it is now 
proposed to use it for aeronautic experiments, on 
account of its lightness. The makers claim that 
the engine herein illustrated, weighing about 97 
lbs., will develop 36 B.H.P. This engine has five 
cylinders of 4%4-in. bore and 3%-in. stroke, and 
may be operated safely up to a speed of 1,800 
r.p.m. However, when the engine is heavily 
loaded the speed may be reduced to 80 r.p.m. A 
normal running speed is about 300 or 400 r.p.m. 

CYLINDERS, PISTONS, ETC.—Fig. 3 shows 
the five bronze connecting rods which are inter- 
laced, in the position shown, about the single 
crank pin of the shaft of Fig. 4. On the lower 
end of this crank shaft there will be noticed two 
milled faces, where the shaft is to be keyed to 
the supporting base. In this case the base is an 
aluminum casting clamped to four 2-in. steel 
tubes as shown in Figs. 1 and 7. 

The relative movements of cylinders, pistons 
and connecting rods will be understood by refer- 
ence to Fig. 5, which shows a horizontal section 
of the motor in a plane bisecting the cylinders. 
The center Oi is the center of the two main bear- 
ings about which the cylinders revolve as. one 
piece. As indicated, these cylinders are separate 
castings bolted together and also bolted to top 
and bottom flanges, completing the crank case, 
as may be seen in Fig. 2. At the same time the 
top flange is arranged to serve as a gas manifold 
pipe, while the bottom one transmits the power 
developed to a large spur gear, carried by the 
aluminum base. The center, Os, Fig. 5, is the 
center of the crank pin on which the five con- 
necting rods are assembled. As the connecting 
rods are of the same length, the piston pins fol- 
low each other in a circle about Os. As the cen- 
ters, Oi, and Os, are eccentric to each other, the 
revolution of the cylinders and connecting rods 
about these different centers gives the desired 
piston travel. 

CARBURETOR.—The carburetor may be seen 
in Fig. 2. It is a part of the aluminum casting 


TWO FIVE-CYLINDER, FARWELL GASOLENE MOTORS, 
MOUNTED ON STEEL TUBES. N 


mounted above the cylinder set, or crank case, 
and is of a simple float-feed type. The top view 
of the engine shows the disposition of the 
carburetor. The small gasolene feed pipe ds 
shown leading off to tank above the motor. Di- 
rectly above the union connecting this feed pipe 
to the carburetor casting is the float chamber, 
and above this is the needle-valve adjusting 
screw. The spray nozzle of the carburetor de- 
livers the gasolene to a circular opening in the 
crank-case casting which 
is cored out to form 
the manifold pipe leading 
to the aluminum intake 
pipes located one above 
each cylinder. The vapor 
travels the same distance 
to each cylinder inlet 
valve and is driven out 
toward these valves 
partly by centrifugal 
force. 


OILER. — The alumi- 
num casting in which the 
carburetor is built also 
forms the oil tank. The 
oiling mechanism is 
driven from the electric- 
ignition timer by a 
worm gear. This 
mechanism looks much 
like the cylinder of 
an ordinary revolver. 
Each of the holes, cor- 
responding to the cart- 
ridge chambers, carries 
plungers which are driven 
first one way and then 
the other by two 
Stationary face cams placed one at each end of 
this cylinder. These plungers suck in two drops 
of oil at their lowest point and at their highest 
point expel this oil into the two tubes, shown in 
Fig. 7, leading to oil holes in the top of the sta- 
tionary crank shaft. All ports in the oiler are 
opened and closed by the movement of one re- 
volving part and there are no springs and check 
valves. The oil, after entering the crank shaft, 
is distributed to the cylinders by centrifugal ac- 
tion. One of the oil tubes shown supplies the 
crank-pin bearing. All the surplus oil settling 
to the bottom of the motor passes over the lower 
shaft bearing. The upper shaft bearing must be 
oiled by hand. 

VALVE GEAR.— The inlet valve is the upper 
one seen on each cylinder, in Fig. 2, and the lower 
one is the exhaust. The rocker arm at the end 
of each cylinder is connected to the stems of 
the inlet and exhaust valves and to the valve 
rod seen under each cylinder. It is especially 
notable that no fulcrum is provided between the 
two valve stems and no springs are required to 
hold the valves closed. Centrifugal force acting 


on the valve-gear parts tends to close all valves. 
To open the exhaust, the valve rod is pulled in 
tcward the center of the motor. The pivot con- 
necting the upper end of the rocker arm with the 
stem of the inlet valve then becomes the fulcrum 
and the exhaust valve is pushed open. To open 
the inlet valve, the pull on the valve rod is re- 
leased and the rod is moved outward. The pivot 
at the middle of the rocker arm now becomes 
the fulcrum and the inlet valve is pushed open. 
There are auxiliary exhaust ports, shown on 
Figs. 2 and 7, placed on the rear side of the cyl- 
inder; that is relative to the direction of rota- 
tion. There are no check valves on these auxil- 
iary exhaust ports as there is no exhausting into 
a muffler and hence no liability of drawing in 
burned gas on the suction stroke. The two studs 


Fig. 3. Connecting Rod Set; Farwell Motor. 


shown at the auxiliary exhaust ports are to hold 
baffle plates upon which the exhaust is muffled. 
The high-pressure exhaust gases come out of 
these ports so that no noise is made at the main 
ports. With the baffle plates left off, only a 
Slight noise results at the auxiliary ports. 

The arrangement of the five valve rods in ra- 
dial positions makes it possible to operate them 
all at the proper time, with a single cam. An 
outline (bottom view) of the cam employed is 
shown in Fig. 6. The valve rods are pivoted to 
levers whose wiper shoes bear on the periphery 
of the cam and are pivoted at equidistant points 
about the cam. This cam has a bearing around 
a sleeve connecting the cast-steel flange, to 
which the cylinders are bolted, with the large 
spur gear seen next to the cast aluminum base 
in Fig. 2. The cam is made to revolve, by a train 
of spur gears, in the same direction as the motor, 
but at a lower speed, the ratio being 6 to 5. The 
cam, therefore, makes one revolution relative to 
the cylinders while the cylinders make six revo- 
lutions about the crank shaft. For a five-cyl- 
inder, four-stroke cycle engine it is necessary 
then that the cam should be laid out to represent 
three complete cycles or 12 piston strokes. 

On Fig. 6, the radius Ni is such that the valve 
rod is moved way out from the center of the 
motor and the intake valve is opened; Rs has 
such a value that both valves are closed and R, is 


FIG. 2. A SINGLE FARWELL, FIVE-CYLINDER GASOLENE 
MOTOR, COMPLETELY ASSEMBLED. 


Fig. 4. Stationary Crank 
Shaft: Farwell Motor. 
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such that the valve rod is drawn way inward and 
the exhaust valve is open. 

The full line in Fig. 6 represents that part of 
the cam which revolves in a fixed relation to the 
cylinders. The dotted line represents a movable 
portion of the cam which, although revolving 
with, and at the same speed of, the rest of the 
cam may be moved somewhat relatively to the 
rest of the cam. This auxiliary cam controls the 


Cylinder 
No. 5. 


FIG. 5. CROSS-SECTION OF CYLINDERS AND CRANK CASE: FAR- 


WELL GASOLENE MOTOR. 


closing of the inlet valve and by this action the 
engine is controlled. 

CONTROL.—To reduce the power of the engine 
from its maximum, the cam can be changed so 
that the inlet valves are held open for a part 
of the compression stroke. This allows a part 
of the combustible mixture to be blown back 
into the intake channel and manifold to serve 
another cylinder; none of the mixture is dis- 
carded. Referring again to Fig. 6, at the right 
side of the cam will be seen additional dotted 
lines and the figures, 0, 1, 2, 3, and 4, indicating 
possible positions of that point of the auxiliary 
port of the cam which closes the inlet valve. 
With the auxiliary cam set at 2, about half the 
gas will be retained in the cylinder. At 4 the 
whole charge is retained and at 1 the inlet valve 
is not closed until ignition. For the position 1, 
of this auxiliary cam, only a small charge of 
gas, at atmospheric pressure, is fired, giving but 
little power. It is claimed as a great advan- 
tage of this method of control that the passage 
of gas is not restricted, as with a throttling gov- 
ernor, and that there is no tendency for the 
cylinder, on the suction stroke, to act as a 
vacuum pump and resist its down travel. The 
makers claim the abflity to fire a thinner mix- 
ture, or a smaller charge of gas with this engine 
than can be done with any other, as centrifugal 
action forces the heavier part of the mixture to 
the ignition end, so that it is more easily fired. 

IGNITION.—From Fig. 2 it will be seen that 
each spark plug is connected to a screw at the 
top of a fiber insulator, and that these insulators 
are attached to the motor at points midway be- 
tween the cylinders. The screws in the fiber are 
adjusted so as to allow, above them, the free 
passage of the brass arc, seen in Fig. 2. This 


are is supported by an aluminum sector but in- 


sulated from it by a fiber arc. The sector is ad- 
justed so that, as a piston approaches a cylinder 
head, that fiber insulator carrying the spark- 
plug connection for this cylinder is under the 
distributing arc. Thus when any cylinder reaches 
the firing point its secondary ignition circuit is 
properly arranged for the passage of the jump 
spark when the timer shall close the primary cir- 


cuit. This high tension discharge will then pass 
from the induction coil to the distributing arc, 
will jump from there to the spark-plug connec- 
tion, will jump the ignition spark gap, in the cyl- 
inder, to the framework of the motor and thence 
back to the secondary of the coil. 

When a cylinder has completed its exhaust 
stroke, its spark-plug connection is passing 
under the distributing arc, but, as the timer does 


Lox. 
~? 
sg 


A 


ection of Rotation 
l 


pire’ 
P-a 


not now close the primary circuit, 
passes in the secondary circuit. 

Figs. 2 and 7 show this timer, above the lower 
cylinder, with the cover in place hiding the 
interior. One wire of the primary circuit is at- 
tached to a binding post which is insulated by a 
fiber block, from the aluminum casting in which 
the timer is housed. This binding port connects 
to a steel spring at the opposite side, of the 
timer box, from the cover. A roller is free to 
revolve, but it is eccentrically mounted on the 
shaft which carries it. This shaft is made to 
run at 2% at times the engine speed so that a 
contact is made between the roller and the flat 


no spark 


steel spring at each 144° of main cylinder-set . 


travel. The primary circuit runs from the bat- 
tery to the primary of the induction coil, thence 
to the timer and to the engine frame and from 
this to the battery. Only a single spark-coil and 
battery set is necessary for all five cylinders. 


COOLING.—The principal advantage claimed 
for this design is in the feature of perfect air 
cooling without auxiliary apparatus of any sort. 
The revolving cylinders act in the nature of 


blades of a fan except that they discharge air 
more or less tangentially to their outer circle. 
The air attains its highest velocity at the ends 
of the cylinder where the greatest cooling effect 
is desired. 


Suc. = Suction 
Comm. = Compression 
Hh. Expansion 
N Exh. = Exhaust 


FIG. 6. VALVE-GEAR CAM OF FARWELL GASOLENE MOTOR. 


These novel details are the work of Mr. F. O. 
Farwell, General Superintendent of the Adams 
Co., of Dubuque, Ia. 

7 

THE ADDITION OF PUZZOLANA TO CEMENT or 
lime to increase the resistance of concrete and mortar 
in sea-water has recently been advocated again by offi- 
cials of the French Corps of Ponts et Chaussees, who 
have been conducting lengthy experiments upon the sub- 
ject. From the experiments they have decided that 
the addition will add both to the strength of the mor- 
tar and to its ability to resist disintegration in the sea 
water. In preparing the mixture it is recommended 
that the puzzolana be ground to the same fineness as 
the cement or lime, that it be mechanically mixed until 
a perfect combination is assured and that, with Port- 
land cement, the proportions should be by weight, two 
of cement to one of puzzolana. With other kinds of 
hydraulic limes or cements, the degree of mixture should 
be determined by a series of tests, in solutions of sulphate 
of magnesia, the degree of decomposition indicating the 
relative ability to resist sea-water. 


FIG. 7. TWO FARWELL MOTORS MOUNTED ON TUBE FRAME. 
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WIND STRESSES IN REINFORCED-CONCRETE CHIMNEYS 
AND A DIAGRAM FOR THEIR DETERMINATION. 
By E. R. MAURER.“ 


On a horizontal section of a chimney sus- 
taining no wind pressure, the fiber-stress in 
the concrete is a uniform compression. Wind 
pressure will change this uniform stress pro- 
ducing shear also, not considered in this article— 
increasing the intensity of the compression on the 
lee side and decreasing it on the windward. The 
decrease may be larger than the pre-existent 
intensity, the net result being a tensile stress. 
Two cases will be distinguished; in both it is 


assumed, just as in the most widely used flexure 
formulas for the working strength of an ordi- 


Fig.2. 


Fig. t. 

Figs. 1 and 2. The Reinforced-Concrete Chimney 

for Condition of No-Tension or Tension of 
Slight Amount. 


nary reinforced concrete beam, that the fiber 
stress is a uniformly varying one. 

CASE 1. NO TENSION.—The stress at the 
windward side remains compressive or becomes @ 
tension of low intensity, say less than 5O lbs. per 
sq. in. (see Figs. 1 and 2.) Determination of 
the intensity, or unit stress, at any point of the 
cross-section is comparatively simple, for the 
ordinary method of combining direct and 
flexural stress applies. Thus let 

A =area of chimney section under considera- 


tion, 
W = weight of superincumbent portion of 
chimney, 


M = bending moment at the section, 

f' =unit-stress in concrete at the windward 
side, 

f" = unit-stress in concrete at the lee side, 

n =ratio of the modulus of elasticity of steel 
to that of concrete (taken as 15 in all 
numerical work following) and 

I = moment of inertia of the composite sec- 
tion about a diameter, computed as 
explained below; 


W Mr. 


fi = — — — 


A I 


7 Mr: 

; and f” = —— + 
A 4 I 

If, in a given instance, f’ comes out negative, 
then the stress at the windward side of the 
section under consideration is tensile. The 
greatest compressive unit-stress in the steel is 
less than nf”, and, if some of the steel is under 
tension, its greatest tensile unit-stress is less 
than nf’. The first of these maxima is safe if 
f” is safe, and the second is insignificant. 

In addition to the foregoing notation let 

Ie =moment of inertia of the concrete section 

with respect to a diameter, 

I. = moment of inertia of all the steel sections 

with respect to same line, 

A.=total area of all steel sections, and 

p steel ratio, that is A./A. 

In computing the moment of inertia J, the steel 
sections must be weighted n-fold; that is, 
I = nI, + Ie. Instead of using the actual steel 
sections to compute Js, one may substitute with 
sufficient accuracy the section of a cylindrical 
she’s rolled from the steel, the mean radius of 
the shell being r. Then, as the concrete sec- 
tional area is practically the same as the total, 


? 


] 
I=nA, e A ae 


1 
= — A (npr? + ri + rì) 
4 


Erample 1.—A reinforced-concrete chimney is 
150 ft. high; its outer diameter is constant and 


professor of Mechanics, University of Wisconsin, 
Madison, Wis. 


equal to 12 ft. 2 ins.; the upper 100 ft. of the 
shell is 6 ins. thick and the lower 50 ft. is 8 ins. 
thick. At a section 50 ft. from the top, the ver- 
tical reinforcement consists of 16 -in. rods. The 
extreme unit-stresses at this section are required, 
the chimney being under wind pressure as- 
sumed to be equivalent to 30 Ibs. per square 
foot of projected area. 

Taking the weight of concrete at 150 lbs. per 
cu. ft, W is about 137,500 lbs., and M about 
5,475,000 in.-lbs. Since As = 7.07 sq. ins. and 
A = 2,636 sq. ins., p = 0.0027; also 
I = M 2,636 (15 x 0.0027 x 70? + 67 + 73) = 

6,597,000 ins“. 


Then 
137,500 5,475,000 
f = —_——_ — —— 173 
2,636 6,597,000 | 
= 52 — 60 = — 8 lbs. per sq. in.; 


hence there is but slight tension on the windward 
side, the stress-condition at the section does fall 
under Case 1, and 
f” = 52 + 60 = 112 lbs. per sq. in. 

Example 2.—At the section 100 ft. below the 
top of the chimney the vertical reinforcement 
consists of 48 %4-in. rods; it is required to de- 
termine the extreme unit-stresses there. 

Here W is about 275,000 Ibs. and M about 
21,900,000 in.-lbs.; 4. = 21.2 sq. ins., A = 2,636 


sq. ins., p = 0.008, and I = 6,864,000 ins*. Then 
275,000 21,900,000 
f! = — (— — . 78 
2,636 6,864,000 
== 104 — 233 = — 129 lbs. per sq. in.; 
that is, there is a considerable tension at the 


windward side, and while good concrete in small 
specimens can withstand a static tension of 
this value, the computation for stress should be 
made by the method of Case 2. 


CASE 2. TENSION ON WINDWARD SIDE.— 
The wind pressure is so great that the resultant 
stress at the windward side ts a tension whose 
intensity is 80 high that the concrete has been 
cracked or is near the cracking stage; in other 
words, the tensile stress-condition resembles 
somewhat that at the section of maximum mo- 
ment in an ordinary reinforced-concrete beam 
under full safe load. In the computation for this 
case, the tensile strength of the concrete will be 
entirely neglected, as is almost universally done 
nowadays for concrete beams. 

Practical rational formulas for unit-stresses for 
this case cannot be deduced. But a rational 
diagram can be constructed by means of which 
unit-stresses can be easily determined for any 
section of a given chimney; also the amount 
of vertical reinforcement required at any section 
of a given concrete shell can be readily determ- 
ined by it. Such a diagram (Fig. 3) will now be 
described by example, and then the analysis on 
which its construction is based will be given. 

In addition to the foregoing notation, let 


c= unit-stress in concrete adjacent to the re- 

motest steel on the lee side (see Fig. 4), 

fs = unit-stress in the remotest steel on 
the windward side (see Fig. 4), 

e =the distance from the center of the section 
to where the resultant of the weight 
and wind pressure cuts the section, 
“eccentric distance” (see sketch on the 

diagram, 

m= a coefficient such that fe = mW/A. 


At the base of the diagram there are given 
values of “eccentricity,” e/r, and at the left side 
values of m. The curves relate to various per- 
centages of steel, from 0 to 4%, and will be called 
percentage-lines; and the straight lines relate to 
various ratios of fs/fe and will be called ratio- 
lines. $ 

Erample 3.—The last-given example will be 
used as illustration. From its solution, W = 
275,000 Ibs., M = 21,900,000 in.-lbs., p = 0.8%, 
and A = 2,636 sq. ins.; hence e = 21,900,000 + 
275,000 = 79.6 ins., and e/r = 79.6 + 70 = 1.14; 
also W/A = 104 lbs. per sq. in. Now entering 
the diagram at e/r = 1.14, we trace vertically 
upward to a point corresponding to an 0.8 per- 
centage-line, and then horizontally to the left 
side, taking out the value m = 3.65. We also 


the neutral axis, 


note that the turning point is practically at the 
20 ratio-line. Hence 
fe = 3.65 x 104 = 380 lbs. per sq. in., and 
f. = 20 x 380 = 7,600 Ibs. per sq. in. 
It may be noticed that fe is not the unit-stress 
at the remotest fiber, and hence not the maxi- 
mum compressive unit-stress in the section. The 
maximum can be readily computed from 
t 
f” = fe +— (fe + fe/n) 
4r 


in which t denotes thickness of the concrete 
shell. (The formula may be deduced from simi- 
lar triangles in the lower part of Fig. 4.) Here 
6 
f” = 380 + — (380 + 500) = 399 lbs. per sq. in. 
280 

Eærumple 4.—How much vertical reinforcement 
is needed at the base of the chimney, the work- 
ing strengths of concrete and steel being limited 
to 500 and 15,000 Ibs. per sq. in. respectively? 

W is about 456,000 lbs., the wind pressure 
about 54,750 lbs., and H about 4,106,000 ft.-lbs.; 
hence e = 4,106,000 — 456,000 = 9 ft. = 108 
ins. and e/r = 108 — 69 = 1.56. The section 
area A is 3,490 sq. ins., and W/A = 130 lbs. per 
sq. in., hence if the amount of steel is just suffi- 
cient to make fe = 500, then m = 500 + 130 = 
3.85. Now entering the diagram at e/r = 1.56 
and m = 3.85, we trace vertically and hori- 
zontally from these places respectively and note 
the intersection at about p = 1.9% and fs/fe 
= 19. With this percentage of steel, fs = 19 x 
500 = 9,500 lbs. per sq. in. (This is a low work- 
ing stress; use of a thicker shell will make 
higher values possible without increase of amount 
of steel. Several trial sections with different 
thicknesses may be quickly analyzed by means 
of the diagram, and an economical size de- 
termined.) 

Analysis for the Dtagram.—The ring NPNQ 
(Fig. 4) represents a section of a chimney, NN 
and NQN the compression 


of Coefficient 


Values 


0 as, K w ˖ 28 


Valves of Eccentricity, e+r 


Fig. 3. Diagram of Stress-Coefficients for Rein- 
forced-Concrete Chimneys with Tension on 
Windward Side. 


area (the wind blowing from the right). In 
addition to the foregoing notation, let 


Ce = resultant compressive stress in the con- 
crete, 
C. = resultant compressive stress in the steel, 
T. = resultant tensile stress in the steel, 
de =arm, with respect to the center O of 
the chimney, of the resultant com- 
pression Ce + Cs, 
and dt = arm, with respect to the center O of 
the chimney, of the resultant tension 
T's. 
Now the resultant normal stress on the section 
equals the superincumbent weight, and the re- 
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sisting moment equals the bending moment, that 


18 
Ce + C. — . W ‚• — —— 2 casce (l) 


and (Ce + C.) de + T. dt = M aera ee E eae) 
These two equations constitute the basis of the 


solution; however, they must be modified con- 
siderably, and this will be done presently. Let 


ri = distance from NWN to the centroid of the 
arc NPN, 
TJs = distance from NWN to the centroid of the 
arc NQN, 
kı = radius of gyration with respect to NN 
of arc NPN, 
kı = radius of gyration with respect to NN 
of arc NQN, 
and 0 = angle NOP. 
In the case of a uniformly varying stress, the 


average unit-stress for any portion of the sec- 
tion equals the actual unit-stress at the centroid 


Fig. 4. The Reinforced Concrete Chimney 
for Condition of Tension on Windward 
Side. 


of that portion (or at any point of the section 
whose distance from the neutral axis equals that 
of the centroid). Since the area of the sec- 
tion of the compressive concrete is practically 
4 (1 — 0/7), that of the section of the compres- 
sive steel pA (1 — 6% r), and that of the tensile 
steel pA %. it follows that 


1— % T 
C = ——— — f.d; 


2 
1+ cos r 


l1— % r ＋2 


C, = — — npfed; 
1 + cos o r 
Oia Tı 

and T, = ———— — np. A. 
1 ＋ cos 0 r 


These values of Ce, C, and 7, substituted in 
Eq. 1 give 


T» T 


Tı 
U — % ) — (1 + n p) — (6% ) — np = 
r r 
W 
: (I + cos 6) ...(3) 
4 fe 


From any source of information on the cen- 
troid of a circular are, it can be shown that 


ein 8 
“=r — cos 0}, 
0 
sin @ 
and 2 =r + cos j. 
0 


Imagining these values substituted in Eq. 3, 
it will be seen that the left-hand member is a 
function of 0, n and p only. Denoting this func- 
tion by Fi (0, n, p), the equation can be written 
thus, 


1+ cos % W 
fe = ——— — ? a. (4) 
Fi (9, n, p) A 
(1 + cos 8) 
hence, also m WW ee (1) 


F, (9, n, p) 


In the case of a uniformly varying stress, the 
point of application of the resultant of the 
ētresses on any portion of the section lies at a 


Gistance from the neutral axis equal to the. 


ratio between the square of the radius of gyra- 
tion of the portion with respect to the neutral 
axis and the distance of the centroid of that 
portion from the same axis. Hence, (also see 
Fig. 4), 


a, = ki ja + cos . 


And since the resultants Ce and Cs are prac- 
tically equally distant from the neutral axis, 
the arms of Ce + Cs and C. are practically equal: 
that is, approximately, 


Ae = k$ Jx — re cos 6. 


If now these values of dt and de and those for 
Ce, C, and 7, be substituted in Eq. 2, it will 
reduce to 


H * 
(1% ) — (l+np) (—— — cos 6] + 


r * T 
Tı kï 
(%% ) —— np e + cos 0 
r mT 
W e 
= (l+cos 0) —*....(5) 
A Fe r 


It ean be shown that 


1 3 sin 20 
* — (14 6 24 ) 
2 4 6 
1 3 sin 20 
and fA =r? (1+ con204 Š ) 
2 4 .— 6 


Imagining these values of ki and kz substituted 
in Eq. 5, it will be seen that the left-hand mem- 
ber is a function of 9, n, and p only. Denoting 
this function by F2 (6, n, p), the equation can be 
written 

(1 + cos 6) (e/r) W/Afe = F, (0, n, p). (6) 
Division of Eq. 6 by Eq. 4 gives 
c Fa (0, n, p) 
Salo ee GI) 
r Fi (0, n, p) 

Eqs. I and II are the desired modifications of 
Eqs. 1 and 2. If both be plotted on a 0 base 
for a given set of values of n and p, (n = 15 and 


p = 0.01. say) a pair of curves results as 
L.m 
CC 
T 
l n 115 and|p =|1% ne / | 
1.0 4 
K 


F 


10° 20° 30° 40° 50° 60° 70° 80° 90° 100° 110° 
Angle 0 


Fig. 5. A Set of the Curves Used for Plotting the 
Diagram Fig. 3. 


sketched in Fig. 5, from which may be taken 
the value of m for any value of er. 

Finally, if such simultaneous values of m and 
e/r (corresponding to one and the same value 
of 6) be taken off from this pair of curves and 


TABLE SHOWING ACCIDENTS ON RAILWAYS IN NEW YORK CITY, JANUARY TO JULY, 1908. 


Jan. Feb. March. 
Car collision. 170 203 148 
Persons & vehicles struck by cars 934 945 905 
Boarding gs 479 412 574 
Alisha s eess 416 286 454 
Contact with electricity 34 36 z 527 
Other accidents ess. 1. 888 2.069 2,245 
l!!! ³ A eee 3.921 3.951 4.353 
FFF 1,444 1.210 1.325 
Persons not passengers 570 462 632 
Employees 486 476 474 
Total: seria / e i bea bs 2,5 2,157 2,631 
Injuries Included in Above:— 
Kas ; 2 J . sige ented. Sees ae ah datas 44 26 44 
Fractured Skulls 1 5 15 1 
Amputated limbs ............... i 6 25 aa 
Broken limbs ........- ec cenceee 32 155 191 
Other seriouo nn 91 
a! ³ðò ES 188 139 187 


these values be plotted on values of e/r as base, 
the resulting curve is the 1% line of the diagram 
Fig. 3. In a similar manner the other percentage- 
lines can be determined. 

The ratio-lines may be determined as follows: 
From similiar triangles in the lower part of 
Fig. 4, it is plain that 


fs r—rcos 0 1 — cos 0 
nfe r+rcos 6 1+cosé6 
fs 6 
or — = h tan — : 
fe 2 


From this equation it appears that for fs/fe 
= 5 say, and n = 15, 6 = 60° irrespective of the 
value of p. Now the values of e/r for 0 = 60°, 
and p = 0, %, 1, 1%, etc., may be read off from 
the corresponding pairs of curves (like Fig. 5), 
and these values of ¢/r may be marked off on the 
corresponding percentage-curves in Fig. 3; the 
points so marked off fix the fs/fe = 5 line. In 


a similar manner the other ratio-lines can be 
determined. 


BRICK CHIMNEYS.—The methods here ex- 
plained for determining wind stress in reinforced- 
concrete chimneys apply also to brick chimneys. 
For these latter, all sections should fall under 
Case 1. A section falling under Case 2 can be 
solved by means of the diagram, using the p=o 
percentage-line. 

Acknowledgment is due Messrs. S. G. Lunde, O. 
H. Drought, and J. G. Hirsch (graduates in Civil 
Engineering, class of 1908, University of Wiscon- 
sin) for the extensive computations involved in 
the construction of Fig. 3. 
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ACCIDENTS ON NEW YORK CITY STREET RAILWAYS. 


During the past year the newly organized 
Public Service Commission of the State of New 
York has been requiring all the railways in the 
city of New York, both steam and electric, to 
submit monthly statements of the accidents upon 
their respective lines. These Statements have 
been tabulated by the Commission and are used 
both as means of warning the public of the 
danger in a careless regard of the ordinary prin- 
ciples of safety and as a record for the benefit 
of the railways in their Management. In the 
accompanying table this record is presented for 
the first seven months of the current year item- 
ized under: (1) a classified statement of all ac- 
cidents; (2) a statement of personal injuries 
(included in the first statement), and (3) a state- 
ment of serious injuries (also included in the 
first and second statements). 

While this list includes accidents on the steam 
railways operating in terminals and yards In the 
city (partly under electric power), we have it 
on the authority of an officer of the Commission 
that by far the larger proportions of the acci- 
dents noted are upon the local traction lines, 
subway, surface and elevated. This might be in- 
ferred from the small proportion of employees 
to non-employees injured. From the records of 
the U. S. Interstate Commerce Commission it is 
well known that in the steam railway accidents 
in the entire country the greater part of those 
injured are employees of the companies. 


April. May June. July. Total. Average. 
138 195 167 169 1,190 170 
N29 1,016 1,070 1,002 6,801 971 
562 627 TOT 636 3,997 571 
514 772 1.252 1, 305 5,029 718 

36 43 70 49 275 39 

2,498 2.499 2.493 2,542 16.234 2,319 

4,707 5,52 3,739 5,703 33,526 4,788 

1.671 2.066 2,517 2,313 12,775 1,822 
662 694 639 620 4,279 611 
503 22 63 645 3,840 549 

2,836 2,382 3,790 3,578 20,874 2,982 

30 32 42 35 253 36 
24 15 16 13 106 15 
5 3 10 4 34 5 
30 41 40 54 254 36 
102 151 194 133 841 120 
191 242 302 239 1.488 212 
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A THREE-HINGED MASONRY ARCH WITH METAL 
JOINTS AND CONCRETE SUPERSTRUCTURE. 


In the “Annales des Ponts et Chaussées,” vol 


29, part 5, 1907, M. Henri Tavernier describes an 


arch bridge recently built across the Branla, 
near Lyons, France, which is rather novel in 
that the necessity of erecting a bridge here was 


FIG. 1. 


used as an opportunity to demonstrate several 
theories of construction afterward to be ap- 
plied to much larger structures. The bridge is 
small and intended for light highway traffic so 
that there need have been no complicated prob- 
lem in its design, but the type adopted is quite 
peculiar, a three-hinged masonry ribbed arch 
with metal joints between the voussoirs and a 
reinforced-concrete superstructure. For each of 
these peculiarities the government engineers who 
had charge of the construction, had reasons con- 
nected with the future construction of larger 
bridges and based on past experience and ex- 
periment. 

It is well known that the use of hinges con- 
centrates the line of pressure in known points, 
thus not only making the stresses determinate 
but retaining the pressure curve within smaller 
limits, reducing the necessary ring thickness 
thereby; so the use of hinges here is not particu- 
larly novel. The metal joints, however, are 
somewhat out of the ordinary. From a long se- 
ries of experiments made by the French govern- 
ment, the engineers have decided that stone 
blocks with metal joints are measurably 
stronger in crushing value than stone with lime 
or cement mortar joints. These experiments 
were made on stone blocks separated by no 
other material, by mortars of various thicknesses 
and constituency and by metal, both in sheets 
and poured molten, and it was shown to the satis- 
faction of the experimenters that the molten metal 
joints more nearly approached the solid stone in 
crushing strength than any of the other joints. 
In the mortar joints a disintegration of the 


A THREE-HINGED MASONRY ARCH WITH CONCRETE 
SUPERSTRUCTURE NEAR LYONS, FRANCE. 


ins. thick. These rings are 
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stone jointed with, first, zinc and then cement 
mortar, are, respectively, 17,500, 11,900 and 3,200 
Ibs. per sq. in. While the last value of these 
three seems altogether too small, in proportion 
to the others, for a good cement mortar, we give 
it from the original article for what it is worth. 
As poured molten zinc seemed to give the best 
results of the metals, economy and strength both 
considered, it was adopt- 
ed for the joints in the 
Branla Bridge. 


The combination ma- 
sonry and concrete con- 
struction was used be- 
cause the stone, being 
stronger in direct com- 
pression, serves better for 
the arch ring and the 
concrete being stronger 
in flexure, for the super- 
structure. If masonry 
had been used for the 
upper works, the hori- 
zontal bracing necessary 
where the arch com- 
prises two ribs would 
have been very difficult to 
design, whereas in con- 
crete this was quite sim- 
ple, with the exception 
of joining the spandrel 
columns to the arch ring, 
4 but this was success- 
fully accomplished as shown below. Steel was 
thought of for the superstructure, but the ex- 
treme difficulty of joining it with the masonry 
and the liability of its unequal expansion from 
sun’s rays on one side, prohibited its use. 

The Branla bridge consists of two masonry 
three-hinged arch rings, each 82.1 ft. span and 
8.2 ft. rise, spaced 8.4 
apart c. to c. and con- 
nected in the plane of the 
extrados by a solid plate 
of reinforced concrete 3 


made up of separate 
blocks, each about 6.8 ft. 
long, 2 ft. wide and vary- 
ing in depth from 1 ft. 
at crown and spring to 
2 ft. at haunch. The 
roadway, of reinforced 
concrete as shown in Fig. 
3, is supported by con- 
crete columns spaced 
along the ribs at dis- 
tances 9.3 ft. c. to c. and 
so disposed that they 
never occur over a joint 
in the ring. Abutments 
are of solid masonry 
founded on pile footings. 

The joint between the masonry arch rib and 
the connecting concrete plate was made by cut- 
ting a groove in the top inside edge of the vous- 
soirs into which the plate was set, at the same 
time notching back, in dove-tail, joints in the 


FIG. 3. 
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FIG. 2. SECTIONAL ELEVATION OF THE BRANLA BRIDGE NEAR LYONS. 


joint set in at a load much lower than the crush- 
ing point of the stone and this former load was 
taken as the maximum strength of the mortar 
joint, whereas in the metal joint the first indi- 
cation of failure was found in the stone itself. 
In the experiments the average crushing strength 
of solid blocks of various stones and of the same 


masonry into which the reinforcement of the 
plate was set, being held by the concrete and by 
vertical fox-bolts set into the stone. Fox-bolts 
were also driven down into the stone, extending 
up into the spandrel columns to form the rein- 
forcement. This construction is shown on Fig. 4. 
At the hinges the horizontal concrete connecting 


plate was continued down the face of the stone 
making a vertical connecting plate at these 
points. (Fig. 4.) 

The pouring of the zinc joints was accom- 
plished in one extended day’s work. First the 
stones for the arch ring were set on the center- 
ing, tooled square on their joint faces with a 
point chisel and separated from each other by 
wooden plugs 3/16-in. in thickness. When all 
the stone had been set the outside of all the 
joints were plugged with asbestos, and covered 
with plaster, leaving a small opening for the 
zinc. Into this opening the molten metal was 
poured from a melting pot just large enough to 
hold one joint. Eighteen hours were needed for 
the pouring of the joints. The connecting plate 
and the bases of the columns were then laid 
before the centers were struck. After the strik- 
ing the remainder of the bridge was completed. 
In the pouring of the joints no difficulty was en- 
countered, but had there been it would have been 
an easy matter to have moved the adjoining 
stones a trifle and slid out the solid sheet of 
zinc. 

The loads on the bridge were assumed as 82 
Ibs. per sq. ft. or a concentrated 6.6-ton wagon, 
these loads giving a maximum compression in the 
arch ring of 780 lbs. per sq. in. The steel hinges 
only take a stress of 3,700 lbs. per sq. in., and 
as they are at the minimum limit of size as far 
as stiffness is concerned, it may be seen that a 
hinged structure was hardly necessary here. 
The same may also be said of the stresses in 
the stone and zinc joints, which are much lower 
than they could stand, but, as stated above, the 
construction was largely experimental to deter- 
mine the practicability of this kind of construc- 
tion. The cost was $2,600 or $2.40 per sq. ft. of 
roadway between abutment faces, but it must 
be remembered that this low price is bas6d on 


CROSS-SECTION THROUGH ROADWAY OF THE BRANLA 


BRIDGE. 


continental labor and material figures which are 
much lower than in this country. 

The main novel feature of the construction is 
the utilization of the molten zinc joints, which 
very successfully serve their purpose, and which 
the French government engineers thoroughly en- 
dorse for similar work on larger structures. 

tO — 


EXPOSURE TESTS OF PAINTS. 


Extensive tests of various paints and paint pig- 
ments by actual exposure to the weather have 
been initlated by the Paint Manufacturers’ Asso- 
ciation of the United States, partly in cooperation 
with the American Society for Testing Materials’ 
Committees on Preservative Coatings for Iron 
and Steel and on Corrosion of Iron and Steel. 
The former of these two committees has already 
under way a very elaborate exposure test of 
paints for steel structures, having painted 19 
panels of the new Susquehanna River Bridge of 
the Pennsylvania R. R. at Havre de Grace, Md., 
with 19 different paints, about two years ago. 

For the Paint Manufacturers’ exposure tests 
Atlantic City, N. J., and Pittsburg, Pa., were se- 
lected as giving the accelerated destructive ac- 
tions of sea air and smoke-laden air on painted 
surfaces. At each place test fences have been or 
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are being bullt, whose faces are covered with 
small panels of wood or steel each painted with 
one of the pigments or mixtures to be tested. 
Careful examination of the panels at intervals of 
six months or a year, supplemented by photo- 
graphs, will furnish the material for a qualita- 
tive valuation of the various paint materials em- 
ployed. The test fences for wooden panels have 


rch Ring Detail showing i 
Recess for Concrete Slab. 
FIG. 4. DETAILS OF BRANLA 


already been built; the panels were painted and 


put on during the early months of 1908. 

WOOD PANEL TESTS. — The fence at Atlantic 
City (about three miles south of the city) is 
about 180 ft. long by 8 ft. high. It consists of 
6-in. square yellow pine posts 6 ft. 4 ins. apart 
set 4 ft. in the ground on a concrete base, con- 
nected by 2 x 6-in. studding at the top and at 
a point 12 ins. from the ground, and a sheathing 
of plain white pine on both sides. The fence 
runs north and south, giving east and west ex- 
posures. The panels, which were fastened to 
this fence, are each 15% ins. high by 3 ft. long, 
made of three strips of German weatherboarding 
running horizontally, blind-nailed, and capped 
with a horizontal drip-board projecting 1 in. in 
front of the surface. They were attached by 
round-headed screws, for easy removal. Three 
kinds of wood were used, white pine, yellow pine 
and cypress. The material was kiln-dried for 
90 days, then weathered for an equal period in 
the lumber yard, then selected by an expert lum- 
ber classer, and finally made up into panels. 
These were again gone over by the lumber 
classer, to weed out all defective panels, and the 
approved panels were forwarded to the paint 
house near the test fence. 

The painting was done in this house, as the 
early season made it seem likely that if painted 
on the fence they might be affected in varying 
manner by the weather conditions at the time. 
They were photographed both before and after 
painting. 


The painting was done with a 7—0 round bristle 


brush for the first coat, and a 3-in. flat chisel 
brush for the second and third coats. Knots 
were painted over with orange shellac, in some 
panels before and in sonié after the first coat. 
The weight of paint applied in each coat of each 
panel was found by weighing the pot, paint and 
brush before and after painting. No attempt was 
made to observe a fixed spreading rate, but the 
painting was done as seemed appropriate to the 
particular material used in each case, and the 
actual spreading rate recorded. The first or 
priming coat was given 8 days to dry, the second 
coat 9 days. 

The paints were applied in white, yellow and 
gray, the latter two being identical with the first 
except for the addition of the tinting substance. 
Tests of other colors were arranged only on a 
small number of special panels, as second coats 
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on different white base coats, in order to deter- 
mine what base is suitable for the respective 
colors. On some panels, to determine the ac- 
tinic action of light, small plates of clear glass 
and of orange glass, 5 x 2% ins. were tacked 
on the middle board of the panel and sealed 
with putty. The opacity of the paints was also 
tested by marking a cross on each panel with 
lampblack and japan, 
over the priming coat. 
The hiding power of the 
second and third coats, 


after drying, was noted 
by looking for this 
cross, and any change 


will be observed in the 
subsequent periodical in- 
spections. 


The fence has 560 pan- 
els, 280 on each side. 
Each is branded with a 
serial number and with 
the letter W, Y or C to 
denote the kind of wood. 


The Pittsburg fence is 
similar to this. It is 
located on a high bluff, 
opposite the Women's 
Building of the Carnegie 
Institute, and runs east 
and west, giving expos- 
ure to north and south. 


STEEL PANEL TESTS. 
-The test-fences for 
k steel panels are not yet 

completed. They will each 

accommodate 300 panels, 
BRIDGE. 24 x 36 ins., about 
l-in. thick. Open-hearth structural steel, Bes- 
semer low-carbon steel, and pure ingot-iron will 
be the materials. Each kind of paint will be 
applied to four plates, two painted in condition 
as received or with scratch-brushed surface, and 
two after pickling in sulphuric acid and neu- 
tralizing with lime. Like the wooden panels 
they will be painted under cover, but at a uni- 
form spreading rate. Some unpainted panels 
will also be placed on the fence, for compari- 
son. 

These tests are under the direction of the Sci- 
entific section of the Paint Manufacturers’ As- 
sociation of the United States. Mr. R. S. Perry, 
3500 Grays Ferry Road, Philadelphia, is Di- 
rector of the section, Mr. H. A. Gardner is chem- 
ist and Mr. J. B. Campbell is Inspector. 


—— — — 
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THE TOTAL PRODUCTION OF PETROLEUM in this 
country in 1907 is reported in a bulletin of the U. S. 
Geological Survey as amounting to 166,005,335 bbls. or 
22,149,862 metric tons. This shows an increase of 39,- 
601,399 bbls. over the production of 1906. The amount 
of this increase is greater than the total product of 
petroleum in any year up to 1889. The average price 
decreased from $0.731 per bbl. in 1906 to $0.723 in 1907. 


Acorns Ready to Cover. 
FIGS. 1 AND 2. RAISING RED OAK SEEDLINGS IN THE FOREST NURSERY OF THE PENNSYL- 
VANIA RAILROAD, NEAR MORRISVILLE, PA. 


Fig. 1. 


THE FOREST NURSERY OF THE PENNSYLVANIA RAIL” 
ROAD, NEAR MORRISVILLE, PA.* 


During the present season the Pennsylvania 
Railroad Co. has established a forest nursery for 
the production of plant material required in the 
extensive reforestation operations which are un- 
der way. The nursery site is located on a com- 
pany farm about a mile west of Morrisville sta- 
tion, which is directly across the Delaware River 
from Trenton, N. J. This location was selected 
because of the unusually favorable soil condi- 
tions, the long summer seasons which usually 
prevail, and on account of its general accessibil- 
ity, there being frequent service from Morris- 
ville and Trenton direct to the nursery by the 
Bristol trolley line. 

The present nursery comprises about 13 acres, 
a portion of a farm of TO acres, practically all 
of which is suited for any necessary extension of 
the nursery. The east half of the site has a gen- 
tle slope to the west, while the remaining por- 
tion is practically flat. 

In its physical structure the soil is ideal for 
nursery purposes. It consists of from 2 to 4 ft. 
of light sandy loam, underlaid with several feet 
of gravelly subsoil. Such a formation not only 
insures the thorough drainage essential to the 
propagation of forest seedlings, but also results 
in a condition of the soil which makes it possi- 
ble to work the ground very early in the spring. 
The area had been badly worked out, however, 
and despite its excellent physical condition it was 
lacking in fertility and gave evidence of consid- 
erable acidity. The application of 20 tons of well 
rotted stable manure, supplemented by the use 
of carefully chosen commercial fertilizers, and of 
1,000 lbs. of unleached hardwood ashes to the 
acre, resulted in remarkably satisfactory fertility, 
even in the first season. 

In its general arrangement the nursery is di- 
vided into broadleaf seed beds, coniferous seed 
beds, and transplant beds, with another portion 
devoted to ornamental stock. The area reserved 
for the broadleaf seed beds occupies a solid block 


of 6.43 acres at the west end of the nursery. It 


is made easily accessible by roads along two 
sides of the plot. The remaining area is divided 
by two roads 15 ft. wide, which cross at right 
angles in the center of the field, while roads of 
the same width extend along all four sides. From 
the main roads, lateral paths, 4, 6 and 8 ft. wide, 
break the four rectangles into blocks, while 2 and 
3-ft. paths divide the blocks into beds of conven- 
ient size. -The roads and large paths have been 
bordered with hedges which will outline the per- 
manent blocks and serve as barriers to obstruct 
the sweep of the wind. 

This year the broadleaf seed beds cover about 
five acres. In this block, 220 bu. of red oak 
acorns (Figs. 1 and 2), 2 bu. of pin oak, 10 bu. 


*From Mr. Ivy L Lee, of the Pennsylvania Railroad 


Co., Philadelphia. For earlier articles on the forestry 
work of this railroad, by Mr. E. A. Sterling, Forester 
Pennsylvania R. R. Co., see Eng. News, Aug. 
and May 14, 1908. 


29, 1907, 


Fig. 2. Seedlings Eight Weeks After Planting Acorns. 
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of chestnuts, 5 bu. of walnuts, and 150 Ibs. of 
hickory nuts were planted in rows 2 ft. apart. 
A high percentage of germination resulted from 
all, with the exception of the hickory, and the 
block now contains 1,567,000 broadleaf seedlings, 
most of which will be large enough to be planted 
in permanent situations in the fleld next spring. 
In addition to the nut trees mentioned, there are 
several beds of hardy catalpa and black locust 


were applied, as mentioned above. One-half of 
the number of beds were sown broadcast and 
covered lightly with fine earth by means of a 
soil sieve, the remaining beds in drills, 4 and 6 
ins. apart, running across the beds. From % to 
1% lbs. of seed were sown per bed, the amount 
varying with the number of seeds per pound, and 
the percentage of germination for the vatious 
species used. As a last step the beds were cov- 
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FIG. 3. GENERAL VIEW OF PORTION OF FOREST NURSERY OF PENNSYLVANIA RAILROAD, 
SHOWING SCREENS OVER CONIFEROUS SEED BEDS IN FOREGROUND. 


in other parts of the nursery which have pro- 
duced an aggregate of 400,000 seedlings. 

The transplant beds occupy about 2.5 acres, and 
in them 300,000 trees from one to three years 
old have been set out in rows 12 ins. apart and 
4 ins. apart in the rows. The beds are 12 x 106 
ft. in size, divided by paths 2 ft. wide, with the 
rows of trees running lengthwise of the beds. 
Part of this material consists of culled plants 
from the stock purchased for field planting and 
which had heated in transit or was otherwise 
unsuited to immediate use. The remainder is 
made up of small one-year old seedlings which 
will be held in the transplant rows until they are 
large and hardy enough to stand the more ad- 
verse conditions of the permanent site. A rather 
high percentage of loss is expected from some 
of this transplanted stock, particularly from the 
culled Scotch pine which was imported, but this 
will be obviated in the future by the local pro- 
duction of seedlings. A small proportion of the 
transplanted trees, particularly Norway spruce, 
was set in the beds and spaced 2 ft. apart each 
way, in order to induce the form development 
essential to the propagation of individual speci- 
mens for ornamental planting. 

Aithough the coniferous seed beds cover only 
one-half acre, they require relatively much 
greater attention than any other portion of the 
nursery, and are susceptible to greatest danger 
of loss. The young seedlings that occupy them 
are very delicate during the first season, and are 
subject to injury by birds and fungi which de- 
stroy large numbers of the plants. These pests 
can be controlled only by the exercise of great 
care. The 120 seed beds, each 5 x 24 ft. and 
separated by 2-ft. paths, were planted with about 
85 lbs. of coniferous seed. These will have pro- 
duced, at the end of the season, nearly a half a 
million plants. No pains were spared to bring 
the ground into the best condition possible. After 
being twice plowed and harrowed at intervals cf 
several weeks, it was thoroughly worked over by 
hand with garden rakes. The beds, when worked 
into final form, were elevated 4 to 6 ins. above 
the level of the paths separating them. 


Immediately prior to seeding, each coniferous 
bed was given a surface dressing of a blended fer- 
tilizer composed of raw bone meal, best dissolved 
South Carolina rock, nitrate of soda, and muriate 
of potash. This mixture was applied at the rate 
of 2% Ibs. to the bed, was thoroughly mixed with 
the surface soil, and the entire bed well soaked 
with water. In addition, unleached wood ashes 


ered with the shade screens upon the tops of 
which building paper had been nailed so as to 
form a complete covering. The building paper 
gave greater shade and maintained uniform mois- 
ture conditions. Its function was completed with 
the germination of the seeds and it was then 
removed. 

The shade frames (Fig. 3) vary somewhat from 
the common lath screen generally used in nur- 
series, being a frame made of 1 x 3-in. Southern 
Pine, 4 x 6-ft. size. This frame is covered with 
transverse strips 2 ins. wide by % in. thick, 
placed 2 ins. apart in order to give the half shade 
required by coniferous seedlings during their 
first season. After the seeds have germinated 
the screens are elevated on posts 18 ins. above 
the surface of the bed. Four screens are used to 
each bed. 

A common fungus known as “damping off,” 
which attacks the seedlings during the three or 
four weeks following germination, causing the 
stem to rot near the ground, results in the de- 
struction of large numbers of the plants. It has 
been satisfactorily controlled, however, by spray- 
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ing with a 1 to 500 solution of sulphuric acid, and 
by dusting the plants with washed sulphur and 
powdered charcoal during moist weather. 

In order to produce the ornamental trees, shrubs 
and hedge plants required for planting on sta- 
tion grounds and along the right-of-way, a por- 
tion of the nursery is devoted to the propagation 
of such material. At the present time this stock 
forms little more than a nucleus from which 
larger numbers of these plants will be propa- 
gated. 

Water is supplied to all parts of the nursery 
through a 2-in. main running through the center 
of the area. The distributing system consists of 
approximately 2,000 ft. of %-in. line on which 14 
taps are placed at convenient intervals for hose 
connection. Water is pumped directly from the 
canal into the main by a Gould plunger pump, 
operated by a 2%4-HP. gasoline engine. The en- 
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gine will operate the pump up to 120 lbs. pres- 
sure, and this head gives a spraying radius of 
40 to 50 ft. from the hoze nozzles, with two 
lines of hose in operation. In order to provide 
for the excessive supply in the mains, the pump 
ig fitted with an escape vaive through which the 
water wastes when the capacity of the pump is 
greater than the amount flowing from the hose 
connections on tͤe line. 

Deducting the loss in the transplant beds, the 
nursery now contains in round numbers about 
2,030,000 trees of all sizes, exclusive of orna- 
mental stock. 
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A FISH DISTRIBUTING CAR.* 


A car designed especially for fish distribution 
has recently been built by the State of Califor- 
nia for the use of the State Fish Commission. 
In this car, it was planned to eliminate the 
changing of water in the fish tanks, which was 
necessary in the method formerly used, and to 
make possible the transportation of fish through 
greater distances and changes of climatic con- 
ditions. These objects were attained, and, at 
the same time, the death rate of fish in trans- 
portation was reduced to a minimum, by the 
provision of apparatus for feeding into the tanks 
containing fish a constant supply of cold fresh 
air. 

The general arrangement of the car is shown 
in the accompanying illustration. At one end, 
in the “boiler room,” is located the plaht which 
furnishes the requisite supply of cold air. An 
Sin. air pump, driven by steam from a 27-in. 
vertical boiler, forces air through a coil packed 
in ice, compressing it into a tank placed directly 
above the coil. From this storage tank the air 


Is piped to the fish tanks in the hatchery. 


Two air pumps are provided, one being held 
in reserve. Below the air pumps is a boiler feed 
pump to be used in case the injector at any time 
fails to work properly. Water for the boiler is 
carried in the tank located above the lamp in 
the lavatory, and an auxiliary supply is car- 
ried in the two tanks at the other end of the 
car, which also furnish water for filling the fish 
tanks in the hatchery. The pipe connections 
from these tanks are carried beneath the car. 
Steam from the boiler, besides driving the air 
pump, is used for heating purposes. 

The pressure tank above the coil is a cylindri- 
cal shell, 3 ft. long by 28 ins. in diameter. The 
air in this tank is kept at a pressure of 50 lbs. 
per sq. in., but the pressure in the line leading 
to the hatchery is decreased to 15 lbs. by means 
of a reducing pressure valve. The air is piped 
to both sides of the hatchery and fed directly 
into the tanks containing fish. 

One hundred fish tanks are carried, 50 in each 
side of the hatchery. These tanks, hold about 
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25 gals. each, and are of the type used in ship- 
ping milk. The car is equipped with a range, 
cooking utensils and all other necessities for the 


accommodation of a chief and three assistants. 
— Sep 


THE SUPERIORITY OF THE MOTORCYCLE as an 
economical means for transporting the repairman to the 
seat of trouble incident to the maintenance of telephone 
lines has, according to W. & M. Telephone Wire News,” 
been fully demonstrated. As stated in their August 
issue: 


During the greater part of the spring, summer and fall 
seasons it has been found that, with the motorcycle, 
one repair man is able to accomplish as much in one day 
as three men would ordinarily accomplish with three 
livery teams. It has been demonstrated that a r ir- 
man can travel 30 miles, clear a case of trouble and re- 
turn to the starting point in less time than a man and 
team would be in reaching the seat of trouble. A full 
set of repairman’s tools may be carried on the motor- 
cycle without inconvenience to the rider. 


*From information furnisbed by Henry V. 


Sacramento, Cal. Miller, 


September 10, 1908. 
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„Contract“: 


Of the three notable high-masonry dams now ` 


being built in the West by the U. S. Reclamation 
Service, the Roosevelt, progress on which from 
its inception until the present summer is de- 
scribed elsewhere in this issue, was the first to 
be put under construction and ranks above the 
others in several notable features. The main di- 
mensions of these three dams were published in 
tabular form on page 71 of our issue of July 16, 
1908, in comparison with similar figures for the 
Assuan Dam on the Nile in Egypt. The maxi- 
mum height of the Roosevelt Dam is but 284 ft., 
compared with 326 for the Shoshone and 215 
for the Pathfinder; but the Roosevelt Dam will 
have a length over all of 1,080 ft. as against the 
remarkably short lengths of 175 ft. for the Sho- 
shone and 226 ft. for the Pathfinder Dam.* The 
Roosevelt Dam will store 1,284,000 acre-ft. of 
water as against 456,000 for the Shoshone and 
1,025,000 for the Pathfinder Dam. Most of the 
figures relating to the Assuan Dam are small 
compared with those given above, but its length 
is 6,562 ft., and it will provide 1,860,000 acre-ft. 
of storage. These figures for the Assuan Dam, 
however, apply only to the structure after its 
projected increase in height from 118 to 141 ft. 
As will be seen from our article on the Roose- 
velt Dam, elsewhere in this issue, many interest- 
ing problems in the construction have been suc- 
cessfully met thus far, not the least of which, 
perhaps, has been the handling of floods which 
have submerged the work a number of times. 
The progress that has been made on these and 
other American irrigation works since the pass- 
age of the enabling legislation by Congress six 
years ago shows the possibility of rapid, efficient 
government construction of public works when 
ab'e men are given a free hand and when ample 
funds are placed at their disposal for use as 
needed. But notable as is this feature of the 
work of the U. S. Reclamation Service, it will 
be more than matched, as an object of interest 
and admiration, by the marvelous change in 
the face of nature and in the wealth productivity 
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*Discrepancies in some of these figures as compared 
with those given elsewhere in this issue, in a part of 
our edition, will be explained next week. 


of large sections of country that will be wrought 
When these various great irrigation works are 
Supplying water to hundreds of acres of land 
heretofore parched and arid wastes. 

— . —ñümä—̃— 


Every innovation in engineering design or con- 
struction, though primarily intended to perform 
some useful local purpose, indirectly is an experi- 
ment to prove, for use in future work, the prac- 
tical worth of a theory. But rarely indeed have 
full-size structures been built with the idea of 
testing certain novel methods and forms, such 
a structure, for instance, as is noted on another 
page of this issue in the construction of the small 
Branla Bridge by the French corps of Ponts et 
Chaussées. This bridge was not built entirely 
as an experiment. The necessity for a crossing 
at this point was made the opportunity to put to 
the test certain theories of design and construc- 
tion which might be utilized on much larger 
bridges, but the results of which could equally 
well be observed on this smaller structure. 

This is not altogether uncommon in other 
branches of the profession. In sanitary engi- 
neering, for instance, the unit system of con- 
struction in sewage and water purification plants, 
affords admirable opportunity for the installation 
at first of one or several units, from the behavior 
of which the final details of the design of the 
whole plant are ordered. In another field we call 
to mind a certain engineer who, having the op- 
portunity in @ period of five or six years to 
build a number of bridges in a municipality, de- 
Signed every one after a different scheme, partly, 
no doubt, on account of the different physical 
problems at each site, but largely, also, to ac- 
cumulate for himself and the profession data 
On several new phases of construction. Possi- 
bly the element of personal advantage entered 
too much into his motives, but the community 
and the profession have benefited more from his 
work than from that of some others who are 
so conservative and afraid of the novel in design 
that, having once settled on what might be con- 
sidered a proper construction, they turn out 
bridges so alike in both structural composition 
and architectural form that the topography of 
the surrounding landscape is the only distinguish- 
ing feature between one bridge and another. 

On account of the duty that every engineer 
owes his client to take few chances that may 
impair the safety and permanence of his work, 
full-size experimentation is not likely to have 
much vogue in private practice. The only field 
where it may find favor is among the engineering 
corps of large corporations and of the govern- 
ment; organization in each case which are 
permanent and which have in prospect such a 
great amount of work that the possible danger 
of unsuccessful experiment is outweighed by the 
certain utility of successful innovation. In gov- 
ernment work, particularly, the fact that such 
bodies as the Ponts et Chaussées of France have 
the good of the whole people to work for makes 
it possible for them to undertake experiments of 
not altogether assured success because the pro- 
fession and the country, as a whole, will benefit 
thereby. The French service, to the American 
mind, tends too much toward the extraordinary 
in construction, as the numerous freak bridges 
which they have built will testify; but the prin- 
ciple, if wisely executed, is correct, and many 
valuable details of design will surely result 
from it. 

— . ea 


To those readers of the morning papers who 
have come to believe that automobiles are the 
most prevailing cause of accident and sudden 
death, we commend the monthly reports of the 
Public Service Commission upon the street rail- 
way accidents in New York City, a resumé of 
which is printed on another page of this issue. 
The statistics of a city of four millions must 
naturally run into high figures and astonishing 
items are apt to decrease in importance when 
reduced to percentages, but even considering the 
immense basis of railway mileage and popula- 
tion these accident figures are large enough for 
the earnest consideration of every citizen. 

Every month 38,000 persons are injured, more 


or less seriously, on the street railways of the 
city of New York; of this number 35 are killed 
and 200 quite seriously injured. This means 
that 9 out of every 1,000 inhabitants of the com- 
munity are annually injured on the city’s trac- 
tion lines, when the death-rate from all causes 
is only 18 per 1,000. 

Much has been done in the past few years by 
the federal authorities to prevent the occurrence 
of accidents on the steam railways of the coun- 
try, both in publicity campaigns and in the en- 
forcement of safety appliances, and although no 
very marked reduction in casualties has been 
noticed, yet it is hoped that in time the effect 
of the work will show in increased safety. But 
such a campaign cannot have so potent an in- 
fluence on street railway accidents from the very 
nature of their occurrence. Steam railway acci- 
dents are largely due to causes external to the 
person injured. He is a helpless object in the 
hands of the engineer, the switchman, the dis- 
patcher, and even the inspector and maker of 
the material. All the precaution in the world 
will not save him from the derelict employee 
or faulty material. On the contrary, it will 
be noticed in the New York City report that 
over 90% of the classified accidents were due 


to personal actions in alighting or board- 
ing or in being struck by cars. For 
these casualties in competent workmen and 


imperfect material may be partially responsible, 
but the larger burden of safety lies with the 
public. Safety devices such as fenders, air- 
brakes, searchlights, side-bars, etc., add to the 
safety of city traction, but a safety appliance 
law or any other sort of government regulation 
cannot preserve life and limb on street railways 
to the same extent that like legislation has pro- 
moted the safe operation of the steam roads. 

The Interstate Commerce Commission report 
for 1906 shows that of the total number of 
classified accidents on steam railways in that 
year, 40% were due to causes external to the 
injured party, as against 10% in the street rail- 
way system of New York during the seven 
months of 1908. Furthermore, of the 60% re- 
maining accidents noted on the steam roads 
presumably owing to personal negligence or ac- 
cident, the greater proportion could probably 
have been prevented by safety appliances, be- 
cause they were due in a large measure to grade 
crossings, improper signals, overhead obstruc- 
tions and the manifold other preventable causes 
Which do not and cannot exist on a street rail- 
way line, where the safety of the passenger or 
pedestrian is mainly his own lookout. 

A recent advocate of the growing anti-accident 
crusade has stated that carelessness is fast be- 
coming the racial vice of the American. These 
bulletins afford good material to support his claim. 
The final remedy for such accidents must be found 
not so much in the mechanical and legal ad- 
ministration of the roads as in the training of 
the street and car using public to a greater ap- 
preciation of the dangers of hasty boarding and 
alighting and preoccupied passage through the 
streets, 

: — Ce ae 

The old adage, “An ounce of prevention is 
worth a pound of cure,” is particularly applicable 
to the street- and road-dust problem of which 
So much is heard of late. Unfortunately, this is 
scarcely recognized as yet in the case of street 
pavements in American cities, as is witnessed 
by the reliance commonly placed on street sprin- 
kling to keep down dust, instead of getting at 
the root of the matter by so cleansing the streets 
that the dust will be kept at a bearable mini- 
mum. Standard pavements, by their own wear 
and tear, do not ordinarily give rise to dust to 
any such degree as do the materials used in 
the surface of ordinary macadamized roads. It 
is true that the advent of the high-power and 
high-speed motor vehicle stirs up dust on good 
pavement if the latter is not properly cleaned; 
but these powerful machines do not by their own 
action contribute largely both to destroy the 
pavement and to make it into dust, as is the 
case of automobile traffic on macadamized roads. 

The dustless macadam road was of course desir- 
able before the advent of the automobile, and 
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attempts to provide it were made here and there. 
With the multiplication of motor vehicles and 
their increase in weight and speed, the problem 
of dust prevention has increased to great mag- 
nitude and at the same time has been so enlarged 
or added to as to include the problem of pre- 
venting the roads from going to pieces entirely. 
Devices to lay road dust had the objection at the 
outset of being mere palliatives, thus suggest- 
ing the desirability of a form of road construc- 
tion that would make dust preventives unneces- 
sary. This desirability is now being recognized 
as an absolute necessity, so that in the near 
future we may expect to see main roads, at 
least, constructed of an aggregate which includes 
Sufficient cementing value to reduce disintegra- 
tion and dust to the lowest possible minimum. 
What the best method is or may prove to be to 
attain this end is a fruitful subject for dis- 
cussion. Presumably, much will be said on the 
subject, and perhaps the rather befogged atmo- 
sphere of the present day will be cleared some- 
what, at the coming International Roads Con- 
gress, which will be held in Paris in October of 
this year. 


Fortunately, we in this country are in a 
better position than some of the foreign 
countries, and particularly England, to take 


up the matter of dust prevention in a sane 
way. This is due to the fact that we have not 
yet become so much the victims as are our 
foreign, and notably our British, friends, to 
patented and proprietary processes and articles 
as a means of solving every sanitary and allied 
problem. In Engiand the number of dust pre- 
ventives is legion. What is needed there, and 
everywhere else where these proprietary pro- 
cesses are being pressed to the front, is a clear 
understanding of what the dust problem really 
is, and of the exact nature of the various pos- 
sible means of solving it. The problem is one 
that appeals directly and forcibly to the many 
readers of Engineering News who have to do 
with the construction and maintenance of roads. 
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DO WE NEED A NATIONAL BOARD OF HEALTH ? 

When the two great political parties of the 
United States and some of the minor parties as 
well insert planks in their platforms favoring 
some innovation, it is a pretty sure sign that a 
popular demand for the proposed object has 
arisen; or if not a popular demand, then that 
the advocates of the change have impressed upon 
party leaders that the change ought to come and 
will prove popular as soon as understood. Two 
striking instances of planks which in essence 
are to be found in several or all the party plat- 
forms in the present presidential campaign are 
the demands for the conservation of the natural 
resources of the country and for more systematic 
and extensive national health-protective work. 
Of the two, the conservation of natural resources 
is the newer and has recently been presented to 
the country with by far the more force. The 
demand for national health-protective work, 
though less strikingly urged upon the country of 
late, has not only been considered in a limited 
way by special organizations for a considerable 
time, but for several years in the late 70's we 
actually had a National Board of Health. (For 
a sketch of that Board, see Eng. News, April 2, 
1908, p. 373.) It would be interesting and per- 
haps profitable to consider the reasons that led 
to the creation and particularly to the death of 
that Board, but for the present we must confine 
ourselves to current issues. 

The health-protective planks of the two lead- 
ing parties are as follows: 


FROM THÐ REPUBLICAN PLATFORM. 

We commend the efforts designed to secure greater effi- 
ciency in National public health agencies and favor such 
legislation as will effect this purpose. 

FROM THE DEMOCRATIC PLATFORM. 

We advocate the organization of all existing National 
public health agencies into a National bureau of public 
health, with such power over sanitary conditions con- 
nected with factories, mines, tenements, child labor, and 
other such subjects as are properly within the jurisdiction 
of the Federal Government and do not interfere with the 
power of the States controlling public health agencies. 


It is far from our purpose to discuss the polit- 
ical aspects of these planks. The Republican 
plank is so general in character that about all 
that can be said of it is that it recognizes the 
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demand for further action in health matters on 
the part of the National Government. The 
Democratic plank is specific as to the desira- 
bility of consolidating existing public-health 
agencies into a single bureau, and as to some of 
the duties which should be assumed by such a 
bureau. At the same time, the Democratic plank 
is guarded in the matter of differentiating the 
proper fields of work to be entered upon by the 
Nation and by the several States. Far more 
specific than the other plank though it be, 
people who have given careful thought to the 
subject will not consider the Democratic plank as 
@ very satisfactory expression of the proper work 
of a national bureau of public health. But while 
this is true, the plank does give some specific 
points for discussion instead of merely assert- 
ing the desirability of securing “greater efficiency 
in national public-health agencies.” Of course 
the main or at least the legitimate purpose of 
any such plank is accomplished in most in- 
stances if it serves to fix in the national mind 
the importance of the principle involved and the 
desirability of incorporating that principle in our 
public policy. 


Now that the question of a national board or 
bureau of health has been brought squarely be- 
fore the country, it becomes pertinent to in- 
quire whether such a bureau is really needed. 
The question cannot be intelligently answered 
without careful consideration of what should 
be the proper function of and the differences 
between the work of a national board of health 
and the boards of health of the several states. 
In fact, intelligent discussion of the subject 
would begin with a detailed study of the proper 
field for the work of municipal boards of health, 
for it is upon these that the great bulk of health- 
protective work must rest. With the municipal 
and state fields each delimited, it would become 
more evident, not only what remained for a 
national board of health to do, but also what 
would be the likelihood of its accomplishing the 
work. 

For our part, we believe that a properly or- 
ganized and thoroughly efficient national board 
of health would find a large amount of useful 
work to do. Just what this should be it would 
not be easy to say in a few words or paragraphs, 
especially as neither we nor any one else has 
yet made a careful survey of the national, state 
and municipal fields, the need for the study of 
which has been noted above. In general, of 
course, a national board would undertake, first 
of all, work that was essentially of an interstate 
character. But in addition there would be a 
large amount of educative work for it to under- 
take. Such work is quite as necessary and war- 
rantable on the part of a national department as 
the educative work of the Department of Agri- 
culture, much of which has to do with instruc- 
tion in the methods of preventing diseases of 
animals and plants. In fact, one of the most 
telling arguments in favor of more extensive 
health-protective work made within the last year 
or two has been to the effect that the National 
Government was spending hundreds of thousands 
of dollars to obtain and disseminate information 
regarding the best methods of dealing with dis- 
eases of animals and plants, and not a cent for 
helping prevent and control the diseases of men. 
So sweeping an assertion is of course neither 
fair nor true, but still it has broad grounds upon 
which to rest. 


An interesting subject for conjecture is the 
best probable composition of a national health 
bureau, and its proper place in the machinery of 
the National Government. In this discussion 
we have used for purposes of convenience the 
designation national board of health.” This 
term has the advantage, to those familiar with 
the nomenclature of government organization at 
Washington, of leaving the actual position of 
the board, in relation to other parts of the Gov- 
ernment, an open question. The extremists go 
so far as to advocate a Secretary of Health, so 
as to give health-protective work the dignity and 
force of a place in the Cabinet. We think, how- 
ever, that of those people whe have given the 
matter careful consideration few would not be 
satisfied to see health work entrusted to a bureau 
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in one of the departments instead of creating a 
new department. At present, such work as con- 
cerns the public health as is being done at Wash- 
ington is distributed among several departments. 
This is to a degree unavoidable, as each of sev- 
eral departments, in carrying on some of its 
bureau work, would perhaps deal with public- 
health questions even though these were specific- 
ally invested in another bureau, or even in a de- 
partment presided over by a cabinet officer. But 
once a board or bureau of health was created, 
assuming that the organic law and the organiza- 
tion under it were conceived and executed in the 
proper spirit, there would be a lopping off of 
various lines of work now done in different 
bureaus and departments because related to the 
work of those branches and because there was 
no one else to do them, and the gathering to- 
gether of these scattered and uncorrelated func- 
tions into a harmonious whole. Nevertheless, it 
would still be necessary for a large amount of 
cooperative and coordinated work among the 
various bureaus and departments. Cooperation 
between separate government offices at Wash- 
ington, in place of jealousy and friction, has 
been a very pleasing and efficient feature of gov- 
ernment activities during the past few years, 
and it is reasonable to hope that it may be ex- 
tended in the future. While much has been done 
and may be done in this way, there still re- 
mains, so far as public-health work is con- 
cerned, the need of a bureau specifically designed 
for that purpose. 

In conclusion, now that the need for such a 
bureau as has been discussed is generally recog- 
nized, we may expect that the national asso- 
ciations devoted to public health, medicine and 
civic advancement will not only urge the cre- 
ation of a board or bureau of health, but will 
also appoint committees, and at the same time 
constitute themselves committees of the whole, 
to discuss the proper functions of national, state 
and municipal boards of health, the degree to 
which these functions are being carried out, the 
need for reforms, and finally the best plan of 
organizing a national board or bureau of health 
and of putting it to efficient work after it has 
been created. 


LETTERS TO THE EDITOR. 


Hydranilc Concrete Roadway Pavements. 


Sir: The facts collected by you in reference to hy- 
draulic concrete roadway pavements and published in 
your issue of Aug. 20 seem to confirm the opinions ex- 
pressed in the article contributed by me to your issue of 
July 21, 1904, to which you refer in your editorial. 

Experience seems to be proving that for city and vil- 
lage streets that are not subjected to heavy travel pave- 
ments of this kind will prove to be economical and 
satisfactory. This favorable experience, as recorded in 
your article, will doubtless encourage the further trial 
and use of the pavement. In anticipation of this, and in 
order that the pavement may have a fair trial, it seems 
desirable that attention should be called to some funda- 
mental principles and practices upon which, it is be- 
lieved, the success of the pavement will largely depend. 

Assuming that proper materials are used, the quality 
of any concrete structural work will depend very largely 
upon the proper and careful admixture and manipulation 
of these materials. This is well illustrated by the con- 
crete sidewalk pavements now so largely used. When 
properly constructed, they have no superior; if poorly 
constructed, they are sure to result in disappointment and 
failure. Everything depends (assuming that sultable 
materials are used) upon the skill and care with which 
the work is done. 

Observations and experience since the preparation of 
my article to which you refer seem to indicate that the 
general specifications therein outlined for concrete road- 
way pavements are sound and satisfactory. The pave- 
ment should, as in other composite pavements, consist of 
two courses: a foundation course to carry and transmit 
to the earth the loads to which it will be subjected, and 
a surface or wearing course, the chief function of which 
is to resist the abrasion of travel. The foundation course 
may be of good ordinary concrete, which need not be 
richer than 1:3:7. The stone for this course may be 
any good, sound sfone suitable for structural concrete, 
or it may be gravel, or even good furnace slag, and the 
generally accepted specifications for such concrete may 
be followed. But the surface course must be of the best 
quality, compounded to secure the maximum strength and 
toughness, and the work of mixing and placing it must 
be done with skill and care. 
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As to thickness, a 4-in. foundation and a 2-in. surface 
course will be amply sufficient for any street where 
the use of a concrete pavement is at all advisable; and 
courses of a less thickness are hardly practicable, con- 
sistent with proper construction. 

In the light of both theory and experience, the essen- 
tial requisites for a successful pavement of this charac- 
ter may be summarized as follows: 

(1) This pavement should not be used on streets of 
heavy travel. Without going into details, it may be 
confidently stated that it is not suitable for city or town 
streets subjected to travel of very considerable weight 
or volume. Its field of economic usefulness will always 
be confined to streets of comparatively light travel, such 
as those in residential districts, streets of local and 
limited use, and country roads. It should not be laid on 
boulevards or main driving arteries, even though sub- 
jected to no heavy loads, for it will be found that the 
element of travel most destructive to this pavement is 
the Impact of the feet of horses. This limitation of its 
endurance capacity should never be overlooked. 

(2) Special care must be given to the composition 
and construction of the surface course. The aggregate 
must be of the hardest and toughest material. The best 
quality of trap rock approaches the available ideal for 
the crushed stone. It should be of such assorted sizes 
as to secure a mass with low voids, and care must be 
exercised to keep the percentage of voids comparatively 
uniform. This does not mean that the different sizes 
must be separated and remixed according to any fixed 
formula, which is usually unnecessary, or at least not of 
sufficient importance to justify the additional expense 
involved, but merely that more than ordinary care shall 
be devoted to securing a mass of low and uniform voids, 
conditions which usually vary with the character of the 
stone and the manner in which it is crushed and 
screened. Fragments that will not pass a 1%4-in. screen 
should be rejected. It is best to screen out the dust,“ 
not because it is not as good as sand, but because in 
handling the crushed stone this fine material is likely 
to become segregated and thus interfere with the uni- 
formity of the mixture. The sand should be clean, sharp 
and quite coarse. With New Jersey trap rock screened 
over a \%-in. mesh screen, a surface mixture of 1:2:4 
will, in most cases, give satisfactory results. It goes 
without saying that the Portland cement should be of 
the best quality and should be carefully inspected. 

The character and quality of the crushed stone for 
this surface course is regarded as very important. 
Ordinary limestone is too soft, and unless something 
better is available the use of the pavement is not 
recommended. Quartz gravel properly graded to give 
low voids, could doubtless be used where satisfactory 
stone is not available. 

(3) It is important that perfect adhesion should be 
secured between the foundation and surface courses. 
This can only be accomplished by placing and ramming 
the surface course on the foundation before the latter 
has begun to set. 

(4) The surface course should be very thoroughly 
rammed to make it as dense as possible, and to bring 
it to the true grade. Rolling with a 2%4-ton asphalt 
roller before setting begins would further compact it 
and give a truer surface, but is not essential. The sur- 
face should be left as rammed; additional mortar and 
troweling of the surface should be avoided. 

(5) The mass of completed concrete must be kept 
thoroughly damp during the whole time required for 
setting. If thus kept damp, protection from the sun by 
à cover of sand will not be necessary. 

(6) The street must not be opened to travel until the 
setting of the concrete in both courses is practically 
completed. It will usually be difficult to enforce this 
requirement, but it must be insisted upon. 

(7) Transverse expansion joints should be provided 
at distances of about 30 ft. apart, running entirely 
across the street. Unless the width of roadway exceeds 
 ft., longitudinal expansion joints will not be neces- 
tary except against the curb, where a %4-in. joint should 
be provided. Expansion joints should extend through 
both courses of concrete. They are best formed by using 
a thin fron plate set on edge at the proper places, but 
special care must be taken in placing and ramming the 
concrete against these plates, particularly the surface 
course. The plates should be withdrawn as soon as the 
concrete has begun to set and the exposed edges troweled 
to compact them and to slightly round the corners. 
Before the street is opened to travel these expansion 
joints should be poured full of bituminous paving cement 
of the proper consistency. 

On streets of ordinary gradients, the practice of 
grooving the surface course to increase the foothold of 
horses is unnecessary and inadvisable. Each such groove 
forms a line of weakness and a starting point for disin- 
tegration. If the surface of the pavement is not trow- 
eled with fine mortar, it will give a better foothold than 
either sheet-asphalt or creosoted wood blocks, and will 
not be much more slippery than first-class macadam. 

While the writer has no desire to discourage valuable 
patented improvements, it seems proper to say that the 
art of constructing good concrete is not new or patent- 
able. Patents claiming to cover the construction of hy- 


draulic concrete are usually valid only as to details of 
little value or importance, and none of those known to 
the writer, relating to concrete pavements, will, if 
complied with, result in work materially better or cheaper 
than the plain construction outlined above, which in- 
fringes on no valid patents. At the same time, it is 
conceded that in so far as patent claims may tend to 
restrict competition to skilled and responsible contractors, 
without unduly increasing the cost, they are to be re- 
garded as beneficial. For the most serious danger to the 
utility and reputation of concrete pavements is to be 
looked for in the work of that class of contractors, who, 
without the proper knowledge, skill, and responsibility, 
take the work at inadequate prices and then skimp their 
work to get even. These pavements belong to the 
classes of work that will not bear skimping. Experience 
will prove that concrete roadway pavements are like 
the little girl, who, ‘‘when she was good, she was very 
good, but when she was bad, she was horrid.” 

If properly developed along the safe and conservative 
lines here outlined there is reason to believe that this 
pavement will satisfactorily fill the wide gap that now 
exists between the macadam road and the recognized 
high-class and expensive street pavements. 

S. Whinery. 

95 Liberty St., New York City, Aug. 27, 1908. 


— 1.2. —ü— — 
Concrete Pavement in the City of Panama. 


Sir: Referring to the artiele on concrete pavements in 
your issue of Aug. 20, it may be of interest to add an- 
other city to the list of those having streets so paved. 

In the city of Panama over two miles of streets were 
paved with concrete in 1906 and 1907, while I was resi- 
dent engineer in charge of municipal improvements there 
for the Isthmian Canal Commission. It was originally 
planned to pave with brick throughout the city, but 
subsequently it was decided that this was unnecessarily 
expensive for the lighter traffic streets, and after trial 
on an experimental block we adopted concrete for all 


Concrete Pavement in the City of Panama. 


streets, outside the main business district and the prin- 
cipal highways. 

Concrete pavements were laid between curbs of the 
same material, with a similar cross-section to that 
adopted for the brick, with a crown varying from 4 to 
6 ins., according to width, which ranged from 13 to 20 
ft. in most cases. Sub-grade between curbs was shaped 
parallel to the finished surface and on all fills was rolled. 

Concrete 5 ins. thick was placed in alternate sections 
about 10 ft. in length along the curb, and to the entire 
or half width of the street, according to circumstances, 
between templet boards set to grade. The concrete was 
mixed 1:2%:5 by volume, rather wet, and tamped 
in place until the surface was well flushed, when it was 
finished with a trowel and a straight-edge drawn over 
the templets, giving a smooth but not slippery surface 
when hard. After the concrete had set the templets 
were removed and intervening sections completed. Con- 
crete was hand mixed and placed from wheelbarrows. 

We used Atlas cement and Panama beach sand. The 
latter was not of first-class quality, but it was all that 
was available. Stone was supplied by running the 
old cobbles, which formerly paved the streets, through a 
portable crusher set up in one of the public squares. 
Run of crusher was used without screening. 

On account of the uniform tropical temperature ex- 
pansion joints were not required. 

After a year’s service the pavements were in first-class 
shape, showing little evidence of wear. The surface was 
less slippery than that of the brick-paved streets, and 
no difficulty was experienced in its use by all classes 
of traffic. This traffic, while in general composed of 
vehicles of a lighter character than are in use in Ameri- 
can cities of the same class (30,000 population), was 
probably of an equal intensity, due to the narrower 
streets. 


The grades on concrete streets varied from nearly level 
up to as high as 8% in one instance. On the heavy 
grades the concrete gave better satisfaction than brick. 
In all there were laid in the built-up portion of the city 
20,000 sq. yds. uf concrete and 65,000 sq. yds. of vitrified 
brick. 

The cost of the concrete was about $2 per sq. yd., as 
against over $4 per sq. yd. for the brick. 

I enclose a view of a typical concrete street. It will 
be noticed that no attempt was made to pave to the old 
irregular curb lines. New uniform grades were adopted 
and curb lines placed to give more sidewalk room, while 
leaving a street sufficiently wide for the traffic on it. 
After the new pavement was completed householders ` 
were required by city ordinance to grade to the new 
curb and construct cement walks. 

Very truly, 
H. W. Durham, 
Engineer, Cape Cod Canal. 
Sandwich, Mass., Aug. 22, 1908. 
— — 


Development in Railway Track Design. 


Sir: Under the heading Development in Railway 
Track Design’’ in your issue of Aug. 20, 1908, you say: 
“An important point for consideration in new track de- 
sign is the fact that the present construction is inhe- 
rently weak in carrying the rails on individual supports 
which have no uniformity of bearing on the foundation.” 
After some discussion of this point you proceed to name 
systems of longitudinal track support proposed by two 
engineers. You note the experimental use of one design 
only, and state on authority of another engineer that 
“the vertical movement of this track under slow freight 
trains is greater than that of the parallel track under 
fast passenger trains. This was taken to indicate that 
the track does not provide sufficient bearing surface on 
the ballast and that the longitudinals have inadequate 
vertical stiffness for distributing the concentrated loads 
over a sufficient length of track.’’ 

You state that the engineer reporting admitted “that 
the design might be so improved as to obviate these par- 
ticular objections.’’ After some discussion of proposed 
concrete track supports you sum up as follows: ‘‘A sur- 
vey of what has been done in designing or experimenting 
with new types of track construction affords little en- 
couragement for the improvement of railway track by 
any radical change in design.” 

Why this doleful conclusion? By what system of rea- 
soning do you reach the point where you are ready to 
consign to the tomb this flower just in the bud, this 
possibility that engineering skill may be exercised in 
the building of railway track? Is it because you believe 
that no rational or practical suggestions have been made 
by the many eminent engineers who have devoted some 
time to a discussion of the subject during the past few 
years? The files of the Engineering News prove the 
contrary, for you have carefully, cheerfully and per- 
haps hopefully published many articles detailing various 
suggestions and experiments along this line. In your 
editorials you have pointed out evident defects in various 
designs, praised advances in details, and urged adop- 
tion of sound principles of construction. 

I believe the real reason for your present attitude on 
this subject is to be found in the editorial in the issue 
of June 18, 1908, ‘‘Concerning American Railway Man- 
agement,” in which you quote an eminent engineer to 
this effect: ‘‘Railway officers are so occupied with their 
regular work of administration that they have practically 
no time to give to the examination and adoption of new 
improvements and particularly anything which it re- 
quires some effort to understand.” 

As a reader of Engineering News for nearly 20 years 
I wish to say that the editorial last referred to was one 
of the most important ever printed in any journal. A 
study of the facts presented and heed to the danger 
signals therein pointed. out would lead to the greatest 
possible benefits to the railway managers and stock- 
holders, and therefore to the public. 

So I wish to raise my voice in praise of your editorial 
of June 18, and in protest against your pessimistic con- 
clusion in the article on railway track development. I 
think it is your high privilege and your duty to point 
out to the railway stockholders and higher executive 
officers that they should see to it that the funds are 
provided for and competent men assigned to the actual 
trial and careful observation of devices promising im- 
provements in railways. 

Improvement of the track is certainly one of the most 
important, but how much money have the railways spent 
in an intelligent way to sift the various suggestions 
made and determine the value of any of them by prac- 
tical test under constant and intelligent supervision? 
They have probably spent the greatest amount on rails, 
but they have spent more money in traveling expenses 
and wages of employees and general officers attending 
conventions and committee meetings than they have 
spent in actual trial of improved rail sections under in- 
telligent supervision. I will grant that they have spent 
their money on various methods of treatment of timber 
to prevent decay and that they have made substantial 
gains along this line. But in the matter of finding a 
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substitute for wood ties or designing a metallic or con- 
crete track structure which will be an improvement, 
their intelligent expenditure has been almost nothing. 

The United States Steel Corporation has expended 
large sums in the development of a steel cross-tie, and 
can present information in regard to its service for 
many years. But its audience is asleep. Various small 
corporations and individuals have started in hopefully to 
spend their time and money in an effort to interest the 
Trailways in devices meritorious in themselves or in 
combination with others a distinct improvement. The 
only result is that they have to listen for years to the 
snore of the sleeper, the gradually weakening promises 
of the grafter, or the senseless chatter of the know- 
it-all, until they have wearied of the chase. 

Now why do not the railways appropriate a sum of 
money to be expended in purchasing and trying out vari- 
ous forms of steel ties and steel or concrete supports 
under intelligent supervision of competent men? Do 
you not think they would get more for their money than 
they do listening to papers presented at committee meet- 
ings and conventions covering suggestions or theoretical 
discussions only? Very truly yours, 

Samuel E. Duff, 
Consulting Engineer. 
Empire Building, Pittsburg, Pa., Aug. 29, 1908. 


[Our discussion of developments in track de- 
Sign related to practical conditions of the present 
time and a measurably distant future, rather 
than to remote possibilities. After more than 
70 years of experience with the present type of 
track, this type remains universal. No new type 
has been developed to such an extent as to be a 
practical consideration, nor does there appear to 
be any probability of such a development. Ex- 
perimental work is, of course, excepted in this 
statement. There is, however, plenty of room for 
improvement in the details of the present type, 
and such improvement is desirable for both econ- 
omy and safety. This we have already pointed 
out. 

As to practical experiments and technical dis- 
cussions, there is no doubt that money might 
well be spent on the former. But the attendance 
of railway officers at the meetings of technical 
associations is without doubt fully warranted by 
the beneficial results of interchange of opinions 
and information as to both practical and theoret- 
ical matters.—Ed. ] 


33S 
The Proposed Membership Amendments to Constitution 


of the American Society of Civil Engineers. 


Sir: The ballot for voting upon the proposed amend- 
ments to the Constitution of the American Society of 
Civil Engineers has been sent out, and the question of 
the wisdom of adopting the revolutionary change pro- 
posed in the methods of admitting applicants to the 
grades of Member and Associate Member is now square- 
ly before the membership. 

The intent and effect of these amendments is to trans- 
fer the election of applicants to these classes from the 
corporate membership to the Board of Directors. Such 
a fundamental change in the past policy and practice 
of the society should not be adopted without the most 
careful consideration. 

The matter does not seem to have been fully discussed 
at the last annual convention, at which only about 10% 
of the corporate membership was in attendance, and the 
only available channel of discussion now must be 
through the technical papers, which reach a very large 
majority of the membership of the society. This is my 
excuse for asking for space in Engineering News to 
call attention to some of the reasons why these amend- 
ments should be rejected. 

The method of electing corporate members that has 
so far prevailed in the history of the society {s well 
known. The final action upon any applicant has always 
been determined by a direct vote of the corporate mem- 
bers, a certain number of negative votes (twenty or 
more at present) excluding the applicant. The good and 
bad points of this method of admitting members have 
been long discussed and need not be reviewed here. That 
it does sometimes result in the exclusion of applicants 
who are eligible and worthy is undoubtedly true. 
That it has been effective in excluding a much larger 
number of applicants who were unworthy and who 
might otherwise have been admitted is equally true. That 
it has helped materially to maintain the very high stand- 
ard of personal honor and professional standing for 
which the society is noted cannot be doubted. The fact 
that it has occasionally enabled a few corporate mem- 
bers actuated by unworthy motives to prevent the ad- 
mission of spersons who. have every qualification neces- 
sary is to be greatly deplored and should be prevented 
if possible. But it is of far more importance to the 
_ profession, the public and the society that high stand- 
ards of membership shall be maintained than that there 


_ applicants, 


may be an occasional miscarriage of justice to worthy 
individuals. 

The right of a small minority to reject applicants for 
membership is not peculiar to the American Society of 
Civil Engineers. It prevails in a large number of other 
organizations where it is considered important to main- 
tain high standards of membership. It is sometimes, but 
not often abused. On the whole, it has been found sal- 
utary and wise. In the case of this society it may be safely 
asserted that it has resulted in the exclusion of ten un- 
worthy persons where it has unjustly excluded one who 
was worthy. In theory, it is based upon the assumption 
that a few persons may have knowledge of facts and 
circumstances affecting the character of the applicant 
which it would be neither wise for them nor beneficial 
to the applicant to disclose, even in a confidential way. 
The secret negative ballot may, in such cases, save the 
organization from serious mistakes, and may be best 
for all parties concerned. 

The proposed amendments recognize this fact by pro- 
viding that the votes of a small minority of the Board 
shall reject. It is simply proposed to transfer the right 
of judgment from the membership at large to the Board 
of Directors. 5 

The Board now passes judgment upon each applicant 
after all the information elicited by the blue list“ has 
been placed before it. The proposal is to make this 
judgment final, the only difference being that the whole 
board must vote by ballot and that three negative votes 
shall exclude the applicant. 

In all the numerous cases of rejection by the secret 
membership ballot the applicant has been favorably 
passed upon by the Board, in most cases, doubtless, by 
the unanimous vote of those present at the meeting. But 
the application was finally defeated, wisely and for- 
tunately in most cases by the membership ballot. This 
does not reflect on the care or good judgment of the 
board. Complete information had not been laid before 
it, and in the absence of this, the decision could pət 
well have been other than it was. 

The Board of Directors, as now chosen from geo- 
graphical districts, labors under a serious disadvantage 
in dealing with important matters like this. Many of 
its members are seldom, and not infrequently never, 
able to attend the board meetings. There are now 29 
members, and usually not more than half that number 
attend the meetings. The constant absentees cannot 
keep in close touch with the details of management. 
Reports and correspondence, however full, cannot take 
the place of personal conference and discussion, partic- 
ularly in such delicate and confidential matters as the 
canvass of the personal and professional character of 
where publicity might do the applicant 
greater injustice than secret rejection. Under such con- 
ditions, while the Board might be safely counted upon 
to do what seemed best in the light of its information, 
frequent scrious mistakes might be expected, which, un- 
der the present system, are finally prevented by the 
secret ballots of the membership. 

Besides, it is not certain that the proposed plan would 
always prevent the evil which it is intended to remedy. 
It is at least conceivable that as many as three mem- 
bers of so large a board, might, with the best inten- 
tions, be influenced to reject an applicant on the false 
or one-sided representations of the applicant’s enemies. 

Experience seems to show that it is hopeless to depend 
upon replies to the blue-list to draw out all the informa- 
tion that may be necessary to form a correct judgment 
of the fitness of an applicant. Fats that are crucial 
may be withheld from the board, by those possessing 
them, for perfectly valid reasons. These reasons may be 
of such a character that they may be expressed safely 
and wisely only through the secret ballot. The assurance 
of the board that communications affecting the character 
of applicants shall be regarded as confidential is, of 
course, sincere and is no doubt complied with as far as 
possible. But the average man has little confidence in 
the possibility of maintaining strict secrecy regarding 
statements that must in the necessary course of business 
be laid before more than thirty individuals. 

The members of the Board who are now able and 
willing to give their time to it are already overbur- 
dened with the work of the society. They are painstak- 
ing and conscientious and if these amendments are 
adopted, they will feel keenly the additional work and 
responsibility involved, and will doubtless feel it nec- 
essary to organize and carry out a much more rigor- 
ous system of inquiry into the character and standing 
of candidates for corporate membership, than hereto- 
fore. But what can they do? If they had the facilities 
and powers of the Inquisition they might be unable to 
get essential facts or to accomplish the same practical 
results as twenty secret negative votes. 

It is not likely that any method that may be adopted 
for the admission of applicants will prevent occasional 
injustice to worthy men, and it is doubtful if any radical 
change in the present plan can be devised that will rem- 
edy its defects, while at the same time safeguarding 
the society against the admission of undesirable per- 
sons. If, with the present large membership, twenty 
negative votes are considered too small a number to 
exclude, that number can be increased, thus making it 


more difficult for a few members actuated by improper 
motives to prevent the admission of meritorious appli- 
cants. 

Such a modification of the present method would be, 
in the opinion of the writer, decidedly preferable to the 
radical. change proposed by these amendments. 


> S. Whinery. 
New York, Sept. 1, 1908. 
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Notes and Queries. 


In the article by Mr. Boris Levitt on ‘‘Stadia Surveys 
for the Location of the Catskill Aqueduct, Peekskill 
Division.“ in our issue of Sept. 3, 1908, p. 248, several 
lines in the fourth paragraph in the last column of page 
248, were interchanged so that the paragraph was some- 
what unintelligible. The correct reading should be: 

As a check on the instrumentman the recorder was re- 
quired to check the reading of the azimuth of the forward 
course by adding the horizontal angle, already obtained, 
to the back azimuth of the preceding course, and to see 
that the differences between the readings of the middle 
and extreme stadia wires were nearly equal as proof that 
no error was made in reading the distance. 


—— 

The remarkable railway accident noted on p. 82 of our 
issue of Aug. 13, in which a freight train lost one of 
its intermediate cars without the knowledge of the train 
crew, was questioned by a correspondent, who called it 
impossible. We referred the matter to Mr. F. R. Moul- 
ton, Superintendent, C. & N. W. Ry., Huron, S. D., who 
gives a fuller description in the following. It will be 
seen that our original account was in error in one or 
two points, and the accident becomes slightly more un- 
derstandable, though it remains a very remarkable oc- 
currenoe: 


An air-hose burst between the way car and the flat 
car next to it. The car that was derailed was the sec- 
ond car from the engine. When the air-hose burst the 
train, of course, was brought to a very sudden stop, 
moving, perhaps, ten or twelve car lengths. The en- 
gine and one car parted from the train and ran about 
eight or ten car lengths before stopping. The head 
brakeman went back to the rear end of the car that was 
with the engine and found the draft rigging and air- 
hose intact, then walked back in the middle of the track 
to the head end of the train and found nothing in the 
middle of the track. He also found draft-rigging and air- 
hose of the head end of the head car in the train intact. 
He then gave the signal to back up, the train was coupled 
up, air tested, and the train proceeded. After getting to 
Highmore the conductor discovered that he was short 
a car and found that the second car from the engine 
was missing. Upon investigation there were no marks 
to be found on any of the cars in the train to indicate 
that there had been a derailment, neither was there any 
damage done to the track where the car was derailed, 
the car lying about 14 ft. from the main track. 

The derailment was caused, in my opinion, by the 
draft-iron pulling out when the air-hose burst, dropping 
into the middle of the track, coming up under the train 
and dropping the car out of the train. The rear end 
of the train passed along about eight or ten car lengths 
beyond where the car was derailed. It was a very dark 
night, and that is no doubt the reason why the train- 
men did not notice the car. 
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THE INTERIOR TEMPERATURE OF LARGE BODIES OF 
MASONRY. 

In the discussion of a paper* read by Mr. 
Charles S. Gowen, M. Am. Soc. C. E., before the 
American Society of Civil Engineers, Mr. Thad- 
deus Merriman, Assoc. M. Am. Soc. C. E., has 
presentedt the results of some experimental in- 
vestigations into the temperature in the interior 
of large masses of masonry, which, though not 
very comprehensive, are interesting in their nov- 
elty. The experiments were made from 1903-06 
on the Boonton Dam, near Boonton, N. J., read- 
ings being taken on eleven thermophones, placed 
in the masonry during construction and read 
continuously through the progress of the work 
and for about a year thereafter. 

The Boonton Dam is mostly of cyclopean ma- 
sonry composed of about equal parts 1:3:6 con- 
crete and large stones. It is about 3,100 ft. long, 
2,150 ft. of which is masonry, with a maximum 
helght of 114 ft., an average height of 90 ft. and 
an average bottom thickness of 55 ft. The ther- 
mophones were placed in various planes, the 
largest number at one plane being three about 
10 ft. above the bottom and five about 40 ft. 
above the footing, and distributed equally 


through the section so that readings could be ob- 


tained for various distances from the faces. 
Owing to trouble with the coil insulation, which 
disintegrated in the concrete, the readings on a 
number of the instruments showed unaccountable 
fluctuations and, in some cases, the thermo- 
phones ceased recording, so that the results at- 
tained are not as valuable, intrinsically, as fu- 
ture similar tests will prove, now that the lessons 
of this first test are available. 


*The Effect of Temperature Changes on Masonry; by 
Charles S. Gowen, Proceedings, Am. Soc. C. E., April, 
1908, p. 316. 

Proceedings, Am. Soc. C. E., August, 1908, p. 620. 
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In the original paper Mr. Merriman gives the 
curves of the thermophone readings and of the 
atmospheric temperature, but as these are some- 
what variable, we will give here only his general 
deductions from the experiment, which read as 
follows: 


(1) About 12 months must elapse after the placing of 
masonry in the cross-section of a dam comparable with 
that at Boonton before the heat generated by the chem- 
ical changes incident to the setting of the cement be- 
comes lost to an extent sufficient to render its existence 
a negligible quantity. 

(2) After the expiration of 12 months, minimum and 
maximum temperatures near the center of the masonry 
are reached approximately 30 days after the occurrence, 
respectively, of the seasonal atmospheric minimum and 
maximum. 

(3) The range in temperature at any point in the in- 
terior of a masonry dam, due to external temperature 
changes, is dependent on the exterior atmospheric tem- 
perature range, and on the distance of the point from 
the face of the dam. For distances up to 20 ft. and 
perhaps for greater ones, the interior range varies in- 
versely nearly as the cube root of the distance from 
the face. 

(4) Immediately after concrete and mortar are placed 
in a dam, the temperature of their mass rises and 
probably reaches a maximum in about 18 hours after 
the placing. This maximum is about 100° F. for cyclo- 
pean masonry. 

(5) It may be inferred that the constituents of the 
mortar and concrete assume their final form and shape 
at the time when their maximum temperature is reached. 
This being the case, it would appear that nearly all por- 
tions of a masonry dam are under a tensile stress, prac- 
tically from the time the materials composing it are 
placed in their position, and, consequently, it seems to 
follow that the stress producing range in temperature is 
more nearly equal for all portions of the structure ex- 
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cept those very close to the exterior of the mass than 
has hitherto been supposed. This deduction follows 
from the consideration that, if the maximum temper- 
ature attained is 100° F., then the stress producing 
range is the difference between 100° F. and the lowest 
temperature subsequently attained. 

(6) Approximate computations indicate that the ulti- 
mate tensile strength of the mass of a masonry dam 


Sectional 


constructed of Portland cement is not far from 700 lbs. 
per sq. in. 

(7) From the evidence at hand, it would seem that the 
use of a slow-setting cement would tend to keep down 
the setting temperature, and, therefore, it might be ex- 
pected that a structure made of such a cement would 
show less cracking than one made of a cement which 
takes its set more rapidly. 


The value for temperature variation, according 
to distance from the face was arrived at by plot- 
ting, from the thermophone readings, the total 
range in degrees upon the distance of the instru- 
ment from the face. This gave a hyperbolic 
curve which approximately follows the equation 


135 
R = 
3 {D 
where R is the total range of temperature, 


Fahrenheit, at any point in the mass, and is the 
distarce in feet to the nearest face of the dam. 
This is based on a total atmospheric range of 
135°F, from — 18° to + 117°, and will not hold 
at low ranges of temperature. The author, there- 
fore, states that the formula should not be con- 
sidered as holding true for distances from the 
face of the masonry of more than 20 ft. or less 
than 0.5 ft. 
— eoe 


A THREE-PHASE ELECTRIC INDUCTION FURNACE. 


An electric furnace of the induction type, but 
using three-phase instead of single-phase cur- 
rent, is in operation at the Röchling iron and 
steel works at Völklingen, Germany. Prof. B. 
Neumann describes this furnace and its oper- 
ation in “Stahl und Eisen” of Aug. 12, 1908. He 
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PLAN AND SECTIONS OF ROECHLING- 
RODENHAUSER THREE-PHASE FURNACE FOR 
1%4-TON CHARGE; 50-CYCLE CURRENT. 


declares it to be successful in every way, with 
the important advantage over other induction 
furnaces of a relatively large hearth. Rail steel 
has been made in this furnace, as well as soft 
steel for castings, alloy steel (such as chrome 
steel), etc. Over 1,000 tons of steel rails from 
this furnace are already in use on railways of 
Prussia. 

The plan and sections herewith, reproduced 
from the article noted, show the construction 
of this furnace. Three laminated magnet-cores 
pass vertically through the hearth, which latter 
is of a roughly triangular ground-plan, the cores 
being in the angles. At both top and bottom 
the cores 
Each core bears a winding carrying one of the 
three phases, and in addition has a small 
secondary winding which furnishes -current for 
auxillary heating by direct resistance. The fur- 
nace lining being carried up around the magnets, 
the hearth is divided into a three-branched cen- 
tral portion and three narrow channels passing 
around the outside of the three legs of the mag- 
netic system. The liquid charge thus con- 
stitutes a system of three circuits with com- 
mon return, which makes it a star- connected 
secondary system short-circuited through its own 


are connected by U-shaped yokes. 


resistance, each loop of the secondary consist- 
ing of a single turn. 

The hearth has three doors, one in each of the 
straight sides of the triangle, between two ad- 
joining magnet legs. One of these is used for 
tapping out the charge; the furnace is mounted 
on a circular roller bed for tipping to discharge 
through this front door. Charging the furnace 
and drawing off slag is done preferably through 
one of the rear doors. The hearth is covered 
with firebrick arches. 

Adjacent to each door and embedded in the 
furnace wall is a pole plate or resistance elec- 
trode, connected with one lead of the secondary 
winding of one of the magnet legs. The three 
other leads of the three secondaries are joined 
to a neutral connector fixed near the lower mag- 
net yoke. The current from the three electrodes 
passes into the bath through the furnace lining, 
which is a fairly good conductor when hot. 

A feature of the operation of this furnace 
which is claimed as a special merit is the active 
circulation of the bath, a result of the rotary 
magnetic field. Rapid and thorough mixing of 
the constituents of the product is claimed to be 
obtained through this action. 

The furnace at Völklingen, which is made the 
specific object of Prof. Neumann's article, is 
operated on Bessemer steel, taking its material 
as the converter turns it out, and serving to 
refine, alloy, or otherwise treat this material. 
The ordinary course of treatment is to charge 
molten pig-iron first, for the purpose of heating 
up the furnace; then charge the converter steel, 
adding quick-lime with ore or mill-scale as a 
dephosphorizing flux, which is drawn off after 
an hour, and finally, for high-carbon steel, add 
the necessary amount of carbon, ferro-silicon to 
deoxidize, and lime to form a desulphurizing 
slag. To produce alloy steel, the desired high- 
percentage additions are made before tapping, 
the induction heating being continued for a few 
minutes to distribute the added ingredients 
uniformly through the bath. 
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DEPTH OF WATER IN IRRIGATION CANALS. 
By C. E. GRUNSKY,* M. Am. Soc. C. E. 


The following comn.ents on types of irrigation 
canals and related matters, in substantially the 
form in which here presented, were originally 
submitted to the U. S. Reclamation Service. The 
fact that some of the engineers of the Service 
had given expression in executed and projected 
irrigation works to their preference for the deep, 
narrow type of canal was the occasion for taking 
up this subject by the writer, while himself still 
in the Service as Consulting Engineer. The 
point which is herein made, that a broad re'a- 
tively shallow canal is preferable to the deep, 
narrow canal, is one that will without doubt ap- 
peal to canal superintendents, who know that 
the canal system is safe so long as the water 
surface in canal and ditches lies below, at or but 
little above, the natural surface of the ground, 
and who also know that this condition is more 
apt to obtain when a canal is shallow than when 
it is deep. Cost of operation and reliability of 
service should always be taken into account in 
the design of the canal, not first cost alone. 

Canals when seasoned by long use ordinarily 
have steep bank s'opes, often as steep as 1 to 1 
or even % to 1. This fact is responsible for 
many mistakes in prescribing bank slopes for 
new canals. Material freshly cut or freshly ex- 
cavated and placed in a canal bank in our dry 
western country is usually such that it will ab- 
sorb moisture readily, become soft and break 
down under the action of even the minor water 
ripples that occur on every canal. Better ma- 
terial for facing water slopes of canal banks 
than the canal excavation affords is rarely avail- 
able. The use of special material throughout an 
entire canal length, moreover, in most cases, 
would be inexpedient on account of cost. All 
that can be done under ordinary conditions is to 
build the canal and fill it with water. Then the 
points will soon become apparent at which spe- 
ciał bank protection is necessary to make the 
ng A ata oe abies an a Dette c 


*Consulting Engineer, 45 Broadway, New York City. 
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canal serviceable. Every canal should be so 
planned that this special protection work will 
be reduced to a minimum and that the integrity 
of the work will not be menaced too seriously if 
there be some bank caving due to the undermin- 
ing action of the water. 

It is, nevertheless, fair to start out with the 
broad proposition that the slopes of canal banks 
should be as steep as the character of the ma- 
terial will justify, because the amount of ma- 
terial required to build the canal banks will 
thereby be kept at a minimum. But what is 
steep for one class of material is not so for an- 
other. ; 

Certain soils will stand well in new canal banks 
on slopes of 1% to 1. This is a steeper slope 
than ordinarily allowable, and soils will be com- 
paratively rare on the irrigation work of the 
west that will make good canal bank at this 
slope. The majority of the light sandy and 
gravelly soils and the alkaline soils that are en- 
countered so frequently in the reglons where 
irrigation is most needed will break down at the 
water’s edge on any ordinary canal bank slope. 
This breaking down is rarely attributable to the 
current of the water. It is usually the result of 
the wind ripples which eat into the bank, flat- 
tening the slope below the water surface and 
undercutting the bank above the water surface. 
The dropping of the undercut bank is a factor in 
producing the flatter slope under water. 

Other conditions being the same, there will be 
more bank caving and the caving will sooner 
encroach on the embankment or levee crest along 
a bank with steep slopes than along one with 
flat slopes. To avoid caving back to levee crest 
it is therefore always desirable, in material that 
yields readily to water in motion, to make the 
bank slope flatter than the angle of repose. No 
rule can be laid down for this, but it is a wise 
precaution to make slopes of canal banks, when 
in fill in ordinary and doubtful material, not 
steeper than 2 horizontal to 1 vertical. This 
slope will be so nearly standard for canals on flat 
ground (not hillside) that in the further dis- 
cussions of economic canal section this slope is 
the orfe assumed for excavation as well as for 
fill. 

The velocity at which water may be allowed to 
flow in canals without eroding the bottom and 
banks fixes the area of the required waterway 
when there is no occasion for economizing fall. 
This condition prevails in the case of nearly all 
canal laterals and in the case of those main 
canals whose territory commanded is increased 
but little by using light gradients and minimum 
velocities. 

The velocity that should be assumed as allow- 
able must be determined by the engineer on the 
best information obtainable. It will usually lie 
between 2 and 8 ft. per sec. and may for ordi- 
nary conditions be assumed at 2.5 ft. per sec.; 
unless, indeed, the character of the material into 
which the canal is to be cut will resist erosion, 
in which case, fall being available, much higher 
velocities may be prescribed. High velocity 
when permissible is always desirable because 
there will then be no silting up of the canal. 

For the purpose of comparing canals accord- 
ing to their cross-sectional dimensions, in the 
following discussion, a mean cross-sectional ve- 
locity of 2.5 ft. per sec. has been assumed, unless 
otherwise stated. The results would be the same 
if any other velocity had been introduced into the 
calculation. 

Among the advantages of the shallow canals 
over deep canals is the smaller super-elevation of 
the water surface above the ground surface. In 


reference to this point it is to be stated that 


breaks of canal banks will be greatest on the 
canals whose levees are highest—all conditions 
relating to levee dimensions, safety margin and 
the like being assumed the same. The canal that 
carries its water at or below the ground sur- 
face (in flat country) will be free from the danger 
of bank breaks. 

The damage resulting from breaches in canal 
banks and the cost of repairing such breaches is 
an element of the cost of canal maintenance. It 
is self-evident that such breaches in canal levees 
wli'] occur most frequently where the water sur- 


face is highest above the ground. This fre- 
quency may be considered proportional to the 
super-elevation of the water surface. Further- 
more, the destruction resulting from a breach 
will be greatest where this super-elevation is 
greatest. When this is only a few inches it will 
take the water long to make a serious break or 
to discharge much water across country. When 
it amounts to several feet the breach widens 
rapidly and the full volume of the canal flow, 
increased by the storage in the canal above the 
ground surface, is drawn toward the breach 
and may cause serious damage to crops and 
other property, besides throwing the canal in 
whole or in part out of service for a time, and 
rendering expensive repairs necessary. But even 
when such accidents are well guarded against, 
and are prevented by vigilance, this necessary 
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Fig. 1. Assumed Canal Cross-Section for Com- 
paring Costs of Deep and Shallow Irrigation 
Canals. 


vigilance is a source of expense, increasing with 
the danger, and therefore greatest for the canal 
with greatest super-elevation of water surface. 

Much weight should be given to this considera- 
tion, particularly in soils and localities that are 
favorite habitats of burrowing animals. In fact, 
a considerable addition to first cost would fre- 
quently be justified to avoid a canal design or 
canal location that involves carrying the water 
high above the ground surface. 


REQUIRED EXCAVATION VARIES WITH 
DEPTH OF WATER. 

To compare cost of construction of relatively 
shallow with deep canals, let it be assumed (Fig. 
1) that the ground surface is smooth and hori- 
zontal across the line of the canal; canal banks 
and levee slopes 2 to 1; width of levee crest 8 ft.; 
safety margin (levee crest above water surface) 
2 ft.; and let w represent the bed width, d the 
water depth, c the required cut or depth of ex- 
cavation, and A the height of the canal levees. 
Then on the further assumption that there will 
be no shrinkage of the excavated material (which 
is, in fact, occasionally as much as 10%), and 
that for the length of canal considered in this 
theoretical illustration the amount of excavation 
in each unit (foot) length of the canal will ex- 
actly equal the amount of the embankment for 
that length, the following relations are estab- 
lished: 

(1) c= (€d+2 — h) 

(2) Exc. per lin. ft. = we + 2c? = 4h? + 16h, in 
cu. ft. 


100 ＋ 20 ` 4h?+16h 
(3) Exc. per lin. ft. = — „ in 
27 27 


cu. yds. 

(4) h — 2 = height of water above ground. 

From these relations Table I. has been pre- 
pared to illustrate by a few specific examples the 
effect of water depth upon the required excava- 
tion in the assumed case of continuous economic 
depth of cutting (balanced cut and fill). In order 
that results may bear comparison, the same 
mean velocity as above stated, 2.5 ft. per sec., is 
assumed throughout. The following relation be- 
tween canal capacity, Q, in cubic feet per second 
and the bottom width and water depth of the 
canal has been used in obtaining the values in- 
serted in the table: Q = 2.5 (wd + 2d’). 

In Table I., as already stated, excavation is 
assumed equal to fill. When there is much 
Shrinkage of the material placed in bank the ex- 
cavation will exceed the fill. The required depth 
of cut and required excavation will then be 
somewhat greater than here shown, but the 
principle to be illustrated remains the same. 

It is self-evident that excavation by ordinary 
methods (horses and scrapers) from a canal with 
a capacity of 1,200 sec.-ft., a depth of 12 ft., a 
bottom width of only 16 ft. at 7.86 ft. below the 
ground surface, excavation from which must be 
piled up within prescribed limits in levees 6.14 
ft. high, will cost more per cubic yard than the 


TABLE I.— EFFECT OF WATER DEPTH UPON RE- 
QUIRED AMOUNT OF EXCAVATION 
FOR IRRIGATION CANALS. 


Water 
Depth Height surface Re- Required 
of Bed of above quired excavation 
water, width, levees, ground, cut, per lin. ft., 
ft. f ft. ft. cu. yds. 
Canal Capacity 200 sec.-ft. 
2 6 2.41 0.41 1.5 2.34 
3 20.7 2.48 0.48 2.52 2.38 
4 12 2.52 0.52 3.48 2.44 
Canal Capacity 400 sec.-ft. 
2 76 3.05 1.05 .95 3.18 
4 32 3.35 1.35 2.65 3.66 
6 14.7 3.52 1.52 4.48 3.92 
Canal Capacity 800 sec.-ft. 
2 3.37 1.37 .63 3.67 
4 72 4.18 2.18 1.82 5.06 
6 41.33 4.56 2.56 3.44 5.84 
8 4 4.90 2.90 5.10 6.46 
10 12 5.02 3.02 6.98 6.71 
Canal Capacity 1,200 sec.-ft. 
4 112 4.61 2.61 1.39 5.90 
6 68 5.30 3.30 2.70 7.34 
8 44 5.74 3.74 4.26 8.28 
10 28 4.00 4.00 6.00 8. 89 
12 16 6.14 4.14 7. 86 9.22 
Canal Capacity 2,400 sec.-f 
4 232 5.18 3.18 0.82 7.10 
6 148 6.29 4.29 1.71 9.59 
8 104 7.11 5.11 2.89 11.75 
10 T 7.72 5.72 4.28 13.41 
12 56 8.15 6.15 5.85 14.67 
16 28 8.64 6.64 9.36 16.20 


excavation of the material from a canal of like 
capacity with a depth of 6 ft. and a bed width of 
6S ft., requiring a cut of only 2.70 ft. and levees 
5.30 ff. in height. There is a better opportunity 
for disposing the working force in the broad 
shallow canal than in the narrow deep canal, 
and the excavated material has to be elevated to 
a less height. The work done per team is greater 
and a larger force can be employed to advantage, 
thereby reducing the time required to do the 
work. The runways will be low and will obstruct 
only a very small proportion of the canal width. 
It may aiso be suggested that in most cases the 
finishing and trimming to prescribed lines of the 
excavation and embankment slopes and levee 
crest, on account of the greater area of these 
surfaces in the case of the deep, narrow canals, 
will add more to the cost of such canals than 
will be added to that of the shallow canals by 
reason of more bottom to be graded. It is quite 
possible that all of the unfavorable conditions 
above named would make the unit cost of team 
and scraper work, on a canal of moderate ca- 
pacity planned to carry 12 ft. of water, from 25 
to 50% greater than on a canal of the same ca- 
pacity planned to carry water 6 ft. deep. Specific 
unit costs and percentages of increased cost are 
herein used to illustrate a point without any in- 
tention of suggesting that they are based on any 
definite analysis. 

A canal of 1,200 sec.-ft. capacity, 6 ft. deep, at 
a unit price of 12 cts. per cu. yd. for excavation 
would cost 7.34 x 0.12 = $.88 per lin. ft. of canal. 

The same canal, 12 ft. deep, if the unit price be 
assumed to increase 25%, would cost 9.22 x 0.15 
= $1.38 per lin. ft., or 57% more than the shal- 
lower canal. 

It remains to be stated in this connection that 
in cases where hillside or other conditions have 
made it necessary to plan some portion of a 
canal deep, this is not a valid reason for con- 
tinuing the same depth out upon the flat ground. 
The water surface may be dropped or depth may 
be gradually reduced by making the gradient of 
the canal bottom less than that of the water sur— 
face, or in some cases the narrow, deep hillside 
canal may be flared out and made shallow with- 
out loss of water-surface elevation. There will 
be, in the last two cases, no loss of head due to 
the change in the elevation of canal bottom other 
than the frictional and other losses due to ex- 
pansion of width and contraction of depth in the 
transition from one cross-section to the other. 
These losses will be too trifling to take into ac- 
count if the transition be made gradual. 

It is always desirable, however, when depth is 
reduced by an up grade of the canal bottom, to 
provide sluice-gates at the point where a reduc- 
tion of depth occurs because the canal does not 
always flow full, and when not full the deep 
upper section will act as a sump that may re- 
quire occasional sluicing out. 

With some regard to the desirability of not 
making the canals too wide, it appears from the 
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foregoing tabulations that on flat ground and 
with fall to spare the depths adopted should be: 
For capacities of 200 sec.-ft. between 2 and 4 ft. 
400 aa 6 6 3 


and 5 ft. 

800 as “ 3 and 7 ft. 
1,200 5 5 4 and 8 ft. 
2,400 “ W 4 and 10 ft. 


The preference should be for depths approach- 
ing the lower limits here noted, when there is no 
objection to wide canals. There may be such 
objection, however, where right-of-way is costly 
and where the ground’s surface departs materi- 
ally from an even surface. 

The practice of the engineers in charge of canal 
construction in India is thus given by Mr. H. M. 
Wilson, in his account of irrigation in India, 
Water Supply Paper No. 87, of the U. S. Geolog- 
ical Survey: -$ 
On the Western Jumna Canal the proportion of depth 
to width is that which the Jumna River has in the 
course of years formed, for itself, found by trial to be 
about 1 on 13. On the Bari Doab the proportion fixed 
in construction was 1 on 15, and on the Sirkind 1 on 
14. In the case of the Nira Canal, which is non-navi- 
gable and of a smaller capacity than those just described, 
the proportion is much less, the depth being 7% ft. and 
the bottom width 23 ft. On the Soane the main western 
line bas a depth of 10 ft. and a bottom width of 100 ft., 
or a proportion of 1 on 11. The Betwa, which like the 
Nira, is non-navigable, is relatively deeper than the 
larger canals being 5 ft. deep to a 15-ft. bed width, on 
some branches, and on others 6 ft. deep to a 30-ft. bed 
width. 

The San Joaquin and Kings River Canal, situ- 
ated on the west side of the San Joaquin River, 
in California, was constructed over 30 years ago. 
It was given a bottom width of 28 ft., a depth of 
4 ft, and side slopes of 2 to 1. These slopes 
were subsequently flattened to 5 to 1 because 
they could not be maintained. After the canal 
had been in service some 12 years and the banks 
had become seasoned, it was cleaned out and 
enlarged to a bottom width of 45 ft., the banks 
being allowed to stand almost vertical. 

As a general safe guide, but remembering that 
a wide range of departure from the standards is 
allowable, the following relations of depth to 
width on the water surface may be accepted. 
The ratios noted are somewhere near the means 
indicated by engineering practice. The greatest 
departure therefrom- is found on some of the 
canals of Egypt, which are relatively deep, but 
which it is understood usually carry their water 
little if any above the general surface of the 
country. 


Calling the water surface width Ws and the depth d 


For Ws = 6 make Ws = 4ord= 1.5 
d 

“ W= 10 “* We= Gord= 16 
d 

„ Wes 20 W. = 8 or d = 2.5 
d 

W. = 40 Ws = 12 0rd= 3.3 
d 

“ W. = 100 Ws = 16 or d= 6.7 
d 

“ Ws = 200 Ws = 22 0rd= 9.0 


W. = 300 Ws = 27 or d = 11.0 


THE CANAL GRADIENT IN ITS RELATION 
TO DEPTH OF WATER. 

As already stated, there may be requirements, 
due to location of lands to be covered or diffi- 
culties to be surmounted, that compel the use of 
light gradients and that may therefore make it 
necessary to favor a deep, narrow canal in order 
to secure a maximum hydraulic radius and a 
maximum velocity for the allowable fall. Gen- 
erally, however, but little is gained in an attempt 
to hold a canal high by making it deep. In such 
cases the cost of covering the additional acreage 
should be carefully analyzed. 

A general mathematical demonstration (veloci- 
ties calculated by Kutter’s formula) has not been 
attempted to illustrate how much higher a deep 
canal could be carried than a shallow canal, but 
an example or two will illustrate how little is 
gained by the adoption of the deep type of canal. 

The required fall noted in Table II., for canals 
of varying capacity, is based on Kutter's for- 
mula, with the value of n taken at 0.025. Being 
merely for the purpose of illustration, fall was 


determined by a method of approximation with- 
out attempt to secure absolute accuracy: 
TABLE II.—REQUIRED FALL FOR CANALS OF 


VARYING CAPACITY. 
Velocity = 2 ft. per sec. Velocity = 2.5 ft. per sec. 
— 


ma 
Fall Fall 
per Fal! in per Fall in 
Capacity, Depth, mile, 20 miles, Depth, milé, 20 miles, 
sec. -ft. ft. ft. ft. ft. ft. ft. 
400 4 1.2 2 4 2.3 46 
400 6 0.9 18 6 1.7 34 
1,200 6 0.64 12.8 6 1.22 24.4 
1,200 8 0.43 8.6 8 0.79 15.8 
1,200 12 0.37 7.4 12 0.63 12.6 
2,400 6 0.55 11.0 6 0.88 17.6 
2,400 8 0.39 T.8 8 0.64 12.8 
2,400 2 0.28 5.6 12 0.48 9.6 


Six feet depth of water in a canal with 400 
sec.-ft. capacity would, in a length of 20 miles at 
a mean velocity of 2 ft. per sec., give this canal 
an advantage in elevation of about 6 ft. over a 
canal of like capacity with water only 4 ft. deep. 
At a mean velocity of 2.5 ft. per sec. the advan- 
tage in elevation for each 20 miles would be 
about 12 ft. C 

A 12-ft. depth of water in a canal with 1,200 
sec.-ft. capacity would, in a length of 20 miles, at 
a mean velocity of 2.5 ft. per sec., give this 


Fig. 2. Illustrating Effect of 
Seepage from 


Depths on 
Irrigation Canals. 


canal an advantage in water surface elevation 

of 3 ft. over a canal of like capacity with water 

S ft. deep, and of 12 ft. over a canal with water 

6 ft. deep. At a mean velocity of 2 ft. per sec., 

the advantage resulting from a 12-ft. depth over 

an 8-ft. depth would be only a little more than 

1 ft., and over a 6-ft. depth would be about 5% 

ft. in 20 miles of length. 

In the case of a canal with a capacity of 2,400 
sec.-ft. the elevation advantage resulting from a 
12-ft. depth over an 8-ft. depth (mean velocity at 
2.5 per sec.) would be about 3.2 ft. in 20 miles; 
and at a mean velocity of 2 ft. per sec. it would 
be about 1.2 ft. 

LOSS BY SEEPAGE AS AFFECTED BY THE 
SHAPE OF THE CANAL CROSS-SECTION. 
The losses of water from unlined canals, as 

usually taken into account, are the loss by evap- 

oration and the loss by seepage. The evaporation 
from the water surface of a canal will rarely be 
in excess of 6 ins. in depth per month during the 
irrigation season, and generally but little more 
than one-half or two-thirds of this amount 
throughout the year. These amounts are so small 
when compared with seepage losses that it Is 
common practice to consider the two causes of 

loss together. . 
Take the case of a canal with a capacity of 

1,200 sec.-ft., a depth of 6 ft., and a water sur- 

face width of 92 ft. The evaporation loss from 

this canal will be only about 0.1 sec.-ft. per mile 
during the irrigating season. The seepage loss, 
on the other hand, under. ordinary conditions 

from the same canal will rarely be less than 5 

sec.-ft. per mile, and may be greatly in excess 

of this amount. 

The lack of data relating to loss of water by 
seepage from unlined earth canals is frequently 
embarrasing to the engineer who is called upon 
to design an irrigation system. He is forced to 
use his judgment, in this matter, often making 
assumptions that are more or less uncertain, 
thereby rendering strict adherence to formulas, 
based on theoretical considerations, unnecessary. 

Seepage from a canal is materially influenced 
by the position of the water table in the country 
through which the canal is cut. The effective 
pressure under which water is forced into the 
pervious material composing its bed can not ex- 
ceed the difference in elevation between the sur- 
face of the ground water and the canal water 
surface. If the canal should lie in a deep cut 
with its water surface as low as the soil water 
then there will be no seepage loss. 

For this discussion it is assumed that the sur- 
face of the soil water is and remains below the 
level of the bottom of the canal, It is also 


assumed that the canal bed is uniformly per- 
vious. It is generally accepted as a fact that 
under such circumstances the seepage from the 
canal will at any point of its bed be proportional 
to depth. 


Let S = seepage per unit of length. 

Let A = cross-section area of the waterway. 
Let b= width at middepth. 

Let d = depth of water. 


Then bd=A. 
Assume bank slopes of ¢ to 1. 
Then S = C [d (b-td + d MI J)], 
= C [A + P (VEFi —t)] 
where C is a constant varying with character of 


material composing the canal bed and with the 
unit adopted (foot, meter, etc.): 


For t = O. banks vertical, seepage = C (A + d?) 
“ t= V, slopes 1 tol, = = C (A + 0.62d%) 
e * 1 tol, e = C (A + 0.414?) 
“ t= ik, “ 1% to 1, 15 = C (A + O. 30d) 
e ‘t 2 tol, s = C (A + 0.24d?) 
W a 3 tol, 7 = C (A + 0.16d?) 
For a canal with an area of 80 sq. ft. and 

a depth of 4 ft.: 

When bank slope is vertical, then seepage = 96C 
a6 a6 aa ee wy to 5 se 4 4 = 90C 
ee ee 60 EL 1 to 1. oe sa = 87C 
66 a6 a6 46 1% to 1, 60 9 | = 85C 
ee E (KI le 2 to 1, 40 (EI = 840 
ea 00 (KI ee 3 to 1, 66 10 = 83C 
For a canal with area = 160 sq. ft. and a depth 

of 4 ft.: 

When bank slope is vertical, then seepage = 1760 
oe (K) ae ae 1 to R ae 44 — 170C 
ee ee ae 46 1 to 1. oe ea = 167C 
ee (KI E E 1½ to 1. (K ae = 165C 
60 e. ae ae 2 to 1, ee ae — 1640 
Ga t4 ae E 3 to 1. ae 66 = 163C 


For a canal with area = 480 sq. ft. and a depth 
of 6 ft.: 


When bank slope is vertical, then seepage = 51860 
ad 66 ea 46 wy to g tb ee — 5020 
46 ae (KI (KI 1 to 1, (Ki 64 — 495C 
E ae a6 sé 1%, to 1, ee E — 4910 
ae oe 6 oe 2 to 1. ae ea = 4890 
ee 6 oe ae 3 to 1, ae ee = 486C 
For the same canal, area = 480 sq. ft., but 

depth 12 ft.: 

When bank slope is vertical, then seepage = 6240 
oe ae a6 «6 52 to 1. t oe = 5090 
66 ae @a ae 1 to 1, 4 0 9 0 = 539C 
e «6 oe oe 1 to 1, oe ee — HRC 
ae oe ae ee 2 to 1, ee oe = 5150 
(KI a6 ae ae 3 to 1. ae 66 = 503C 


It is apparent from these illustrations that the 
loss of water by seepage will be somewhat less 
from canals with flat slopes than from canals 
with steep slopes. It is also apparent that the 
seepage loss increases materially as depth in- 
creases. 

The assumption of uniform material in the canal 
bed is always more or less in error, and the pri- 
mary assumption of a loss proportional to depth 
is only correct when the degree of saturation of 
wetted soil near the canal and dispersion of seep- 
age water into subsoils is uniform in all direc- 
tions and at all points of the canal. It is found 
in practise that the proportional seepage loss 
from the small canal or ditch is larger than from 
the large canal. This consideration often leads 
the experienced engineer to express the seepage 
loss in cubic feet per second per mile rather than 
in percentage of flow. It also points to the de- 
sirability of restricting any assumed percentage 
of loss to canals not varying too greatly in ca- 
pacity. In other words, loss expressed in per- 
centage, or proportional loss, must vary con- 
siderably with varying volumes of flow. 

The loss of water from canals by seepage and 
evaporation is, nevertheless, for reasons of con- 
venience, usually expressed in percentage of the 
canal flow. In fact, it is common practise to 
express total loss in canals of whatever length 
in percentage of the water admitted at the canal 
head. When this is done some explanation of 
the basic facts which lead up to the percentage 
statement becomes necessary, because, as is self- 
evident, the loss decreases with the decreasing 
flow in each succeeding unit of the canal length. 
It may, for ordinary purposes, be assumed that 
the loss in successive units will remain directly 
proportional to the volume of flow. On this as- 
sumption, if the ratio of the loss (S) to the total 
flow (Q) in a unit length of the canal be called 
r, (r = S/Q), the water entering the second unit 
length or section would be Q (1—7r), and the water 
at the upper end of the n“ unit section would 
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be Q (1 — r)*-'. The unit section for short canals 
may be taken at one mile; for long canals at 
5 miles. 

For example, let it be assumed that the seep- 
age and evaporation loss from a „mile section 
of canal has been found to be 2%, and it is de- 
sired to know what part of its flow would reach 
the end of a 100-mile stretch, uniformity of con- 
ditions as above explained being assumed. In 
this case n = 21, there being 20 sections of 5 
miles each in the 100 miles. 

Qn = Q (1 — .02)” 
= . 67 0. 

That is, about 67% of the water would be avall- 
able for delivery at the end of the canal and 
about 33% would be lost. 

As a second illustration, let it be assumed that 
the loss from a 5-mile section is 5% and the 
length of the canal again 100 miles. In this 
case 

Qn = Q (1 — .05)” 
= .36 Q. 
_ That is, about 36% of the water would be avail- 
able for delivery, and the total loss would 
be about 64% of the flow of the canal at its 
head. ' 

The combination of the loss by evaporation 
with the loss by seepage, as in the above illustra- 
tions, is justified, not only by the fact already 
stated, that, when compared with seepage, 
evaporation is a relatively small, almost negligi- 
b'e, quantity, but by the further fact that within 
moderate limits of changes in the amount of 
flowing water, the evaporation loss may be as- 
sumed, without material error, to be proportional 
to the canal flow. 


GENERAL REMARKS. 

In planning canals the engineer should not be 
misled into using too low values for the co- 
efficient of friction. When in doubt between two 
values it is better to use the higher value for n 
in the Kutter formula. This gives the larger 
cross-section, and if it should turn out that, in 
the constructed canal, velocities are greater than 
estimated and require reduction, this reduction 
is easi'y obtained by constructing occasional 
checkweirs or drops. 

Checkweirs, of the type with removable weir- 
boards, are, moreover, desirable features of all 
important irrigation canals. New main canals 
rarely come into service at full capacity (un- 
less they are feed canals for storage reservoirs), 
and it may be many years before irrigation re- 
quirements will fill them. A checkweir in such 
canals every few miles will permit water to be 
held at considerable depth in the canal even when 
the discharge is small, thereby keeping canal 
banks moist and decreasing danger of break dur- 
ing periods when the canal is flowing at or near 
its capacity. In bringing the canal up to full duty 
much less trouble will therefore be experienced 
on a canal well provided with checkweirs 
than if there were no checkwelrs. Checkweirs 
are, as stated, good regulators of velocity, and 
in a new canal they afford a means for filling 
the canal with practically dead water. This 
water can be held in the canal for any length 
of time, without any embarrassing discharge of 
water at the lower end of the canal, thereby 
wetting the embankments and promoting plant 
growth, which will act as a protecting agent. 
The water can be put on or off at will, and the 
banks will attain their permanent condition much 
sooner than if the head gate affords the only 
means of regulating flow and water surface ele- 
vation. 

The foregoing discussion of canal types applies 
to laterals as well as to main irrigation canals. 
Perhaps even more generally to laterals, because 
laterals usually follow the greatest slope of the 
country, and are therefore rarely upon ground 
that slopes transversely to the direction of the 
canal. 

It should be stated that as the foregoing dis- 
cussion deals mainly with large canals, the crest 
width of canal embankments was assumed at 8 
ft., and the safety margin was placed at 2 ft. 
The principle is the same for other embank- 
ment dimensions. In good material a smaller 
safety margin may be allowable, and the crest 


with shallow water. 


width may be reduced. Smaller values of crest 
width of levee and of safety margin would of 
course have been assumed if smaller canals had 
been used for purposes of illustration. It should 
also be noted as desirable that one embankment 
of important canals, preferably the lower side 
embankment, be made wide enough on top for 
a convenience road. 

In planning canals, some consideration must 
always be given to methods of construction. 
When machinery is used the height to which ex- 
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Section. 


cavated material must be lifted may have very 
little effect on the cost of the work. This is not 
so in the ordinary canal work requiring the use 
of scrapers and teams. No rule has been for- 
mulated for the rate of increase of cost with 
depth for the ordinary canal dimensions. But it 
is practically axiomatic that the unit cost will 
increase with increasing steepness of banks and 
that it will also increase with increasing depth of 
water. 

It is generally recognized as desirable that the 
water in an irrigation canal should have the 
maximum mean velocity that the canal bed (as- 
suming the same to be earth, sand or gravel) can 
stand without being eroded. The velocity that 
is effective in eroding the banks or bottom of a 
canal, or which in firm material is effective in 
keeping the canal free from objectionable de- 
posits, ts not the mean velocity, but the velocity 
at the canal sides and at the bottom, which in 
all ordinary cases is less than the mean velocity. 
In a relatively deep, narrow canal the reduction 
of velocity below the mean velocity is less toward 
the bottom and sides than in the case of a broad, 
shallow canal; consequently, the broad, shallow 
type will permit the use of somewhat higher 
mean velocity, and therefore a somewhat smaller 


cross-section area than the deep canal. 


The foregoing considerations point to the broad, 
shallow type of canal as the best, when not pro- 
hibited by gradient requirements, by hillside or 
transversely sloping ground, or by high right-of- 
way cost. 

There are several points, however, in favor of 
the narrow, deep canal which may in certain 
cases be given some weight in reaching a decl- 
sion upon the cross-sectional dimensions. 

The canal with deep water will be less ob- 
structed by vegetable growth than the canal 
This is particularly true if 
currents are sluggish. In the warm regions of 
the South and Southwest this fact should be 
given due weight in all cases where velocities 
cannot be maintained sufficiently high to keep 
down the growth of aquatic plants. 

Again, there are cases in which a canal must 
be in service a long time at only fractional 
capacity. Mean velocity will in such cases be 
greatest In the canal planned for the greatest 
depth of water. This is an important considera- 
tion if the canal is to carry muddy water or to 


_transport much sand on light gradients. 


It may be stated that in an ideal canal system 
the silt in the water that cannot be removed by 
special sluicing devices should be carried along 
through main canals, through laterals and irri- 
gating ditches to a final disposal upon the lands 
irrigated. 
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DETAILS OF REINFORCED CONCRETE BOILER SETTING AT POWER 
PLANT OF NECHES CANAL CO., BEAUMONT, TEX. 
(Designed and erected by Weber-Duller Construction Co.) 


REINFORCED-CONCRETE BOILER SETTINGS. 


The continued high maintenance charges for 
brick boiler settings led the Neches Canal Co., 
of Beaumont, Tex., during the past year to sub- 
stitute, for the brick in two boilers, a novel de- 
sign in which reinforced concrete is the main 
feature. In general outlines the setting is simi- 
lar to those of brick. It consists of a hollow 
concrete wall, buttressed at the corners and at 
intervals on the sides with exterior pilasters, 
and lined on the inside 
with fire brick. The 
main walls are reln- 
forced, both horizontally 
and vertically, with round 
rods and the pilasters 
with vertical T-rods. 
In the accompanying 
figure a plan and eleva- 
tion section are each 
shown, from which the 
general construction may 
be readily understood. 


It was at first thought 
that the cost of these 
concrete settings would 
be prohibitive, but the 
estimate on the design 
showed a cost equal to 
that for similar brick set- 
tings made some years 
ago, while the actual construction was about 
$100 less per setting than the estimate. The 
following table shows the cost figures for one 
of the two settings installed: 


COST OF CONCRETE BOILER SETTING er NECH BS 
CANAL CO., BEAUMONT, TEX 
Foundations: 


Section. 


Excavation 14 ins. deer 6.75 
Mixing and placing Con tea foundations. 5.25 
Cement in foundations, 5 bbls.......... 6.25 
Rock, 5 cu. yds., at $2.25.............. 11.25 
Sand, 2% cu. yds., c e icaea ss 2 
Above Foundation: ee 
Labor at $1.50 per day............. . 108.50 
Brick mason at $4.50 per dax. 80.75 
Cement in walls and setting, 238 sacks.. 134.00 
Sand, 30 cu. „dd cece neces 30.00 
Fire brick, 5.000000 150.00 
Fire clay, 1 GVV 10.00 
Steel, 199 bars -in. rd. x 14 ft. long 
Steel, 52 bars -in. x 21 ft. long. 
Steel, 64 bars -in. x 20 ft. long 
0.167 Ib. per ft. = 840 lbs., at 3 cts.... 25.20 
Steel, 32 T bars, 14 In. x 15 ft. long.... 2.41 
„ I 
Form Lumber: e 
About 1,000 ft. lumdbe r $32.00 
Carpenter Wonrkgk˖·kd ecees 14.00 
Special blow-outs, 14............c cc cues 14.00 
Asbestos cement, ï sacks, at $2......... 0.00 
Mineral wool, 3 sacks, at $1.65, 100 Ibs. 
pern eae Peewee ees 4.95 
Cement finisher ............ cc ccc en cease 10.00 84.95 
$687.81 


Crude oil "A used for fuel under these boilers, 


giving higher boiler temperature than for coal, 


but constant use for the past four months has 
failed to show any defects. The engineer of 
the canal company is keeping temperature read- 
ings on the different walls and the air space 
and, in the near future, it is hoped that some 
valuable data will be available from these ob- 
servations. 

We are indebted to Mr. David M. Dulier, Gen- 
eral Manager of the Weber-Duller Construction 
Co., of Houston, Tex., who designed and erected 
the settings, for the information in this article. 

— re 


SHOP MANAGEMENT.“ 
By H. F. J. PORTER.t 


It seems almost unnecessary to say that better results 
are attainable in a shop where neatness and orderly 
methods are maintained than where the reverse is the 
case. And yet it is surprising how many shops there 
are whese physical conditions are such that not only can 
work not be performed economically in them, but where 
good mechanics would have to work under such handicaps 
that they actually refuse to go there. 

I have found that there are no hard and fast rules to 
be applied to all works. Each plant presents a complex 
problem of its own which has to be analyzed, studied 
and solved by itself. But in every case there is one 
element which must be reckoned with and that is human 


SSS allaa 
*Extracts from a paper given before the conventi 
of the American Foundrymen's Association, Toronto, 

Ont., June 9-11, 
11 "Madison Ave. ; New York City. 


September 10, 1908. 
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nature. Especially must we recognize the common in- 
terests of the others who are involved in our enter- 
prise and give them the means of expressing their wishes 
In order that harmony of action between them and us 
may be attained, and we all may work together for the 
same end. 

It is an interesting question in each case to decide 
what type of management will secure the best results. 
It used to depend largely upon the manager's knowledge 
of all the details of the business. Nowadays, however, 
the work is so specialized that one man cannot know it 
all, and consequently a more diversified system of man- 
agement becomes necessary. 

I shall never forget a conversation I once had with a 
Japanese naval officer who was sent here some time ago 
to negotiate with Cramps’ shipyard for some battle ships 
for bis government. We were discussing the relative 
merits of the monarchic and democratic forms of gov- 
ernment and after his analysis of the systems, he said: 

I have looked back over the history of the growth of 
countries which have been controlled by these two sys- 
tems respectively, and I am compelled to decide in spite 
of the theory, and that viewed from actual experience 
the democratic system is the best. Japan is taking ac- 
tive measures to adopt its principles. 

Now, concretely, what is there fundamental in this 
system, which we can incorporate in the methods of 
governing our Industrial Organizations? For we must 
recognize the fact that the principles of government are 
the same whether a large or small number of people to 
be governed is involved. 

At present in our system of education, there is no 
method of educating any one to manage, and so we find 
that in the ultimate analysis it is the judgment of the 
whole, of all those, whose common interests are at 
stake which by its expression becomes of greater po- 
tential value in the long run than the more contracted 
one-sided judgment of a part, which becomes self-inter- 
ested at the expense of the remainder. This is govern- 
ment by public opinion. 

In ‘‘The American Commonwealth’’ Mr. James Bryce 
says: 

Towering over presidents and state governors, over 
Congress and state legislatures, over conventions and 
the vast machinery of party, public opinion stands out 
in the United States as the great source of power, the 
master of servants who tremble before it. It 
grows up not in Congress, not in state legislatures, not 
in those great conventions which frame platforms and 
choose candidates, but at large among people. It is ex- 
pressed in voices everywhere. It rules as a pervading 
and impalpable power like the ether which passes 
through all things. It binds all the parts of the com- 
plicated system together and gives them whatever unity 
of aim and action they possess. 

And so in my reorganization work in factories I have 
found that where there is a tendency to centralize power 
in a one-man regime the growth of the enterprise is nar- 
rowed to just the scope of that one man's capabilities. 
Whereas, if every individual in the organization is 
given the opportunity and the privilege to express his 
views and his reasons for them on matters regarding 
which they may be of value, if whatever there is good 
in that presented is accepted for what it is worth, then 
at once the management is reinforced by the potential 
knowledge possessed by the brains of the whole organi- 
zation and the success of the enterprise becomes enor- 
mously enhanced. 

By practical experience I have found that this result 
can be secured with very slight disturbances of the reg- 
ular routine of the shop, if we organize the shop forces 
on a democratic system of government very similar to 
that which exists in our states or at the National Cap- 
ital. 

According to this plan there is first formed a lower 
house, or Works Committee’ composed of representa- 
tives elected one from each department of the shop and 
office. Lots are drawn so that the terms of service 
of the members cease in rotation so that one drops out 
each month and a new member is elected in his place. 
This arrangement allows of a gradual but complete 
change in the personnel of the committee in the course 
of a year or so, and gives many men in the shops a 
chance to serve. A chairman is elected by the com- 
mittee from its members. The upper house or Ad- 

visory Board” is composed of the shop foremen and the 
heads of the other departments. These remain perma- 
nently in office and are presided over by the General 
Manager. To provide subjects for these two bodies to 
consider a suggestion system” is established. This 
consists of locked boxes distributed throughout the de- 
partments. Through a slot in each can be dropped 
signed suggestions on proper blanks prepared for the 
purpose. No anonymous communications are recognized. 
These suggestions may be on improvements (1) in de- 
sign, (2) in workmanship or (3) material entering into 
the product, (4) in processes of manufacture, (5) in 
methods of business and (6) in conditions about the 
shops. 

These suggestions are periodically collected by some 
one selected by the works committee as secretary, who 
copies them with the name of the author removed, sub- 
mits them to the works committee for consideration, and 
keeps a careful record of the recommendations for adop- 
tion or rejection of each. 


The minutes of the committee, consisting of these 
recommendations, are posted on bulletin boards in the 
shops and the following week they come before the Ad- 
visory Board for consideration. The chairman of the 
works committee is admitted to the meetings of this 
board by courtesy, but without power to vote. These 
minutes, consisting of the endorsement or rejection of 
the recommendation of the works committee are in turn 
posted on the bulletin boards in the shops and finally 
brought to the President by the General Manager for 
final disposal. An estimate of the cost of installing each 
is made as well as an estimate of the value to accrue 
from it, and a balance is struck. All those which are 
accepted by him are paid for. 

It is also found advantageous in some cases to pay 
quarterly a bonus to the employee making the best or 
greatest number of suggestions, and to the foreman 
from whose department the greatest number emanate. 
The object in posting the minutes of the meeting in the 
shops is to insure publicity of the actions on all sug- 
gestions submitted. Right here is where public opinion 
is created and herein lies the success of the system. 
This publicity tends to restrain the rank and file from 
making foolish suggestions and prevents the two com- 
mittees from acting otherwise than fairly on what comes 
before them. It is surprising how the establishment of 
this system develops and broadens the organization, 
and tends to make both management and employee look 
on matters of common interest from a wider angle than 
before. This closer touch which comes from bringing 
Management and employee together leads both to think 
more nearly right and no man need be feared who is 
conscientious and thinks right. 

This more intimate contact tends towards falr treat- 
ment from both sides—the employee is recognized as a 
human being rather than as a machine, the management 
is looked upon as a friend rather than a tyrant. This 
closer union produces harmony of action and the so- 
called labor question” largely disappears. 

“Shop Betterment’’ by the adoption of carefully con- 
sidered suggestions by the employees is much more sat- 
isfactory than that which comes in a paternal manner 
from the management as ‘‘welfare work.” The em- 
ployee gets only what he can demonstrate that he needs 
instead of having presented to him by the management 
what the latter thinks he needs. He thus appreciates 
what he gets and makes effective use of it. 
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NOTES FROM ENGINEERING SCHOOLS. 


COLUMBIA UNIVERSITY.—On Oct. 26 will 
begin an evening course especially adapted to the 
needs of the technical and professional workers. 
Instruction will be given in applied mechanics, 
applied physics, architecture, electricity, fine 
arts, industrial chemistry, mathematics and sur- 
veying and structures, 

er ee —— — 


A HEAD-ON COLLISION on the Northern Pacific Ry., 
near Paradise, Mont., Sept. 5, resulted in the death of 
nine men. Passenger train No. 5, westbound, while 
running at 40 mi. per hr., collided with an eastbound 
freight. It is reported that the wreck was due to the 
failure of an operator to deliver an order to the passen- 
ger train. 

a — 

A FORTUNATE DERAILMENT occurred to an east- 
bound passenger train on the Grand Trunk Ry., nine 
miles east of Woodstock, Ont., Sept. 3. The accident, 
which is ascribed to a broken rail, took place while 
the train was running at the rate of 50 mi. per hr. Seven 
cars left the track but remained upright, while the rear 
car and the locomotive remained on the rails. 

a —äu— 

A TRAIN WAS WRECKED at Waltham, Mass., on 
the Boston & Maine R. R., Sept. 1, while moving at 5 
mi. per hr. The wreck was probably caused, accord- 
ing to the report of the railway officials, by a rod drop- 
ping down beneath the locomotive and acting as a strut 
to raise it from the track so that it toppled over. The 
engineer was crushed beneath the locomotive and killed. 
The locomotive was shoved along on its side by the 
slowly moving but heavy freight train, carrying down a 
signal post and a stand-pipe and pushing the tender 
through a fence alongside the track. The first four cars 
of the train left the rails but remained upright. 

— y o 


A FIRE IN RAWHIDE, a mining town in Nevada, de- 
stroyed the entire business portion and left 3,000 people 
homeless. The fire started Sept. 4 in the Rawhide Drug 
Co.'s building, and, owing to the inflammable construc- 
tion of the buildings, swept over the whole business 
section of the town in two hours. Among the first build- 
ings to burn was a hardware store in which were two 
tons of dynamite, and this, In exploding, scattered burn- 
ing wood in all directions, hastening the progress of the 
fire. Several buildings were demolished with dynamite 
by the miners to prevent the spread of the flames. The 
hoisting works of the Bluff Mining Co., the Grutt Hill 
properties and the Grutt business offices were burned. 


FOREST FIRES are reported in Wisconsin, Minnesota 
and Michigan. Chisholm, Minn., a town of 4,000 in- 
habitants, is said to have been completely destroyed Sept. 
5. The Pillsbury and Martley mining properties of the 
U. S. Steel Corporation, near Hibbing, Minn., were like- 
wise burned. The towns of Buhl, Bovey and Grand 
Marais are surrounded by fire and Hibbing is endangered. 
Many square miles of forest land have been devastated. 
The entire northern portion of Douglas Co., Wis., is re- 
ported to be on fire. In Michigan, heavy losses have 
been suffered in the upper peninsula, and forest fires 
were reported Sept. 8 in Houghton Co. and Ontonagon 
Co., which threaten the Calumet copper region. 

The main lines of the Canadian Pacific Ry. have been 
tied up by a combination of brush fires and wash-outs so 
that trains from Winnipeg, Man., to eastern points in 
Canada were sent by way of St. Paul. 

THE ILLINOIS & MICHIGAN CANAL was damaged 
on Sept. 2 by a breach in the bank about 12 miles below 
Joliet, III. This drained the 20-mile section between the 
Jackson St. dam at Joliet and the Channahon dam. A 
Dumber of barges and pleasure boats were stranded, and 
some cereal mills at Joliet were shut down for lack of 
power. A considerable area of land was inundated. 
The breach is said to have been caused by dynamite, 
and, on account of recent threats, is attributed to farm- 
ers along the canal. The canal intersects a number of 
highways, and for some years the bridges were main- 
tained by the canal commission. With the decrease of 
canal traffic the earnings have been insufficient to main- 
tain the canal and bridges, and as the state has no au- 
thority to provide funds for the bridge work, it is held 
that the townships must look after the bridges. Many 
of the structures are reported to be in bad condition; 
some have been declared unsafe and the highway com- 
missioners have closed ths approaches. Farmers along 
this part of the canal are said to have made numerous 
threats, and one of the bridges was burned on Aug. 30. 
Governor Deneen has ordered an investigation made, and 
the damage will be repaired at once. The canal extends 
from Bridgeport (on the Chicago River) to the Illinois 
River at La Salle, III., a distance of about 100 miles. 

a —— 

A QUEBEC BRIDGE COMMITTEE was recently ap- 
pointed by the Governor-in-Council at the suggestion 
of the Dominion Department of Railways and Canals. It 
consists of three members: Mr. Maurice Fitzmaurice, of 
London, Chief Engineer of the London County Council; 
Mr. Ralph Modjeski, of Chicago, Consulting Engineer, and 
Mr. H. E. Vautelet, of Montreal. This committee may 
be increased later by the addition of two or three further 
members. The committee has already begun its work, 
visiting the site of the wrecked structure a week ago. 
It is understood that the committee is not bound in any 
way in planning the crossing, to the extent that even the 
selection of the site is subject to their investigations. 

— . GWä—ä —ä — 

THE AERO PLAN, built for the Signal Corps of the 
United States Army by Orville and Wilbur Wright, of 
Dayton, Ohio, in the builders’ preliminary trials at Fort 
Meyer, Va., has been given several flights since Sept. 3. 
While no records have been attempted, complete control 
of the action of the machine seems to have been secured. 
It is generally expected that Mr. Orville Wright, who is 
operating the machine, will have little difficulty in meet- 
ing the official requirement of one hour’s continuous 
flight. 

On Sept. 5 Mr. Wilbur Wright, with a similar machine, 
made a successful flight of about 15 miles in 19 min., 
48% sec., at Le Mans, France. The average height 
above the ground was 35 ft. and the speed was reported 
as something over 37 miles per hr. 

Leon Delagrange established a new world's record 
for a heavier-than-air-machine flight on Sept 6 at Issy, 
near Paris, France, by remaining aloft 29 min., 54*/; 
sec., and circling the field at Issy 15% times. 

— ed 

OVERHEAD HIGH-TENSION TRANSMISSION WIRBDS 
of the New York Central & Hudson River R. R.’s electric 
terminal system are the subject of an interesting decision 
recently made by the Public Service Commission, New 
York City. The case was noted in our issue of Aug. 6, 
p. 152. The transmission line from the power-houses to 
the substations of the railway where on the com- 
pany's right-of-way is for the most part an overhead 
line; about 10.4 miles of this line are within the limits 
of New York City. The line is carried generally on built 
steel poles, with a minimum clearance of lowest Wire 
-of 22 ft. above the surface; the highest pole is about 68 
ft. long. The poles carry at the maximum two three- 
phase 11,000-volt lines, and up to 6 cables ranging from 
600 to several thousand volts, besides a pair of telephone 
cables. They are designed to carry four three-phase 
lines ultimately. The city authorities believed that this 
line constituted a public danger, and made complaint 
to the Public Service Commission. Experts for both 
parties testified that the line as built is, with minor 
exceptions, as substantial and safe as it can be made, 
but they differed in their opinions as to the relative 
safety when compared with a conduit line. A strong 
point was made of a recent derailment on the New York, 
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New Haven & Hartford Ry. (see reference cited above) 
as showing that a train accident might destroy a pole 
of the transmission line and endanger lives through the 
falling of the high-potentlal wires. The Commission 
found, however, that the argument against the sufficient 
safety of these overhead lines is not sufficiently strong, 
especially as the company’s right-of-way is fenced by a 
high fron picket fence. Moreover, a large mileage of 
high-tension overhead transmission within the city limits 
is already in service on the Long Island R. R., under 
permits from the city, and this line is much less se- 
curely guarded than the line complained of. The Com- 
mission therefore dismissed the complaint, on an under- 
standing that the company will install guard-wires over 
its line where telephone or telegraph lines cross above 
it, will replace certain wooden poles by steel poles, and 
will lengthen the poles in a specified section. The city 
did not care to order the wires put underground where 
they cross public streets, if they were left overhead in 
the intermediate portions (where the city authorities 
have no immediate jurisdiction). The Commission's 
decision therefore virtually settles the matter for the 
street-crossings also. 
——_______—$__—_—- 


OVERHEAD HIGH TBNSION WIRES IN NEW YORK 
City were reported in the course of the hearing noted 
just above, as follows, in addition to the 10.4 miles of 
the New York Central: Long Island R. R., 40 miles; 
Manhattan borough, 1 mile; Brooklyn borough, 145 miles; 
Bronx borough, 92 miles; Queens borough, 172 miles; 
Richmond borough, 150 miles. The total is about 610 
miles. This includes about 500 miles at potentials of 
1,000 to 3,000 volts, and about 100 miles at potentials 
from 3,000 to 11,000 volts. With the exception of the 
Long Island R. R. and New York Central lines, these 
overhead lines are used for electric light or trolley ser- 
vice and are strung along public streets. 

— . — . 

PANAMA CANAL EXCAVATION during August to- 
taled 3,252,506 cu. yds., a daily average for the 26 work- 
ing days of 125,096, as against a total of 3,168,840 cu. 
yds. for the previous month, a daily average of 121,494 
cu. yds., also for 26 days. The record in cubic yards 
for the past two months is as follows: 


Steam Shovels. August. J uly. 
Atlantic divisionNnlnndnn˖nnnnn 16.572 160,331 
Central division eese  ceeee 1,499,963 1.441.119 
Pacific division .......... ........ 129,945 122,839 

Dredging: ` 
Atlantic divisſtsoo n 638.217 625,497 
Pacific division ...... c.. assan .. . 737,774 696,170 

‘Canal prism total . 5 es 5 3,045, 050 

Accessory works outside canal prism: 

By steam shovel ...... ö · 8.646 122,884 
By hand ...... ees Teakes 8 a E ; wees 


— 


Total exca vation . 3, 252,506 3,168,840 


The rainfall during August was 11.93 ins. against 11.14 
ins. in July. 
——__—__q—______— 


THE LOCK IN THE CHARLES RIVER DAM, Boston, 
Mass., has been opened for the passage of vessels. The 
lock-gates (See Eng. News, July 9, 1908), have been 
completed, tested and adjusted, but will not be used un- 
til the shut-off dam is completed. Meanwhile, vessels 
will pass without locking. On Aug. 31 navigation, 
which heretofore has been conducted through a gap in 
the shut-off dam, was turned through the lock. We 
are indebted to Mr. J. Albert Holmes, Division Engi- 
neer, East Cambridge, Mass., for the foregoing infor- 
mation. 

— — 


THE ONTARIO HYDRO-ELECTRIC COMMISSION 
will immediately start the construction of a high-tenslon 
transmission line from Niagara Falls to Toronto, as the 
result of an order of the Cabinet Council passed Sept. 3. 
This is the outcome of the agitation for cheap power 
throughout the province that resulted in the appointment 
of the Hydro-Electric Power Commission, whose engi- 
neering work was reviewed in Engineering News, Dec. 
19, 1907. Active construction has been delayed by legal 
processes brought by private interests to prevent the 
work. This line will be about 300 miles long and will 
cost about $1,270,000. The line will be government-oper- 
ated, but the municipalities supplied must maintain their 
own transformation and distribution plants. 

— — — — 

THE STATISTICAL REPORT OF THE CLAY-WORK- 
ing’ industries of the United States for 1907, just issued 
in advance notice by the U. S. Geological Survey, shows 
a falling-off in value from 1906, of $2,090,353 or 1.3%, 
the two figures being $161,032,722 for 1906 and $158,- 
942,369 for 1907. In the 15 items listed in the report 
7 show a decrease and 8 an increase. The most marked 
decrease was in the product of greatest value, common 
brick, a loss of 4.1%, due no doubt to the general fall- 
ing off in building; the most marked increase was in 
the second most valuable product, vitrified paving brick, 
which showed a gain of 5.2%. Fire-brick, sewer pipe and 
drain tile all showed galns, while front brick, fireproofing 
and tile (not drain) products used in structures of the 
higher class, all showed decreases in value. 


A 56-MILE CABLEWAY is being built near Sam- 
arcand, in Turkestan. It extends from coal mines in 
the mountains south of the city to the nearest railway 
station, and is to handle the output of the Turkestan 
mining and coal company, who are building the line, ac- 
cording to a note in Zentralblatt der Bauverwaltung“ 
of Aug. 22. About a third of the line is in steep moun- 


¿tain territory, and an equal amount in the plain. A 


river over two miles wide, the Zaraphan, had to be 
crossed; here spans of 230 ft. carried on steel towers on 
concrete piers are used. The cableway has two fixed 
cables, on which operate skips of 8 to 10 cu. ft. capacity. 


— —— er 


PERSONALS. 


Mr. W. C. C. Mehan has deen appointed Superintend- 
ent of the Grand Trunk Pacific Ry. Co., with headquar- 
ters at Melville, Sask. 


Mr. C. F. Gailor, Assistant Engineer of the Goldschmidt 
Thermit Co., has resigned to become Roadmaster of the 
Connecticut Co., at Hartford, Conn. 


Mr. John T. Whistler, M. Am. Soc. C. E., has resigned 
from the U. S. Reclamation Service and opened an office 
as a consulting engineer in the Chamber of Commerce 
Bldg., Portland, Ore. 


Mr. R. M. White, formerly a roadmaster of the Dela- 
ware, Lackawanna & Western R. R., at Buffalo, N. Y., 
has been appointed division engineer at Scranton, Pa., to 
succeed Mr. G. J. Roy. 


Mr. John C. Sesser, at one time Engineer of Mainte- 
nance of Way of the Chicago, Burlington & Quincy R. R., 
has been appointed Contracting Engineer of the Walsh 
Construction Co., of Davenport, Iowa. 


Mr. W. E. Green, Vice-President and General Manager 
of the Trinity & Brazos Valley Ry.. has resigned. The 
position of general manager is to be abolished and its 
duties assumed by Mr. R. H. Baker, President. 


Mr. J. Francis Le Baron, M. Am. Soc. C. E., has been 
appointed Chief Engineer of the Sumas Development Co., 
Ltd.. connected with the British Columbia Electric Ry. 
Co., of London, Eng. His office is in Vancouver, B. C. 


Mr. William J. Crumpton will be in charge of the 
western office of the firm of D. C. & Wm. B. Jackson, 
Engineers, at the Commercial National Bank Building, 
Chicago, III. The western office of this company was 
formerly in Madison, Wis. 


Mr. Nelson O. Tiffany, Jr., Assoc. M. Am. Soc. C. E., 
and Mr. Harry M. Gail, Mechanical Engineer, have formed 
a partnership and will continue their practice as engi- 
neers and contractors under the firm name of Tiffany & 
Gail, at 1010 Mutual Life Building, Buffalo, N. Y. 


Mr. G. P. Robinson will become Supervisor of Boilers 
of the New York Central Lines. succeeding Mr. George 
Wagstaff. Mr. Wagstaff has entered the service of the 
American Locomotive Equipment Co., of Chicago, and not 
the Railway Materials Co., as stated in a previous issue. 


Mr. John M. Young, Jun. Am. Soc. M. E., who has 
been for the past four years in the structural department 
of Westinghouse, Church, Kerr & Co., has resigned to 
become Dean of Engineering in the newly organized 
University of Hawaii. at Honolulu. Mr. Young sailed 
from San Francisco Sept. 5 to take his new position. 


Obituary. 


Charles A. Stearns, a retired electrical engineer and 
contractor of Watertown, Mass., died Aug. 12 at Weld, 
Me., at the age of 70 years. 


John James Greenough, Superintendent of the U. 8. 
Patent Office at Washington, from 1837 to 1841, died at 
Brookline, Mass., Aug. 25. at the age of 96. Mr. Green- 
ough was an inventor and was in partnership with Prof. 
G. G. Page in bringing out the first ‘electro-magnetic 
engine.“ 


Lewis Williams. the first General Manager of the New 
York, Chicago & St. Louis R. R., died in Los Angeles, 
Cal., Aug. 29. Mr. Williams was obliged to give up 
active railway work in 1893 on account of ill-health. He 
was for some time Assistant General Manager of the 
Cleveland Car Service Association. 


Max Rosenmund, the engineer who conducted the trian- 
gulation and check surveys for the Simplon tunnel, died 
on Aug. 18. He was born Feb. 12, 1857, at Liestal, and 
passed most of his active life in the Swiss Bureau of 
Topography. In 1904 he went to the Federal Polytechnic 
at Zürich as Professor of Surveying and Geodesy. 


Willam H. Cordell, General Foreman of the New 
York Edison Co., died Aug. 2 as the result of a fall. 
Mr. Cordell was born in 1863 at St. Louis, where he 
received his primary education. Previously to entering 
the service of the New York Edison Co., he had worked 
with the Thompson-Houston Co. in Lynn, Mass., and 
with the General Electric Co., in New York. 


Frank B. Kleinhans, Jun. Am. Soc. M. Ð., was struck 
and almost instantly killed by a street car in Pittsburg, 
Pa., Sept. 1. He was driving on West Liberty Ave., and, 
in turning his horse to avoid an outbound car, was 
struck by an inbound car on the other track and thrown 
from the buggy beneath the car. His son and qa nephew, 


five and eight years old, who were with him, were seri- 
ously injured. Mr. Kleinhans was a graduate of La- 
fayette College and has for several years resided in Pitts- 
burg, where he was Chief Draftsman of the United En- 
gineering & Foundry Co. He was 35 years old. 


W. M. Habirshaw, an authority on the manufacture of 
insulated wire, died the second week in August from 
apoplexy at his summer home in Saratoga, N. Y. Dr. 
Habirshaw was born in New York City in 1834. He 
served as an engineer in the U. S. Navy during the Civil 
War, and was at one time employed as a chemist by the 
Peruvian Government. As a chemist, he studied espe- 
cially the properties of rubber and gutta percha and the 
general subject of insulation. The India Rubber & Gutta 
Percha Insulating Co., which afterward became the Habir- 
shaw Wire Co., was formed as a result of his work. Dr. 
Habirshaw was a member of the Chemists and the Elec- 
trical Club and of the Chemical Society of London. 
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ENGINEERING SOCIETIES. 


COMING MEETINGS. 


CENTRAL STATES WATER-WORKS ASSOCIATION. 

Sept. 15-17. Annual convention at Pittsburg, Pa. Secy., 
Wm. Allen Veach, Newark, O. 

NEW ENGLAND WATER-WORKS ASSOCIATION. 

Sept. 23-25. Annual convention at Atlantic City, N. J. 
1 Willard Kent, 715 Tremont Temple, Boston, 

ass. 
LEAGUE OF AMERICAN MUNICIPALITIES. 

Sept. 30-Oct. 2. Annual convention at Omaha, Neb. 
Secy., John MacVicar, Des Moines, Iowa. $ 

AMERICAN INSTITUTE OF MINING ENGINE HRS. 

Oct. 1. Annual meeting at Chattanooga, Tenn. Becy., 

R. W. Raymond, 29 West 39th St., New York City. 
ILLUMINATING ENGINEERING SOCIETY. 

Oct. 6-7. Annual convention at Philadelphia, Pa. Secy., 
Van Rensselaer Lansingh, Engineering Societies’ 
Building, 33 West 39th St., New York City. 

AMERICAN STREET AND INTERURBAN RAILWAY 
ASSOCIATION. 

Oct. 12-16. Annual convention at Atlantic City, N. J. 

8 B. V. Swenson, 29 West 39th St., New York 
y. 
RAILWAY SIGNAL ASSOCIATION. 

Oct. 13-15. Annual meeting at Washington, D. C. 
nek a C. Rosenberg, 12 North Linden St. Beth- 
ehem, Pa. 


ASSOCIATION OF RAILWAY SUPERINTENDENTS OF 
BRIDGES AND BUILDINGS. 


Oct. 20-22. Annual convention at Washington, D. C. 
sa S. F. Patterson, Boston & Maine Ry., Concord, 


AMERICAN. SOCIETY OF MUNICIPAL IMPROVE- 
Oct. 20-23. Annual meeting at Atlantic City, N. J. 
Secy., A. P. Folwell, 239 West 39th St., New York 


AMERICAN GAS INSTITUTE. 
Oct. 21-23. Annual meeting at New York City. Asst. 
Secy., W. Bissell, 29 West 39th St., New York City. 
AMERICAN ELECTROCHEMICAL SOCIETY. 
Oct. 30-31. Fall meeting at New York City. Secy., 
Dr. J. W. Richards, Bethlehem, Pa. 
ROADMASTERS AND MAINTENANCE-OF-WAY ASSO- 
CIATION OF AMERICA. 
Nov. 10, 12. Annual meeting at Milwaukee, Wis. 
Secy., W. E. Emery, West Chicago, Ill. 


THE IRON AND STEEL INSTITUTE.—The autumn 
meeting will be held at Middlesbrough, England, Sept. 
28-Oct. 2. Among the papers to be read are the follow- 
ing: Gas Producer Practice,“ Prof. W. A. Bone, Leeds, 
and R. V. Wheeler, Normanton; “The Constitution of 
Carbon Steels,” Prof. E. D. Campbell, Ann Arbor, 
Mich., U. S. A.; “The Mechanical Cleaning of Iron 
Ores,” T. C. Hutchinson, Middlesbrough; Results of 
Experience with Electrically Driven Rolling Mills,” C. 
Koettgen, London, and C. A. Ablett, London; “Relative 
Wearing Properties of Steel Rails,” E. H. Saniter, Roth- 
erham; “A Workshop Microscope,” J. E. Stead. 


WESTERN SOCIETY OF ENGINEERS.—The first 
meeting of the season was held Sept. 2 in the new rooms 
of the society in the Monadnock Block, Chicago. 

The paper presented was on ‘‘The Analysis of an Hydro- 
Electric Project,“ by Mr. H. von Schon. This paper set 
forth the special advantages of water power as compared 
with steam, and the advantages of electricity for operat- 
ing machinery. It was stated that the present power con- 
sumption in the United States, for tndustrial and public 
utility services, aggregates 15,000,000 HP. Of this 
amount, water power is credited with 2,000,000. The un- 
developed water power possibilities were estimated at 
about 10,000,000 HP. under the normal conditions of flow. 
The market for power is widespread, and the analysis 
of this market is an engineering work. 

This analysis includes (1) the franchise; (2) the pres- 
ent and prospective consumption; (3) the power load 
(with lighting load as of secondary importance); (4) the 
restrictions of use of water by federal, state or other laws 
and regulations; (5) the area which will be overflowed by 
the construction of the dam; (6) the stream flow, which 
may be determined or estimated from government 
records; (7) the character of the construction works re- 
quired; (8) the generating equipment; (9) the transmis- 
sion equipment. 

The investigation should be divided into three distinct 
and separate parts: (1) the market; (2) the approxima- 
tion of output and cost; (3) the precise estimate. 
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SOME HISTORIC BRITISH BRIDGES. 
[Editorial Correspondence. ] 


The names of Telford and Stephenson are well 
nigh as familiar to American engineers as to 
English engineers. At the little city of Conway, 
on the coast of North Wales, there stand side 
by side two bridges, one built by Telford, the 


The suspension bridge was begun by Thomas 
Telford in 1822 and was completed in 1826. 
Precious few bridges of metal construction can 
boast of a greater age. Its clear span is 326 ft. 
and its width 32 ft., giving room for a roadway 
and one sidewalk. 

Turning to the structural details, it will be 
seen by the photograph that the bridge is sup- 


The successive eye-bars of the chain are not 
directly connected to each other,- but separate 
junction pieces about a foot long and six inches 
wide are inserted at each panel point. , 

The stiffening truss is astonishingly light—so 
light that the stiffness of the bridge is prob- 
ably due more to the great weight of the eye- 
bar chains and the friction of the pins to re- 
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SUSPENSION AND TUBULAR BRIDGES OVER THE CONWAY RIVER BESIDE CONWAY CASTLE, NORTH WALES. 


other by Robert Stephenson, which are of great 
interest to engineers. 

The bridges would be notable, if for no other 
reason than for their wonderfully picturesque site. 
As shown in the accompanying view they cross 
the Conway River directly under the shadow of 
Conway Castle’s gray turrets. The railway 
through the Tubular bridge runs close beside 
the castle walls on the south, while the high- 
way which crosses by the suspension bridge was 
cut for 175 ft. through the northern side of the 
solid rock promontory on which the castle is 
built, 


ported by four chains of eye-bars on each side, 
or eight in all. These eye-bar chains are placed 
vertically, one above another. They are not 
connected by any diagonal bracing, but very 
light vertical rods, too small to show in the 
photograph, connect one chain to the next above 
or below, and cause the chains to deflect together. 
The eye-bars of which these chains are made 
up are 9 ft. long, 3% ins. wide and 1 in. thick, 
which seems very small to our present-day 
ideas. One can imagine, however, that the 
primitive iron works of 1822 may have had 
their resources taxed to forge these eye-bars, 


sist movement than to the stiffening truss. The 
Suspender rods are very closely spaced, and are 
round iron bars. 

It is to be particularly noted that the photo- 
graph here reproduced is an old one and shows 
the bridge as it was originally constructed. 
Since this photograph was taken, four wire 
cables. two on each side of the bridge, have been 
added and are placed above the eye-bar chains 
and spaced the same distance above them that 
the eye-bars are apart. Each one of these 
cables is made up of nine 2-in. wire ropes, not 
twisted together but assembled by clamps into 
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circular form. These cables are thus about the 
same diameter as the width of the eye-bars, 
and being spaced equally from them, as just 
noted, look like part of the original structure. 
At a little distance, one not observing closely 
would assume the suspending members to be five 
chains of eye-bars instead of four. 

The bridge is located over salt water in a 
land of frequent fogs and rain, and it is not sur- 
prising to learn, therefore, that during the 78 


of a convex surface, and of prompt repairs of imperfec- 
tions, Telford was able so greatly to improve the route 
on which his services had been requisitioned that the 
journey of 260 miles, which had previously taken 41 
hours to accomplish, could be regularly performed in 27, 


‘and he had the satisfaction of knowing that the Holyhead 


mail had become in his lifetime the fastest coach out of 
London, maintaining what was then considered the ex- 
traordinary speed of ten miles and a quarter an hour, 
exclusive of stoppages. 


In a later letter I shall have more to say con- 
cerning these English roads; but it is worth 
noting that the rate of speed referred to above 
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THE SUSPENSION BRIDGE OVER THE. MENAI STRAITS, FROM THE ISLAND OF ANGLESEA. 


years which it has stood practically the whole 
of the original structure has been renewed with 
the exception of the eye-bar chains and of 
course the masonry towers. 

The guide book says, with English precision, 
that the structure cost £58,004, 11s. 5d. It may 
seem a huge sum to pay for spanning an open- 
ing 326 ft. across with a highway bridge, yet 
when one considers the limited resources of that 
day—evidence of which is the four years re- 
quired to build the bridge, there is reason for 
surprise that the cost was no greater. 

It is worth noting that Nature provided the 
anchorages. At the western end the chains are 
secured in the solid rock on which the castle is 
built. At the opposite end a small rocky island 
in the Conway estuary served at once as foun- 
dation for the tower and anchorage for the 
chains. An embankment was made across the 
shallow water to the east of this island to carry 
the roadway to the main land. 

And now a word as to the larger work of 
which this bridge formed a part, and also as 
to another much greater bridge due to the same 
engineer: 

Previous to 1826, the through mail route from 
London to Holyhead (the western extremity of 
Anglesea), was interrupted by ferries across the 
Conway estuary and the Menai strait, the lat- 
ter separating the Island of Anglesea from the 
mainland. Passage across the Conway—again 
according to the local guide book—was by “an 
awkward kind of boat called yrysgraff.” If 
the boat resembled its name it is not strange a 
bridge was desired. 

During the building of the Conway bridge, 
Telford was also building the longer span bridge 
across the Menai Straits, a photograph of which 
is reproduced herewith. This structure has a 
clear span of 580 ft. between piers, and is 1,000 
ft. in total length. It is supported by 16 chains 
of eye-bars, having a total length of 1,735 ft. 
The roadway is 100 ft. above high water level. 
Although completed over 80 years ago, this is 
still the longest span suspension bridge in Great 
Britain. . 

The route from London to Holyhead was then, 
as it is now, the shortest and quickest route be- 
tween London and Ireland. The regular time 
for the mail coaches from London to Holyhead, 
a distance of 260 miles, was 41 hours. Telford 
was called in to advise as to what could be done 
to shorten the time of transit. The Conway 
guide book is again my authority for the state- 
ment that: N $ 


By insisting on the importance of a solid bed formed 
of hand-laid stones of small size, of efficient drainage, 


is just about the same that was attained at 
about the same time by the coaches between 
Baltimore and Washington, as described in the 
reminiscences of Randolph B. Latimer, pub- 
lished in Engineering News of July 23, 1908. 
But ten-mile-an-hour coaches were rendered 
obsolete within four years from the time the 
bridge across the Conway and the one across 
the Menai Strait were completed, by an event 
which happened in the same locality, bare'y 
fifty miles away. That event was the steam 
locomotive trials on the newly completed Liver- 
pool & Manchester Ry., when George Stephen- 
son’s famous “Rocket” carried off the prize. 
Twenty years after Telford completed the sus- 
pension bridge over the Conway, the Chester & 
Holyhead Railway was under construction and 
the problem of crossing the Conway and the 
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Long spans were a necessity, both at Conway 
and at the Straits, because of the great depth 
of water, the high tides and rapid currents. The 
art of founding structures in deep water by the 
aid of the pneumatic process was not yet born. 
It was under these circumstances that Robert 
Stephenson came forward with the proposition 
to build a tubular bridge of 400 ft. clear span 
across the Conway. At the present day, with 
the Knowledge accumulated during two genera- 
tions’ experience in metal truss and girder con- 
struction, the tubular bridge appears something 
of a monstrosity—a ponderous and expensive 
way to do a simple thing. The guide book says, 
however, that “the Tubular bridge over the 


Conway is one of the greatest scientific achieve 


ments of the age and truly a marvelous triumph 
of engineering skill,“ and I am inclined to think 
the guide book is right. 

If we call the tubular bridge a plate-girder 
structure, I am sure that the engineer of the 
present day who built a plate girder bridge of 
400 ft. clear span would be considered to have 
performed an important work. What shall we 
say, then, of the task of building such a bridge 
with only such too's and materials and men and 
above all such knowledge of stresses as was 
available to the engineering profession sixty 
years ago? 

But the tubular bridge is a more intricate 
structure to design than a plate girder. The 
floor and roof of the tube form the bottom and 
top chords of the girders, and it will be seen, 
therefore, that the two sides of the tubes which 
may be considered as girders have their chords 
all on one side. To carry the enormous stresses 
from the chords to the webs, under these con- 
ditions, with the girder having a clear span of 
400 ft. and an extreme depth of 25 ft. 6 Ins. 
would make most bridge engineers scratch 
their heads, even to-day. 

How these problems were actual'y solved, I 
have no present knowledge. The details were 
fully recorded, without doubt, in the engineering 
literature of that day. I will only note here that 
the guide book says: 


The strength of the tubes is dependent chiefly on the 
peculiar construction of their roofs and bases, which are 
cellular. The cells in the roof of each tube are eight in 
number and run longitudinally, while of those below, being 
larger, there are only six. 


Each tube is 412 ft. long and rests on the 
masonry pier for 6 ft. at each end, having there- 
fore a clear span of 400 ft. Each tube ts 14 


THE BRITANNIA TUBULAR BRIDGE OVER THE MENAI STRAITS. 


Menai Straits again arose. The art of bridge 
design had made no great advances in that 
period. The unsuitability of suspension bridges 
for the concentrated loads of railway traffic was 
obvious. Not only was the application of stiff- 
ening trusses to them not yet understood—wit- 
ness the slender lattice work of the Conway 
bridge—but the art of truss-bridge construction 
was still in the -early infancy of developmient. 


ft. wide and 22 ft. 6 ins. deep at the ends, in- 
creasing to 25 ft. 6 ins. at the center. 

It was impossible to build the structure in 
place on falsework. It was, therefore, erected 
on the banks of the river and floated into posi- 
tion on pontoons when completed. The weight 
of each tube is 1,300 tons (English long tons, of 
course). The guide book states that the de- 
flection of the tube under its own dead wetght 
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had been calculated by Stephenson to be 7 ins. 
and proved to be actually 7% ins. 

Then came the testing of the tube by the ap- 
plication of a load. While still on its false- 
work, the tube was wedged up on bearings at 
each end and a load of 300 tons was applied 
at the center. The added deflection due to this 
load was only 2% ins., and all but a quarter of 
an inch of this was recovered when the load was 
removed. 


The final task of floating the first tube into 
position and placing it on its piers was carried 
out on March 11, 1848, under the personal super- 
intendence of Robert Stephenson and his vener- 
able father, George Stephenson. Is it not note- 
worthy, too, that the guide book from which I 
am quoting not only gives full credit to the 
illustrious engineers who designed the bridge 
but mentions also that 


Among those who were conspicuous in conducting and 
assisting the operation [of floating the span into place] 
were Mr. Brunel, Mr. Rendell, Mr. Clarke, Mr. Ross, 
Mr. Bidder, Mr. Forster, Mr. Fairbairn, Mr. Evans, Capt. 
Moorsom, and the crew of the Great Britain,” com- 
manded by Capt. Claxton. 


The names of Brunel and Fairbairn will be 
at once. recognized as probably the men who 
later became famous for their professional work. 


THE CANTILEVER 


Not only does this guide book thus give credit 
to the engineers who bore a comparatively 
modest part in this work; but it records the pub- 
lic banquet given to Robert Stephenson at Con- 
way a month following the day when the first 
locomotive passed over the bridge, and the fol- 
lowing bit is surely worth record here: 


In responding to the toast of the evening, the illustrious 
engineer said that when he first mooted before a Parlia- 
mentary Committee the notion of a tubular bridge of 
wrought-iron plates, an incredulous glance of the most 
marked and unmistakable character was turned on him 
from every honorable member. The glance he did not 
forget, but it did not weaken his conviction, for he saw 
the practicability of the plan, and stuck to it. 


And now how does a tubular bridge, built of 
wrought-iron plates sixty years ago, and in use 
under the trains and locomotives of the present 
day, strike American bridge engineers? The 
Victoria Tubular bridge over the St. Lawrence 
at Montreal was built a considerable time after 
these Welsh bridges. When it was replaced by 
a modern truss bridge ten years ago, it had be- 
come a most serious menace to the safety of 
trains. The gravest defect of the tubular bridge, 
as we now know, is the very rapid corrosion 
due to the locomotive gases and steam, confined 
in the tube as they necessarily are. What en- 
gineer is wise enough to say when the corrosion 
on the inside of such a tube crosses the line of 
safety? Or rather—since the line of safety is 
not a line but an area, as safety is always a 
comparative term—what engineer is wise enough 
to determine the margin of safety that still re- 
mains in a badly corroded girder—particularly 

when the girder is so intricate in construction 


and difficult of inspection as the tubular bridge 
necessarily must be? 

Here let me record the unique method which 
has been adopted at Conway for strengthening 
the tube. I have seen weak girders helped out 
by a temporary pier under the center. At 
Conway, since the time when the photograph 
above reproduced was taken, the tubular bridge 
has been strengthened by shortening the span. 
In front of each of the old piers and at a little 
distance from it a cylinder pier has been put 
down and now forms the support for the tube 
at each end, shortening the clear span, I should 
judge, to about 300 ft. 

So far as I am aware, however, the much 
longer bridge over the Menai Straits, built by 
Stephenson immediately after the Conway bridge, 
remains as originally constructed. This struc- 
ture is truly noteworthy among the great bridges 
of the world. The two main spans are 460 ft. 
long in the c'ear between piers, the two side 
Spans are each 260 ft., and the total length of 
the bridge and approaches is 1,840 ft. The central 
pier rests on a rocky islet known as the Britan- 
nia Rock, from which the bridge was named. 
This tower has a height of 230 ft. The railway 
track is 104 ft. above the water. The weight 


switching engine in St. Louis burning the soft 
Illinois coal make more smoke than a whole 
yard full of these engines here. How it is done 
I do not know, but I can guess that brick 
arches, large grate areas and more than all else 
intelligent firing are the principal factors. 

At any rate the delightful result is that trav- 
eling on British railways is quite as clean as: 
on Phebe Snow’s far-famed “Road of Anthra- 
cite.” 

Perhaps it may be suggested that the corro- 
sive factor in locomotive gases lies not in the soot 
but in invisible sulphur dioxide, yet the soot 
doubtless acts like a blanket to hold the sul- 
phurous acid against the metal and help eat it 
up. 

At any rate, there the tubular bridges stand. 
Their exterior is kept painted and protected in 
most perfect fashion and one can only wonder 
what is going on inside and how long they will 
endure. 

The bridge which every engineer, or at least 
every bridge engineer who visits Great Britain 
will wish to see, is that over the Firth of Forth, 
seven’ miles north of Edinburgh, which still 
ranks as the greatest bridge in the world, and 
will always rank as one of the most stupendous 
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BRIDGE OVER THE FIRTH OF FORTH; CHANNEL SPANS, 1,700 FT. 


of each tube of the central spans is 1,600 tons, 
and the task of floating these great girders into 
position and placing them on piers at such a 
height above the water was surely a bold un- 
dertaking. 

Is this great bridge and the smaller bridge 
over the Conway safe for trains after their sixty 
years of life? Certainly this question must pre- 
sent itself to every engineer who knows the 
condition of the Victoria Bridge when it was 
taken down. It may be remarked that these 
bridges are on the London & Northwestern Ry., 
which stands among English railways about as 
the Pennsylvania does in the United States. It 
may well be thought that the engineers of this 
great and wealthy system are not running un- 
due risks. They have had full warning, cer- 
tainly, of the dire effect of locomotive gases, 
through the fall of the roof over the trainshed 
in one of the great London stations a few years 
ago. 

It must be said, too, that a considerably longer 
life might be expected for these tubular bridges 
in Wales than the Victoria Bridge at Montreal 
had. The Victoria Bridge was very much longer, 
thus giving less opportunity for clearing the loco- 
motive smoke away by natural ventilation. 
Further, British locomotives, notwithstanding 
the soft coal they burn, make on the average 
I should judge not over one-tenth the smoke of 
American locomotives. 

It is truly marvelous how little smoke and 
cinders are thrown from the stacks of these busy 
little British engines, I have seen one big 


achievements in the engineering world. Its de- 
sign is to a degree quite as unprecedented as 
the design of Stephenson’s tubular bridges and 
it is probably as little likely to be copied. Yet 
no one can view it without deep respect for the 
master minds that conceived it and carried it 
through long years of laborious construction to 
final completion. 

I may take space to note here only one small 
detail—perhaps not so small after all—the care 
taken in the design of the bridge floor and 
the heavy parapets that a derailed train shall 
neither strike the bridge trusses or go over the 
side of the bridge to the same destruction that 
befell the train on the Tory bridge years ago. 
But this is of a piece with British practice else- 
where on high bridges and viaducts. Compared 
with it our American way of sending a train at 
60 miles an hour across yawning chasms with 
nothing but the track rails to guard it from de- 
struction is at least a contrast. And derailments 
are less frequent with British rolling stock than 
with American. C. W. B. 

Edinburgh, Aug. 22, 1908. 

EE 0 8 — 

REINFORCED-CONCRETE BOATS, similar to those 
now in use in Italy, which were described in this jour- 
nal, April 23, 1908, p. 453, are to be manufactured for 
use on the Missouri River by the Moechel & Lowther 
Engineering Co., of Kansas City, Mo. This firm has 
made models of a 300-ton power boat in 1-60th size 
and of a 300-ton barge in 1-45th size, each to draw 8% 
ft. of water in the full size boat. Tests made on the 
models show very favorable results, but as yet the 
300-ton vessels have not been built. 


294 


ENGINEERING NEWS. 


Vol. 60. No. 12. 


STANDARD BOILER-HOUSE DESIGN OF THE OLIVER 
IRON MINING CO.* 
By A. M. GOW.t 


Before considering in detail the plans of the standard 
boiler-house of the Oliver Iron Mining Co., the condi- 
tions which it was designed to meet should be under- 
stood. In advance it was seen that a large number of 
boller-houses would have to be erected and to avoid the 
labor and expense involved in a multiplicity of design 
it was important that some standard plan be adopted 
that would lend itself to the variety of conditions to be 
encountered at the various mines. In other words, 
while it was necessary to adopt a standard, the standard 
must have a great degree of elasticity and adaptability. 
The word ‘‘standard’’ as used in this connection does 
not mean ‘‘duplicate’’; each separate installation pre- 
sents its own peculiar conditions of location and size 
that must be taken into consideration, but certain fea- 
tures of construction and practically all matters of me- 
chanical detail have been so standardized that the design 
of a new boiler house consists largely in assembling 
plans that have already been worked out. To begin 
with, it was necessary that the building should be such 
that it could be readily erected by available labor and 
be reasonably free from danger from fire. The boiler 
should be suitable for 150 lbs. working pressure and 
of a type, which in the judgment of the Chief Engineer, 
was least Hable to give trouble and could be maintained 
at least expense, while maintaining maximum effi- 
ciency. The setting should be adapted for use with from 
two to six boilers in battery and capable of increase or 
decrease; the appurtenantes must be as simple and as 
nearly fool proof“ as possible to make them. The en- 
tire plant must be of reasonable cost, thoroughly efti- 
cient and free from mechanical complications and 
“frills,” while fully able to bear criticism from the 
standpoint of good engineering. 

At the outset, therefore, it is evident that the prob- 
lem that confronted the engineer, Mr. H. J. Wessinger, 
M. Am. Soc. M. E., was a very different one from that 
which presents itself when a central power station of 
5,000 to 20,000 HP. is to be designed, with a lease of 
life supposed to be everlasting and the whole to be 
under the immediate supervision of a chief engineer 
with an abundance of skilled labor. The boiler house 
of the Oliver Iron Mining Co. is not to be judged by 
the standards applicable to such installations. It is 
essentially and primarily a boiler house adapted to the 
needs of the company. How well the plans have met 
the requirements may be judged from the fact that 
within the last six years about 30 boiler houses have 
been built, containing from two to six boilers each, and 
no essential changes made in the general designs. 

This same system of standardizing working plans has 
“also been followed in the design of dry houses, oil 
houses, office and warehouse buildings, captain’s offices, 
small machine shops and engine houses. In all these 
buildings a certain type of construction is followed, the 
details remaining the same, so that the work of de- 
signing a new building consists largely in assembling 
existing plans, already worked out, and adapting them 
to the new location. 

THE BOILER.—The standard boiler is a 72-in. x 18-ft., 
horizontal tubular, with -in. shell, 9/16-in. heads, de- 
signed for 150 lbs.. working pressure. The specifications 
are practically those of the Hartford Steam Boller & 
Inspection Co. somewhat condensed. The exact length 
over all is 17 ft. 11% ins., that 18-ft. tubes may be 
used. The tubes are 4-in. Shelby steel, spaced wide in 
the center and away from the sides. A manhole is 
provided in the front head and four 1%-in. through- 
rods, upset at the front end and secured by inside and 
outside nuts, stay the heads below the tubes. The 
longitudinal seam is double butt-strap, quadruple riveted, 
having an efficiency of 94%. Upon tha boiler are lo- 
cated three cast-iron nozzles, faced and drilled for 1902 
standard flanges; one 4-in. for feed and auxiliary steam 
connection; one 7-in. for main steam connection, and 
one 4-in. for safety valve. The blow-off connection is 
a pressed steel flange threaded for 3-in. pipe. Special 
attention was paid to the matter of bracing the heads 


and 22 braces were provided, carefully spaced, no brace ` 


less than 3 ft. 6 ins. long or less than 1 in. in cross 
section. Approximately 100 boilers have been built to 
these plans and specifications and no reason found to 
alter any of the details. The boiler is shown in Fig. 1. 

The question has often been asked why this type of 
boiler was adopted and not some approved type of 
water-tube. It is not within the province of this paper 
to discuss the relative merits of different types of boil- 
ers. Suffice it to say that it will not be admitted that, 
necessarily, a water-tube boiler is a more economical 
steam generator than a horizontal tubular. The hori- 
zontal tubular can be set, removed and re-installed with 
much greater ease and economy than can a water tube, 
and this matter of removal fs here an important one, 
considering the life of the plants. Comparatively speak- 


*A paper presented at the Annual Meeting of the Lake 
2751908 Mining Institute, Minnesota Ranges, June 24- 
fwolvin Bldg., Duluth, Minn. 


ing, the installations are small, rarely exceeding four 
boilers to a battery and the matter of ground space is 
not one of serious moment. The objections raised to 
this type of boiler by the water tube advocates are the 
difficulty of cleaning, the liability to bagging and the 
danger from explosion. The water at the mines of the 
company is almost uniformly good; with good water 
and reasonable attention tubular boilers can be and are 
kept clean. As to bagging, the records show that with 
the hundreds of tubular boilers in use by this company, 
about one boiler in 100, per year, bags. Serious bags, 
which cannot be driven back and require either a new 
sheet or patch have amounted to less than one boiler 
in 200, per year. <As to the danger from explosion, it 
will not be contended that this does not exist. Boiler ex- 
plosions do occur and in the most unaccountable man- 
ner. By constant and careful inspection it is hoped 
to reduce this danger to a minimum. But the results 
from burst tubes in water tube boilers have been very 
serious according to the records of the insurance com- 
panies, which records do not show, by any means, that 
their losses are confined to horizontal tubular boilers. 
THE BOILER SHTTING.—The setting is shown in 
Fig. 2. Regardless of the number of boilers in a bat- 
tery this drawing is followed. It has been repeatedly 
used for batteries of from two to six. The boiler is 
supported upon lugs and is not suspended. This fea- 
ture has been severely criticised, for as a rule, an advo- 
cate of the suspended setting can see no merit whatso- 
ever in the supported setting. A first-class, suspended 
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obtainable. The heating surface of the shell is but 11% 
of the total heating surface. It is in the tubes that the 
heat must be absorbed and not through the shell. Com- 
bustion must be complete before the gases enter the 
tubes. Complete combustion is furthered by a large 
combustion chamber, a low bridge wall and a consid- 
erable distance between the grates and the ehell. Rather 
than contract these dimensions it would be preferable 
to increase them. 

The side walls are made heavy not with the expecta- 
tion that all cracks may be avoided but that the loss of 
heat from radiation may be reduced to a minimum. 
The air space in the walls, to a limited extent, allows 
the inner wall to expand independently of the outer 
wall. But a certain amount of cracking of the outer 
wall is to be expected; if the cracks are kept pointed, 
so that no air is drawn in, no harm is done. 

In place of putting a single course of brick over the 
shell the masonry is leveled off to the top of the side 
walls, making the top of the battery as smooth as a 
ball room floor. This floor can then be kept clean and 
free from the rubbish that is so prone to accumulate on 
the top of boilers. The fire hazard is materially re- 
duced thereby. In addition, when the fireman has oc- 
casion to go there he does not fall over loose planks. 
Valves and manholes are accessible. Furthermore, this 
mass of brick work reduces heat losses. As a matter 
of fact it is never uncomfortably hot on boilers set in 
this manner. It is not advisable that a space should 
be left between this brick covering and the boiler. In 
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setting is, no doubt, superior to a poor, supported set- 
ting, but it will not be admitted that there is anything 
inherently wrong in supporting a boiler by lugs, resting 
upon the side walls. The claim that the walls of a sus- 
pended setting are less liable to crack and bulge than 
those of a supported setting is not borne out by experi- 
ence. Walls that are heavy enough to reduce radiation to 
a minimum are abundantly strong to bear the weight of 
a boiler. Lighter walls are not desirable. Having pro- 
vided heavy walls for the purpose of retaining the heat 
there is no reason why they should not serve the ad- 
ditional purpose of carrying weight. The advocates of 
the suspended setting place great stress upon the idea 
that it is almost impossible to make the four lugs bear 
equally and, as a consequence, unknown and torsional 
strains are introduced. There is some truth in this 
contention, but admitting that the weight on each lug is 
not equal it remains to be proven that the strains thus 
introduced are of any material consequence. The boiler 
is sufficiently strong to bear such torsional strains even 
if supported upon but two diagonally opposite lugs. The 
suspended setting does not lend itself readily to increase 
or decrease in the number of boilers in the battery and 
this is an important consideration with the company. 
Take it all in all, the introduction of columns into the 
side walls and overhead supporting beams involves ele- 
ments of cost and inconvenience which are wholly un- 
necessary and do not give adequate returns. 

It will be observed that the distance from the grate 
bars to the boller shell is 36 ins., that the bridge wall 
is low and merely serves to prevent fuel being pushed 
off the grates, and that there is no filling back of the 
bridge wall. It is not desirable that the flame should 
“hug” the boiler. The effect of the relatively cold 
boiler shell is to retard combustion and what is desired 
deneath the boiler is the most complete combustion 


fact such a space is decidedly objectionable, so the first 
course is laid immediately against the shell, thus effect- 
ually preventing the short circuiting of the gases with 
the consequent corrosion of the shell. The bottom of 
the ashpit is finished water-tight with cement below 
the level of the floor, and firemen are instructed to keep 
water therein. The evaporation serves to keep the 
grate bars cool. The use of live steam beneath the bars 
is considered as extremely wasteful and wholly un- 
necessary. 

The boiler is set level. This is in direct opposition 
to the general practice of setting boilers high in front. 
The reason for setting level is that the flanges may 
come horizontal and taper joints be avoided. The only 
argument in favor of setting high in front is that scale 
and mud may drain to the rear. But the advocates of 
this practice ask for only 1 or 1% ins. in 18 ft. It is 
not supposable that a slope of about 1/16 in. per ft. 
especially when the rear sheet makes a dam % in. 
high at the center, can, to any appreciable extent, effect 
the currents of circulation along the shell. It is well 
known that the circulation establishes a current along 
the bottom of the boiler from the rear head forward. 
This frequently results in a deposit of mud and scale 
at the point where the heat is most intense, just for- 
ward of the bridge wall. That this current can be 
reversed and caused to flow in the opposite direction 
by so slight an_ inclination as 1/16 in. per ft. is not 
reasonable. OWIAR to the expansion and contraction of 
the firebrick in the furnace there is a slight tendency 
for a boiler to settle in front. That the boiler may 
eventually rest level there is no objection to a slight 
elevation at the start; but the idea that a boiler should 
be set high in front that scale and mud shall wash to 
the rear is believed to be erroneous and not borne out 
by experience. Even if it were so, the area that is 
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effected when the blow off is opened must be a very 
Iimited one. Only the mud in the immediate vicinity is 
removed. Blowing off is necessary that the blow-off pipe 
be kept open and also that a change may be effected in 
the water, but it is not and cannot be a substitute for 
cleaning, however high the boiler be set in front. The 
way to prevent bagging is by keeping the boiler clean 


and it is not believed that this end is in the least hin- 


dered by setting the boiler level. 

There are no air passages in the bridge wall; no 
attempt is made to pre-heat air before combustion; 
there is no secondary air supply” to the combustion 
chamber. These are purposely omitted, because, while 
they are very pretty points to talk about it is not be- 
lieved that they are of any practical utility. The ques- 
tion of the use of automatic stokers, shaking grates, 
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and patented furnaces, has received due and careful 
consideration, but despite the claims of sales agents 
and reports of tests, with all of which the engineering 
department is very familiar, that department remains 
to be convinced that any economy, at all commensurate 
with the cost, would be secured by their adoption. It 
would have been an easy matter to complicate this set- 
ting; the attempt has been made to simplify it. The 
drawing has been used to set about 150 boilers and no 
reason has been found for changing it. 

THE FRONTS AND APPURTENANCES.—The fronts 
are of the full flush type and considerably heavier than 
those usually furnished by manufacturers. Door joints 
are not planed but castings must he smooth and true. 
Grate bars are of the type known as the Kelly bar. 
They present the largest possible proportion of air 
space to surface. Two blow-off valves are provided; 
a 3-in. asbestos packed plug cock and a 2%-in. brass 
angle valve. It is occasionally necessary to renew the 
brass seat, but between the two valves no trouble is 
experienced from leaking at the blow-off. The feed 
connection is somewhat novel; upon the front 4-in 
nozzle is mounted the casting shown in Fig. 3. The 
2-in. feed line enters the top of this casting; a 2-in. 
nipple is screwed in from the underside and connects 
by an ell to a 2-in. pipe that runs immediately over the 
tubes to within 2 ft. of the rear head; a tee is placed 
on the end of this line that the feed water may be pro- 
jected towards the sides of the boiler and not against 
the back head. This casting is tapped at the side for 
a 2-in. pipe to supply steam to an auxiliary 4-in line 
that furnishes steam to the pump and injector. This 
feature of an auxiliary steam line, independent of the 
main steam header, is a valuable one in mining prac- 
tice in that it permits of repairs to the header without 
cutting off the steam to the mine pumps. The steam 
line leading to the shaft, in addition to being connected 


part. Tor 
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to the header, is always con- 
nected to this auxiliary 4-in. 
line. This arrangement of 


taking steam from the 
same connection that ad- 
mits the feed water has 


been objected to on the 
grounds that the feed water 
has a tendency to cool the 
steam thus insuring a supply 
of wet steam to the pump. 


The objection is not well 
taken. The condensing, or 
cooling effect of the few 


inches of pipe exposed can- 
not be but insignificant. 
Furthermore the steam to a 
feed pump is always throt- 
tled. The arrangement is a 
most convenient one and 
the feed pipe is much more 


accessible than if it en- : EEN 
tered the front head after — ores 
the usual custom. To tap * 
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a feed pipe into the shell is 
not considered good prac- 
tice as the breaking off of 
pipes so placed bears abun- 
dant testimony. The desira- 
bility of feeding at the blow 
off will not be discussed here. We are not open to 
conviction on that point. The combination of feed and 
auxiliary steam line from one nozzle has proved very 
satisfactory. 

The auxiliary steam line supplies the feed pump and 
injector which discharge into opposite ends of a cast- 
iron manifold, having as many openings as there are 
boilers in the battery. The feed is regulated at the 
manifold and not at the boiler; but, in addition to the 
feed valve at the manifold, a 2-in. angle valve, for 
emergency, is placed on each boiler and the check 
valve located adjacent to it. This check is made flanged 
on one end so that it cannot be set to open the wrong 
way. 

The feed water heater is of the open type and the 
large majority of those in use are of the Webster type. 
The only objection that can be raised to the open 
heater is the danger of getting oil into the boilers. The 
oil separator must be cleaned and care taken that the 
heater does not become foul. In none of the cases of 
bagged boilers was there evidence that the trouble 
arose from oil. Troubles from leaking tubes and de- 
terioration of closed heaters are considered more seri- 
ous than the dangers due to oil incident to open heaters. 


It is the practice of the company to heat the mine 
buildings by the vacuum system, using exhaust steam, 
This effects an enorfnous economy in fuel. At many of 
the mines the power can be considered as costing noth- 
ing, for the buildings, if heated in the usual manner, 
would require as much fuel as, with the vacuuni sys- 
tem, serves to supply both heat and power. The use 
of the vacuum system calls for a back pressure valve 
that shall release at a miximum of 2 lbs. and at the 
same time prevent the inleak of air when the flow line 
is under vacuum, There are on the market a number 
of back-pressure valves which will, presumably, answer 
the purpose fairly well with engines having a con- 
stant exhaust. But a hoisting engine has not a con- 
stant exhaust. At the beginning of a trip it may ex- 
haust at 60 lbs. and after a few revolutions at atmos- 
phere. Under such conditions a poppet valve can do 
nothing but pound and it pounds itself to pieces. It 
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became necessary to design a back-pressure valve that 
will not pound. The result was the Wessinger valve, 
that rotates on its seat after the manner of a Corliss 
valve. It does not pound or leak and the many in use 
are giving entire satisfaction. By means of a reducing 
tee, adjacent to the heater, a connection is always pro- 
vided for the vacuum system. To supply the system 
and also insure a high feed water temperature a con- 
siderable quantity of exhaust steam is demanded. In 
a few installations it has been deemed advisable to dis- 
regard engine economy, to a certain extent, that the 
volume of exhaust might be sufficient to supply these 
demands. This is cited as an illustration of what was 
before mentioned, namely, that the criteria by which 
a large central power station might properly be judged 
are not applicable to the boiler houses of this company. 
This is in no sense an apology, merely an explanation. 

With the exception of high and low water alarm on 
the water column, provided to conform to the state law 
and not because it is considered an essential, and an 
automatic float valve controlling the supply of water to 
the heater, there are no automatic appliances in the 
boiler room. Automatic pump governors, damper reg- 
ulators, boiler skimmers and such like mechanical de- 
vices, designed to do the work of the firemen and water 
tenders, are not used. The question of the use of super- 
heaters has received some consideration and may re- 
ceive more. Where line condensation, as in the case of 
underground pumps, is considerable, there is little doubt 
that initial superheating would effect an economy. But 


Digitized by Google 


296 


ENGINEERING NEWS. 


Vol. 60. No. 12. 


in connection with hoisting engines, where the flow of 
steam is intermittent, resulting in great variations of 
temperature in the superheating apparatus, the use of 
superheaters is something of a doubtful proposition. 

Careful attention is given to the matter of steam pipe 
covering. The only insulating material used is 85% 
plastic magnesia. It is applied 2 ins. thick on all pipes 
up to 7 ins. in diameter and 3 ins. on 7-in. and over. 
This is expensive, but the cost is materially reduced by 
having men at all the mines who can do a good job of 
covering. With this covering properly. applied no hesi- 
tation is felt in running a steam line 1,500 ft. long, with 
expansion joints suitably located and pipes properly 
drained. It is an established rule, violated only in ex- 
ceptional cases, that a steam line must pitch in the 
direction of flow. It is not conceivable that water can 
flow back along the bottom of a pipe against the veloc- 
ity of the steam in the other direction. For this reason, 
pipes pitch with the flow and to avoid water pockets it 
is the practice to use eccentric fittings where the diam- 
eter changes, that there may be no hindrance to the 
flow of condensation to the end of the line, where pro- 
vision is made for trapping it off. 

The size of the main header is determined by the 
number of boilers in battery but is always made larger 
than the total area of the pipes which it supplies. Thus 
it acts as a receiver and it is not the practice to use 
additional receivers on the lines. The header is con- 
nected to the boilers by curved pipes. Under no cir- 
cumstances are stop valves placed next the boilers. They 
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are invariably placed next the header. All valves, fit- 
tings and flanges, are extra heavy, cast iron, to the 1902 
manufacturers’ standard. 

THE STACK AND BREECHING.—The breeching is 
made from No. 8 sheet steel. A damper is provided in 
the smoke connection from each boiler but no main 
damper is provided in the breeching proper. That por- 
tion of the breeching which is exposed to the weather, 
between the boiler house and the stack, is most likely 
to need renewal. Consequently this section is made 
so that it can be readily removed by connecting it to 
the remainder of the breeching by an angle fron flange 
located just inside the boiler room wall. Upon the 
question of stacks the practice has, in general, been to 
use brick, where a long life was anticipated, and steel 
where the location was on ore or where the plant was, 
to a degree, temporary. The permanency of the brick 
stack and the fact that it does not need painting, are 
considerations in its favor. On the other hand the first 
cost of a brick stack is more than that of a steel stack, 
made from light tank plate and guyed. But the life 
of such steel stacks has been in many cases surprisingly 
short, not over six years. The question of the desira- 
bility of the two types is now receiving careful attention 
from the Engineering Department. It is not Impossible 
that some design of concrete stack may be adopted as 
standard, but as yet none have been built for this 
company. The self-contained steel stack, brick lined, 
“blast furnace style” as it is sometimes called, has 
been considered in place of the brick. It requires as 
much foundation as the brick stack and must be kept 
painted. These brick stacks are contracted, erected in 
place, upon foundations, all labor and material being 
furnished by the contractor. In two cases these stacks 
have been struck by lightning but the damage was not 
Material. Recent installations have been equipped with 
lightning rods. Please note that there is no knob on 
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the top. A knob does not assist the draft and its pres- 
ence is a matter of taste. No quarrel will be insti- 
tuted with those whose tastes differ. 

THE BUILDING.—The building is shown in Fig. 4. The 
standard construction which has been adopted consists 
of a frame skeleton covered with sheeting, building paper 
and corrugated, galvanized iron, and veneered inside 
with one course of brick, between the studding. This 
construction is followed on nearly all the mine struc- 
tures such as engine houses, dry houses, small machine 
shops, warehouses and captain's offices. Because of the 
fact that, winter or summer, buildings of this type may 
be erected by labor available at the mines and from 
material always readily obtainable, the construction has 
proved itself eminently adapted to the requirements. 
The wooden superstructure can always be framed and 
erected by the mine carpenters and then the work in- 
side may be proceeded with regardless of the weather, 
and the corrugated fron and brick veneer put on when 
most convenient. The brick veneer materially reduces 
the fire hazard, makes the building much warmer and 
presents a neat and finished appearance. The brick are 
laid flush with the studding, so that the wall is smooth. 
Sheeting is laid diagonally, covered with building paper 
and finished with corrugated iron. The same weight of 
corrugated iron is used on roof and sides. It is cus- 
tomary to use heavier iron on the roof than the sides 
on most buildings but it was found that when the bun- 
dles of fron were opened the sheets were almost certain 
to get mixed. This is merely cited as one of the many 
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small details that have been considered. As to the 
relative merits of galvanized and painted iron there is 
a difference of opinion among engineers. The experi- 
ence of the Oliver Iron Mining Co. favors the use of the 
galvanized sheets and as yet the pitting of the sheets 
has not rendered painting necessary. 

Fig. 4 shows the design of the wooden roof truss. 
The wooden roof truss in a boiler house has been ob- 
jected to on account of the fire risk. The members of 
this truss are heavy and the bottom chord is always 
placed well above the breeching. To reduce the fire 
hazard to a minimum the truss is kept well white- 
washed. Steel construction has been considered for such 
buildings and may, later, supplant the wooden standards 
followed up to this time. Considerations of first cost 
and convenience in the matter of erection, from the 
standpoint of both labor and material, led to its adop- 
tion. With the constantly increasing cost of timber 
and the constantly increasing facilities for obtaining and 
erecting steel structures it is possible that the design 
may be changed to steel construction. Plans and esti- 
mates have already been made on certain buildings that 
comparison may be instituted between the two types of 
construction. For all large buildings steel construction 
is used. In fact, the use of steel is constantly in- 
creasing in the mining business. Steel tram cars are 
taking the place of wooden ones. Steel head frames are 
being used more and more and on deep, permanent 
shafts steel shaft sets are in many cases substituted for 
wood. For small mine buildings, where the necessity 
of following some standard practice is urgent, this 
brick veneered construction has proved itself to be 
very desirable. 

The roof of the boiler house is always hipped parallel 
to the battery that extensions may be made if de- 
sired. For ventilation a monitor with wooden louvres 
is provided and upon recent installations wire screen is 


put over the openings for the industrious sparrow finds 
the top of a warm boiler house a suitable place for nest 
building, using all the inflammable rubbish in the neigh- 
borhood. 

The best way to get the coal within easy reach of the 
firemen is something of a problem. Overhead bins. 
filled by elevators and discharged by spouts, while ad- 
mirable for large plants, present cost considerations out 
of the question in plants the size of these. At the same 
time coal storage for the winter months is absolutely 
necessary. The plan as adopted and in use on all new 
plants is shown on Figs. 5 and 6. A coal trestle is erected 
alongside of the boller house and in this connection it 
is well to remark the site of the boiler house is usually 
considered in connection with the possibility of getting 
a trestle to it at proper grade. Upon the side of the 
boiler house are built bins that discharge coal within 
reach of the fireman’s shovel. In summer time, when 
coal is being regularly received in drop bottom cars, the 
bins are kept full directly from the cars. The winter 
supply is stored between thd bents of the trestle. At 
one end of the boiler house is a coal elevator, simply 
a platform raised and lowered by means of a steam 
cylinder within the boiler house. A coal buggy having 
been filled is run on the elevator, raised to the level 
of the bins, run into the house and emptied directly 
into the same bins that in summer receive their coal 
direct from the cars. There is no wheeling in*of coal 
and dumping it on the floor. Having filled the bins the 


laborers are available for work elsewhere until the bins 
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need to be filled again. The records of cost show a 
notable saving per ton by this method of coal handling. 

At the back of the boilers is provided a trench, cov- 
ered with cast-iron plates, to receive the blow-off pipe 
and exhaust pipes leading to the heater. It is consid- 
ered very bad practice to locate the blow-off pipe under- 
ground, or where it is not accessible. Furthermore the 
end of it should be visible. Steam and water coming from 
this pipe is the surest indication of leaking blowoff valves. 

Where the battery consists of but two or three boilers 
the engine room is, usually, built as part of the same 
building that houses the boilers, the two being sepa- 
rated by a brick partition wall. On larger plans the en- 
gine house is a separate building, of the same general 
construction that has been described. 

COSTS.—A boiler plant, bullt to these designs, con- 
taining four boilers, brick stack, coal hoist, and every- 
thing complete, ready to raise steam, costs about $20,- 
000. This does not include the coal trestle. From 
the estimates and actual costs on several installations 
the following cost sheet is made. It is assumed that 
the location is such that convenient delivery of ma- 
terial can be made by rail; both labor and material are 
higher than they were a few years ago, when the same 
installation could have been made for $19,000. 


Excavations ........... e $250.00 
Foundations ......... ab beets we we ae bee - 2,200.00 
Building e 3, 200.00 
Boilers, grates, fittings e . 4,700.00 
Setting, complete 3. 000.00 
Chimneͤs re .. . 8,200.00 
Pump. injector, heater EE EEA 1,000.00 
Piping and valves 8 .. . 1,800.00 
Pipe covering FVVf'P eae es A 350.00 
Coal hoist and car......... ORP E Seeds 700.00 
Total ese ¶ꝙũ, e % ee „ „e eevee eee -$20,400.00 

Water tank, erectenn[nnndn. 700. 
$21,100.00 
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AN AIR-OPERATED SPREADER CAR FOR RAILWAY 
AND OTHER WORK. i 


Spreader cars for leveling and spreading ma- 
terial delivered from cars are very extensively 
used in railway construction and improvement, 
and on similar work. Several such cars are in 
use on the Panama Canal works for spreading 
the material at the dumps. Others are used at 
large steel plants for spreading coke, broken 
stone, slag, etc., on the stock piles. The ac- 


In the new car, each member is articulated, 
having a knuckle joint at the middle. One end 
has a pivot attachment to the wing, and the 
other end is seated in a cast steel socket. All 
the sockets are mounted on a heavy longitudinal 
square bar. The air cylinder beneath the car is 
connected to a lever on this bar. It thus turns 
the bar on its axis, and in this way raises or 
lowers the wing braces so as to move the wing 
inward or outward as required. In Fig. 2, the 


left wing is closed, the right wing is thrown 


if the box should strike it as the truck swivels 
on a very sharp curve. 

The car and all its attachments are very sub- 
stantially built, and all castings are of steel. 
The arm sockets and the large hinges and at- 
tachments of the side wings are steel castings. 
The trucks also have steel frames. The total 
weight is about 30 tons. The car is fitted with 
air brakes, and has an air whistle by which the 
operator can signal the engineman. The machine 
is operated by one man, who stands between the 


FIGS. 1 AND 2. 
companying cuts illustrate a spreader car built 
recently by the O. F. Jordan Co., of Chicago. A 
Jordan spreader was described in our issue of 
Jan. 4, 1906, but the new machine has four im- 
portant features: (1) the application of com- 
pressed air to effect all the various movements; 
(2) the use of a front plow to clear material from 
the track in advance of the machine; (3) the 
means of adjusting the wing braces; (4) the 
availability of the machine as a snow plow or 
flanger during the winter, when an ordinary 
spreader car would have to be left idle. 

A side view of the machine is shown in Fig. 1. 
It is a steel-frame flat car, 6 ft. wide, carrying 
all the several devices and the operating mechan- 
ism. A cylindrical receiver is kept charged with 
air at about 70 to 80 lbs. pressure by the brake 
pump on the locomotive attached to the car. 
Behind the receiver is a tool box. 

One of the special features is the equipment 
for clearing material off the track in front of 
the machine, in addition to spreading material 
standing beside the track. At the middle of the 
front of the car is a wing plow, pivoted so that 
it can be set diagonally across the track in either 
direction from the center. An inclined plate in the 
form of the snow plow on a locomotive pilot is 
attached to the front of the car, just behind the 
wing p'ow, and throws the material clear of 
the track. An apron plate extending below the 
end sill prevents material from falling behind the 
fixed part of the plow onto the track. The wing 
plow is held in either position by timber braces 
fitted between its rear side and a step under the 
corner of the end sill. The plow is raised and 
lowered by the vertical cylinder on the front end 
of the car. Its nose or forward end is supported 
by the diagonal member, which is made telescopic 
in order to admit of adjusting the position. With 
these attachments, the machine is adapted for 
use as a snow plow. 

The main spreader wings are pivoted to heavy 
posts on either side near the middle of the car, 
and are raised and lowered by vertical inverted 
cylinders attached to the inner sides of the posts, 
as shown by the rear view in Fig. 2. The wings 
are operated independently of each other. Each 


is operated by a set of members which also brace © 


it against the side of the car. These braces 
are able to hold the wing at any desired angle. 
In the earlier cars they were telescopic for ad- 
justment as to position when horizontal, and 
were raised and lowered by chains attached to 
hand winches. The adjustment could not be 
made while the machine was at work, the bolts 
in each brace having to be taken out and re- 
placed. 


AIR-OPERATED SPREADER CAR 


partly outward. The knuckles of the joints in the 
braces are so shaped that pressure tends to 
make them lock together. A diagonal tie from 
the top of the side post supports the outer end 
of the wing. This tie is made telescopic, as shown. 
The upper part is an I-beam with holes in the 
web; the lower part is composed of two chan- 
nels bolted on either side of the I-beam. The 
adjustments are easily effected. Fig. 3 is a 
view of the work of the spreader for filling or 
widening. It will spread to a maximum width 
or 44 ft. (or 22 ft. on each side from the center 
line of the track). 

In front of the main wing is a small wing 
which closes the opening between the car and 
the heel of the main wing. This is shown in 
Fig. 1, but is folded forward against the truck 
in position for transportation. When in service, 
this is swung back so that its end bears against 


Fig. 3. Work done by Spreader Car in Plowing 
Material off the Track and Spreading Material 
Dumped Along the Track. 


the main wing. It is raised and lowered by an 
air cylinder. A steel plate or shield outside of 
the truck prevents material from flowing in upon 
the track and blocking the wheels. This has 
an opening to allow for the movement of the 
journal box of the front axle. The opening may 
be closed by a flap, this being held in place only 
by springs, so that it could be forced outward 


WITH FRONT PLOW FOR RAILWAY WORK. 


side posts. Here he has at hand the levers of 
the valves controlling all the movements of the 
main and small wings, and the front plow. 
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THE LUMBER CUT OF THE UNITED STATES for 
1907, according to figures compiled by the U. S. Bureau 
of the Census and the U. S. Forest Service, was over 
40,000,000,000 ft. B. M. This includes returns from 
28,850 mills, and is believed to include 95% of the 
actual cut. The cut for 1906, as reported by 22,398 
mills, was 37,500,000,000 ft. The increase for 1907 over 
1906 is 7% in cut. Although the percentage of mills 
reporting was greatly increased in the latter year, it 
is thought that this does not indicate any great defi- 
ciency in the total cut for 1906 owing to the fact that 
most of the mills added to the list are relatively small. 
The average lumber cut of the United States was in- 
creased, so far as can be told from the available fig- 
ures, from 250 ft. per capita in 1850 to 480 ft. in 1907. 
The per capita cut for 1900 was 460 ft. 

————_@ ——-— 

THE RELATION OF FORESTS TO WATER SUPPLY 
for cities, irrigation, power and navigation is to be stud- 
ied in detail by the U. S. Forest Service in cooperation 
with the Weather Bureau, the Reclamation Service and 
the Geological Survey. In order to secure immediate 
information on this subject, desired by the National 
Conservation Commission for use in its report Nov. 1, 
the Forest Service is sending the following questions to 
competent observers throughout the country who are 
known to be interested in this and other national prob- 
lems: 

(1) Have any instances come under your notice where 
the removal of the forest cover from a certain water- 
shed [drainage area.—Ed.] has had any definite effect 
upon the flow of the streams which take their rise there, 
and, if so, to what extent? Please give the dates, as 
nearly as possible, the exact location of the watershed, 
and describe, as nearly as you can, the topography, the 
rock, the soil, and the kind of forest removed. 

(2) Have you observed any relation between the condi- 
tion of watersheds and the silting up of rivers, ponds, 
and reservoirs? 

(3) Do you know of any specific instances where the 
destruction of the forest cover upon watersheds which 
furnish water for the use of towns or cities can be held 
responsible for the breaking out of epidemics? 

(4) Do you know of any specific cases where springs 
have dried up after destruction of the forest cover, or 
where they have returned with its restoration? Please 
give the dates, as nearly as possible, the exact location 
of the spring, and describe the topography, the rock, the 
soil, and the character of the forest which was removed 
or which has sprung up again. 

(5) Do you know of any instances where artesian wells 
have dried up, or where they have begun to flow again? 
Can any connection be traced between this and the con- 
dition of the catchment basin? Give the dates as nearly 
as possible, the location of the catchment basin, and 
describe the topography, rock, soil, and the general 
forest conditions. 

(6) Can you suggest the names of any persons who 
would be in a position to give additional facts? 
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READJUSTMENT OF CURVES AND TANGENTS IN 
MAINTENANCE-OF-WAY WORK. 


By W. H. Wilms.“ 


A large majority of the civil engineers gradu- 
ated every year by our large colleges and techni- 
cal schools will enter railway service, and of 
these perhaps 75% will be employed on mainte- 
nance-of-way work. It is for this latter class of 
young men, now pursuing their studies or having 
just graduated and about to take up maintenance 
work, that the following notes on the realinement 
of curves and tangents have been prepared. They 
are not intended to be simply of interest to them, 
but to serve as a tool in their future work. 

A very important item of work in maintenance- 
of-way consists in giving line on both curves and 
tangents. In the class room and field the stu- 
dent is taught the elements of curves and spirals, 
and how they are laid out in location and con- 
struction work. But the instruction in these 
subjects as applied to maintenance-of-way work 
is very limited indeed, if given at all. How often 
may be seen curve stakes (set by young engineers 
just fresh from school) clinging to the inside 
or outside of rail, and in some cases even jump- 
ing the rail, for the entire length of the curve. A 
curve would have to be in very bad line indeed 
to necessitate throwing the track to such an ex- 
tent. To throw the track to these stakes would 
in many cases necessitate widening the roadbed. 
In not a few cases it would be practically im- 
possible, on account of the many restrictions im- 
posed upon existing curves by bridges, buildings 
and other structures close to the track. As a re- 
sult, the stakes will never be used. The fore- 
man will line up the track as best he can by 
Sighting, and the work of the engineer corps will 
be lost entirely. This is no uncommon case, but an 
everyday occurrence. The young engineer will 
continue thus until he learns by sad experience 
that special methods must be adopted in this 
class of work, and that the ordinary methods of 
setting out curves on location or construction do 
not always apply in maintenance-of-way work. 

Very little information on the readjustment of 
curves and tangents has been published in the 
engineering journals, and much of that has been so 
brief as to be of slight value to the young engi- 
neer unacquainted with this class of work. Take 
for instance Mr. Ives’ article on curve relining, 
published in Engineering News, Dec. 26, 1901.+ 
In relining long curves where the tangents can- 
not be produced to an intersection, and where a 
traverse of the curve is necessary, few curves of 
this class can be connected by a traverse of one 
or two chords, such as Mr. Ives advised. A num- 
ber of them will be required in many cases, and 
if his method of figuring the traverse (by solu- 
tion of resulting triangles) were used in such 
cases, it would involve a great amount of figuring. 


The article in question stated that when tne 
instrument is set up over the last turning point 
on the curve, and .a sight taken on the P. T., 
it may be necessary to knock the turning point 
one way or the other until the calculated angle 
between this point and the P. T. agrees with tne 
actual one. If an instrumentman is accurate 
and careful in his work and takes certain well- 
known precautions, no such “fudging’’ is neces- 
sary. It is generally where curves are long that 
such large errors are introduced in the work. 
For this class of curve the writer always runs 
in the curve by foresights, using a simple and 
unique method devised some years ago by Mr. 
W. R. Hillary, Engineer of Maintenance-of-Way, 
Pennsylvania Lines. Tais is referred to later. 


CURVE RELINING. 

In the work of setting track centers for re- 
lining track on an operated railway there are 
several controlling features to be kept in mind. 
The first one is expense. Unnetessary throw- 
ing of track means extra cost. In curve relining, 
an attempt should always be made to get a 
curve that fits the existing track as closely as 
possible. 


-= 


*Office of the Supervisor. Pennsylvania Lines (Pitts- 
burg division), Steubenville, Ohio. 

+Other articles on relining curves will be found in 
Engineering News: 1902, I., 113, 134, 174, 232, 205. A 
method of relining tangents is described in Bngineering 
News, 1906, II., 463.—Editor Engineering News. 


Another point to be kept in mind is accuracy. 
On account of the many conditions and restric- 
tions often imposed upon existing curves, such 
as narrow roadbed, bridges, or the presence of 
buildings and other structures close to the track, 
this class of work must necessarily be done wita 
more accuracy and care than is usually accorded 
such work on location or construction. To fit 
existing conditions, a curve whose degree is in 
fractions of a minute often has to be used. Insuch 
cases the field work must be consistent with the 
degree of accuracy required. If the best results 
are to be obtained in this class of work we must 
have accuracy. 

For the maintenance of true line on curves, 
track centers should be set at least every 50 ft. 
For curves up to 6° or 7° no correction for 50-ft. 
sSub-chords need be applied, if the curve is located 
with a 100-ft. chain and the 100-ft. points are 
located with the chain fully drawn out. Other- 
wise there is liable to be serious error. For ex- 
ample, a 5° 30’ curve 25 stations long and located 
entirely with 50-ft. chords (using radius com- 
puted by 100-ft. chord, definition R = 50 ~ sin 
% D) will have an error in closure at the P. T. of 
0.70 ft. for distance and 0.55 ft. for line. This is 
far beyond the limits of accuracy with which 
this work should be done. 

If the radius is computed by the unit chord of 
100 ft., curves over 6° or 7° should, of course, 
have sub-chord corrections. Not a few instru- 
mentmen, however, compute the radii of all 
curves up to 14° or 15° by tae two 50-ft. chord 
definition (R = 25 + sin % D), and the entire 
curve is then run in with 50-ft. chords, using a 
light steel 50-ft. tap. The writer uses this 
method and finds that it gives excellent results. 
The Southern Pacific Ry. uses radii computed to 
50-ft. chords exclusively; this is not only on 
maintenance work, but on location and construc- 
tion work also. 

Tables of radii computed by the 100-ft. cnord 
definition R = 50 + sin % D can be used very 
readily to give radii to the two 5Q-ft. chord 
definition R = 25 + sin 4% D. This is done by 
simply taking half the radius of a curve half as 
great. 

Since in curve relining all instrumental errors 
are cumulative, too much stress cannot be laid 
upon the importance of correct instrument ad- 
justments. Before attempting to reline a curve 
the colimation adjustment should always be 
tested. This adjustment is important. 

SPIRALS. 

It is now the general practice on important 
railways to spiral all curves over 2°, and in 
some cases where speed limits are nigh, curves 
as low as 1° are spiraled. 

There is no essential difference between any of 
the various transition curves so far as practical 
results are concerned, the only difference being 
in their flexibility and the ease with which they 
can be inserted in old track. In the following 
notes on curve relining the true transition curve 
as developed by Holbrook, Crandall and Talbot 
has been used. Any form of transition curve 
can be used, however, that allows of a definite 
offset at the P. C. 

Where conditions will allow it, the length of 
the spiral should be made equal to the distance 
in which the superelevation is run off. A length 
of 60 ft. of spiral for every inch of elevation on 
the curve is common practice. For example, a 
curve naving 4 ins. of elevation would have a 
length of spiral equal to 240 ft. This makes the 
length of spiral dependent both upon the degree 
of curve and the speed (since the superelevation 
is a function of both these qualities), and this 
is as it should be. 

There are two ways in which room can be made 
for the spirals at the ends of the simple curve: 

(1) By throwing the whole body of the curve 
inward for an amount equal to the spiral offset. 

(2) By sharpening up the main degree of curve. 

If tne curve is short and the offset is not large, 
it will probably be best to throw the whole curve 
inward for the full amount of the offset. In case 
the curve is long, the second method should be 
adopted, as by this means spirals can be in- 
troduced without materially deviating from the 
old alinement. 


To eliminate all possible chance of error due 
to short backsignts, when the circular curve is 
run in from the end of the spiral, the main cir- 
cular curve should where possible be run in 
from the offsetted P. C. l 

To save figuring in inserting spirals in main- 
tenance-of-way work, a set of spiral unit tables 
giving all the functions of the spiral for every 
foot of its length and for fractional degrees of 
curve, is most desirable. An excellent table of 
this kind, based on the Talbot spiral, was com- 
piled by Mr. G. A. Kyle, Principal Assistant En- 
gineer of the Chicago, Milwaukee & St. Paul Ry. 
of Wasnington, and published in the “Engineer- 
ing Record” Sept. 7, 1907. 


GENERAL REMARKS. 

As soon as possible after a curve is relined it 
should be permanently monumented. Iron or 
stone monuments set well below the frost line 
should be used. An old piece of rail set 4 ft. or 
5 ft. below top of ballast makes a very good 
monument. Monuments should be set not only 
at points of circular and transition curve, but 
also at such points around the curve as to enable 
the curve to be afterward re-run by foresights. 

When the curve is run in, its position with 
reference to the nearest mile post should be 
noted and entered in the notebook. For future 
reference, tne distance and direction of the center 
of the curve from the center of the track at each 
station should be taken and entered in the note- 
book. 

After a curve has been relined, center stakes 
should be set at intervals of 100 ft. or 200 ft. 
for a reasonable distance on both tangents, in 
order that the track men may line the curve to 
them. 

If work is being done on track where trains are 
frequent, it is advisable in turning the tangent 
on tne curve to reference this tangent by a stake 
set 200 ft. or 300 ft. from the instrument. When 
the instrument is again set up this reference 
stake can be used as a foresight. If this is done, 
a great deal of time will be saved, and all errors 
that might arise in again turning tangent (and 
there are many) will be eliminated. 

To save time of men running back to give 

l sights, some form of fixed track 
sight should be used. A cheap 
and efficient sight is that made 
by a 6-penny nail and a piece of 
paper. This is shown in Fig. 1. 

Before attempting to reline any 

curve a thorough search should 

be made for the original curve 

| points. If these are found it 

is a comparatively easy mat- 

ter to re-run the curve. If 

they are lost, the work of relining is rendered 
more difficult. 

For the purposes of realinement work, curves 
may be divided into the three following classes: 

(1) Short curves whose tangents can easily be 
produced to an intersection. 

(2) Long curves where it is dificult or impos- 
sible to produce the tangents to an intersection. 

(3) Very long curves. 


TO RELINE A CURVE OF CLASS 1. 


(Where the tangents can easily be produced to 
an intersection.) 

Produce the tangents to an intersection” and 
measure intersection angle and external distance 
to center of track (at whica point set a stake 
properly centered with a tack). 


Figure degree of curve and tangent distance 
from: 


Fig. l. 


E 
R= 
ex sec 4% A 
T=E tan 1 A 


Measure in the tangents and set P. C. and P. T. 
of curve. 

If the line of sight is not obstructed, set the 
instrument over the middle point of curve (other- 
wise over P. C.). Sight on P. I., turn the tangent, 
and check on P. C. and P. T. Then run in the 
curve, setting at first only temporary points. 

If tne curve fits the track satisfactorily, stake 
it out, setting track centers every 50 ft. Thus, 
if one part of the curve comes inside and an- 
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other part outside the present center line of 
track, as in Fig. 2, and if in addition the in- 
ward throw is about equal to the outward 
throw, a new curve is not desirable. The curve 
fits the track in the way it should fit, and a 
more satisfactory curve could not be obtained. 
It is often the case, however, tnat the curve 
which best fits the track will not come in the 
center line of the track at the center of the 


Middle Point Set from PI. 


Heese 
Fig. 2. 


curve, but inside or outside of this center line. 
Thus in Fig. 3, though the middle point of curve 
is in tne center of the track, the remaining por- 
tion of the curve (practically the entire curve) 
falls inside this center. If the track were 
thrown to this curve, not only would the throw 
be excessive, but on account of the throw being 
all inward, rail cutting would be necessary. 

To improve this curve, the middle point should 
be moved outward an amount sufficient to make 
the tarows balance. That is, to make the throw 
inward equal as nearly as possible the throw 
outward. In order to avoid a fractional degree 
of curve, the externals for curves one and two 
minutes greater should be figured and that one 
selected which more nearly gives the desired 
amount of throw at the middle point. The mid- 
die point can then be moved to correspond to 
this new external. The P.C. and P.T. are reset 
to the new tangent distance, and the curve is run 


„Middle Point Located from PI. 


Fig. 3. 


„Middle Poirt Located from PI. 


in either from the middle point (which is pre- 
ferable) or the P. C. 

In Fig. 4 we have the same condition of affairs 
as in Fig. 3, except that here the throw is all 
outward and the middle point should be moved 
inward in order to decrease and balance the 
throw. 

EXAMPLE—CLASS 1 CURVE.—From my 
field notes I take the following curve: 

12° 30’ — as actually measured. 

D = 1° 30’— old degree of curve. 

E = 22.64 ft. — as measured to center of track. 

E = 22.35 ft. — external to which curve was 

staked. 

Using the first external (22.64) the degree of 
curve is found to be 1° 31’, and tangent distance, 
413.75 ft. 


oO F ig.5. 


This curve, however, was found to require too 
great a throw. On inspection of the centers it 
was found that if the middle point was moved 
out about 0.35 ft. a curve would be obtained that 
would require nownere a greater throw than 
0.4 ft. Moreover, the throw inward would about 
equal the throw outward. Accordingly the ex- 
ternal for a curve one minute greater was 
figured and found to be 22.35 ft. Using this 
curve, an outward throw at the middle point of 
22.04 ft. — 22.35 ft. = 0.29 ft. would be ob- 


Track Cerrter 


tained. As this closely approximated the throw 
desired at the middle point (0.35 ft.) a 1° 32’ 
curve was used accordingly. 

The P. C. and P. T. of the new curve were tien 
located by measuring 413.75 ft. — 409.25 ft. = 
4.50 ft. from the old curve points. The curve 
was staked out as a 1° 32’ curve. Track centers 
were set every 50 ft. Stakes were also set back 
on the tangents every 100 ft. for a distance of 
300 or 400 ft., to enable the sec- 
tion foreman to line them up to 
the curve. 

TO INSERT SPIRALS. — As 
curves of this class are gen- 
erally short, it is not advisable to 
sharpen up the main degree of 
curve, but probably it will be 
best to throw the whole curve inward for the full 
amount of the offset. 


After the tangents have been produced to an 
intersection and the external to center of track 
measured, locate middle point of offsetted curve 
by measuring a distance E + O csc % A from the 
located P. I. 

Figure the tangent distance of offsetted curve 
from the formula 

T = (R + O), tan % A. (See Fig. 5.) 

Set up the instrument over the offsetted P. C. 
and run in tne curve, setting at first only tem- 
porary points. If the curve cannot be improved 
by flattening or sharpening it, stake it out, set- 
ting track centers every 50 ft. Locate the end 
of spiral (E. S.) by running in degrees (spiral 
angle) of main degree curvature. 

After the main circular curve has been lo- 
cated thus, the spirals can be inserted by run- 
ning them in from the P. S., 
after first sighting on E. S. (as 
located from the main curve) as 
A check. 

TO RELINE A CURVE OF 
CLASS 2. 

Where it is difficult or impos- 
sible to produce the tangents to 
an intersection a traverse must 
be run around the curve. A 
point is taken on one tangent 
in the center of the track, care 
being taken that this point is 
actually on the tangent or 
tangent produced. Intermediate points are se- 
lected between this point and a point similarly 
taken on the terminal tangent. 

The angles and chords between the traverse 
points are then accurately measured. All angles 
should be -repeated at least three times, and 
chords snould be measured to the nearest hun- 
dredth of a foot. The traverse points should 
not be taken so far apart as to make chaining 
between them difficult or inaccurate. The object 
of this traverse is two-fold: 

(1) To get the intersection angle of tangents; 
this is obtained by summing up all the angles of 
the traverse. 

(2) To establish a point on each tangent at a 
known distance from tne P. I. from which the 
P. C. and P. T. of the curve can be located. 

Referring to Fig. 6, consider 
the initial tangent to be the 
meridian of the survey, and the 
first traverse point A to be the 
“origin.” 

To Figure the Traverse.—Re- 
quired: Intersection angle, and 
distances OA and 0E. Inter- 
section angle = sum of deflec- 
tion angles=A+4+B+C+D+E. 

Latitude of course AB = AB 
cos A = AbD. 

Departure of course AB = AB sin A = Bb. 

Latitude of course BC = BC cos (A + B) = Be. 

Departure of course BC = BC sin (A + B) = Ce. 

The latitude of any course = length of course x 
cos (deflection angle for that course + sum of an 
preceding deflection angles). And similarly for 
departures: 

The sum of latitudes of each course = total 
latitude of point E = LA. 

The sum of departures of course = total de- 
parture of point E = LE. 


Now, in the triangle LEO 
OE = LE csc A 
also LO = LE cot A 
hence OA = LA — LO. 

If the traverse consists of no more than two 
courses it will perhaps be easier to figure the 
traverse by solving the two resulting triangles. 
See Fig. 7. 

Using tne old degree of curve and the inter- 
section angle as actually measured, figure the 
tangent distance and external distance and set 
the P. C. and P. T. by measuring the proper dis- 
tance from the first and last traverse points. 
Thus, in Fig. 7, the P. C. is located by measuring 
a distance = OA — tangent distance (Sm) to- 
wards the P. I. Likewise the P. T. is located by 
measuring a distance = OF — tangent distance 
(= n) towards the P. I. 

Run in the curve, setting at first only tem- 
porary points. If the curve fits the track satis- 


factorily, 
track centers every 50 ft. 
curve as run requires too great 
a throw, a new curve should be 
figured by making the necessary 


stake it out, setting 


If the 


| change in the external. See 
S] under Class I curves. 
8 TO INSERT SPIRALS.—As 
curves of this class are generally 
S long, it will be advisable in most 
cases to sharpen up the main degree of curve 
rather than throw the whole curve in for the full 
amount of the offset. 

To do this, figure the external distance corre- 
sponding to the old degree of curve, then frem 
the following formulas figure the degree of off- 
setted curve that will come in center of present 
track at middle point of curve. (Fig. 8.) 

E = Ei — O ces K A 
E 
and R = 
er sec N A 

After locating the offsetted P. C. and P. T. 
from the first and last traverse points, run in the 
curve; setting at first only temporary points. If 
the curve fits the track satisfactorily, stake it 


Solve ABH for HA and WB 
Solve OC for OW and Oc 
Then COA = OH + HA. 


Fig. 7. 


out, setting track centers every 50 ft. If the 
curve can be improved by fiattening or sharpen- 
ing it, figure the change necessary in tne ex- 
ternal. Reset the P. C. and P. T. to the new O and 
T, and run in the curve. In this manner a curve 
may be produced that will require the least 
amount of track throw for the offset used. 

After the main curve is located, the spirals can 
be inserted by running them in from the P. S. 
As a cneck on the location of the spiral from the 
P. S. the end of spiral (E. S.) should be located 
from the main circular curve at the time this 
curve is being staked out. This is done by sim- 
ply running in the spiral central angle of main 
degree curvature. 

SPECIAL TREATMENT IN RELINING LONG 
CURVES OF CLASS 2.—In relining long simple 
curves, by the ordinary method of back-sights, a 
very small error near the P. C. of the curve will 
be greatly increased at the other end. Errors in 
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tne manipulation of the transit, although slight 
in themselves, become serious when curves are 
long. Such errors include not setting the instru- 
ment exactly over the point, incorrect bisection 
of backsight, errors in turning tangent on the 
curve, errors in measurement. On location or 
construction work such errors arising in the pro- 
duction of long curves might fall well within the 
limits of accuracy with whica such work is usu- 


0 k Fig. 8. 


ally done. But in maintenance-of-way work, on 
account of the many restrictions imposed upon 
existing curves (and already noted), such large 
errors would often be inadmissib!e. 

Therefore if accumulating errors in the re-run- 
ning of long curves are to be eliminated, some 
method should be used which will permit of the 
curve being run in by foresights. Running in 
long curves by the usual method of backsignt is 
the cause of the so-called “fudging” at the P. T. 
end of the curve. 

A method of running in long curves by fore- 
sights was devised by Mr. W. R. Hillary, Engi- 
neer of Maintenance-of-Way, Pennsylvania Lines. 
This method is in use on many of the divisions of 
the Pennsylvania Lines, and the writer has found 


it to be a very good one (naving used it success- 
fully on many long curves). In this method, a 
traverse is run around the curve in the usual 
way, traverse points being taken at all bridges, 
road crossings and at all other points where the 
track throw is restricted within narrow limits. 

After the courses and angles of the traverse are 
carefully measured, the total latitude and de- 
parture (referred to the initial tangent as me- 
ridian and first traverse point as origin) of each 
traverse point snould be figured. (See method 
for Class 2 curves.) 

With these data, we are now able to compute 
the throws; i. e., the amount each traverse 
point must be moved radially in order to put it 
on the curve selected. (See Fig. 9.) This makes 
possible the running in of the curve by fore- 
sights, as the instrument is set up at points lo- 


cated by measuring radially the calculated throws 
from eacn respective traverse point (toward or 
away from the center as the calculations indi- 
cate), and not at turning points set by the instru- 
ment, as is usually the case. 

TO CALCULATE “THROWS.” —Slmple curve 
without spirals: 


a Z cos» — d a 
Tan ^p = — = — C = —_—- 
b R — 2 sin sin Ap 


Throw = R— © 
If R > C, Throw will be outward. 
If R < C, Throw will be inward. 

Note: “p” is any traverse point on center of 
existing track. 

Spiralled Curve:—Let P be any traverse point. 
Op! = R + F — = sinp = b. 
Pp! = È cosp — (d + £z) =a 


a 
tan ^p = — 
b 
a 
OP = C = — 
sin Ap 


Throw (radial) = R—C 
If R > C, Throw will be outward. 
If R < C, Throw will be inward. 

If traverse point A falls between P. I. and 
P. S. its sign will be minus. 

The length of the curve between the P. C. 
and every traverse point should now be cal- 
culated from the above partial angles of curve. 


This is to serve as a check in running in the 

curve. (Fig. 10.) 

TO RELINE CURVES OF CLASSES 1 AND 2. 
(Second Method, by Trial Curves.) 

Rather than produce the tangents to an inter- 
section or run a traverse around the curve, some 
engineers prefer the following method of relining 
curves. With this method, after a little experi- 
ence, a satisfactory curve can be produced, and 
in a much shorter time than is possible by the 
usual method. 

1. Assume some point as the original point of 
curve. Since tne ends of un-spiralled curves 
are thrown in or “eased off” by the track men, 
the original P. C. will generally not be found 
at B, the present point of curve, Fig. 11. It 
will be at some point, C, on the tangent pro- 
duced. The assumed P. 
C. should therefore be 
selected accordingly. 

2. Set up the transit 
over the assumed P. C. 
and (using the old de- 
gree of curve) run in a 
trial curve, setting tem- 
porary points every 100 
ft. Continue the curve 
until it begins to Yun 
off the roadbed,’ at 
which point measure 
its distance to center 
of track. Dividing 
this distance by the 
sine of the central 
angle of curve up to 
that point gives the 
distance the assumed P. 
C. must be moved for- 
ward or back, accord- 
ing as the curve ran off the inside or outside of 
the center of track. See Fig. 12. Let AB = 
distance of point A of trial curve from center 


of track. Draw AC parallel to initial tangent 
of curve. Then angle DAC = A = central 
ang'e to point 4; and LM (= shift) = AC = 
CD AB 

= approximately. 
sin A sin A 


3. Set up the Instrument over tne new P. C. 
and again deflect around the curve. This time 
it should be possible to get around the entire 
curve without any difficulty. If, however, the 
curve still tends to run off the roadbed, figure 
the change necessary in the P. C. and make a 
second trial. 

At each turning point set a tack on a line 
parallel to the initial tangent, so tnat by 
stretching a string or wire from the turning 
point to the tack, the new position of the turn- 


New Fosition of Turning Point ~~. 


Ae Trial Curve. 


ing point when the final adjustment of the 
curve is made can be set without setting up the 
instrument. See Fig. 13. Care should be 
taken that these tacks are accurately set in 
line witn the initial tangent. 

4. Since the present central angle of curve 
will probably not be the same as the original 
angle, due to slight shifts in the tangents, the 
angle of curve between the last turning point 


and the terminal tangent should be accurately 


measured. Referring to Fig. 14, this angle is 
equal to the sum of the angles BAC and BCA, 
where A is tne last turning point and C any 
point on the tangent. 

5. After measuring the exact closing angle 
of curve, continue the curve from the last turn- 
ing point until the entire central angle is con- 
sumed. The amount necessary to shift the 
curve in order that the tangent may come into 
or coincide wita the track tangent can now be 
figured by measuring the offset between the two 
tangents (see Fig. 14) and dividing this dis- 
tance by the sine of the whole central angle of 
curve. After locating the P. C. and P. T. of 
the shifted curve, the turning points are lo- 
cated by simply moving them along their re- 
spective strings the required amount. We thus 
nave the entire curve located. l 

6. After the location of this curve with refer- 
ence to the track has been found in this way, 
the exact degree of curve which will give the 
least throw of the track should be obtained. 
To obtain this, tne external of the curve as run 
should first be figured. By an inspection of the 
curve centers, determine how much this ex- 
ternal must be increased or decreased in order 
that the curve may more nearly fit the track. 
After deciding on the change necessary in the 
external, figure the degree of curve correspond- 


` 
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YS! Turning Poirt 
on tu, Curve. 


Fig. 13. 


Fig. 14. 


ing. Then reset tne P. C. and P. T. to the new 
tangent distance, and run in the curve, setting 
track centers every 50 ft. 

TO INSERT SPIRALS.—Run in the trial 
curve from an offset to the main track tangent. 
If it is decided to throw the whole curve in- 
ward for the full amount of the offset, use the 
old degree of curve in running the trial curve. 
If, however, it is decided to sharpen up the 
curve to make room for the spirals, use a de- 
gree corresponding to the external 

E = E' — O cc 1 A 
where E = external of spiraled curve, and E = 
external of old curve. See Fig. 8. 

After the main circular curve has been staked 
out, the spirals can be inserted by running them 
in from the P. S. 

At the time the main curve is run in, the E. S. 
should be located by running in the spiral central 
angle of main degree curvature from the P. C. 
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This serves as a check on its location from the 
P. S. 
RELINING LONG CURVES. 
(Where it is necessary to compound.) 

No matter how well a curve may have been 
staked out originally there are many ways for 
it to get out of line, and the longer it is left 
without relining with a transit the worse it is 
apt to become. Moreover, there is Hable to be 
a,settling of the embankment. If the curve 


A 
` 
A 
Fig. 15. 

happens to be located on sidenill ground, the 
settlement and shifting of the embankment will 
often carry the roadbed and track so far out of 
line as to make it impossible to reline it any- 
where near its original location. For this rea- 
son, in relining very long curves it may be 
found impracticable to use a curve of uniform 
radius the entire length of the curve. In order 
to keep the track anywhere near its present 
position on the roadbed it will be necessary to 
compound the curve. Since long curves are 
generally light, however, the change in degree 
will rarely be found to exceed five minutes. A 
simple curve is always to be preferred, and no 
curve (regardless of length) should be com- 
pounded unless absolutely necessary. 

TO RELINE A LONG CURVE BY COM- 
POUNDING.—A. Set up at some point near the 
middle of curve, as at D, Fig. 15. Find by trial 
a curve that will fit this portion of the curve 
and extend it in both directions as far as pos- 
sible. Let points C and E be the limits of tais 
curve. 

B. Set up over point C, turn tangent and 
continue the curve, compounding where neces- 
sary, until a point 500 or 600 ft. from the end 
of the curve is reached. Let this point be at B. 

C. Set up over B, turn tangent to the curve 
at this point and produce same to an inter- 
section with the main track tangent at I. 


Fig. 16. i 
Measure tangent distance BI and intersection 


angle at I. Then from R = T cot % I, the 
radius and degree of curve are found that will 
end in the main track tangent at A. The other 
end of the curve is treated in the same manner. 

TO INSERT SPIRALS.—After figuring the de- 
gree of curve that will end in the main track 
tangent at A, Fig. 15, figure the degree of 
curve that will end in a parallel tangent at a 
distance O from the main track tangent. The 
degree of tnis curve is found from: 

0 


R=R — 
vers A 
where R'! = radius of curve ending in main track 
tangent, and 
R =radius of curve ending in offsetted 
tangent 
READJUSTMENT OF TANGENTS. 
Few tangents of extraordinary length (or even 
of moderate length) are straight lines. Among 
the various causes leading to deviations from 
the true tangent are the following: 


1. Errors in the manipulation of the transit 
in the original survey. The most frequent and 
also the most serious of these occur when in 
prolonging the line by reversal, the transitman 
fails to take double sightings. 

2. Failure to lay track to true centers. 

3. Slipping and sinking of embankment. 

4. Shifting of track by the trackmen’s lining 
bars. 

The following is the recommended practice of 
the American Railway Engineer- 
ing and Maintenance of Way 
Association for the readjustment 
of tangents: 

Tangents shall be adjusted by throw- 
ing the tangents between summits, 
between curves, or by throwing curves 
to meet tangent, or by partially throw- 
ing curves and partially throwing tan- 
gents, as may produce the least work. 

In relining short tangents where the entire dis- 
tance can be seen, the problem is usually an easy 
one. Foresights set at determining points such 
as bridges or objects and structures close to the 

track allow a man to stand at one end, or on a 
summit (where lateral deflections in tangents 
can most effectively be concealed), and shift the 
transit one way or the other until he is on a 
line that satisfies as many of} Bridge 
the conditions as possible. See 
Figs. 17 and 18. 


READJUSTMENT OF LONG 
TANGENTS. 


In relining long tangents where 
the entire distance cannot 
be seen from one set-up, or 
where on account of excessive 
heat long sights are not advis- 
able, the best plan is to make a 
careful survey of the existing 
center line and let this serve as 
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a basis for the readjustment of 
the tangent. 


Commencing at one end of the tangent, the 
track is carefully chained with a 100-ft. steel 
tape. The stationing is marked on the base of 
rail, a small pot of white lead and a brush being 
carried for the purpose. At every. ten stations 
(or five stations, depending on the condition of 
the atmosphere) a hub is driven in the center 
of existing track. Referring to Fig. 19, the in- 
strument is set up over hub at station 10, back- 
sight taken on hub at station O, and this line 
produced by double sightings to a point oppo- 
Site station 20. The distance that the existing 
center line is to the right or left of the mean 
point at station 20 is then carefully measured 
to the nearest hundredth of a foot. 

The instrument is then set up over the hub at 
Station 20, backsight taken on hub at station 
10, and double sightings taken to a point oppo- 
site station 30. The distance that the existing 
center line is to the right or left of the mean 
point at station 30 is then measured as before. 
The work thus proceeds until the other end of 
the tangent is reached. The full 10 stations are 
taken as a fixed length of sight, and the back- 
sight taken on the previous hub 
in center of track. 

Points should also be taken at 
all important bridges and sum- 
mits or other local features 
which may act as ruling points in the readjust- 
ment. The instrument, however, need only be 
set up over the 10 station hubs, it being suffi- 
cient merely to record the lateral deflections of 
tangent at these points. 

To serve as a basis for the readjustment of 
the tangent a plan with lateral offsets drawn 
to an exaggerated scale should now be pre- 
pared. Scales of 400 ft. to the inch longitudi- 
nally, and 0.40 ft. laterally are convenient for 
ordinary cases. A line should not be laid down 
that satisfies as many of the conditions as 
possible, and at the same time gives the least 
possible throwing of track. 

After the new alinement has been decided 
upon, scale or calculate the amount each point 
must be moved in order to put in on the line 
selected. These points can then be located by 


Sta. 0 
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Adjusted Center Line 


measuring the required amount from points in 
center of track and the new line run in, using 
these points as foresights. 


[As supplementary to the foregoing article by 
Mr. Wilms we give below descriptions of two 
somewhat similar methods for the same class of 
work.—Ed. ] 


LINING TANGENTS ON THE GULF, COLO- 
RADO & SANTA FE RY. 


The following method of realining track on 
tangents on an existing railway, preparatory to 
ballasting, has been used by Mr. R. A. Rutledge, 
Resident Engineer of the Gulf, Colorado & Santa 
Fe Ry. The description is taken from the new 
edition of “Railway Track and Track Work” 
(now in press), and the method was first de- 
scribed by Mr. Rutledge in Engineering News, 
Nov. 1, 1906. 


The endeavor Is to get the tangents as nearly straight 
as possible, but to leave easy swings where exact Hning 
would require an excessive amount of work. The transit 
being set near a curve point, the line of track is obtained, 
and then produced to the next intersection by the follow- 
ing method: Two points are located 500 or 1,000 ft. 
apart, according to the clearness of the atmosphere and 
the accuracy of the object glass. The transit is next set 
over the second point and a backsight taken on the first, 
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Fig. 17. 
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Fig. 18. 


after which a third point is located the same distance 
ahead by reversing the transit on it with great care. 

The line is thus continued forward to a point near the 
P. C. of the next curve, and, at each point located, the 
distance to the right-hand rail is measured and recorded. 
Inspection then shows whether this is the line that best 
fits the track. If not, a simple calculation will show at 
which point to swing the line to fit the track, the idea 
being to get a tangent that will fit the track as it is on 
the ground and save as much relining as possible. When 
the line is decided on, a calculation is made as to how 
much each point already set, has to be moved to get it 
on this line. They are then measured in, using a tape 
graduated to hundredths. The transit is then set over 
alternate points on the selected line, and run each way 
by foresights, in this way getting as near a straight line 
as can be run, and at the same time reducing the track 
work to a minimum. 

On curves, the intersection points are obtained either 
by running the tangents to their intersection, or by run- 
ning in long chords and calculating the curve point if the 
intersection is difficult of access. After establishing the 
curve points, the curve is run in and temporary points 
are established at each station. The distance from each 
temporary point to the outside rail is measured and re- 
corded, after which (by calculating the external for the 
curve at the given degree, and for another curve either 
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one minute more or less) it can be seen whether the 
curve can be improved by flattening or sharpening it. 

In all the work the reduction of track work is kept in 
mind. This method makes work for the instrumentman, 
but the work of a party of three engineers may save that 
of a track gang of 50 to 100 men. 


LINING TRACK FOR MAINTENANCE-OF- 
WAY. 

The following review of the practical con- 
siderations to be observed in lining track for 
maintenance-of-way is from a paper on Main- 
tenance of Line,” by Mr. H. C. Landon, Road- 
master of the Pittsburg, Shawmut & Northern 
Ry., which was presented with the report of the 
Track Committee of the American Railway En- 
gineering and Maintenance of Way Association 
in 1901. 


With the increased speed of locomotives and trains 
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comes the demand for a nearer perfection of line on 
tangents and curves. The permanency depends first 
upon the soil, and then upon the character and amount 
of ballast. The foundation of all track being the earth, 
no matter what ballast is placed thereon, it is impossible 
to maintain the line perfectly except at points where it 
passes over permanent structures in which no settlement 
is possible. The approach toward the maintenance of 
perfect line depends entirely upon the character of the 
ballast and the amount of traffic which goes over it. 

A road having light traffic and light locomotives and 
comparatively slow passenger trains is not called upon to 
try for that perfection of line that is necessary for a 
road having heavy traffic and using heavy equipment. At 
all times such line and surface should be maintained that 
the road is perfectly safe for the traffic that is moving 
over it. 

Where the passenger business is light and passenger 
trains are comparatively slow, and also where most of 
the business is freight, if the track is slightly out of line 
it does not affect the comfort of passengers, nor is there 
any particular danger. If it was endeavored to keep 
such track in perfect alinement the expense would be a 
waste rather than an economy. There should be, how- 
ever, a tendency, no matter what the traffic may be, to- 
ward getting the line in the best possible shape under 
the existing conditions. The track, as originally staked 
out, does not at all points remain as laid, nor is track 
laid always with the proper care. Center stakes are not 
followed, and frequently in tracing the old line it is found 
that track has moved from 1 to 2 ft. or more, either from 
the settling of the tracks, or by the action of the track- 
men’s lining bars. This deviation from the original line 
on curves often produces sharp places which cause a dis- 
agreeable throw. 

Of 19 roads replying to a circular, 10 set center stakes 
with the transit, placing them from 100 to 200 ft. apart, 
so as to move the track as little as possible on tangents. 
The track is thrown to center stakes by trackmen in the 
most convenient season, and this is ordinarily when the 
road is being re-tied, or ballasted. Tangents are thrown 
then to exactly straight line. There is a good deal of 
labor saved in this method of lining, as the track is 
thrown to where it belongs and the work of lining is 
practically completed as the section gang goes over it. 

One side of the track, or the rail on the mile-post side, 
is usually taken for the line side of the track by the 
foreman in realining the track. Where the tangents are 
short and the curves realined, the tangents are fre- 
quently lined by the eye between the points of curves. 
Track lining should, if possible, be done before surfacing. 

Curves should be adjusted in the same manner as tan- 
gents. Center stakes should be set. Of the 19 roads, 16 
made it a practice to put curves in proper line by set- 
ting stakes with the transit. While none of them so 
state, it is presumed that the work of throwing or adjust- 
ing track after the stakes are set is done when the track 
is being worked over. Very poor alinement can be 
greatly improved by the introduction of easement or spiral 
curves, and these improvements can usually be made 
without varying from the old àlinement sufficiently to 
have the track itself on a new roadbed. 

Of the 19 roads, 14 use some form of easement curve. 
One road states that having found no particular ad- 
vantage in the easement curve, its use has been aban- 
doned. It would seem, however, from the large number 
of roads using easement curves, that some form of ease- 
ment curve is necessary to obtain the best results. 

Three roads use some form of the Searles spiral; two 
roads use some form. of the Holbrook spiral, and one 
uses the cubic parabola. Any form of curve which gradu- 
ally changes the degree of curvature will probably answer, 
but that form of spiral which changes the curve and 
makes a long and easy approach to a curve will give the 
best results. One railway uses the Holbrook spiral, 
which changes 1° in every 100 ft. of its length. Sharper 
easements are used when it is necessary. This makes a 
very easy approach to a curve, as the elevation changes 
very gradually. The Erie Ry. did use for its standard a 
spiral changing 1° in every 60 ft. This spiral makes a 
light and easy change from tangent to curve. The 
change in curvature and elevation is light and easy. 
With this spiral, at a speed of 40 miles per hour, a train 
will pass over 1° of curvature, and, say 1 in. of change 
in elevation per second. Even at the rate of 60 miles 
per hour it would pass through the same distance in about 
two-thirds of a second. At the rate of 60 miles per hour, 
this easement curve would pre zuce no ill-effects, although 
for a rate of 60 miles per hour a lighter easement than 
60 ft. per degree is desirable, and should be used where 
practicable. Where conditions have made it necessary, 
spirals changing 1° every 15 ft. have been used to ad- 
vantage with speeds of 45 miles per hour. 

Generally the easement curves are used and applied 
to all curves of 2° or more and between parts of the 
compound curve where curvature differs more than 2°. 
Stakes in the easement curve should be set not farther 
apart than 25 or 30 ft. The labor of locating an ease- 
ment curve is but little more than that of the circular 
arc. It is advisable, on high-speed lines, to use ease- 
ments with curves of 1° and over. On the Vandalia line, 
curves of 30’ or more are eased with the Holbrook spiral. 


Transition curves enable the elevation to rise uniform- 
ly as the curvature increases. If the circular arc is at 
the proper elevation, then the train movement passes 
from the tangent to the circular arc uniformly with the 
increase in elevation. 

Perfect line is probably unknown. It is the endeavor, 
in order to realize the best service, to attain as nearly 
perfect alinement as possible. Tangents and curves 
should be laid to exact line and curvature (allowance 
being made for expansion), and the track then accurately 
gaged. Careful gaging of track materially helps in the 
maintaining of line. The surface must also be main- 
tained. The track level should always be used in sur- 
facing track. This is not always insisted upon, or not 
always done. 

— — — 


A 15,000-KW. OIL-BURNING STEAM POWER PLANT ON 
WHICH A BONUS OF $363,310 WAS EARNED.* 


The recently completed steam power plant of 
the Pacific Light & Power Co., at Redondo, Cal., 
has several features of unusual interest: the de- 
signers adopted 6,700-HP. reciprocating engines 
in place of the steam turbines which might have 
been used; the plant is the first reported in 
which fuel oil, from the immediate. locality of 
the station has been automatically fired; and the 
contractors earned an unusually large bonus on 
the operating efficiency of the plant. 

The contract was let for a fixed sum with a 
guarantee of a certain plant economy under 
commercial operation with a railway load. The 
plant was also to be 
started by the contract- tr 
ors and operated by them 
for at least three months 
previous to the economy 
test, and also during 
the test, in order to 
thoroughly organize the 
operating force and ad- 
just the apparatus. 

The test to determine 3 
the economy of the plant 3 T Si 
was to have been of 90 Mae i: 
days’ duration on one "ear Ti 21 
unit operating on com- 
merical railway load. In- 
asmuch as the plant had 
been operating regu- 
larly over six months 
previous to the time of 
the test, it was consid- 
ered that the endurance 


run was unnecessary. 
The test period was, 
therefore, reduced from 


90 to 15 days. On the 
results of the test, the 
contractors claim the 
largest bonus ever paid on a steam-plant guar- 
antee and the best steam-driven central-station 
economy figures yet published. The contract 
was placed with Chas. C. Moore & Co., of San 
Francisco, and covered the entire installation, 
including machinery foundations and excepting 
only the switchboard, buildings, pipe line for 
circulating water and all outside work. 

The Pacific Light & Power Co. has both light- 
ing and power load, although the greater part 
of the current from this station is used for oper- 
ating the railways of Los Angeles and suburban 
towns, including all of the Huntington system 
of interurban railroads. In order to obtain an 
ample supply of water for condensing purposes, 
the plant was located at Redondo, a beach town 
18 miles southwest of Los Angeles. The fuel 
situation is ideal. Crude oil is obtained from wells, 
near the plant, in which the company is largely 
interested. Owing to the system of oil firing 
in use, the boiler-room labor cost is a minimum. 
In view of these facts and of the economy at- 


FIG. 1. 


tained, the contractors claim that this plant is 


developing steam power at a cost never before 


attained. 

The station has been Suess operated in 
parallel with other water and steam power 
plants belonging to the Pacific Light & Power 
Co. 

Phe design was Aranga in independent panels 
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*Arranged from information supplied by the Engineer- 
ing aa gana of Chas. C. Moore & Co., San Fran- 
cisco, 
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and a further subdivision was possible, as each 
engine was in reality two complete compound 
engines working on one shaft; each has an in- 
dependent steam and exhaust connection and 
there is a separate condenser for each low-pres- 
Sure cylinder. Each high-pressure cylinder is 
connected to a half panel of boiler equipment. 
While there are three main units, it is claimed 
that this subdivision outlined gives the freedom 
from a complete breakdown corresponding to 
six units. 


All auxiliaries, except the air pumps, are 
steam driven and operate non-condensing, the 
steam exhaust passing to feed-water heaters. 
The air pumps for the condensers are motor 
driven from the main generators. A siphon sys- 
tem of suction and discharge pipes for the con- 
densing water was necessary as, in this location, 
the use of a conduit or canal was considered im- 
possible. There are two 50-in. suction mains 
and one discharge line of the same size. These 
are supported on a pile wharf and carried out 
to deep water at low tide. The pipes are primed 
by a large motor-driven vacuum pump operating 
through a stand-pipe to prevent carrying water 
into the vacuum cylinders. After suction is 
started, circulation is maintained by three en- 
gine-driven centrifugal pumps located in the 
pump pit. Each pump has separate connec- 
tions to both suction lines. All pumps discharge 


P mrt SAE T 


BUILDING FOR REDONDO POWER PLANT IN CONSTRUCTION. 
OIL-TANK PITS SHOWN IN FOREGROUND. 


into a common supply main, having inlet con- 
nections to all condensers. All condenser out- 
lets are connected to the one return main. With 
this system of condensers any pump may be 
used to supply any set of condensers, although, 
when two or more pumps are running, their 
operation is necessarily in parallel. The regu- 
lation of relative amounts of water through 
various condensers is accomplished by the con- 
denser discharge valves. 

- The provision of two condensers on each unit, 
with cross-connected exhaust, is a marked fea- 
ture of this installation. Should it become neces- 
sary for one condenser to be cut out of service, 
the exhaust steam from both low-pressure cyl- 
inders may be led to the remaining condenser, 
making operation non-condensing unnecessary, 
except for a failure of circulating water or the 
breakdown of both condensers at one time. It 
is claimed that actual operation shows but a 
small falling off in vacuum due to the double 
load on one condenser. 

The feed water is filtered to remove excessive 
amounts of cylinder oil, although no attempt is 
made at complete separation. Entrained oil in 
the exhaust from the auxiliaries is so completely 
removed by separators that this steam when con- 
densed in closed heaters may be drawn off as 
clear as drinking water. 

BOILERS.—There are 18 Babcock & Wilcox 
water-tube boilers, arranged in nine batteries of 
two boilers each. These boilers are standard 
except in having 6,042 sq. ft. of heating sur- 
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FIG. 2. BOILER ROOM OF REDONDO PLANT, SHOWING SIMULTANEOUS INSTALLATION OF 
i BOILERS AND ERECTION OF WALLS. 


face per boiler and are designed for a working 
pressure of 200 lbs. per sq. in. 
one superheater designed to give approximately 
100° F. superheat at the boiler nozzle. 

Patent, fuel-oil burning furnaces, of the Pea- 
body type, have been provided, three burners 
per boiler. The oil is fired from the bridge wall 
forward, but the fire is controlled from the 
boiler front. 


FUEL OIL PLANT.—Fuel oil is stored in large 
steel tanks having a storage capacity for from 
30 to 45 days. The oil is pumped into auxiliary 
tanks outside the boiler-room, each tank having 
a capacity of 1,000 bb's. The top of the auxil- 
lary tanks is on the same level as the boiler- 
room floor line, to conform to the underwriters’ 
requirements. The grade line is about 14 ft. 
above the floor of the tanks, and the surround- 
ing earth is withheld by means of circular re- 
taining walls. These tank pits are roofed over 
and properly ventilated. All pipes connecting 
to tanks have valves located on the boiler-room 
side, there being a 3-ft. concrete wall between 
the tank compartments and the operator. There 
are fire. partitions between adjacent tanks and 
connecting fireproof doors. The manhole covers 
in each tank are padlocked, so that it is impos- 
sible for an operator to set fire to any of the 
tanks as finally designed, although a fire did 
occur before these precautions were adopted. In 
lieu of steam-smothering pipes leading to the 
interior tank compartment, there is placed above 
each tank a steam ring of 4 in. pipe, having an 
ample number of jets to provide a sheet of 
steam which would effectually cut off any sup- 
ply of air from the outside and promptly smother 
a fire which might be started by any possible 
means. 

As originally laid out there was provided a 
duplicate set of oil pumps for each unit, or six 
oil pumps in all. The plant has so far been oper- 
ated in this way, although it is now being re- 
modeled to have one set of pumps supply the 
entire station, requiring but one pump operator 
instead of three on each shift. 

An automatic system of regulation is employed, 
invented by J. R. Atchison and C. R. Weymouth, 
engineers for Chas. C. Moore & Co., the con- 
tractors. The oil is pumped under pressures 
varying from 10 to 50 lbs., depending on load 
conditions, there being a uniform oil pressure 
throughout all portions of the plant, all burners 
being wide open or nearly so. The amount of 
oil burned, with variations of load, is controlled 


Each boiler has 


by the pressure of oil at the oil pumps, the in- 
tensity of fire increasing and decreasing in all 
boilers simultaneously. The oil pressure is auto- 
matically controlled by a steam-pressure regu- 
lator, the variations in oil pressure and intensity 
of fire being such as to maintain a uniform steam 


pressure on the plant. 


Steam for atomizing the oil is supplied to 
the oil burners by a separate, low-pressure main, 
the pressure in this main being automatically 
controlled by variations of oil pressure in the oil 
main. An automatic ratio regulator is used to 
maintain such pressure in the low-pressure 
steam main as is necessary to atomize that par- 
ticular amount of oil burned, corresponding to 
any momentary oil pressure. In this particular 
plant it is found that the proper amount of steam 


for atomizing purposes is furnished under a 
steam pressure equal to three times the oil pres- 
sure plus 30. This relationship varies with the 
type of burner used, relative areas of burner 
orifices for steam and oil. 

The air supply for combustion is controlled by 
a damper controller, also automatic, which in- 
creases the damper opening with an increase in 
oil pressure and vice versa. The movement of 
the controlling lever is due to the oil pressure 
acting on a diaphragm. This movement is op- 
posed by the action of a spring, such that the 
amount of movement on the main lever is pro- 
portional to the oil pressure. This movement is 
multiplied through a hydraulic cylinder connect- 
ing to a rocker shaft running over all of the 
boilers in one panel, and to this each boiler 
damper is connected. The connecting levers are 
set at such angularity, with respect to the con- 
necting rods operating the dampers, as to give 
the proper air supply for the various ranges of 
loads, the final adjustment being from actual 
trial at the plant. 

In actual operation and test, it is claimed that 
this automatic system of control is safe, re- 
liable and has met with the endorsement of the 
firemen. 

The boilers are equipped with secondary, slid- 
ing, tight-fitting dampers, which are completely 
closed during the stand-by period to prevent 
any slight circulation of cold air through the 
boiler settings. 

ENGINES.—The plant includes three 34 and 
70 x 56-in., double, horizontal-vertical, com- 
pound, side crank, automatic engines (McIntosh 
& Seymour), each direct connected to a 5,000- 
KW., 50-cycle, 18,000-volt, fly-wheel type alter- 
nator. The generating unit runs at 100 r. p. m. 
Each engine of this type, it may be remembered, 
has two horizontal, high-pressure cylinders and 
two vertical, low-pressure cylinders. The en- 
gine governor is designed to go onto the rotor 
of the generator. The engines are built with 
grid-iron valves; the admission and exhaust for 
all cylinders are operated from fixed eccentrics, 
while the point of cut-off for each cylinder is 
controlled by an auxiliary valve actuated by the 


single engine governor. 


Each engine is also fitted with an electrically- 
operated, speed-changing mechanism, located in 
the governor, operated by a small induction 
motor and controlled from the switchboard gal- 
lery. This not only allows the engine to be 
speeded up or down four or five revolutions 


FIG. 3. ENGINE ROOM GF REDONDO PLANT, SHOWING SUB-FOUNDATION SLAB, MAIN- 
ENGINE FOUNDATIONS AND EXCITER-UNIT SLABS. 
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while running, to bring two or more engines into 
synchronism, but is also used to divide the load 
between engines. 

CONDENSERS.—The plant contains six sur- 
face condensers (Wheeler Admiralty““). Each 
is connected to a low-pressure cylinder of the 
main units and has 5,200 sq. ft. of cooling sur- 
face. In addition to the regular cooling sur- 
face of each condenser, there is provided, in the 
upper compartment, a series of tubes compris- 
ing what is termed the “Volz heater.” After 
being discharged from the air pump, the con- 
densed water passes through this heater under 
atmospheric pressure and is heated to within a 
few degress of the temperature of the exhaust 
steam surrounding the heater tubes.. The make- 
up water is also brought in at this point, se- 
curing the benefit of heat which would other- 
wise be wasted. 

PIPING.—Owing to the necessity for long 
radius bends and the desire for flexibility, it was 


determined not to employ any steam pipes over 


14 ins. in diameter, the diameter of the engine 
throttle valve. It was finally decided to con- 
nect three boilers in each battery to each side of 
each unit; thus providing a greater flexibility of 
service without increasing the cost of the piping 
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FIG. 4. COMPLETED ENGINE ROOM OF THE REDONDO POWER 


carefully studied. It was finally decided that 
in lieu of piling, there would be constructed a 
sub-foundation 6 ft. in depth the entire width 
and length of the engine room, except for a 2-ft. 
Space all around to prevent interference with 
building foundations. 

This huge slab is reinforced at the top and 
bottom. The main engine foundations were built 
directly on top of this s'ab, rising 14 ft. to the 
engine-room floor line. Foundations for exciter 
engines were made by throwing reinforced-con- 
crete slabs over the space between adjacent 
units, thus still affording ample space under- 
neath for rheostats, filters, etc. 

BUILDING.—Building, building ` foundations, 
wharf and circulating-water pipe line were de- 
signed and installed under the direction of 
Edwards S. Cobb, Chief Engineer for the Pacific 
Light & Power Co. The building is entirely of 
reinforced concrete, and was built’ by Carl 
Leonardt, a prominent Southern California con- 
tractor. The installation of machinery and the 
erection of the building proceeded together, as 
may be seen from the accompanying figures. 

OPERATION OF THE PLANT.—One of the 
difficulties yet to be solved by the company is 
the elimination of sea weed and more particularly 


PLANT OF THE PACIFIC LIGHT & POWER CO. 


system. The main steam piping was anchored 
to the building walls, the building columns hav- 
ing been located with this in view. It was found, 
however, that the columns were not sufficiently 
rigid for anchorage purposes, and it became 
necessary to install a cross system of bracing 
from wall to wall. Drainage is afforded by lo- 
cating a large receiver drum in each line of 


piping. 


COOLING SYSTEM FOR MAIN ENGINE 


BEARINGS.—For the purpose of providing cir- 
culating water for cooling main-engine bear- 
ings and guides, a set of circulating pumps and 
intercooler have been furnished. Fresh water 
is circulated through the engine parts and is 
coo'ed by means of a small surface condenser. 
Here the fresh water for cooling flows within 
the tubes and salt water is circulated around 
the tubes, being taken from condensing-water 
suction mains. 

CHIMNEYS.—There are two reinforced-con- 
crete chimneys, each 13 ft. in diameter and 125 
ft. in height. Each chimney has capacity for 
two units, the plant being arranged so that a 
fourth unit may be added to the station and con- 
nected to the second chimney. The chimney 
gases pass from boiler to chimney through spe- 
cially designed reinforced-concrete flues. These 
have proven entirely satisfactory for the work, 
although slight heat cracks In the concrete ap- 
pear in various places. 

FOUNDATIONS.—The plant is installed on 
the beach within a few hundred feet of the surf 
line. The subsoil consists largely of drift or pit 
sand. In order to prevent vibration due to the 
main engines, the design of sub-foundation was 


the fine sea moss from the circulating water 
which fouls the condensers and gives rise to a 
frequent loss of vacuum, compelling operation 
non-condensing. It happens that in the warm 
climate along the entire southern coast, there is 
a large marine growth, consisting not only of 
kelp but also the finer sea moss. It is imprac- 
ticable to handle this effectively with any type 
or any make of enclosed strainer. It is probable 
that some type of open-canal screens will be 
used to remove this most objectionab'e difficulty. 

Some very interesting results have been ac- 
complished at this station in the handling of con- 
densing apparatus during difficulties with sea 
weed. As stated above, there are supplied two 
condensers for each unit. The entire exhaust 
steam from one unit has been handled by one 
condenser, the other condenser being tempor- 
arily out of service, due to the accumulation of 
sea weed; the loss of vacuum due to this over- 
loading of one condenser has varied only from 1% 
to 2 ins. 

The circulating water system was designed to 
operate on the siphon principle, requiring but a 
nominal head of from 15 to 20 ft. on pumps. 
This head at times of accumulation of sea weed 
would rise to 35 ft. and more. Even with the 
quantity of auxiliary exhaust steam due to this 
head, the amount was below the capacity of the 
feed water heater, so that no exhaust steam 
was wasted under any normal condition of run- 
ning. 

GUARANTEE AND TEST.—The contract cov- 
ering this station embodied an economy guaran- 
tee providing for a 90-day test on one unit on 
a commercial railway load, under any load curve 


within the limits of the rated capacity of the 
generator, the total output being not less than 
60,000 KW.-hrs., nor more than 78,000 KW. -hrs. 
per 19% hrs. running, there being a 4%-hr. stand- 
by each day. On this load the contractors guar- 
anteed an economy of 170 KW.-hrs. per bbl. of 
oll; each barrel weighing 334 lbs.; the oil hav- 
ing a value of 18,500 B. T. U. per lb. The con- 
tract provision for a 90-day test was subse- 
quent!y modified to cover a period of 15 days 
since the test was not run until six months after 
the first operation of the plant and when run- 
ning conditions had presumably become normal. 

The test was in charge of a committee com- 
posed of Mr. E. G. Cobb for the Pacific Light & 
Power Co., Mr. C. R. Weymouth for Chas. C. 
Moore & Co., the contractors, and, as a neutral 
member, Prof. C. L. Cory, of the University of 
California. 

The test is reported to have been the most 
elaborate ever made on a steam plant, at least 
in that part of the country. The expense, it is 
claimed, amounted to several thousand dollars, 
as there were engaged a total of about 80 men. 

It is stated that this test was made on a com- 
plete unit, omitting the power consumption of 
the circulating-water pump. The actual head 


FIG. 5. FRONTS OF OIL-FIRED BOILERS, 
` REDONDO PLANT. 


under which the plant now works, due to sea- 
weed difficulties, varies from 30 to 35 ft. The 
contract provided that the company should sup- 
ply a siphon system of circulating-water piping, 
such that the total head of friction and flow 
would not exceed 5 ft. An allowance was made 
for the omission of the circulating pump energy 
by deducting a suitable sum from the total 
bonus earned. It is claimed that the reduction in 
economy due to the energy to drive the circu- 
lating pump would have been a small fraction 
of 1%, in view of the fact that all of the ex-- 
haust steam would have been utilized in the feed 
water heater. 

The testing committee’s report gave the aver- 
age result of the 15 days trial as 252,842 KW. 
hrs. per bbl of oil. There is in this result a 


‘slight correction in favor of the contractors due 


to an excessive sulphur and moisture content of 
the oil. This record is claimed to eclipse all 
published statements of economy of large power 
Plants, operating under commercial conditions. 
For purposes of comparison with Eastern re- 
sults, the above economy is equivalent to slightly 
less than 25,000 B. T. U. in the fuel consumed, 
per KW.-hr. of net output. 

The bonus earned as a result of the above 
economy was $363,310, which is probably the 
largest bonus ever paid on-a powerplant guar- 
antee. At the time this contract was closed it 
was necessary for the power company to have 


substantial protection as to the cost of power 


produced by this station, the plant output being 
contracted in advance at rates calculated from 
the guaranteed economy, which in itself was in 


‘advance of any economy then realized with fuel 
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oll While it is said none expected such a great 
gair over the stated economy, yet from the very 
nature of its business, sound business policy 
offered to the management no alternative than 
these guaranteed stipulations. Basing calcula- 
tions on the local market price of crude oil, it is 
claimed that the fuel saving due to this gain in 
economy will pay the full amount of the bonus 
in from two to three years, thus making this 
bonus a gilt-edge investment. 

COMPARISON WITH TURBINE STATIONS— 
It may be surprising to some engineers that a 
power plant of this magnitude should be under- 
taken with the use of reciprocating engines 
rather than turbines. At the time this contract 
was drawn, a most careful investigation was 
made by the Pacific Light & Power Co. under 
the direction of its General Manager, Mr. A. C. 
Balch. As a result of most extensive inquiries 
and investigations, Mr. Balch determined in favor 
of reciprocating engines for this location. From 
the standpoint of economy, it is contended, this 
selection has been amply justified. On the score 
of space, there is claimed to be less advantage 
than many engineers would expect. The center 
distance between the engines is 43 ft. Had the 
exciters been located elsewhere, this distance 
could have been reduced to 35 ft. The first cost 
of this plant has not exceeded that of a turbine 
plant by 5%. 

The power plant proper was designed by Mr. 
C. R. Weymouth, M. Am. Soc. M. E., in charge 
of the engineering department of Chas. C. Moore 
& Co. 

— — . — — 


ELBRIDGE HARLOW BECK LER. 
By J. H. ELLISON.” 


Elbridge H. Beckler, former Chief Engineer of 
the Pacific extension of the Great Northern Ry., 
and in the last five years a member of the con- 
tracting firm of Winston Bros. Co., died suddenly 
of cerebral hemorrhage on Aug. 26, 1908, at the 
West Portal camp of the St. Paul Pass tunnel, 
in Shoshone County, Idaho. At the time of his 
death he was actively engaged in his work in 
connection with the Coast extension of the Chi- 
cago, Milwaukee & St. Paul Ry. 

Mr. Beckler was born in Boston, Mass., on Oct. 
16, 1854, and removed with his parents about 
nine years later to Livermore Center, Me. In 
1874 he entered Maine State College, at Orono, 
as a junior, and in 1876 graduated with the de- 
gree of Civil Engineer. Previous to entering 
college, he had completed a course at Maine 
Wesleyan Seminary, Kents Hill, Me., where 
special attention to mathematics and some prac- 
tice in surveying equipped him for going 
through the four-year engineering course in two 
years. 

In the spring of 1877, after some months spent 
in teaching, he went to Minnesota to seek work 
in railway construction, but the business condi- 
tions of that period made it necessary to take 
up any work that offered: teaching, farming, 
surveying and map-making, during the next two 
years. In 1879, finally, he became transitman 
and Assistant Engineer on the St. Paul, Minne- 
apolis & Manitoba R. R., at Fergus Falls, Minn. 
The following year he entered the employ of the 
Northern Pacific, whose track then ended some 
60 miles west of Mandan, N. D., and his party 
ran the location much of the way to the Yellow- 
stone River and beyond to Helena, Mont, locating 
about 400 miles of line. In 1883 he was placed 
in charge of 40 miles of heavy construction work 
on this line, including the 3,610 ft. tunnel at 
Bozeman Pass. During this period also the con- 
struction of a long bridge making entrance into 
Duluth, Minn., was in his care. His connection 
with the Northern Pacific lasted from 1880 to 
1896, with the exception of six months in 1884 
when he was engaged in location and construc- 
tion for the Canadian Pacific Ry. along the 
Kicking Horse River, on the western s'ope of 
the Rockies. 

In 1886 Mr. Beckler took up the location of the 
Montana Central Ry., the beginning of the Great 
Northern extension to the Pacific Coast. Rising 
through the positions of Locating Engineer, As- 
sistant Engineer and Assistant Chief Engineer, 

*Of Winston Brothers Co., Missoula, Mont. 


in 1889 he became Chief Engineer in charge of 
the entire work to the Coast, about 1,000 miles 
of road from Central Montana to Puget Sound. 
In this position, which he held to the completion 
of the work in 1892, he accomplished a remark- 
able piece of work, generally regarded as the 
most notable achievement of his life; the line 
which he built is still highly regarded as a model 
of scientific adjustment to the country, and set 
a record of efficiency and economy which has 
rarely been equaled. 

Quoting from Engineering News of Oct. 5, 
1893, p. 272, on the occasion of Mr. Beckler's 
election as Honorary Member of the Montana 
Society of Civil Engineers: 


In conferring this honor the society did so in recog- 
nition of Mr. Beckler’s high attainments as engineer, 
and especially in view of the high professional ability 
he displayed in the location and construction of the 
Pacific extension of the Great Northern Ry., of which 
he was the Chief Engineer. In the accomplishment of 
this great work he secured a route through the main 
range of the Rocky Mountains with lower gradients 
than any other transcontinental line, the maximum gra- 
dient east of the summit being but 1%, and west of the 
summit 1.8%. The crossing of the Cascade Mountains 


£470: Mh 


is made with a maximum grade of 2.2%, and on a route 


so direct that the distance from Spokane, Wash., to 
Puget Sound is shortened 94 miles over any other 
route. The location for most of the distance was 
through an unexplored and mountainous country, and 
the work of construction urder Mr. Beckler’s direction 
was pushed in a manner heretofore unequaled in rail- 
way building and tracklaying. The entire distance of 
818 miles was completed in a little over two years 
from the time construction work was inaugurated. 


In 1893 Mr. Beckler moved to Chicago, III., 
and, making that city his headquarters, en- 
gaged in various pieces of work in the line of 
his profession, acting principally as Consulting 
Engineer. During this period, however, he con- 
structed a narrow-gage railway in Arizona, for 
the United Verde Copper Co. 

In 1895 he entered the service of Winston 
Brothers, contractors, and remained in their 
service until 1902, when he became a stock- 
holder and director in Winston Brothers Co., a 
corporation produced by the reorganization of 
Winston Brothers. This relation he maintained 
to the end of his life. 

Mr. Beckler married, in 1880, Miss Mera 
Rogers, of Richmond, Me., who with two daugh- 
ters survive him. 

Mr. Beckler was Member of the American 
Society of Civil Engineers, Member of the West- 
ern Society of Engineers, and Honorary Member 
of the Montana Society of Engineers, of which 
latter society he was a charter member, and 
which he was largely instrumental in organizing. 
He possessed to a remarkable degree the quali- 
fications and instincts of an engineer, and in 
addition to his qualities as an engineer, was of 


conspicuous executive ability. He was a man - 


of untiring energy, and singular devotion to his 
work. His high ideals and delicate sense of 


honor, together with his uniform consideration 
and ready sympathy, made all who knew him 
his friends. His life was an inspiration to all 
who were privileged to know him well, and in 
his untimely death they suffered a loss which 
cannot be repaired. 


— ———— — . — 


ELECTROCHEMICAL CLEANING BATHS AND THEIR 
COMMERCIAL USES.* 
By CHARLES H. PROC TOR. 


In the art of electrodepositing metals, two conditions 
are absolutely necessary for successful results. The first 
is a chemically clean metallic surface; the second, the 
proper composition of the depositing bath. With these 
two essentials duly in order, the results can never be in 
doubt. 

To the methods of arriving at the former condition it 
is my desire to call your attention in this paper, and 
primarily to the cleansing of the metallic surface by the 
aid of the electric current. From the earliest introduc- 
tion of the art of electroplating it has been the aim of 
the operator to prdduce a purely clean surface, realizing 
the fact that to produce a perfect union of the deposited 
metal upon the baser metal this was an absolute neces- 
sity. The methods of producing this desired result for 
many years were practically the same. 

In the years gone by so much care was exercised in 
cleaning the metallic surface that such metals as cop- 
per, bronze and brass, after being highly polished, were 
afterwards scoured by the aid of various substances, 
thereby producing a dull surface that was supposed to 
be a necessity, because the early operators were under 
the impression that the deposit would not stick to a 
polished surface. At the present time we know that it 
is just as easy to produce a successful deposit upon a 
polished surface as upon a surface that is unfinished. 
There is always one factor to be taken care of and that 
is oxidation. As oxygen is always present in the at- 
mosphere, it will, with its well known affinity for most 
metals, oftentimes in the space of a few moments form 
an oxide upon the surface of the metal which is in- 
visible to the eye and yet sufficient in some baths, like 
nickel, to prevent a true adhesion of the deposited metal. 

Several years ago a surprise was introduced among 
the electrodepositors of metals, in the news that a well- 
known manufacturer was cleansing his goods, made of 
iron and steel, by electricity and for some time the minds 
of many platers were at work to know how this could 
be accomplished. Finally the light came. It was an- 
nounced that alkaline substances, such as sodium car- 
bonate, potassium carbonate, potassium hydroxide and 
sodium hydroxide in solution, in varying degrees of con- 
centration and with small proportions of potassium cya- 
nide added, would, with a sufficiently strong electric cur- 
rent of from four to eight volts and nearly at boiling 
temperature, develop sufficient hydrogen to remove en- 
tirely all organic substances from the surface of the 
metal, thereby leaving it chemically clean. 

In October, 1905, the first article that appeared on the 
subject of electrochemical cleaning was published in 
“Metal Industry” by the writer, and from that time 
the use of this method has been constantly increasing, 
until at the present time very few large concerns, es- 
pecially among those engaged in the manufacture of 
hardware, are without electrochemical cleaning baths, 
which have proved so successful in the cleansing of many 
articles at a great saving of labor. 

This method has also brought into the market several 
new combinations which are sold under the name of 
““electro-chemical cleaning salts,” and have given very 
satisfactory results. 

The action of an electro-cleanser is similar to the 
action of an electroplating bath. The only difference, as 
far as the development of gases is concerned, is that no 
metal is in solution and the anode being insoluble, no 
metal is deposited. But with a strong current a copious 
evolution of oxyhydrogen gas is developed upon the 
articles, which attacks the organic matter upon the sur- 
face, practically lifting it off and by rapid evolution 
of the gases carries it to the surface. The small quan- 
tity of potassium cyanide contained in solution absorbs 
the slight oxidation that might be upon the surface, and 
by the combined action produces a surface clean enough, 
after washing in clear water, for any deposits. 

The arrangement of an electro-cleaning bath is very 
simple. Prepare a wrought-iron taak of proportions 
best adapted to the work to be cleansed. This should 
be heated with steam coils of iron. Across the top of 
the tank an insulated frame should be constructed. Upon 
this frame place three conducting bars, as on the regular 
plating bath. To the two outside bars the positive leads 
should be carried direct. To the center bar the negative 
current is connected with cable of the same dimensions. 
No rheostats are necessary. The stronger the current 
the greater the evolution of gases and the quicker the 
cleansing operation is accomplished. 


Slightly condensed from a paper presented at the 
convention of the American Found i 
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Although direct contact can be made with the positive 
leads to the tank itself, in practice, better results have 
been obtained with anodes of sheet iron not more than 
6 ins. wide and of a length in proportion to the depth of 
the tank. 

The electro-cleaning solution should consist (for or- 
dinary purposes) of 3 to 4 ozs. caustic potash to each 
gallon of water, and to every 100 gals. of solution, 8 
ozs. of cyanide of potassium. This can be varied ac- 
cording to conditions. It Is advisable to add at least 
-b. of cyanide each week. Where the articles, such 
as iron or steel, contain much oil or grease upon the 
surface, the density of the solution can be increased. For 
articles of brass, copper or bronze that have been pol- 
ished, use a solution of carbonate of soda in the pro- 
portion of 2 ozs. of soda and 4-0z. caustic potash to each 
gallon of water, with the addition of 4 ozs. of cyanide 
to every 100 gals. of solution. If there is much organic 
matter upon the surface of the articles to be cleansed, it 
is advisable, where air pressure can be obtained from 
an ordinary blower, to arrange a pipe so that the current 
of air can be deflected upon the surface of the solution, 
to keep the center of the solution clear of the insoluble 
substance that arises to the surface. When the cleanser 
is at rest, as much of this mattcr should be removed as 
possible. 

It should be the aim of the operator to use the same 
methods of avoiding all unnecessary contamination as 
he would in electro-depositing baths. It is obvious even 
to those who have not practiced this method of cleansing 
metallic articles that large quantities of work can be 
treated very rapidly, and this is the case especially where 
frames or racks are used in the plating opcrations. On 
account of the rapidity of operation and the efficiency of 
the bath, this method of cleansing should be a part of 
the labor saving deviccs used in all great commercial 
establishments engaged in the electroplating of metals. 


—ͤ ub. — —' — — 


A NEW AND SIMPLE TYPE OF SEX TANT. 


In a recent issue of “The Physical Review,” 
Prof. L. A. Freudenberger“ describes a new type 
of sextant that he has invented which is some- 
what simpler in construction than the ordinary 
sextant and which is more accurate, on account 
of the unit ratio of arm movement to scale read- 
ing instead of the double ratio in the older instru- 
ment. The new sextant is described as follows: 


The ordinary sextant makes use of the well known law 
of reflection—that the reflected and incident rays make 
equal angles with the normal to the mirror surface—in 
order to obtain a movement of a vernier arm of half 
the angle measured. The arc is graduated, however, to 
read the angle directly. In the new type of sextant de- 
vised by the writer, the law of 
reflection, that the incident and 
reflected ray lie in the same 
plane, normal to the mirror sur- 
face, is taken advantage of to 
make the angular movement of 
the Vernier-arm equal to the 
angle measured. The principle 
of the new type of sextant is 
substantially shown in the dia- 
gram in the accompanying fig- 
ure. 

A is a full silvered mirror, 
mounted with adjusting screws 
to make an angle of 45° with 
the axis MN of the instrument. 
The mirror A rotates In the cone 
bearing P about the line of sight 
JIN as an axis. A vernier arm 
C (not shown) is fastened to the 
frame of A and moves over a 
graduated arc fastened to the 
frame of B, serving to measure 
the angleof rotation of themirror 
A around MN as an axis. B is a half silvered mirror 
mounted with adjusting screws to make an angle of 45° 
with the axis MN. In the figure the positions of the mir- 
rors are shown for parallel rays (both mirrors reflect- 
ing an image of the horizon, which two images are 
brought in coincidence for the zero“ setting). If mir- 
ror B is kept sighted on the horizon, it is evident that 
with the sun at the meridian, mirror A will have to be 
rotated 90° about the axis MN in order to reflect the 
sun's image down the line of sight. 

In the practical use of a sextant—sighting on the sun 
and the horizon, for instance—accuracy is limited by the 
difficulty the eye experiences in deciding when the sun's 
disk just touches the horizon. In the ordinary sextant, 
suppose that the eye can determine the coincidence of 
two images to within one minute of angular movement of 
the mirror surfaces. This means that the actual angle 
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Diagram Showing 
Principle of the 
Freudenberger 
Sextant. 


between the two objects can only be determined within - 


two minutes of angular measure. In the new type of 


Assistant Professor of Mechanical and Electrical En- 
gineering, Delaware College, Newark, Del 


sextant, let the coincidence of two images be determinable 
again within one minute of angular movement of the 
mirror A. This means that the actual angle between 
the two objects can also be determined within a minute 
of angular measure. This possibility of increasing the 
accuracy of measurement is, of course, the sole ad- 
vantage of the new type of sextant. The new type of 
sextant differs from the old in the following particulars: 

The fleld of view in the new type of sextant appears 
precisely the same as in the old, except that in driving 
forward the vernier-arm the moving field of view travels 
through a vertical arc of a circle, while the moving field 
of view in the old sextant makes a straight vertical 
movement. 

In locating two objects so as to make them appear 
in the field of view, the line of sight of the telescope is 
at right angles to the plane containing the two objects 
and the observer, i. e., the plane of the graduated arc of 
the instrument passes through the two objects. Vertical 
movements of the fleld of view are obtained by rotating 
the instrument as a whole about the line of sight of the 
telescope. 

The ordinary type of sextant usually measures actual 
angles to 120° of arc or more. Since the angular move- 
ment of the mirror is only half this the sector of the 
graduated arc is only 60°, though graduated to read 
120° directly. To secure an angular measurement of 
120° in the new type of sextant, it is necessary to have 
a graduated sector of 120 actual degrees. Strictly speak- 
ing, the new instrument can hardly be called a sextant, 
since the graduated sector subtends one-third of a circle 
instead of one-sixth. 

The adjustments of the mirrors in the new type of sex- 
tant can be accomplished most easily at sea where a 
horizon is always available. 

To adjust for ‘‘zero’’ reading, the Morane vernier-arm 
is clamped at the zero reading of the graduated arc. 
Mirror A is then adjusted until the two images of a very 
distant object appear in coincidence. To test whether 
the mirror B is properly adjusted, the two images should 
remain in coincidence independently of which part of the 
field of view is used. On sighting on a very distant 
straight line (the horizon for instance), want of proper 
adjustment of mirror B would be shown by the two 
horizon lines, though meeting for the ‘‘zero’’ reading, 
not forming a continuous unbroken line but being bent 
at the line of division of the half silvered mirror. If 
desirable, the graduations and arc may be extended to 
180° or even to 360°, when the adjustment of the mirrors 
may be exact, since the two horizon lines should coin- 
cide when the vernier-arm is set at 0° and also when set 
at 180°. An angle and its supplement might thus be 
measured, In order to compensate for eceenrRicity errors 
of the graduated arc. 


„„ 
A HIGH-SCHOOL COURSE IN COOPERATIVE INDUSTRIAL 
-TRAINING AT FITCHBURG, MASS.“ 


The Fitchburg Iron Workers’ Association, at a recent 
banquet to the members of the Fitchburg City Govern- 
ment and School Board, laid before them plans for an 
industrial school to be incorporated in the present high- 
school system, which were readily taken up by the City 
Government and have been put into operation. 

The plan is in the form of an apprenticeship system 
whereby boys, having passed the first year in the high 
school, take up during the next three years a mechanical 
course, studying one week in the school and the follow- 
ing week working in the shops. A special instructor has 
been employed and special textbooks provided. The boys 
are taken in pairs by the manufacturing companies. The 
boy who has studied in school a week on Saturday morn- 
ing at 11 o'clock goes to the shop, and learns on what 
particular job his partner has been working and how it 
is handled, so that he can come in the following Mon- 
day morning and begin work where the other boy left off. 
Thus he follows the shop course without neccssitating 
instruction on the part of the shop foreman. 

There have been more applications than could be taken 
care of the first year. At the present time all the 
boys are working in the shops and will continue to do so 
until the school opens. The school course is as follows: 


FITCHBURG HIGH SCHOOL, 
COOPERATIVBS INDUSTRIAL COURSE. 
First Year, All School Work. 


Periods 

Subject. per week 
EBugish:..icicac seus ves a tes a ee annie Mista 4 
Shop mathematics ................ e 5 
Meinl. ew pineal eo wae buen 5 
Freehand and mechanical drawing............. N 5 
Current event C 2 2 

Second Year, School and Shop Work. 

Periods 

Subject. per week. 
English ß aes ice ee a eerie ee oo 4 
Shop mathematics ...... e ès TEE as 5 
Gl t oa eee ev «owe R ea om he 4 
Electricity and heaeſeeeeeea sg. ahead 4 
Freehand and mechanical drawing.............. 8 


*From the American Machinist, Sept. 10, 1908. 


Third Year, School and Shop Work. 


eriods 
Subject per week. 
English 2959559555963 %%% „„ „„ „6„ 2 2 52 „6 6 2 „ „„ „„ „ „%„„„ „„ „6 „660 4 
Shop mathematics .......... 4 
Commercial geography, business. methods and 


Sonate sss vicas ennek e 4 
Advanced chemistry or industrial chemistry 5 
Freehand and mechanical drawing 8 


Fourth Year, School and Shop Work. 


ese ese eae %%% „%„ „„ „„ 


Periods 
Subject. per week. 
English, 4 55-W Se bee exe ons o 4 
Civics and American historr hr 


Applied mathematics ........ V 5 
Mechanical and freehand drawing 8 
Discussion of current mechanical appliances 2 

The shop work consists of instruction in the operation 
of lathes, planers, drilling machines, bench and floor 
work and other machine work, according to the ability 
of the apprentice and pertaining to the particular branch 
of manufacture in the shop where he is employed. The 
rules and conditions of this system are: 


RULES AND CONDITIONS. 

Rules and conditions under which special apprentices 
taking the four-year cooperative industrial course at the 
high school of Fitchburg are received for instruction at 
the works of 

(1) The b for apprenticeship under this agree- 
ment must have met satisfactorily requirements for en- 
trance to this course at the high school. 

(2) The apprentice is to work for us continually, 
well and faithfully, under such rules and regulations as 
May prevail at the works of the above company, for 
the term of approximately 4,950 hours, commencing with 
the acceptance of this agreement and in such capacity 
and on such work as specified below: 

Lathe work, planer work, drilling, 
work. 

And such other machine work, according to the ca- 
pacity of the apprentice, as pertains to our branch of 
manufacturing. 

This arrangement of work to be binding unless changed 
by mutual agreement of all parties to this contract. 

(3) The apprentice shall report to this employer for 
work every alternate week when the high school is in 
session, and on all working days when the high school 
is not in session, except during vacation periods provided 
below, and he shall be paid only for actual time at such 
work. 

(4) The apprentice is to have a vacation, without pay, 
of two weeks each year during the school vacation. 

(5) The employer reserves the right to suspend regu- 
lar work, wholly or in part, at any time it may be deemed 
necessary, and agrees to provide under ordinary condi- 
tions other work at the regular rate of pay, for the 
apprentice during such period. 

(6) Should the conduct or work of the apprentice not 
be satisfactory to employer, he may be dismissed at any 
time without previous notice. The first two months of 
the apprentice’s shop work are considered a trial time. 

(7) Lost time shall be made up before the expiration 
of each year, at the rate of wages paid during said year, 
and no year of service shall commence till after all 
lost time by the apprentice in the DECCOUIDE year shall 
have been fully made up. 

(8) The apprentice must purchase from time to time 
such tools as may be required for doing rapid and ac- 
curate work. 

(9) The said term of approximately 4,950 hours (three- 
year shop term) shall be divided into three periods as 
stated below, and the compensation shall be as follows, 
payable on regular pay days to each apprentice: 

For the first period of approximately 1,650 hours, 10 
cts. per hr. 

For the second period of approximately 1,650 hours, 11 
cts. per hr. 

For the third period of approximately 1,650 hours, 1214 
cts. per hr. 

(10) The above wage scale shall begin the first day of 
July preceding the apprentice’s entrance upon the first 
year of shop work of the high-school industrial course. 
The satisfactory fulfilment of the conditions of this con- 
tract leads to a diploma, to be conferred upon the ap- 
prentice by the school board of Fitchburg upon his 
graduation, which diploma shall bear the signature of an 
officer of the company with which he served his ap- 
prenticeship. 


bench and floor 


. . ͤ— — 


THE TRANSMUTATION OF COPPER into lithium. 
which was announced as accomplished by Sir William 
Ramsay, is now denied by Madam Curie. It will be 
remembered that Ramsay subjected copper sulphate to 
the action of emanations from radioactive substances, and 
detected lithium after eliminating the copper. Madam 
Curie repeated these experiments, but with platinum 
vessels and with chemicals purified in platinum appa- 
ratus, to remove all chances of lithium contamination 
from glass or quartz. No evidence was found to warrant 
the belief that any copper was converted to lithium. A 
fuller abstract of the article of Madam Curie in the 
Comptes Rendus” will be found in the London Neo- 
triclan’’ of Aug. 28. 
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The maintenance of railway track in proper 
line, both on curves and tangents, is one of the 
important items in the work of maintenance of- 
way. It is a work, however, that is governed 
by special conditions which are rarely explained 
to or realized by the young engineer in railway 
service. When a railway is in operation the 
track centers soon become destroyed or dis- 
placed, and the effect of the traffic is to cause 
the track to shift more or less. This occurs 
both on tangents and curves, and especially at 
the ends of the latter, if transition curves are 
not used. The lining of track may be divided 
into two classes, of very different character; 
First, the maintenance of line in detail by the 
section forces; and, second, the maintenance or 
rectification of line on a broader scale by the 
engineers of the maintenance-of-way depart- 
ment. In the first case, the track is lined at 
various points from time to time, as the effects 
of traffic or the movements of the roadbed and 
ballast tend to shift it from the line originally 
located. This work at individual points, com- 
bined with the continual disturbing influences 
due to traffic, ete., will In the course of a few 
years cause material irregularities in or devi- 
ations from the true line. These will take the 
form of swings.or bends in tangents, kinks at 
the junctions of curves with tangents, and 
irregularities in the curves. For the easy move- 
ment of trains on curves it is very desirable that 
such irregularities should be eliminated or re- 
duced. 

It becomes necessary, therefore, to readjust the 
tine at intervals, in order that the track may be 
restored to proper condition. This may be done 
for an entire division or for a long stretch of 
track. In doing work of this kind, however, it 
is not necessary to give tangents that are ex- 
actly straight or to restore curves to their exact 
original location. In fact, to do this would in- 
volve an amount off work and expense far be- 
yond what would be warranted by the practical 
results obtained. The realinement should be 
dune by the engineers before the section foremen 
ure allowed to do any shifting of the track, and 
monuments muy be set to mark „the points of 


curves. In describing a method used in re- 
lining track, Mr. R. A. Rutledge, Resident En- 
gineer of the Gulf, Colorado & Santa Fe Ry., 
pointed out that the work of a party of three 
engincers may save that of a track gang of 50 
to 100 men (Engineering News, Nov. 1, 1906). 

There is very little literature available for in- 
struction on this important item of mainten- 
ance-of-way work, and the young engineer is 
likely to be impressed mainly with a sense of 
the necessity of restoring the exact original lo- 
cation. Thus much of his work will be wasted, 
since (as already noted) it would cost too much 
money to readjust the track to the line which 
he sets out. In view of the importance of the 
subject, we publish in another part of this issue 
an extended and careful consideration of the 
principles and methods involved in the relining 
of track as a part of the work of the mainten- 
ance-of-way engineer. We also give below a 
statement as to this subject from the new edition 
of Tratman's “Railway Track and Track Work.” 

In any thorough realinement of a piece of track, the 
transit should be used, and the track centers marked by 
tacks in stakes, as on new work. Short sharp swings or 
bends in tangents should be corrected, but long swings 
are not scrious. In such work as this, it is not necessary 
to give mathematically straight tangents or exact curves. 
In fact, such refinement might often involve an amount 
and cost of work in shifting the track that would be far 
beyond any practical advantages, and might in many 
cases result in throwing the line off the existing roadbed. 
This is especially the case with long, easy curves, and 
these may have to be compounded in relining them, in 
order to adjust them to the existing work. The aim is to 
obtain practically straight tangents (free from sharp 
bends), and curves of such regularity that trains will 
ride easily upon them. 

— . — 


A year ago, when the Quebec Bridge fell, Can- 
ada made up itS mind instantaneously that the 
bridge should be built in spite of the disaster. 
In the thoughts of every citizen, consternation 
over the deplorable failure was almost at once 
overshadowed by a determination to see the 
project through at any cost. In but a few hours 
after the collapse, private citizens, editors and 
political leaders alike voiced the opinion that 
the work must continue. This determination has 
now borne its fruit in the establishment of defi- 
nite means for conducting the replanning and 
rebuilding of the bridge. An engineering com- 
mittee has been appointed, which, nominally 
working under the Department of Railways and 
Canals, is to have supreme authority to deter- 
mine and direct the future work. 

Now that progress is thus initiated, almost on 
the anniversary of the disaster, it is fitting to 
recall what an indispensable labor has been ac- 
complished in the past year. We refer of course 
to the exhaustive investigation of the collapse of 
the old bridge, by the governmental commission 
made up of Messrs. Holgate, Kerry and Gal- 
braith. England itself, the home of royal com- 
missions of investigation, has never, we fancy, 
produced a report that could fairly be set along- 
side the report rendered by these engineers. Their 
work has been and remains of absorbing inter- 
est to engineers, and the report constitutes a 
permanently valuable contribution to professional 
knowledge. Without a. thorough investigation of 
this kind, of course, wise planning for the re- 
sumption of the project would have been impos- 
sible. 

What in some respects is the most weighty fea- 
ture of that report is the picture it gives of the 
heterogeneous, uncentralized and non-responsi- 
ble organization of the Quebec Bridge work; we 
might say, the utter absence of authoritative, 
purposeful engineering direction. The underly- 
ing causes of this state of affairs are hardly 
even hinted at in the report, and they need not 
concern us now. The facts themselves are clearly 
enough demonstrated again and again; we may 
take as sufficient proof the bald statement that 
the huge undertaking of erection was going on 
without the presence of an engineer-in-charge. 

“This condition, taken together with the entire 
past history of the project, led rather naturally 
to the conclusion that in the work of reconstrue- 
tion the very first step must be the institution 
of a committee of competent bridge engineers, in 
absolute. control, In fact, the chairman of the 


tg eere 


Commission specifically recommended this course 
in testifying before a committee of Parliament 
two months ago, adding that in his opinion no 
national limits should be set but the best engi- 
neers of all countries brought together as an in- 
ternational board to take charge of planning and 
constructing the bridge. The international idea 
was adopted by the authorities, it seems: an 
English engineer of high standing, a noted Amer- 
ican designer of large bridges, and a Canadian 
bridge engineer of many years’ practice, compose 
the committee. 

The further course of the Quebec Bridge pro- 
ject, reports have it, is to be absolutely unin- 
fluenced by what has gone before. The engineers 
are to start de novo, and the work, besides, will 
be under new auspices, under the sole authority 
as well as responsibility of the government of 
Canada. This is excellent. But great events, 
especially unfortunate ones, have a disagreeable 
way of trailing long shadows after them. It 
will be more than remarkable if this recon- 
structed and newly-started project does not find 
itself, at many a turn, working in the shadow 
of the accident of last year. We sincerely trust 
it may be able to emerge into light. 

The task of the engineering committee is a 
very great one. Difficult as it would be under 
any circumstances, the progress and results 
would be certain beyond question to engage the 
most careful attention of the engineering world. 
As matters actually stand, this attention will 
be multiplied—by the stimulus of the intense 
interest awakened by the collapse of the first 
bridge. There will be a more anxious, a more 
rigid, scrutinizing of the conclusions and the de- 
signs produced by the committee. This fact ren- 
ders their work correspondingly more delicate 
und of greater responsibility, and therefore more 
difficult. Judgment of fine metal will be needed. 
May it not be corroded by the steam rising from 
the ever-boiling pot of Canadian politics! May 
the committee accomplish its task successfully 
and worthily. á 


— s52ꝓWV 2 — 
It’s a poor rule that won't work both ways. 


So think the high financiers of the Street rail- 
Way system of New York, who, having used the 
transfer system to gain public favor in building 
up a huge railway consolidation with millions 
of watered stock now turn about and say that 
the transfer system makes dismemberment of 
the consolidated lines necessary. True, this is 
done under cover of receivers appointed by a 
Federal Court, but every one who understands 
the elements of high finance knows that these 
receivers are probably carrying out a policy de- 
termined in advance of their appointment, and 
certainly one that meets with the anproval of 
the powers that rule. 

This incident (dealt with at some length in 
our issue of Aug. 27, 1908) relates to the street 
railways of Manhattan and the Bronx, some- 
times spoken of as Old New York. But while 
discussion of it had scarcely passed its height 
fresh from the press came the annual report of 
the Brooklyn Rapid Transit Co., a consolidation 
of various street railway lines. In this report 
“transfer dilution” of. earnings is a feature, and 
While no talk of dismemberment of the consoli- 
dated company appears there is no mistaking a 
Strong sentiment in favor of curtailing transfer 
privileges. Nor is this sort of thing confined to 
New York. In Philadelphia there are fore- 
Shadowings of attempts to control transfers or 
otherwise to cut down public benefits which were 
to flow from street railway consolidations and 
Various municipal grants, 

These happenings and foreshadowings give 
rise to the question, is the street railway transfer 
system breaking down? And if it is, an added 
question may arise, as stated below. i 

The transfer question is indeed a troublesome 
one. It strikes us that it has been rather too 
much for street railway managers. While they and 
their anti-municipal ownership supporters have 
been urging the extent of the transfer system and 
the number of miles one can ride for a nickel in 
this country as an argument for the superlority of 
private ownership in America over municipal 
ownership in Great Britain, the transfer in our 
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larger cities has grown to enormous propor- 
tions. Although this growth has not kept pace 
with that of watered stock and high dividend 
guarantees on consolidated lines of small earn- 
ing capacity, yet the increase in transfers has 
been so great as to make it serve as a most con- 
venient argument for their reduction in the hopes 
that larger revenues would result, thus making 
it possible to pay dividends on enormous over- 
capitalization—stress, of course, being laid on the 
transfers and silence being maintained as to 
over-capitalization. 

Whether the American system of nickel fares 
and unlimited transfers, both regardless of dis- 
tance, or the British system of 1 or 2-ct. fares 
for small unit distances is preferable would be 
an interesting question for discussion, but can- 
not be gone into here. The point for the present 
moment is that American railway managers and 
financiers have educated their traveling public 
first to expect and now to demand that a nickel 
fare, or with tickets perhaps less than a nickel, 
will carry a passenger any distance in any di- 
rection, within the limits of the street railway 
system, no matter how large or complicated the 
system may be. This may have been sowing to 
the whirlwind, but as a man sows so shall he 
reap—unless he can secure the intervention of a 
Federal court. 

Now, and finally, our street railway men and 
their allies, the anti-municipal ownership propa- 
gandists, having urged so long and so earnestly 
the transfer system as an argument in favor 
of private ownership may find another and 
different illustration of the saying that it’s a 
poor rule that won’t work both ways. That is, 
if the railway men break down the trans- 
fer system to suit their own ends, placing those 
ends above and beyond the public interest, then 
they may find to their sorrow that the transfer 
system will be popularly regarded as possible 
on'y under public ownership, instead of being 
the strong argument for private ownership of 
which so much has been made. The chief justi- 
fication for such an argument will, of course, be 
the claim that the street railway system of a 
city or a group of cities and towns must, like 
the postal system of a nation, be considered as 
a whole, and the nickel fare, like the 2-ct. 
stamp, guarantee conveyance to any point on 
the system. If private companies will continue 
to act on a theory which they have themselves 
taught and finally brought into practice, they 
must expect to take the consequences, which 
may perhaps be a choice of: (1) financial reor- 
ganization on such a basis as to make universal 
transfers possible, (2) a scaling of minimum 
fares, or (3) as a last resort, municipal owner- 
ship. 

— —— a 


A HIGH-SCHOOL INDUSTRIAL COURSE. 


Cooperative education, the fixed alternation of 
class-room instruction and practical shop work, 
as a development of enginecring education, has 
already been discussed in this journal.* <A few 
enthusiastic advocates of this system urge it as 
the sure remedy for all the troubles in present- 
day technical instruction. We have previouslyt 
expressed the belief that the cooperative system 
would find an important place in the field, par- 
ticularly for those students who have the am- 
bition and the ability, but not the means, for 
undertaking an engineering course. 

Until a few weeks ago the cooperative plan 
had been considered for colleges and technical 
schools only; now it iS seriously proposed as a 
branch of public high-school instruction. In 
another part of this issue we have reprinted an 
interesting and suggestive article on the gen- 
eral plan to be followed at Fitchburg, Mass. 
The boys who select this course will follow a 
specialized line of study for four years and, 
during the last three of these years, school 
periods of one week's duration will alternate 
with apprentice work in some shop of that city. 
The whole vacations, with the exception of two 
weeks in the summer, are to be given up to shop 
work. 


*See article by Dr. Herman Schneider, Two Years of 
the Cooperative Engineering Courses at the University 
of Cincinnati,” Eng. News, July 9, 1908. 

'New Things in Engineering Education, Eng. News, 
July 9, 1908. 


At first this plan may impress many as ex- 
cellent, but a study of the details leads to the 
belief that the great benefits will come to the 
manufacturers, who proposed the scheme, and 
that the students will receive only a minor bene- 
fit and this, too, at the cost of advantages for- 
ever lost. It might also seem, at first, as though 
this would be a good college-preparatory course 
for a boy inclined toward engineering work. 
Such an impression, however, is soon lost. For 
the boy who will go to college and for the boy 
who will not, much of that which is to be gained, 
through this proposed course, can be as well 
secured later. ‘All of that which is sacrificed 
can be gained nowhere else so well as in school. 

It is a principle recognized by an increasing 
number of educators that there should be taught 
in school first those things which can be secured 
elsewhere, or afterwards, not at all or only im- 
perfectly. This is a principle which, it is widely 
believed, will, if wisely followed, yield the best 
results in the long run. It is an expedient 
policy, many times, to so modify the application 
of this principle that students may be enabled 
to do commercial work at graduation and thus 
be in a position to earn a better living at the 
start of their actual career. Such a policy needs 
no defense, but it should be more often borne in 
mind, than possibly has been the case, that the 
lack of those studies sacrificed to acquire certain 
commercial practice will sooner or later act as 
a handicap to the graduate. Some compromise 
between the principle and the policy is usually 
necessary, but no student, in high school or col- 
lege, should be deliberately led to make greater 
concessions to immediate circumstances than are 
imperative. 

It strikes us that this Fitchburg course is ar- 
ranged as an expedient measure that will draw 
in more boys who do not need to sacrifice the 
greater benefits of a typical high-school course 
than it will of those who must earn while they 
study. 
chanic learns nothing of any other language 
than his mother tongue. The history of all 
nations but his own is a sealed book. Literature 
and art are but names. This boy, in time, may 
become an expert mechanic, a foreman, a super- 
intendent, a maker of dividends for his employ- 
ers, but he must stop short of what he might 
have been. The lack of certain influences at a 
critical period of his life may be seen later in 
an intolerance and a lack of sympathy that is a 
real handicap in handling men and in getting 
the most pleasure out of life. Some may ask for 
the interest a mechanic has for such “culture 
subjects,” but such an enquirer would be one 
who was not familiar with the older New Eng- 
land mechanics and the degree to which they 
enjoy travel, good literature, and artistic work. 
Such an enquirer would be ignorant of the di- 
minished tendencies toward such enjoymenfs in 
the younger men who are replacing the older 
ones as these retire to their cottages and fields. 

It may be argued that the Fitchburg course, 
as proposed, will induce boys to remain in school 
and to work there as they would not under the 
old conditions. It is probably true that co- 
operative courses would keep many from drop- 
ping out, but this is only an added reason why 
the course should be made liberal instead of 
narrow. It has been said that most boys do not 
take kind!'y to high-school curricula. A glance 
at the Fitchburg schedule does not reassure one 
that subjects easily grasped or especially at- 
tractice have been included. Mechanics, shop 
mathematics, advanced chemistry and physics 
are scarcely subjects that would fit boys 15 years 
old. The course seems monotonous for young- 
sters who cannot be expected to have habits of 
concentrated attention. There is then danger 
of soon driving away just those boys whom it 
was hoped to hold. It would seem possible that 
demonstrations of elementary science, descrip- 
tive and interesting arrangements of history, 
live literature and simple art would do more to 
hold these boys in school. These require good 
teachers, without the proverbial and pedantic 
inclinations of marshaling formidable facts, 
figures and dates. It seems feasible to arouse, 
in some such way, the interest of boys who will 
become mechanics and to so direct their inclina- 


The boy who intends to become a me- ` 


tions toward the sciences, literature and various 
fine arts that they may later have beneficial re- 
laxation after labor. 

It is to be noted that this course was appar- 
ently suggested by the manufacturers, whom we 
may suppose are in need of a supply of prom- 
ising young mechanics. Perhaps these men have 
insisted that only certain subjects should be in- 
cluded in this course of study. If this is so, it 
bears out a remark previously made“ on the 
tendency toward over-spe@alization in technical 
schools. 


The tendency toward specialization in education 
is due rather to parents and trustecs and employers than 
to the sound judgment of our best educators. 

For the boy who has the ambition to study 
engineering in college, a cooperative course 
needs only one excuse—the determination of his 
fitness. The faculties of engineering schools are 
seeking a just way of early eliminating the unfit 
and those who are attracted by the false hope 
of wealth rather than the love of the work. It 
is not necessary or even desirable to train the 
prospective engineering students as complete 
mechanics. It is, however, almost necessary to 
eliminate false ideas of the inherent grandeur of 
engineering work, and to give the boys such 
taste of manual training that the bent of their 
minds may be accurately determined. With such 
a limited field of use of the cooperative scheine 
in preparatory courses there is no need that they 
should be highly specialized. For a boy planning 
to enter college, even if this Fitchburg course 
were acceptable preparation with any faculty, a 
very doubtful condition, then the narrowing in- 
fluence of the proposed curriculum would be 
Strengthened all during the college course. As 
a student the boy might excel in mathematics 
and in his grasp of some natural science, but the 
very training which might help at first would 
only retard later if a man of broad ideas was 
needed. 

So far we have mentioned only the probable 
effect of the proposed course in molding a boy’s 
future. But it has a more immediate and no 
less important effect which seems to have been 
overlooked. It may well be asked if it can be 
justifiable to take a boy, 15 or 16 years old and 
to work him as the course provides with only 
two weeks respite each year. Will his physique 
show no sign of the lack of fresh air, sunshine 
and pleasure during the years of adolescence. 
Moreover, would any of the supporters of such 
a plan wish to blot out their own memories of 
base-ball and foot-ball games, of fishing and 
hunting excursions and all the rest that come 
from uninterrupted school and vacation days? 
Is it fair, then, unnecessarily so to lead a boy 
that his youthful memories are all of hard les- 
sons, dusty shops, and aching muscles? 

To give the boys some insight into the broader 
school sSubjects—languages, literature, art and 
nature; to arrange the shop hours so that the 
boys wi'l not be physically over-strained and so 
that they may still have some of the priceless 
associations of school and vacation days; to al- 
low the desired rudimentary technical work with 
all the rest is truly a difficult task. If such ele- 
mentary technical training cannot be obtained 
without great sacrifice of the stated school ad- 
vantages, then it is not worth while, as a high- 
school course. But we believe that by judicious 
compromise a commendable scheme can be 
worked out. It must not be expected, however, 
that the manufacturers will favorably regard it, 
for the balance of advantage will not be greatly 
in their favor. 


LETTERS TO THE EDITOR. 


The Proposed’ Membership Amendments to the Cosstita- 
tion of the American Society of Civil Engineers. 


Sir: As the originator of an amendment to the con- 
stitution of the American Society of Civil Engineers 
which would leave the election of new members with 
the membership, where it now is, and which is yet to be 
sent out for letter-ballot, I was much pleased with Mr. 
Samuel Whinery's letter in Engineering News of Sept. 
10. The object of this letter is to recall to members of 
the American Society of Civil Engineers certain his- 


„Some New Things in Engineering Education.” Eng, 
News, July 9, 1908. 
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torical facts bearing on the question now before them, 
which will enable them to vote understandingly. 

i) For an account of the first discussion upon the 
amendment now to be voted on, see the report of the 
Annual Meeting of Jan. 15, 1908, p. 65 of the Proceedings 
for 1908. 

(2) The following table shows the percentages of votes 
cast, necessary to exclude, as practiced by and constitu- 


tionally prescribed for some well-known clubs and 
societies: 
Boston Society of Civil Engineers over 1/3 
New England Water Works Association..... “ 1/3 
Socjety for Promoting Engineering Education. 1/4 
Institution of Civil Engineers of London. 1/5 
Century Association of New York........... = 1/5 
American Society of Civil Engineers as now 

constituted, 20 votes out of an average of 

votes cast Of 458, OP 2... cw cee ee wees 1/23 


It has not yet clearly appeared in the reports and dis- 
cussion Why a rule based on number of votes cast, say 
13 the votes cast, which serves well in other societies, 
would not serve equally well for the American Society 
of Civil Engineers. 

(3) It is extremely doubtful if the committee, which re- 
ported at Denver, was properly constituted, inasmuch as 
x contained one member who was thus put in a position 
naturally to report in favor of an amendment to the 
ronstitution which he had himself proposed; and to re- 
port against another such amendment, designed to take 
its place, the one yet to go out to letter-ballot. Also, as 
the mover of the resolution of Jan. 5, 1908, to refer to 
a committee, to be appointed by the chair, I am in po- 
sition to state that this Denver committee did not have 
referred to it on Jan. 15 something that was not written 
until several months later, viz., the amendment yet to 
go to letter-ballot; but on which, nevertheless, they also 
reported, causing it to be put in the shape yet to be sent 
to letter-ballot. The change thus made substitutes for 
wv of all the votes cast, the figure of 1% of the cor- 
porate membership. 

(4) Speaking for myself, I hope the ballot now called 
for will be decided in the negative; and that when the 
amendment yet to be sent to letter-ballot will come be- 
fore the society, as it must come in any event, that it 
will be adopted, notwithstanding it will thus appear, as 
| believe, in deteriorated form. Even as thus changed, 
I believe it to be more worthy of an American Society of 
Civil Engineers than the amendment now to be voted on. 

N Clemens Herschel. 

2 Wall St., New York City, Sept. 12, 1908. 


— — ƷAZmũœuÜ2f P 


Length of Time Reqaired te Determine Rainfall or 
Stream Flow with a Given Percentage of Error. 


Sir: The length of time required for determining mean 
values of rainfall or stream flow within a given per- 
œntage of error was touched upon in an article by Mr. 
John C. Hoyt, Assoc. M. .Am. Soc. C. E., entitled 
“Length of Records Necessary for Determining Stream 
Flow,” tn Engineering News, for April 23, 1908; also in 
a letter from Clinton L. Bogert, in Engineering News, 


May 21, 1908, p. 571, under the caption, ‘Variations 
100 in Rainfall Through Long Periods 
of Years.” The later article was 
illustrated by a diagram showing 
90 the “Relation of Length of Rain- 
fall Records to Variations from the 

90 Mean.“ 

In making practical use of such 
figures it is well to remember that 
2 0 the variations of a short-term 
E average from a long-term mean 
8 69 value are no more dependent 

upon the length of the record 

$ than they are upon 

5 the individual varia- 
7 tions in the values 
8 40 themselves. Thus, a 
E mean value for the 
2 
. 

29+ N 4 | 

— DERE 

i | ! | 

0 | | 2 
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“Eas. Eror of Short Term Averages, Percent. 


Relation of Variations in Short Term Averages from 
a Long Term Mean, for Numbers of at Least 
Four Figures, Each Chosen at Random. 


runoff from uniformly flowing streams, such as the 
Deschutes in Oregon or the Niobrara in Nebraska (the 
ratio of maximum to minimum discharge for both 
wreams is about four), differing not more than 5% from 
the normal, can safely be taken from five or six years’ 
tecords, while a mean value for the Tennessee River, for 
tlample, within 5% of the normal, would require 25 or 
more years. 
The convergence towards a mean value, as shown by 


the diagram accompanying Mr. Bogert’s letter, 
simple property of numbers and not necessarily a 
phenomena of rainfall nor of stream flow. To more 
fully illustrate this point I have picked at random 100 
numbers of at least four figures each. In order to in- 
sure as miscellaneous a selection of numbers as possible 
I took the last four figures as they come in the columns 
of a 7-place logarithm table. Of these 100 numbers the 
highest was 9,570 and the lowest 249, while the mean 
was 5,193. The average of the first 5 was found, then of 
the 10, then the 15, and so on. The percentage of varia- 
tion from the 100-number mean of each of the 20 aver- 
ages thus found are plotted on the accompanying dia- 
gram. Fifty numbers in this case gave a value within 
less than 2% of the mean, which is even better than fifty 
years’ records would give by Mr. Bogert's diagram, al- 
though his averages converge a little more rapidly than 
mine. Very truly yours, 
J. C. Stevens, 
District Engineer, U. S. Geological Survey. 
Portland, Ore., Aug. 28, 1908. 
— 51üm 


The Experiments on the Ozone Treatment of Croton 
Water, New Vork City. 


Sir: I have read, with great interest, the article which 
appeared in the Engineering News of Nov. 21, 1907, 
concerning Mr. de Varona’s report on tbe filtration of the 
Croton waters for the supply of New York. 

My attention specially went to the bad results ob- 
tained in the trials of water purification by the ozone 
system. Having specially studied this system of late, I 
beg to offer the following criticisms on the modus oper- 
andi of these experiments, the failure of which, in my 
opinion, is solely attributable to defective arrangements, 
purification by ozonization having given perfect results 
in all the latest experiments and practical applica- 
tions of the system recently carried out in Europe. 

I must first note that the Blanken ozonizer uses an 
alternating current of 10,000 volts at 60 periods and that 
the ozonized air was sent into a tank, 38 ft. high and 
22 ins. diameter, in which it entered through a strainer. 
This way of bringing the ozone in contact with the 
water was the first to be tried in Europe, but had to be 
abandoned and, to it, owing to the poor results 


achieved, is due the discredit, among engineers 
and sanitarians, under which the process of water 
ozonization is still held. The causes of such 


failures are, in the present state of our knowledge, self- 
evident, for one can blow through a mass of contami- 
nated water an almost unlimited quantity of ozone with- 
out ever achieving sterilization, because the layers of 
water which do not come into immediate contact with the 
gas work against the success of the process. In order to 
prolong the contact between water and ozone it is neces- 
sary to increase the height of the liquid in the tank; this 
would require ozone to be sent through the water at 
high pressure, as was done in the Croton experiments. 
But any such high pressure tends to destroy the ozone, 
not to mention the difficulties for the design of a suit- 
able pump for the storage and compression of this 
highly oxidizing gas. The system adopted for the Croton 
experiments is therefore doubly defective: (1) owing to 
insufficient contact between ozone and water; (2) by 
the destruction of the gas through compression. 

In his report, Mr. de Varona duly mentions the quan- 
tity of ozone produced per kilowatt-hour, but does not 
mention the degree of concentration; that is to say, the 
amount of ozone in a given quantity of air. Concentra- 
tion is of primary Importance in the microbicide effi- 
ciency of ozonization. If concentration falls below one 
or even two milligrams per liter of air, sterilization will 
be incomplete, no matter what the quantity of ozonized 
air may be; it Is just similar to the quantity of car- 
bonic acid in air which at 50% concentration will kill a 
man, while remaining comparatively harmless at, say, 
5% concentration. Micro-organisms present in water and 
subjected to ozonization with weak concentration are 
merely aerated, perhaps even vivified, but never de- 
stroyed; once out of the ozonizing tank, they will re- 
sume their former vitality. 

Ozone must therefore be produced at a high degree of 
concentration, which requirement precludes the use of 
apparatus with an output of weak density, but ozone 
is preeminently an oxidizing and unstable gas which 
can only be compressed if its degree of concentration is 
weak; it would decompose under pressure and would, 
if concentrated, attack the metal in the pumps, decom- 
pose the oil of the lubricants, etc. 

The conclusion of all this is that, in order to avoid all 
these inconveniences, the ozone as used for the Croton 
experiments must have been under weak concentration, 
which would account for the poor results obtained. 

I also notice that the air was dried by cooling, which 
implies a refrigerating installation, complicates the oper- 
ation of the plant and increases the chances of un- 
foreseen stoppages. It would have been much simpler 
to dry the air by the use of lime, a process which has 
proved eminently successful wherever tried. 

Further details would greatly intrease the length of 
this letter. I will therefore only mention, in support of 
my statements, the good results obtained at the water- 


is a works for Cosne (France) where ozonization has been in 


practical use now already for three years. 

In this installation the water is drawn direotly 
through a thick layer of gravel and fine sand from the 
River Loire, and then raised to the top of the ozonizing 
tank wherein it dribbles on and through layers of peb- 
bles which fill this tank. The air is first dried through 
lime and then charged with ozone at a concentration of 
6 to 6144 milligrams of ozone per liter. In this state 
of concentration, the ozonized air is led into the tank, 
from the bottom; i. c., in a direction contrary to that 
of the flowing water. This contrivance assures perfect 
contact betwecn the ozonized air and water. : mh 

The results of this system, which can be found in a 
report drawn up by Dr. Roux, Director of the Pasteut 
Institute of Paris, and Dr. Cornil, are excellent. The 
trials carried out by the above two authorities, with al) 
possible guarantees, have conclusively shown that water 
from the River Loire which contained 4,000 bacteria per 
c. 8. after filtration through sand filters, ig found to con- 
tain only one bacterium after treatment in the ozonizing 
plant. 

I feel confident that, had the Croton experiments been 
conducted in the same manner and not under the de- 
fective conditions exposed above, the results would have 
proved quite as satisfactory. 

Yours faithfully, 
L. R. De la Mahotiere, City Engineer, 

Bangkok, Siam, June 19. 1908. Bangkok (Siam). 


[Proof of the foregoing letter having been 
submitted to Mr. de Varona he has replied as 
follows.— Ed.] 


Sir: The tests referred to by Mr. L. R. De la Mahotiere 
were made upon a patented apparatus which the owners 
installed and operated at their expense, expecting and 
assuring us, when they secured permission to install 
their plant, that by their method they would readily 
obtain & grams of ozone per KW.-hr., thus bringing 
the cost of the process within practical limits, and that 
they would also secure continuity of action and reliability 
of operation. We therefore had no responsibility for the 
installation of the plant nor any voice in modifying its 
construction or operation, whatever our own ideas might 
be with regard to some of the details. 

Now as to the statements in the letter under consid- 
eration: The concentration of the ozone from this ap- 
paratus was about 1 gram per cu. m., or about one-sixth 
the concentration given in the Bangkok letter. The 
higher concentration could not be obtained with this ap- 
paratus. Such increased concentration would undoubtedly 
be more efficient, but also at an increased expense. 

The system described by the City Engineer of Bangkok 
necessitates the dribbling of the water under treatment 
through tanks of pebbles. The area necessary for this 
arrangement would be enormous to care for the Croton 
supply and such a method would be expensive and im- 
practicable for so large an amount of water. 

In all the tests made, a measurable amount of ozone 
escaped from the top of the tower, which, when the 
amount taken up by the passing water is considered, 
shows that certainly not a material amount was de- 
stroyed by the pressure to which it was subjected. 

When the system tried was operating properly, efficient 
results were obtained, but the apparatus did not work 
continuously, owing to the frequent disarrangement of the 
delicate adjustments. 

In addition to the continuity and reliability of opera- 
tion, the expense of the process was the main point to 
be considered and this would undoubtedly be increased 
by the use of lime instead of a refrigerating apparatus 
for the removal of the moisture from the air to be ozon- 
ized. The constant replacing of the slacked lime must 
also be considered. 

Since the greatest objection to the ozone treatment 
with the apparatus tried was that of expense and that 
of interruption and since the method outlined in the let- 
ter under discussion greatly Increases the first cost in 
the area of plant, at least, and probably in the operation 
charges, and since it does not outline a method of over- 
coming the interruptions, its advantages are not evident. 

The merits of ozone as an efficient purifier are too well 
known to need discussion, but for the reasons above 
given, its use is by no means general. There is not, in 
this country, as far as I am aware, a single plant in 
operation in any of our cities, at least not any plant of 
importance; while the small plants established in Hol- 
land and one or two cities in Germany and the expert- 
mental tests for some time conducted in Paris, show that 
the processes hitherto in use have not proved satisfactory 
and to such a point that, as I learn on the highest au- 
thority, in a small town in Germany the establishment. 
of the ozone plant proved so embarrassing to the eminent 
Chief Engineer who advocated it, that it led to his resig- 
nation, and the plant is not now used regularly. 

I regret not to be familiar with the plant installed at 
Cosne, France, to which Mr. De la Mahotlere refers, and 
to be therefore unable to discuss it. 

I. M. de Varona, 
Chief Engineer. 
Department of Water Supply, Gas and Electricity, New 
York City, Sept. 12, 1908. 
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Effect of the Recent Sosthern Floods on a Timber 
Trestle. 


Sir: In the accompanying view is shown the wreck of 
the bridge of the Seaboard Air Line Ry. over the Sav- 
annah River near here, caused by the floods after the 
recent heavy rains in this section. Just above the bridge 
the river divides, leaving a small island. The part of 


TIMBER TRESTLE ACROSS SAVANNAH RIVER, WASHED AWAY BY 
FLOODS OF AUGUST 24-25. 


the bridge washed away, about 400 ft. long, was all wood 
trestle and on the island. The water reached the height 
of the stone piers. Yours very truly, 
W. L. Hemphill. 
Abbeville, S. C., Sept 1, 1908. 


———— 


Minimam Rivet Pitch in Plate-Girder Flanges. 


Sir: Referring to C. H. Wood’s article in Engineering 
News of Aug. 6 on “Minimum Rivet Pitch in Plate- 
Girder Flanges, the following supplementary remarks 
are offered. The web-plate might fail horizontally as 
shown in Fig. 1 herewith, under the load of 1% rivets 
on a distance (2p —d), or as shown in Fig. 2 by the 


Fig | 


fig. d. 


load of 2 rivets on a distance 2p, the former in case p 
is less than 2d and the latter if p is greater than 2d. Let 


p = minimum alternate rivet pitch. 

8 = maximum allowable rivet shear. 
= maximum allowable rivet bearing. 

t = thickness of web-plate. 

d = diameter of rivet. 


If the bearing value governs in determining the rivet 
pitch we have in Fig. 1, 


[2p — (d + 1/16) t8 =1%x2xsextitd; 
whence 

p = 2d + 1/32. 
In Fig. 2, 

2 pf 2 X 2 NN Ad; 
whence 

p = 2d. 


If rivet shear governs we have 
[2p — (d + 1/16)] te = 1% x 2 x Ko ds 
whence 
p = 1.18 d?/t + %d + 1/32, or, say, 1.2 d?/t + d/2. 

In case of a deck plate-girder the pitch may be taken 
considerably less than given by these formulas because 
the shear represented by, say, the first four rivets will 
be taken up by the web over a distance equal to the 
length occupied by the four rivets plus the width of the 
end bearing, as the web shear decreases from the inner 
edge of the end bearing to the outer edge and is always 
less than the end reaction. 

Olaf Evensen. 
P. Q., Aug. 25, 1908. 


ee ed 
Concrete Block in Earthquake Countries. 


Sir: I have read with much interest the communica- 
tion from Mr. H. M. Doubleday, in your issue of Aug. 
20, 1908, p. 212, on the use of concrete block in earth- 
quake countries. Mr. Doubleday seems to invite erit- 
icism, and although distance may make this communica- 
tion tardy, I venture to submit it in the interests of 


the professjon, 


Montreal, 


° 


Reinforced concrete is not an imitation stone, as many 
aver, simply because it is used to a large extent where 
stone has heretofore been used, any more than glass is 
an imitation of oiled paper, or steel an imitation of cast 
jron. But concrete blocks are an imitation of terra cotta 
blocks and brick. Engineering made a great stride to the 
front when it adopted reinforced concrete, and now to 
cheapen concrete by reverting to plain blocks is a 
dangerous and unwarranted 
retrogression. 

The lack of published sug- 
gestions as to block con- 
struction to meet conditions 
of earthquake and hurricane 
is in itself evidence of the 
awe in which these terrible 
natural forces are held. Noth- 
ing should be employed to 
withstand such forces except 
the very best forms of con- 
struction. The earthquakes of 
San Francisco and Kings- 
toa have demonstrated the 
ability of reinforced concrete 
successfully to withstand the 
terrific stresses set up in 
a structure by such forces. 

Why, then, at the risk o! 
many valuable human lives, 
perform such a costly experi- 
ment as block construction 
would surely be? 

Brick and stone structures 
succumbed in these disas- 
ters just cited, and brick and stone are nothing but 
blocks. It was not the fault of the ‘‘poor mortar,’’ which 
usually has to bear the brunt of criticism, but the fault 
was inherent in the form of construction. Blocks cannot 
be tied together adequately, save at enormous expense, 
while reinforced concrete is thoroughly tied together (if 
properly designed) and the minimum amount of steel 
can be placed to the maximum of advantage, in a less 
amount of the same material as would be employed in 
concrete block construction. 


It is hard to understand why the universal principle, 
“You can't get something for nothing,” is overlooked by 
rational beings. A wall of good concrete will stand no 
more direct pressure if of blocks than if a solid mono- 
lith. A hollow block wall, then, to be as strong as a 
solid monolithic wall in direct pressure must be thicker, 
since the hollow spaces must take up a certain amount of 
room. Mr. Doubleday would then add a filling in these 
spaces. The blocks being cured and shrunk, the filling 
would shrink at leisure away from its share of the work, 
if it were counted on to take load. 


But far more important than direct load resistance in 
an earthquake or hurricane country is the resistance 
to flexure in its various forms which is supplied by rein- 
forced concrete, and not at all by block construction, 
however well it may be strapped and tied together. 


Argument No. 5, presented by Mr. Doubleday contains 
the principle upon which all good construction is based, 
namely, that ‘‘A chain is only as strong as the weakest 
link.” His statement that the walls will be as strong as 
the blocks themselves is very true. But how strong will 
these blocks be after the gyratory action set up by the 
shocks, has twisted and sheared off all the interlocking 
corners of the brittle blocks? Better reduce the cost of 
forms by casting plain blocks at the start. The wall 
will be just as weak. 


Having viewed the ruins of Kingston, I am impressed 
more than ever before with the wonderful security that 
has been placed within the reach.of humanity against 
one of natures most powerful destructive forces. It is 
beyond comprehension why the lives of the trusting 
thousands should be placed in jeopardy by allowing a few 
men to experiment with an imitation of those building 
materials which have been proved by several terrible 
examples to be as unsafe before earthquake shocks as a 
lamb is under a lion’s paw. 

Laws are remiss in ignoring concrete block construc- 
tion—they should condemn it. 

Yours truly, 
Canal Zone, Aug. 31, 


H. F. Tucker. 


Culebra, 1908. 


| While agreeing with our correspondent that 
reinforced concrete is superior to concrete block 
in earthquake countries, we cannot agree with his 
wholesale condemnation of the concrete block in 
construction. There are places and conditions, 
too obvious to enumerate, where the block is 
an ideal form, provided some care is taken in 
the production of the units and the laws of archi- 
tecture are observed. We fail to see how con- 
crete blocks are more of “an imitation of terra- 
cotta blocks and brick” than terra-cotta blocks 
and brick are imitations of. cut-stone. The only 
similarity is jn the general shape which is merely 
a result of a like system of construction.—Ed,] 
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The Effect of Meistare on the Balk of Dry Sand. 


Sir: That moist sand occupies more space than the 
same amount does when dry is a fact well known to 
most engineers [see letter of Mr. H. D. Elfreth, Eng. 
News, Aug. 20, 1908, p. 211]. But that this fact might 
have any bearing on practical work is seldom con- 
sidered. 

Some time ago while gathering cost data, I noticed 
what at first glance seemed to be an error in observa- 
tion. In mixing a rather large amount of Portland 
cement mortar the following quantities were used: 10.3 
cu. ft. of sand, 330 lbs. or 3.2 cu. ft. of Portland cement 
and enough water to make a thin mortar. The quantity o! 
mortar obtained was only 9.4 cu. ft. The cement was 
weighed on a Fairbanks scales and the sand was meas- 
ured in specially constructed measuring boxes, which had 
previously been checked by both the engineer and the 
contractor’s representative. As over 80 cu. yds. of this 
kind of mortar was used and the apparent discrepancy 
between the amount of raw materials and mixed mortar 
was noted and investigated in the early stages of the 
work there can be no question, about the reliability of 
these figures. 

The sand used was bank sand obtained near Coshoc- 
ton, Ohio, being locally known as Coshocton sand. An 
analysis of a sample gave the following results: Spccific 
gravity 2.58, effective size 0.42 mm., 60% smaller than 
2.9 mm., uniformity coefficient 6.4. From this it can 
be seen that it is a course sand a considerable quan- 
tity being larger than %-in. The sand as delivered oa 
the works contained about 5% of moisture by weight. 

Experiments in regard to the iacrease in volume of 
sand for various percentages of moisture gave the curve 
shown in the accompanying cut. The sand was meas- 
ured loose and the percentages of water to dry sand 
were taken by weight. It should be noted in this curve 
that when the percentage of water added to the sand 
became more than 8%, considerable difficulty was experi- 
enced in obtaining an even mixture. A great number 


Percentage in increase in Volume. 


0 5 0 5 2 
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Curve Showing Effect of Moisture on Bulk of Dry 
Sand. 


of minute air bubbles were formed which would very 
serlously affect the results. The dotted line would, in 
the writer’s opinion, be more nearly correct. 

To determine if the gain in volume on account of 
moisture was excessively large for Coshocton sand, ex- 
periments were made with various other sands. The 
results indicate that the finer the sand and the more 
uniform the grains the greater will be the increase in. 
volume. Very truly yours, 

A. Stellhorn. 

1231 S. High St., Columbus, Ohio, Aug. 30, 1908. i 

— 


Notes aad Queries. 

In regard to the peculiar highway bridge described by 
Mr. F. M. Goodhue in our issue of Aug. 27, p. 237, Mr. 
Charles E. Bowron of Los Angeles, Cal., writes as fol- 
lows: 


I have recently seen a similar bridge on the Starkville. 
road out of Trinidad, Colo., with the difference that the 
top chords and end posts were each of two pieces of 
pipe horizontally side by side and these fitted snugly |: 
into castings at the joints and abutments. This style; 
of construction is similar to that used in a well-known 
tank tower and would appear to have some advantages: 


over aoa the er at the joints, 


U 


2 
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Mr. Henry L. Gray, Engineer of the Railroad Commis- 
sion of Washington, has called our attention to a slight 
arithmetical error in the computations for velocities given 
in the last column of p. 226, Aug. 27, 1908, in the article 
entitled A 160-Mile Pipe-Line Water Distribution Sys- 
tem on the El Paso & Southwestern Ry.“ The 19th 
and th lines of that column should be 

then 35,328 y = 134,800 

so y = 3.816, and æ = 9,768. 
The values of z and y as given were y = 3.805 and 
z= 0. 74. 

Jur attention has been called to the fact that the 
method of solving an exponential equation by means of 
parallel coordinates, or the so-called d’Ocagne method 
of isoplethe points, has appeared in our columns several 
times previous to the article by Mr. Richard Muller (Sept. 
3, 1908, p. 250), entitled D'Ocagne's Method of Isoplethe 
Points Applied to the Francis Weir Formula.” These 
previous articles are: A Diagram for Computing the 
Fon of Water over Weirs,“ Andrew P. Anderson, Feb. 
. 1806, p. 157; “A Floor-Beam Scale in Parallel Co- 
ordinates, Lucien A. Picolet, May 31, 1906, p. 612, and 
Three-Scale Logarithmic Computing Paper for Solving 
Formulas, S. Jay Teller, Dec. 19, 1907, p. 682. 


Some changes in the first paragraph of the article on 
‘he progress of the Roosevelt Dam, published in our issue 
of Sept. 10, were made necessary after a portion of tha 
edition for the date named had been printed. This was 
due to an unavoidable delay in the receipt of proof from 
the author. In a portion of the edition, and also in the 
frst note on the editorial page of the issue named, some 
fgurcs giving dimensions of the dam appeared, which 
were taken from a statement printed in the July issue 
oe the “Reclamation Record,” which is the official 
organ of the U. S. Reclamation Service. Later figures, as 
given by Mr. Smith, the author of the article in ques- 
tion, give the total height of the dam as 276 instead of 
“4 ft. The length of the dam, which was reported in 
July as 1,080 ft., includes the two spillways. Deduct- 
ing these, the Roosevelt Dam has a total length of about 
wu) ft. Of the total height, 240 ft. is above the original 
low-water level of the river, and 36 ft. is below that 
level. The flow line as proposed will be at Eley. 220, 
the original water level being taken as 0. The capacity 
of the reservoir at the flow line, as correctly stated in 
previous issues, will be 1,284,000 acre-ft., or 418,000,000, - 
gals. 

— . —ẽ 


PRECISE LEVEL OPERATIONS ON THE LOS ANGELES 
AQUEDUCT. 
By CHAS. H. LEE,* Jun. Am. Soc. C. E. 
The use of levels of precision in the United 
States has been almost entirely limited, in the 
past, to work carried on by various Government 


organizations, such as the U. S. Engineer Corps 
and U. S. Geological Surveys, where the greatest 


Fig. 1. Bausch, Lomb & Saegmuller Precise Prism 
Level, Used on Los Angeles Aqueduct Survey. 


accuracy was necessary. The precise level is re- 
garded by many engineers as an unnecessarily 
complicated instrument, requiring a specially 
trained and qualified observer, and at best slow 
and costly to operate. The satisfactory use of a 


NEN PEA PAL LSS EK) MAE POMBE: MA OLS CLEA 
“Assistant Engineer Los Angeles Aqueduct, Indepen- 
dence, Cal. 


precise level in running levels for location and 
construction work under rather difficult field 
conditions should therefore be of interest to the 
Profession. 

The project of the City of Los Angeles for ob- 
taining an additiona' water supply from the 
Owens River Valley involves the construction of 
about 235 miles of aque- 
duct, a large part of 
which is  concrete-lined 
conduit and tunnel hav- 
ing hydraulic grades va- 
rying from .00035 to .002, 
The great length of 
the aqueduct, the light 
grades and the large 
amount of money in- 
volved in its construc- 
tion, led to a decision on 
the part of the engineers 
in charge, Mr. Wm. 
Mulholland. M. Am. Soc. 


C. E., Chief Engineer, 
and Mr. J. B. Lippincott, 
M. Am. Soc. G. E., his 
assistant, to establish 
permanent elevations 
near grade by precise 
methods. The work 


was carried on under the 


FIG. 3. 


immediate charge of 
the writer, during the 
ten months from February to November, in- 
clusive, 1907, and involved the running of 525 


miles of single-line levels and the establishment 
of 136 permanent benchmarks. 

The instrument chosen was that which has 
been used with such great success by the U. S. 
Geological and U. S. Coast & Geodetic surveys 
since 1900 (see Fig. 1). A complete description 
of this instrument, by John F. Hayford, will be 
found in Engineering News for July 2, 1903, 
and it will be sufficient here to say that Mr. Hay- 
ford’s statements regarding the accuracy, speed 
and reliability 
fully borne out by our own experience. 


The standard U. S. G. S. yard rod (Fig. 2) for 
precise work was used. This is a 12-ft. rod, non- 
extensible, self-reading, and made of white pine 
impregnated with paraffin. Graduations are in 
terms of the yard and consist of tenths and hun- 
dredths, the former being numbered and the 
latter painted in small black and white squares 
on either side of the center line of the front face. 
Fine lines engraved on silver plugs set into the 
wood at intervals along the face of the rod fur- 
nish an accurate graduation for reference. Each 
vard has a distinctive color. The reasons for 
using the yard as a unit is apparent when it is 
remembered that each reading is the mean of 
three wire observations. It thus requires noth- 
ing but an addition to obtain a mean reading in 
feet. Furthermore, by using the yard the chance 
of error in reading the unit is reduced, and it is 
possible to use a simple color scheme as a check. 
Also the smallest subdivision is of such a size 
that estimation of the tenth part is easily and 
accurately made by eye. The bottom of the rod 
is fitted with a cylindrical pin about 1 in. in 
diameter and 1% ins. long. Turning pins were 
made of tool steel about 11 ins. long, tapered to 
a blunt point from a diameter of 1 in. The head 
was enlarged to a diameter of 1% ins. and a cup- 
shaped depression 1 in. in diameter was turned 
out of the flat top to receive the bottom of the 
rod. ak mallets were used in driving the pins. 
This type of pin gave great satisfaction and is 
especially adapted for use in loose, sandy soil, or 
in windy weather. 

Benchmarks were designed after the pattern of 
the U. S. G. S. standard. Elevations were 
stamped an to .00l-ft. These benches were 
driven into holes drilled in rock and surrounded 
with neat Portland cement, or a mixture of 
litharge and glycerine. The latter gave the best 
results, as it was found that the great heat on 
the desert evaporated the water from cement be- 


{Readers of this article may be interested in reading 
one published in our issue of Feb. 20, 1908, entitled 
“Bench Level Operations on the Catskill Aqueduct.’’— 
Board of Water Supply, New York City.— d. 


of this type of instrument are 


fore setting was completed. Benches were set 
above grade and spaced about 2% miles in open 
country. In mountain divisions they were lo- 
cated at tunnel portals and ends of siphons. The 
general procedure was to establish a main con- 
trol line along highways and lines of easy travel 
adjacent to the aqueduct and then to establish 


WIND SHIELD AND SUN SHADE USED ON LOS ANGE'ES 


AQUEDUCT SURVEY. 


bench elevations on grade by means of circuits 
closing on the main control, or by short spur 
lines. 

All leveling was done by the single rodding 
method, with two rodmen, each rod being used 
alternately as a foresight and backsight. This 
method gave an increase of more than 30% in 
speed over that possible with one rod and consid- 
erably increased the accuracy by making it pos- 
sible to read fore and backsights almost simul- 
taneously. The instructions followed in carry- 
ing out the work were essentially those pre- 
scribed by the U. S. Geological Survey in precise 
work and were as follows: 


(1) The maximum length of sight permissible is 360 
ft., and this maximum is to be attained only under the 
most favorable conditions. (An exception to this rule 
was made when the line of sight did not approach the 
ground nearer than three or four times the length of 


Tig. 2. Precise Yard Level Rod Used on Los 


Angeles Survey. 
(Showing Method of Steadying Rod in Wind.) 


the instrument throughout the major part of both back 
and fore sight.) 

(2) No sight on a low rod shall be taken where the 
line of sight approaches nearer than 11% ft. to the ground 
surface. (An exception was made in the case of steep 
slopes where sights were short.) 

(3) The level must be shaded by an umbrella during 
hn aa and by a cloth hood when carried between 
stations. 
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(4) Fore and back sights shall be kept as nearly equal 
as possible. The maximum allowable difference between 
a back and the corresponding fore sight is 33 ft. The 
continuous sum of lengths of back and fore sights for 
a course between benchmarks must not be allowed to 
differ by more than 66 ft. 

(5) Precise level lines must consist of lines run inde- 
pendently in both the forward and backward direction. 
The allowable error in feet is 0.017 (distance between 
benchmarks in miles) and when this limit is exceeded 
In any course the forward or backward measure is to be 
repeated until a pair run in opposite directions is ob- 
tained between which the divergence falls within that 
limit. The observer should secure as much difference 
of atmospheric conditions between the measurements as 
is possible without materially delaying the work for 
that purpose. 

(G) The program at each set-up is as follows: After 
the tripod is firmly set and the clamp screws tightened, 
level approximately by the circular level (which has 
been adjusted by comparison with the long level). Point 
instrument towards rod, and clamp; bring level bubble 
to center of tube by means of the micrometer screw. 
Read on rod, taking first the color initials for the lesser 
and greater extreme readings; second, yards and tenths 
for cach wire, taking smallest reading first; third, hun- 
dredths and estimated thousandths. Before level is 
moved recorder should first notice that color agrees 
with yard readings; second, compute the two thread in- 
tervals and if their ratio differs by more than 1% from 
the true ratio, the levelman must repeat the readings; 
third, compute the mean reading in feet by summation 
and test units and tenths by mentally multiplying the 
middle reading three. Also the observer should test 
the mean readi in feet by observing the middle wire 


Fig. 4. Rocky Hillside on Line of Los Angeles 
Aqueduct. 


reading on the feet and tenth graduation on the reverse 
side of the rod. After an agreement is reached, proceed 
similarly in taking the other readings. 

(7) At the beginning and end of the season, and at 
least twice each month during the progress of the lev- 
eling, the 1% ft. interval between the metallic plugs on 
the face of each level rod must be measured carefully 
in feet to the nearest thousandth. The same tape should 
always be used and the temperature conditions be as 
nearly the same as possible. 

(8) The adjustment of the level tube should be tested 
each day before commencing, and oftener if the instru- 
ment is subject to unusual jarring. The test is made 
by the “peg method,” as follows: 

At some convenient set-up, after the usual back and 
foresight readings have been recorded, copy the fore- 
sight on a separate line as a new foresight, leave the 
foresight pin in place and set a second turning pin about 
30 ft. back of the instrument; read rod on it for a new 
backsight; find from these distant and near rod read- 
ings, the mean readings in feet as usual. Move the 
level forward to a set-up about 30 ft. back of foresight 
pin, take readings on foresight and then on backsight 
pin. The constant, “C,” which is a factor of the ad- 
justment correction, must be determined thus: 

Sum of near readings in feet—Sum of distant read- 
ings in feet. 

3 (Sum of greater rod intervals in yards—Sum of 

lesser rod intervals in yards.) 

When the sum of the near reading is greater, the sign 
of C will be + and vice versa. If the resulting value 
of C numerically exceeds 0.005 and adjustment shall 
95 made by changing the position of the level bubble 
only. 

(9) Temporary benchmarks shall be established at 
distances ranging from ™% to 1% miles. 


Atmospheric conditions throughout the desert 
country traversed by the aqueduct form a serious 
difficulty in the way of carrying on accurate 


TABLB I.—CIRCUIT CLOSURES. 


Length of Closure Value of 


circuit error C in eq. 

Circuit. miles. feet. e = Cyd. 
Pacoima—Majove .......... 181. 0.021 0.002 
Little Lake—Five Mile Canon 9.5 0.095 0.031 
Five Mile—Grapevine Canon. 25.0 0.096 0.019 

Red Rock Summit—Fram 

n,, eniin 2. 0.080 0.011 
Sand Hills ........2 cece uae 10.0 0.010 0.003 
D. .adman—San Francisquito. 13. 0.014 0.004 
Newhall ......cccccessecces 13. 0.005 0.001 
Furmando ........cccccccece 5. 0.005 0.002 


leveling work. Severe winds are of common oc- 
currence, often lasting several days and even 
weeks, without intermission. Furthermore, the 
air is very dry at all times of the year and 
during the five summer months temperatures are 
high. Several methods were tried to prevent 
vibration of the instrument and bubble caused by 
wind, among them the use of a canvas shield 
(Fig. 3). The most satisfactory method was to 
set up very low, if possible in sandy or loose soil 
so that the legs could be sunk deep, and tighten 
the wing nuts, fastening the legs to the tripod 
head, more than ordinarily necessary. The rigid- 
ity and weight of the tripod and instrument 


` were sufficient under these conditions to with- 


stand any wind that the observer could stand 
against. The rods were steadied by means of 
two props, one at the side and one at the back 
and the bottom held in place by the socket in the 
top of the pin. There were days, however, in 
which work had to be abandoned altogether. 
Heat vibration caused considerable annoyance in 
flat country and necessitated the shortening of 
sights to 150 ft., during the noon hour. In hot 
weather shots averaging 250 ft. in length could 
be taken until 10.00 a. m. and after 3.00 p. m. 
These portions of the day were taken advantage 
of when possible, but no consistent attempt was 
made to limit work to them, other than to 
lengthen the noon rest to an hour and a half. 
When it was possible to keep the line of sight at 
a considerable distance above the ground surface, 
the effect of heat vibration was eliminated. By 
taking advantage of rough topography it was 


found possible to take shots of 500 or 600 ft., and 


obtain surprisingly good closures. (See Table 


herewith.) 

Early in the season’s work it was discovered 
that when the sun was allowed to shine directly 
on the instrument, the adjustment was seriously 
affected and the constant, C, varied through a 
wide range in short periods of time, due to un- 
equal temperature changes. The use of an um- 
brella controlled this, however. 

A serious difficulty arising from the dryness 01 
the atmosphere was that of rod shrinkage. The 
rods were received new from the maker in Feb- 
ruary. The weather remained comparatively 
cool until June and no changes were noticed in 
the distances between plugs. Hot weather caused 
a shrinkage which by July 30 measured 0.002 ft. 
in 10.5 ft. for each rod. The length then re- 
mained constant until the end of the work. The 
shrinkage was measured with a steel tape and 
checked by rerunning work done prior to its 
occurrence. 

The accuracy of the fieldwork may be judged 
from the table of circuit closures. The column 
‘length of circuit” is the complete length of the 
loop and in computing the value of “C” in the 


equation e = C V d, the value of d, the distance 


between benches, was in all cases half the length 
of the circuit. The requirement prescribed for 
the main control line that forward and backward 
runnings differ by less than 0.017 V d necessitated 
the rerunning of 10% of the work a third time. 
The main control line was 247 miles in length. 
Benches were spaced about a mile apart. The 
discrepancy in 55% of the mile courses where two 
runnings were made was 90.010-ft. or less and in 
23% was 0.005-ft. or less. 

The general opinion among hydraulic engineers 
seems to be that variations of from 5 to 10% may 
be expected to occur between the computed and 
actual flow of water in conduits and canals. It 
is of interest therefore to know to what extent 
errors in leveling will affect the actual flow. As- 
sume the method employed in differential leveling 
as above outlined for the main control line, where 
the true difference of elevation of two benches 


Remarks. 


U. 8. G. S. precise line along S. P. Ry. for S miles. 


Very steep, rugged topography. 
Mountajnous. 


Bad land and mountainous topograpby. 
Bad land topography. 

Bad land topography. 

Rough topography, brushy. 

Rough topography, brushy. 


is the mean of two runnings. The maximum 
probable numerical error of such a mean would 
be 1% of the value of e in the equation e = a d, 
assuming the worst probable condition, namely 
that one running was correct and the other dif- 
fered from it by the value of e. The generally 
accepted Chezy formula for computing mean ve- 


locity in open channels is v = c V r 8, where 
h 

8 = —. Call A the true difference of elevation, and 
d 


ni an erroneous difference of elevation differing 
from h by 1% e or less. Corresponding values of 
v and ui when compared give the following equa- 
tion: 
c Nrs Ws 
vliv = —— = — = vhjh 
c Vrs) Vs) 
For r = .017 in the equation e = Vd there 
results e = .017 for a mile course. 
For a grade of 8 = .0003. 
h = .0008 x 5280 = 1.584 ft. 


.017 
And h? = 1.584 + ——— = 1.578 ft. or 1.590 ft. 
3 
Therefore 
ele = 4] 1-084 _ 1.0018 
1.578 


Thus a variation in velocity 0.2% is possible, 
due to inaccuracies in leveling within the limit 
e = .017 d for a hydraulic grade of s = .0005. 
This variation would, of course, be less for 
steeper grades. 

The speed attained in running levels along the 
main control line was fairly uniform. The av- 
erage length of completed levels per month was 
64 miles, The average total number of miles of 
levels run per working day was 5.2. On several 
occasions, when camp was favorably situated 
with respect to the work, and the country was 
fairly level, nine miles were run during eight 
hours of work. The average time required per 
mile in open fairly level country was one hour 
(4 to 5 minutes per set up), although several mile 
courses were run in 45 minutes. In climbing 
steep mountain slopes (see Fig. 4) with little 
horizontal distance to gain, the average speed 
was from 250 ft. to 275 ft. vertical per hour, or 
at the rate of 2144 minutes per set up. 

The cost of the work, including payroll, sup- 
plies, rental of stock and forage, was as follows: 


Main Control Line: 


Cost per mile of completed levels..... ....... $13.20 

Cost per mile of all levels run...... Leese 8.70 
Setting benchmarks from main control line: 

Cost: per Dench ss isc cide cc ts sews eaves eee twee - 24.00 


The total cost of running the main control and 
setting permanent benchmarks was $5,900.. 
Based on a total length of 235 miles the cost per 
mile of aqueduct was $25. 


A ae 

AN IMPROVED FORM OF BLOW PIPE has been 
invented by A. K. Schaap, 344 Cumberland St., Brook- 
lyn, N. Y., which makes possible the autogenous weld- 
ing of cast fron, aluminum and other metals with the. 
use of illuminating gas and a blast of atmospheric air. 
To the ordinary form of blow pipe using air at a prees- 
ure of about 1% Ibs. is added a small tube which ad- 
mits an additional stream of air at a pressure of from | 
30 to 50 lbs. at a point a few inches back of the flame. i 
The temperature of the flame thus produced has been | 
estimated at 4,500° F. and is such that it will bring : 
the edge of an iron casting to a molten condition in | 
less than two minutes. The high pressure air is ad- 
mitted through a special valve and in some way not yet 
satisfactorily explained, seems to effect a more intimate | 
combination of the oxygen and hydrogen than is ara 
wise possible. This burner, which is patented, is be- 
ing successfully employed for welding operations in 
the Schaap Automobile Co. | 
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A COMBINED GANTRY CRANE AND COAL ELEVATOR. elevator. The starting box for the elevator also for 6 min. with one passenger. On Sept. 10 he 
motor is placed in the cab of the revolving crane circled the grounds 5S times in 65 min., 52 sec., and 


The unloading of coal, from cars and boats, 
into the coal bunkers of the power station of 
the Toledo Railway & Light Co., at Toledo, 
Ohio, involved difficulties which were overcome 
by the special gantry crane shown in the ac- 
companying figure. 4 

Two main-line tracks adjoin the power- 
house and between these tracks and the dock 
front of the Maumee River are two sidings onto 
which coal cars are delivered. Cars are placed 
on these tracks only once each day and no shift- 
ing is possible at other times. It was not con- 
sidered practical to build hoppers under the 
tracks as the cars could be shifted over the hop- 
pers but once each day. Moreover the level of 
the Maumee River was but slightly below the 
top of the pier and water-tight hoppers were 
considered too expensive. 

An overhead system of handling the coal thus 
became imperative and the design finally devel- 
oped into a gantry crane, spanning the two 
main tracks and one siding as seen in the cut. 
Over the dock leg of the gantry is mounted a 
revolving crane, with a 40-ft. boom carrying a 


where the operator has full control of both mo- 
tors. 

The plant was designed and built by the Inter- 
State Engineering Co., of Cleveland, Ohio, at a 
cost of about $25,000. The cost of handling coal 
is stated to be about 2% cts. per ton, including 
fixed and investment charges. 


THE DERAILMENT OF A PASSENGER TRAIN on the 
Erie R. R., eight miles west of Meadville, Pa., Sept. 13, 
resulted in the destruction of two coaches and over 100 
ft. of track. The wreck was caused by an open switch, 
which is believed to have been thrown by persons having 
a grudge against the company. The train was running 
50 mi. per hr. and upon striking the switch was entirely 
derailed, tearing up both tracks for a distance of over 
100 ft. The locomotive was overturned and the first 
two cars, a combination smoker and baggage and an 
empty horse-car were demolished. Several passengers in 
the combination car were injured. 

— . —Uñ— 

A REAR-END COLLISION ON THE ELEVATED 
railway in Brooklyn, N. Y., Sept. 11, caused the death 
of a motorman and destroyed two of the cars. A three- 
car Cypress Hills train crashed into the rear of a string 


GANTRY CRANE CARRYING COAL ELEVATOR. 
Designed for the Toledo Railway & Light Co. by the Interstate Engineering Co., of Cleveland, Ohio. 


scraper type of c'amshell bucket. This long 
boom enables the crane operator to unload four 
cars without swinging the boom to the other side 
of the gantry. The coal can be taken, also, from 
barges alongside the dock. The coal is dumped 
into a hopper, near the other end of the cross 
girders, is mechanically fed to the elevator, and 
is discharged, through hatches in the boiler- 
house roof, directly into the bunkers. 


As the coal cars can be shifted but once each 


day, it is often necessary to discharge the coal 
into bunkers at a point which the gantry can- 
not reach while taking coal from the cars. On 
this account the hopper at the elevator on the 
crane is made of 20-ton capacity and the hand- 
ling capacity of the elevator, twice that of the 
revolving crane. When the hopper is filled the 
crane is run along its own track to a point from 
which the coal can be properly discharged by 
the elevator. The crane is designed to handle 
80 to 90 tons per hour although the normal re- 
quirement is only some 60 tons. 

The whole crane is operated by two motors. 
One of these, a 70-HP. series, direct-current, 
open type, is placed on the revolving crane and 
does all the hoisting, sluing and propelling of the 
gantry. The other motor drives the elevator and 
is placed in a small housing near the top of the 


of six empty cars on the straight stretch of upgrade 
track between the Vanderbilt Ave. and Navy st. stations 
on Myrtle Ave. The train of empties had been stopped 
so that a member of the crew could extinguish a small 
fire burning on the ties, and a guard was sent back 
with a danger flag. In spite of this signalman and the 
fact that the stationary train was itself plainly visible, 
the motorman of the Cypress Hills train apparently 
made no effort to avoid the collision. 
— — 

THE “JACKSON SPECIAL” on the Yazoo & Missis- 
sippi Valley R. R. was derailed two miles south of 
Clarksdale, Miss., Sept. 14. A chair car and one day 
coach were overturned and crushed, killing four women. 
The train was late and was running at a high rate of 
speed. 

— — ——_ & —ꝛ.—•᷑„D 


SMOKE FROM THE NORTHERN FOREST FIRBS is 
said to have been the cause of the wreck of a passenger 
train on the Lake Shore & Michigan Southern Ry. Sept. 
14 at Chesterton, Ind. A combination of fog and smoke 
from the forest fires obscured the light of the automatic 
block signal. One woman was killed and 28 persons in- 
jured. 

— . — — 


ORVILLE WRIGHT has been making record flights, at 
Fort Myer, Va., during the past week, with the aero- 
plane built for the Signal Corps of the United States 
Ariny. On Sept. 9 -he sailed about over the parade 
ground for 57 min., 31 sec., for 62 min., 15 sec., and 


on Sept. 11 he was aloft 70 min., 26 sec. On Sept. 12 
Mr. Wright flew his machine 74 min., 24 sec., alone and 
9 min., 6% sec., with one passenger. In the first flight 
on the last date he rose to a height of about 250 ft 
On this date a short speed trial over 5.88 miles was also 
mace at an average speed of 38.75 mi. per hr. 

THE EXPLOSION OF THE GAS TANK under a bag- 
gage car in the union station at New Haven, Conn., 
Sept. 10, caused a fire that destroyed the train shed at 
the west end of the station and badly damaged the Adams 
Express Co.'s shed. The baggage car had just been 
backed up at the end of the station to be supplied with 
gas when the explosion occurred. Two men were in the 
car and were painfully burned. 

—— 

THE FOREST FIRES in Minnesota have continued 
their work of destruction during the past week. Beaver 
Bay, Minn., within 50 miles of Duluth, has been burned, 
and its inhabitants have been obliged to take refuge on 
the shore of Lake Superior. From the somewhat con- 
flicting reports of Sept. 11, it may be assumed that 
Grand Marais has been either partially or wholly de- 
stroyed after a desperate struggle with the flames. The 
fire has spread into Ontario and the towns of Port Arthur 
and Fort Williams are reported surrounded by burning 
forest. In Michigan, the conditions are improving. Re- 
ports of the 14th state that the forest fires in this state 
are well under control. While even an approximate 
estimate of the loss inflicted in Minnesota, Michigan and 
Wisconsin cannot as yet be made, Forest Service officials 
say that the value of the timber burned will amount 
to many millions of dollars. 

a 

FREIGHT-CAR SITUATION 
prove, according to the American Railway Association's 
figures for Sept. 2. The Committee on Car Efficiency 
reports for that. date a total surplusage of 222,632 cars 
(160 roads reporting), of which box cars make up about 
85,000 and coal, gondola and hopper cars about the same 
number. The decrease since Aug. 19 was 30,371, two- 
thirds of which is accounted for by decrease in the box- 
car surplus. This latter is considered an especially 
favorable sign, as it shows an increase in general mer- 
chandise traffic. The total surplus is now only little 
over half the maximum, 413,605, which occurred April 
29, 1908. 


THE continues to im- 


— — — 

THE HARBOR OF PHILADELPHIA has just been 
made the subject of a report by Director of Docks Grady 
and his assistant, Mr. J. F. Hasskarl, M. Am. Soc. C. E,. 
both of whom have spent a large part of the summer 
investigating the various ports of Europe. The reports 
of the two officials contain different recommendations so 
that they are issued separately. Director Grady has 
been particularly impressed with the enclosed-basin sys- 
tem so common in European ports, and the main feature 
of his report is the recommendation that, after at least 
two modern piers have been built in the upper part of 
the Delaware in the present business section of the city, 
the marsh land some distance down the river be pur- 
chased, before its occupation for business purposes makes 
its price prohibitive, and on this land be built a series 
of enclosed basins carrying warehouses. Assistant Di- 
rector Hasskarl notes that the conditions at Philadelphia 
do not warrant basins and recommends in addition to 
modern piers, to replace present delapidated structures, 
that the marsh lands be filled in to an elevation of 12 
ft. and from the bulkhead line piers be built as needed. 
Both officials recommend power cranes or derricks on 
the new piers and call attention to the loss in prestige 
of the port due to the careless maintenance of its present 
structures. Mr. Hasskarl, impressed by the successful 
municipal operation of foreign ports, suggests that the 
city should control more of the river front than at 
present. Of the distance of nearly 9 miles now under 
commercial development, the city owns or controls only 
8%, the railways 51%, and various other private inter- 
ests the remainder; of the city’s 8% a Jarge part is in 
the separated street ends which cannot be put to any 
useful service. 

Last year the State of Pennsylvania appropriated $250,- 
000 to be used in improving the river front at Phila- 
delphia, provided the city furnished an equal amount. 
Director Grady now recommends that the city appropri- 
ate this sum, the $500,000 to be immediately applied to 
the construction of new piers and bulkheads. It is re- 
ported that the city administration is favorably inclined 
toward an appropriation of $1,500,000 for this work, but 
as yet it has not been made. The federal government is 
now expending $900,000 in the improvement of the 
Delaware. 

— 

A PECULIAR FORM OF CONCRETE BUILDING CON- 
struction is now being carried out on a building at Camp 
Perry, Ohio, the practice ground for the Ohio national 
guard. In this new system the walls are all built flat- 
side down on the ground, then hoisted into place and 
joined at the corners, the interior columns, girders and 
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slabs being afterward placed as separately molded mem- provided for removing the wash water. 


bers. The bullding now under construction, the larg- 
est that has been so far attempted, is two stories high 
and several hundred feet on a side in plan. The side 
walls were cast in total height, about 50-ft. widths 
and 4-in. thicknesses. The casting was done on a hori- 
zontal platform resting on special steel girders. The 
window frames, cornices and pilasters were of separately 
molded blocks placed on the platform and joined to the 
reinforcement of the 4-in. wall—crossed -In. rods, 6 ins. 
c. to ce. As soon as the wall had set, the entire plat- 
form was raised, by means of special jacks acting against 
the steel supporting girders, to a vertical position and 
held there by props until the adjoining wall was simi- 
larly placed. Then the two walls were connected, by 
the projecting reinforcement, and the intervening space 
filled with concrete, laid against vertical forms. Mean- 
while, the interior members had been cast and were 
placed in position, joined together by projecting rein- 
forcement, and all openings filled with concrete. This 
system is the invention of Mr. R. H. Aikon, Winthrop 
Harbor, Ill. It has been previously used in several 
minor constructions. 
ee —ü—6— 


THE RFECLAMATION OF 10.000 ACRES OF FARM- 
land has been accomplished in southern Michigan by 
the building of earth dikes to hold back the occasional 
floods. The farm, now under centralized management 
Mainly for sugar-beet production, is located in Saginaw 
County between the Flint and Bad rivers. Up till 1903 
the entire country thereabouts was partly under water 
at certain seasons and at all times of a marshy nature, 
but the efficient dike and canal system now installed 
has turned it into one of the most fruitful large farms 
in the middle west. 

— — —ñ4f.ã̃ä õ— 


THH WHITE STAR LINER LAURENTI C,.“ launched 
last week at Belfast, Ireland, is to be used in the Cana- 
dian-European trade, and will be the largest vessel run— 
ning over that route. She is equipped with both recip- 
rocating and turbine engines, is 565 ft. long. 67 ft. 4 
ins. beam, of 14,500 tons gross register, and has accom- 
modations for 1,280 passengers. 

— . —ä1ü 


A DAM AT WILLIAMETTE FALLS, Oregon, by which 
the entire flow of the Willamette River is diverted for 
power purposes during low water, has recently been com- 
pleted. The power plants which are to be served by this 
construction were described in an article by Mr. W. P. 
Hardesty, entitled “The Water and Electric Power Sys- 
tems of the Portland Ry. Light and Power Co.,“ in our 
issue of June 27, 1907, p. 689. Mr. Hardesty now writes, 
in further description of the dam, as follows: 

The new dam encircles the eastern half of the horse- 
shoe shaped falls, and is over -mile in length. It 
joins with the dam already built around the west half 
of the falls. It is of concrete, and varies from 5 to 22 
ft. in height, the latter being caused by canyons or 
breaks in the rim of the falls. 

The work was extended from an electric tram railway 
laid on top of the older dam, by whith the materials 
were hauled from the west side. The new work contains 
7.000 tons of concrete, and it was put in in 39 working 
days. In the top of the dam are pockets, provided for 
inserting posts for support of flash boards, to more com- 
pletely divert the water during moderate stages. During 
the low stages, in late summer and early fall, all of the 
water can be diverted without flash boards, leaving the 
crest of the falls completely dry. The work has been 
carried out under charge of Mr. T. W. Sullivan, hydrau- 


lic engineer of the company, and the cost of the new 
dam is about $100,000. 


— . — — 


IMPORTANT CHANGES IN THE WATER FILTRA- 
tion plant of Louisville, Ky., have been recommended by 
Hering & Fuller, Consulting Engineers, of New York 
City, in a report to the ‘‘President and Board of Water- 
Works, Louisville Water Co.,’’ which latter is the cum- 
brous title under which the Louisville water-works are 
operated. Many of our readers will remember that an 
elaborate series of experiments on water purification was 
made in 1895-7 for the Louisville Water Co., under the 
direction of Mr. George W. Fuller, M. Am. Soc, C. E. 
Following the experiments the late Mr. Charles Her- 
many, for many years Chief Engineer of the Louisville 
Water Co., designed and built a mechanical filtration 
plant, which plant was put in operation some time ago, 
but whose operation has been attended with difficulties. 
The filters, the report by Hering & Fuller states, 
are able to deliver water of satisfactory quality, but 
when the sand layers become clogged, due to the ac- 
cumulation of mud removed from the water, it is im- 
practicable to clean them effectively. [Owing to uneven 
distribution of the wash water]. 

To obviate this, and to bring the filters into accord- 
ance with advances since they were designed, which was 
some years ago, it is recommended that each of the 
three filter units should be divided into two, of 6,000,000 
gals. capacity each every 24 hours, that the machine for 
stirring the filter sand during the cleaning be abandoned 
and that the strainer system be remodeled in general 
accordance with that designed for the Cincinnati filter 
plant, which latter makes use of water delivered beneath 
the bed at such a velocity as to give a vertical rise of 
20 to 24 ins. per min.; and that better facilities be 


It is also recom- 
mended that a coagulating basin be built, as was de- 
signed originally, and that this basin have a capacity of 
12,000,000 gals.; also, that in place of supplying the 
wash water under pressure from the elevated water-tank 
and distribution system, a special tank be provided. 
The recommended changes, it is estimated, would cost 
$150,000. 
— ee — 


SPECIAL SANITARY INSPECTIONS OF WATER- 
works drainage areas have been carried out in the State 
of New York during the past summer. The inspections 
were made by local authorities at the instance of the 
State Department of Health, which latter, under a re- 
cent amendment of the Public Health Law, notified over 
50 water boards and water companies to make immediate 
inspection of their drainage areas and report to the De- 
partment such violations of the rules aguinst water pol- 
lution as they might find. In the bulletin of the Depart- 
ment for August, 1908, it is stated that a majority of 
the 50 local authorities have filed their reports, and that 
the reports show ‘‘that on the whole the public water 
supplies are well protected from contamination.” 


PERSONALS. 


Mr. E. W. Kolb has been appointed Engineer of Elec- 
tric Signals for the Chicago, Rock Island & Pacifie Ry. 


Mr. Silas W. De Wolf has been appointed General 
Superintendent of the Texas-Mexican Ry. to succeed Mr. 
Fount Rice, Jr. 


Mr. John H. O’Brien, Master Car Builder of the Mexi- 
can Central, who has been in the service of that road 
for 25 years, has resigned. 


Mr. C. C. Smythe has been appointed Acting General 
Foreman of the Bridge & Building Department of the 
Chicago, Cincinnati & Louisville R. R., succeeding Mr. 
S. H. Shinn, resigned. 


Mr. J. Walter Ackerman, M. Am. Soc. C. B, Resident 
Engineer of the Ithaca Street Ry., has resigned that po- 
sition to become Supcrintendent of the municipal water- 
works system of Auburn, N. Y. 


Mr. G. J. Ray, formerly a division engineer of the 
Delaware, Lackawanna & Western R. R., has entered 
the service of Timothy Burke, Railroad Contractor who 
has the contract for section No. 1 of the Lackawanna 
cut-off in New Jersey. 


Obituary. 


James McDougall, Engineer of the County of York, 
Ontario, for the last 15 years, died Scpt. 2 at his home 
in Toronto at the age of 55 years. 


B. F. Ellison, General Manager of the Water, Light & 
Power Co., of Superior, Wis., died in St. Paul, Minn., 
Sept. 1. Mr. Ellison was about 55 years old and had 
been General Manager of the above-named company for 
the past nine years. 


Cabell Whitehead, M. Am. Inst. M. E., at one time 
Assayer of the U. S. Mint in Washington, died of pneu- 
monia at Nome, Alaska, Sept. 7. Dr. Whitehead was 
born at Lynchburg, Va., in 1863 and graduated at Lehigh 
University in 1885. He organized in 1900 the Alaska 
Banking & Safe Deposit Co., of which he was President. 


Thomas M. Richards, First Vice-President of the Phil- 
adelphia & Reading Coal & Iron Co., died Sept. 5 at his 
home in Philadelphia at the age of 73 years. Mr. Rich- 
ards entered the employ of the Philadelphia & Reading 
Ry. in 1858 as a clerk, and became Gencral Coal Agent 
of the coal and iron company at the time of its organiza- 
tion in 1875. He had been First Vice-President since 
1906. 


Charles K. Lord, President of the Tonopah & Gold- 
field R. R., died at the Presbyterian Hospital in Phila- 
delphia, Sept. 10, from Bright’s disease. Mr. Lord was 
born in Hoosick Falls, N. Y., in 1848. From 1891-6 he 
was Third Vice-President of the Baltimore & Ohio R. R. 
He was one of the four commissioners who supervised 
the rebuilding of the burned district after the great 
fire in Baltimore in 1903. 


Lewis Williams, Manager of the Cleveland Car Service 
Association, died Aug. 29 in Los Angeles, Cal. Mr. 
Williams was born in 1837 at Brimfield, Mass., and grad- 
uated at Yale in 1856. He was General Manager of the 
Cincinnati, Hamilton & Dayton Ry. in 1881 and was the 
first General Manager of the New York, Chicago & St. 
Louis R. R., having retired from this position on ac- 
count of ill health in 1893. 


Harry D. Everett, of the Philippine Forestry Bureau, 
was murdered by the wild hill people of Negros on or 
about May 4. Mr. Everett was engaged at the time of 
his death in making a reconnoissance in the interests of 
his bureau, accompanied by T. R. Wakely, a teacher of 
the Bureau of Education, who was also killed. The 
bodies of the two men have been recovered and taken to 
Manila. Mr. Everett was born in Malone, N. Y. 


P. Harry Irwin, Consulting Engineer of the Baltimore 
& Ohio R. R. Co., died suddenly at Irwin-on-the-James, 
the ancestral estate in Virginia, Sept. 12. Mr. Irwin 


was born in Chester, Pa. He was first employed in the 
service of the Western Maryland R. R., of which he 
became Chief Engineer and, later, President: at about 
this time he was elected Mayor of Westminster, Md. 
About 25 years ago he entered the engineering corps of 
the Baltimore & Ohio R. R. and rose step by step to the 
position he occupied at the time of his death. 


Alfred Stone, an architect of Providence, R. I, 
died Sept. 4 at Peterboro, N. H. Mr. Stone was born 
in East Machias, Me., in 1834. He graduated at the 
high school in Salem, Mass., in 1850 and afterward got 
his architectural education in offices in Boston. He 
has had an active practice in Providence since 1864. 
Among the buildings designed by Mr. Stone are the 
Rhode Island State Prison, the Providence County Court 
House, and the Providence Public Library. He was Sec- 
retary of the American Institute of Architects from 
1593-99. 

George Barclay Bruce, Consulting Engineer of the Mad- 
ras (India) Ry., died at his home in London, Eng., 
Aug. 25, at the age of 87 years. Mr. Bruce was edu- 
cated by his father, Mr. John Bruce, at whose school 
in Newcastle-on-Tyne Robert Stephenson received his 
early education. At the age of fifteen, Mr. Bruce entered 
the Stephensons’ works, and after a six years’ appren- 
ticeship was employed by them as an engineer. He was 
engaged throughout his life in railway construction and 
was connected with lines in England, India, Germany, 
Spain and South America. In 1887-8 he was President 
of the Institution of Civil Engineers, 


Gardner D. Hiscox, best known as an author of scien- 
tific and technical books, died Sept. 13 at his home in 
East Orange, N. J. Mr. Hiscox was born in Elizabeth- 
town, N. Y., in 1822. He had no college training. In 
1886-90 he acted as Engineer for the Ingersoll Rock Drill 
Co., which has since been succeeded by the Ingersoll- 
S.rgeant Drill Co., and during the past year he was a 
contributor to ‘‘Compressed Air,’’ the house organ of that 
company. Among his best known books are ‘‘Compressed 
Air and Its Application,” “Modern Steam Engineering” 
and “Hydraulic Machinery.” Mr. Hiscox was a member 
of the American Astronomical Society. 
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ENGINEERING SOCIETIES. 


COMING MEETINGS. 


NEW ENGLAND WATER-WORKS ASSOCIATION. 
Sept. 23-25. Annual convention at Atlantic City, N. J. 
Secy., Willard Kent, 715 Tremont Temple, Boston, 
Mass. 
LEAGUE OF AMERICAN MUNICIPALITIES. 
Sept. 30-Oct. 2. Annual convention at Omaha, Neb. 
Secy., John MacVicar, Des Moines, Iowa. 
AMERICAN INSTITUTE OF MINING ENGINEERS. 
Oct. 1. Annual meeting at Chattanooga, Tenn. Secy., 
R. W. Raymond, 29 West 39th St., New York City. 


ILLUMINATING ENGINEERING SOCIETY. 

Oct. 6-7. Annual convention at Philadelphia, Pa. Secy., 
Van Renssclaer Lansingh, Engineering Societies’ 
Building, 33 West 30th St., New York City. 

AMERICAN STREET AND INTERURBAN RAILWAY 
ASSOCIATION. 

Oct. 12-16. Annual convention at Atlantic City, N. J. 

seed B. V. Swenson, 29 West 39th St., New York 
ity. 
RAILWAY SIGNAL ASSOCIATION. 


Oct. 13-15. Annual meeting at Washington, D. C. 
Secy., C. C. Rosenberg, 12 North Linden St., Beth- 
lehem, Pa. 


ASSOCIATION OF RAILWAY SUPBRINTENDENTS OF 
BRIDGES AND BUILDINGS. 
Oct. 20-22. Annual convention at Washington, D. C. 
tae S. F. Patterson, Boston & Maine Ry., Concord, 
N. H. 


e SOCIETY OF MUNICIPAL IMPROV Es 
MENTS. 
Oct. 20-25. Annual meeting at Atlantic City, N. J. 


Secy., A. P. Folwell, 239 West 39th St., New York 
City. 
AMERICAN GAS INSTITUTE. 
Oct. 21-23. Annual meeting at New York City. Asst. 
Secy., W. Bissell, 29 West 39th St., New York City. 
AMERICAN ELECTROCHEMICAL SOCIETY. 
Oct. 30-31. Fall meeting at New York City. 
Dr. J. W. Richards, Bethlehem, Pa. 


ROADMASTHRS AND MAINTENANCE-OF-WAY ASSO- 
CIATION OF AMERICA. 


Secy., 


Nov. 10-12. Annual mecting at Milwaukee, Wis. 
Secy., W. E. Emery, West Chicago, III. 
AMERICAN RAILWAY ASSOCIATION. 
Nov. 18. Annual meeting at Chicago, III. Secy., W. 


F. Allen, 24 Park Pl., New York City. 


THE EMPIRE STATE GAS & ELECTRIC ASSOCIA- 
TION.—The annual meeting will be held in the United 
Engineering Societies’ Building, New York City, Oct. T. 
Among the subjects to be discussed are: Electric Meter 
Testing with Report of the Meter Committee; Affiliation 
with the American Gas Institute and the National Elec- 
tric Light Association. 


THE MUNICIPAL ENGINEERS OF THE CITY OF 
NEW YORK.—The first meeting after the summer recess 
will be held at the Engineering Societies’ Building Sept. 
23. The paper to be presented, illustrated by lantern 
slides, is entitled ‘‘Bench Leveling and New York City 
Datums’’ and was prepared by Mr. Charles Goodman, 
Assistant Engineer, Board of Water Supply, New York 
City. 
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PUBLICATIONS RECEIVED 


Through an oversight we failed to insert the 
name of the reviewer, Mr. William Kent, M. Am. 
M. E., at the head of the review of the 
University of Wisconsin bulletin entitled “An 
Investigation of the Hydraulic Ram,” which ap- 
peured on page 155 of our Engineering Litera- 
ture Supplement for Aug. 13, 1908. 

— . — 


CORRESPONDENCE. 


Baldwin on Heating Again. 


There seems to be quite a difference of opinion 
Baldwin and myself on the carrying 
(See his letter, p. 183. Aug. 


soe. 


Sir: 
between Mr. 
capacity of steam pipes. 


13.) I would like to get it straightened out before 
revising the figures in my Pocket-book. Mr. Baldwin 
says that 


“the diameter of a steam pipe always increases di- 
revtiy as the square root of the heating surface, and 
according to the arbitrury unit here adopted the diam- 
eler in inches will be exactly one-tenth of the square 
root of the heating surface in [Square] teet.’’ [Baldwin 
on Heating, p. 1871J. * This rule is closely cor- 
rect for practical conditions and for all sizes of pipe 
up to about t-in. diameter Lp. 189]. 

According to this rule the following are the amounts 
of radiating surface that may be supplied by different 
sizes of pipe: 

i : 2 3 4 5 6 
ee At. 100 400 900 1,600 2,500 3. 600 

Mr. Wolff's table, page 541 of my Pocket-book, gives 

for 2-lb. and 5-Ib. pressure respectively: ` 
i i 5 

C 36 250 900 1.920 3,720 6,000 

R. S., 5 lbs. ... 60 480 1,500 3,200 6,200 10, 000 

Mr. Wolff's figures vary about as the 2.5 power, and 
in this respect they are in harmony with nearly all the 
authorities on the flow of steam, gas or air. 

It is true that Mr. Baldwin recognizes the existence 
of this 2.5 power basis, and gives a curve which shows 
for +, 5 and 6-in. pipes, respectively, 3,000, 5,500 and 
S, 700 sq. ft., but he says: 
short lengths of straight pipe without elbows, but not 
for the ordinary ramifications of pipes for a building,” 
yet in his letter he says: ‘‘with short pipes =. © 
the quantity of steam passed under fixed differences 
of pressure will vary as the square of the pipe diam- 
eters. ”’ 

Mr. Baldwin further defends the rule based on the 
square of the diameter by saying that in a gravity ap- 
paratus increased length of mains makes necessary a 
smaller drop in pressure per unit length of pipe, and 
“for this reason the quantity of the radiation supplied 
is more nearly in the proportion of the squares, and 
it is not at all as the 2% powers.” He says further: 
“It ig apparent that any such loss of pressure [as 1/10- 
Ib. in 100 lin. ft. of straight pipe] is prohibitory in 
practically every gravity apparatus.“ 

Let us come to first 
principles. D is the 
steam main whose ca- 
pacity is to be consid- 


ered. Let A be the 
water level when the 
boiler is steaming. E 
is the pipe returning the 
water of condensation 
{rom the radiators R to 
the boiler. Let the 


radiators be condensing 

steam at such a rate that it requires a drop of 0.1 Ib. 
to supply it, and let the return pipes, valves and con- 
nections be of ample size, so that their friction may 
be neglected; then the difference of pressure will 


“this will be ample for 


cause the water level to rise in the return pipe at 
B, 0.23 ft. or 2.77 ins. Now let twice as many 
radiators be supplied, the main being doubled in length. 
The drop will then be four times as much per 100 ft. 
of length, or eight times as much for the double 
length (assuming that all the steam is carried the 
whole length), or 22.16 ins., which may raise the water 
level in the return pipe to C. But what is the harm, 
as long as the water does not mount to the radiator? 
What is there in the theory or practice of gravity ap- 
paratus that makes a drop of V.1 lb. per 100 ft. pro- 
hibitory'’? 

In regard to using swinging pipes to take care of 
expansion, I was under the impression that it is pre- 
ferred by many heating enginvers to the use of U's 
made up of straight pipes and elbows as shown on 
p. 78 of Mr. Baldwin's book. Some eight or ten years 
ago the Es were taken out of the large installation 
in the basement of the Waldorf-Astoria Hotel, New 
York, and swinging pipes substituted. A year after- 
wards I was informed that they had stopped all the 
trouble that had before existed from leaks, broken 
flanges, etc. It would be interesting to know if they 
are still in good condition. Win. Kent. 

601 Comstock Ave., Syracuse, N. Y., Aug. 14, 1908. 


[We have submitted the foregoing letter to 
Mr. Baldwin. His reply is appended.—Ed.] 


Sir: I have read Prof. Kent's letter in regard to the 
question of the carrying capacity of steam pipes and the 
use of swinging joints to care for expansion. 

I do not agree with Prof. Kent when he states that 
there is quite a difference of opinion between himself 
and myself on the subject of the carrying capacity of 
steam pipes. We are in agreement at least in so far as 
principles are concerned, and the disagreement is only 
in the application of the principles. 

I have tried in my book to show the application of the 
principles to the usual conditions of a gravity heating 
apparatus, and under such conditions a drop in pressure 
of 1/10-lb. in 100 lin. ft. of straight pipe is prohibitory 
in practically every gravity heating apparatus which 
supplies any considerable amount of heating surface. 

Prof. Kent asks why this is so? The reason is that in 
the ordinary gravity apparatus a drop of 1/10-lb. in pres- 
sure per 100 ft. of straight pipe will cause the water 
to lift into the steam main or into the radiators. If 
the water merely rises in a vertical return pipe it does 
no harm. This however, is not the condition which 
confronts us, but the lifting of water into the steam pip- 
ing or radiators is what will happen, especially when 
the apparatus is first started up or when there are varia- 
tions of pressure in the boiler. 

It is, of course, possible, as Prof. Kent suggests, to 
carry the mains to the attic or upper story of a build- 
ing and thereby increase somewhat the difference in level 
between the lowest point of the steam main (which be- 
comes in this case the lowest point of the lowest radi- 
ator) and the water line of the boiler. The increased 
length of the steam mains with this method of piping, 
however, will usually not allow us to increase the drop 
in pressure per unit length of pipe. There are, of course, 
exceptions to this general rule just as there may be ex- 
ceptionally high basements which might allow of possible 
reductions in the sizes of steam mains. 

In regard to the quantity of steam that pipes will pass, 
I may say that there are, of course, different conditions 
to consider. I stated previously that where the loss in 
pressure due to friction is relatively negligible and 
the loss in pressure due to influx is relatively large the 
quantity of steam passed under fixed differences of pres- 
sure will vary as the square of the pipe diameters. This, 
I am sure, Prof. Kent will not contradict, and yet in his 
last letter he quotes not all but a portion of the above 
and makes it appear at variance with the rule for the 
friction losses, namely, that the carrying power of pipes 
with the same length and the same differences in pres- 
sure is as the 2½ power of the diameter. In the first 


case I specifically state that the friction losscs must be 


negligible. In the second case the friction losses for 
equal lengths of pipe are the only ones considered. 
Neither of these conditions meets the requirements of 
the ordinary gravity heating apparatus. 

In the ordinary gravity heating apparatus the length 
of the steam main does not remain a constant, but in- 
creases with the increase of radiating surface. The al- 
lowable drop in pressure throughout the apparatus re- 
mains, on the other hand, more nearly a constant. Under 
these conditions, which are the ordinary ones in a 
gravity heating apparatus, the quantity of radiation sup- 
plied (or the carrying powers of the pipes) will vary 
more nearly in the proportion of the squares of the 
diameters of the pipes and not at all as their 214 power. 
There is one thing in the table which appears in Prof. 
Kent's ‘‘Pocket-book,’’ which I have found confusing to 
many people, when the table is used for such an appa- 
ratus as a gravity heating apparatus. The table gives 
the amount of radiating surface for various size pipes 


220 Broadway, New York, September 17, 1908. 


for a gage pressure of 2 lbs. and a much larger amount 
of radiating surface for the same size pipes for a gage 
pressure of 5 Ibs. 

Many people draw from this the incorrect conclusion 
that smaller pipes may be used by simply running a 
gravity heating apparatus at a gage pressure of 5 lbs. 
instead of 2 lbs. This, of course, is not true; for the 
pipe sizes depend upon the allowable drop in pressure, 
which is fixed by the difference in level between the 
water line of the boiler and the lowest radiator or steam 
main, and the allowable drop in pressure remains the 
same Whether the plant operates at a pressure of 2 Ibs. 
or of 5 Ibs. 

It is stated, of course, that the tables are figured for 
a 2% drop per 100 ft. of straight pipe and an engineer 
would know that one pipe size gives more drop in pres- 
sure than the other. 

I have seen quite a number of people, however, who 
assumed from the way in which the table is stated that 
a much larger drop in pressure can be allowed in a heat- 
ing apparatus when the apparatus is operated at a gage 
pressure of 5 lbs. than when it is operated at a gage 
pressure of 2 Ibs. In an apparatus like a gravity heat- 
ing apparatus we must allow practically the same drop in 
pressure and use the same pipe size whether the ap- 
paratus Operates at a gage pressure of 5 Ibs. or at a 
gage pressure of 2 lbs. 

In regard to the use of two swinging joints to take 
care of expansion I can say that I have seen this 
method used where there was no twist in the joint as in- 
tended, but the spring of the pipes was sufficient to care 
for expansion. 

It may be possible that there are isolated cases where 
a pipe does twist in the thread and yet does not leak. 
I, myself, can say, however, that I have never seen such 
a case, where there was an appreciable pressure on the 
inside of the pipe. I have, on the other hand, seen so 
many cases of trouble from this cause that I must con- 
sider any such method of allowing for expansion as 
being very bad practice. 

Very truly yours, 
Wm. J. Baldwin. 

World Building, New York City, Sept. 2, 1908. 
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River Hydraulics. 
Reviewed by GARDNER S. WILLIAMS,* M. Am. Soc. 
C. E. 


HYDRAULICS OF RIVERS, WEIRS AND SLUICES.— 
The Derivation of New and More Accurate Formulae, 
for Discharge through Rivers and Canals Obstructed 
by Weirs, Sluices, Etc., According to the Principles 
of Gustav Ritter von Wex. By David A. Molitor, 


M. Am. Soc. C. A, Designing Engineer, Isthmian 
Canal Commission. New York: John Wiley & Sons. 
London, England: Chapman & Hall, Ltd. Cloth; 


o% x 94 ins.; pp. 135; text illustrations and tables. 
$2, net; English price, 8s. 6d., net. 


The work does not purport to be a translation 
of that of Hofrat von Wex, but rather an appli- 
cation of his theories to certain problems in the 
light of some data more recent than the original 
treatise, and a criticism of the various formulae 
now in use. 

The book begins, after a brief introduction, 
with a discussion of the formulae for the flow 
through ordinary orifices and notches and brings 
the reader ať once to the question of the influ- 
ence of the angle between the direction of flow 
and the guiding walls. The treatment is based 
upon a derivation of the pressures supposed to 
act upon the several surfaces encountered by 
the water at the weir or orifice, and their com- 
ponents in the direction of flow, from the sum- 
mation of which the total force producing mo- 
tion is derived, and from this the discharge. 

Accepting the fundamental assumption of most 
common weir formulae that the water in all 
parts of the channel approaches the weir or 
orifice with a uniform velocity of approach, the 
formulae presented in the work are readily seen 
to be more rational than those now in use, and 
may well be studied by anyone interested in the 
laws of flow. The fact, however, remains that 
the author himself no more than any of the 
other authorities commonly accepted in the mat- 
ter of weir and orifice discharge, has taken ac- 
count of two very important factors in the ra- 
tional discussion of weir formulae. Neither he 
nor they make any attempt to recognize the fact 
that the velocities are not uniform throughout the 


*Professor of Civil, Hydraulic and Sanitary Engineer- 
ing, University of Michigan,Ann Arbor, Mich. 
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flowing stream, nor do they consider the equa!ly 
well established fact that the pressure in the 
stream varies inversely with the velocity. When 
therefore the author computes the pressure upon 
the discharge area or the side walls as being 
that existent under static conditions and adds 
thereto the influence of the velocity, he at once 
introduces a false condition which thereafter to 
a greater or less extent, dependent on the mag- 
nitude of the velocity, Vitiates the rationality of 
his remaining conclusions. It may be doubted, 
therefore, whether the criticisms of existing for- 
mulae presented in Appendix A should lead to a 
discarding of the old formulae for those of the 
author. 

The discussion of the Complete Overfall Weir 
occupies Chapter II. and includes among irregu- 
lar forms the Zshaped weir, but here the fact 
that the head on the down-stream part will be 
less than on that above is neglected. In Chapter 
III. the Incomplete Overfall or Submerged Weir 
is discussed. Here the author, neglecting the 
influence of viscosity, follows the lead of Du- 
buat and divides the overfalling sheet into two 
sections acting under different forces. To one 
who has watched the flow of water in large vol- 
umes over such weirs this treatment seems any- 
thing but rational. 

Chapter IV. is devoted to Sluice Gates and 
Chapter V. to Backwater. The treatment of the 
latter may be readily applied to a channel of 
uniform width or of uniformly varying width, 
and follows that presented in Ruehlmann's 
‘“Hydromechanik.” But for the case of irregu- 
lar'y varying cross-sections, almost the only 
practical problem in this connection, the expres- 
sions are of little if any value. 

Chapter VI. deals with the flows in Rivers and 
Canals and presents solutions of the cases of 
branching canals and sudden changes of depth 
by the aid of Kutter's and of Bazin’s formulae. 
The treatment presented is in advance of any- 
thing of the sort with which the writer is fa- 
miliar, though the results must be accepted with 
cuution and the judgment of the careful experi- 
menter will be needed for their correct interpre- 
tation. This chapter closes the theoretical por- 
tion of the book. The use of the term ‘‘suction”’ 
throughout the discussion is rather unfortunate, 
for the casual reader is apt to think of it as 
standing for a force rather than for the absence 
of one. 

Chapter VII. is entitled “Empiric Coefficients” 
and that part devoted to overfall and submerged 
weirs is unfortunately defective in a lack of 
recognition of the classic and monumental work 
of Bazin. The observations of Lesbros and 
Boileau are used in connection with those of 
Francis and Fte'ey and Stearns, and the Cornell 
experiments, but the very elaborate studies of 
Bazin are unaccountably omitted. Sluice gates 
are considered in the light of the experiments of 
Engerth, Lesbros, Boileau, Weisbach and Borne- 
mann, and for end contractions the formulae of 
Francis is taken. The subject of irregular 
crested weirs is treated after the manner of the 
Hydraulic Tables of Williams and Hazen. 

Appendix A, which follows, is a collection of 
various weir formulae and a criticism of their 
structure, generally well justified, but, as sug- 
gested above, incomplete in lacking a similar 
criticism of the one propounded by the author. 

Appendix B presents a solution of the problem 
encountered in the Panama Canal of the flow 
over a flight of locks. It may be inquired 
whether a similarly accurate result might not 
have been obtained by a less laborious process, 
but the treatment is certainly ingenious and 
very interesting. i 

The book is one that should be read, and read 
carefully, by all students of Hydraulics, and from 
it many clearer notions will be gathered regard- 
ing the intricacies of the subject than are likely 
to be obtained elsewhere. While not viewing 
the work of Herr Wex as approaching quite so 
near to perfection as does the author, the writer 
is far from considering his views “peculiar,” and 
recognizes in his work the painstaking effort of 
a thorough student to bring together in a scien- 
tific manner the knowledge applicable to a great 
physical problem, and that he failed to antici- 


pate some of the discoveries of the next quarter 

of a century is certainly a matter to him of no 

discredit. To the author the profession owes its 
gratitude for placing within its reach the labors 
of this all too scantily known authority. 

— . — — 

THE THEORY, DESIGN AND CONSTRUCTION OF IN- 
DUCTION COILS.—By H. Armagnat. Translated 
and Edited by Otis Allen Kenyon, Editor and Trans- 
lator of Michalke’s ‘‘Stray Currents from Electric 
Railways,” and Claudel’s ‘‘Handbook of Mathematics.” 
New York: McGraw Publishing Co. Cloth; 5% x 87 
ins.; pp. 216; 111 illustrations in the text. $2, net. 

Recent experiments with induction coils and 
primary batteries for gas-engine ignition have 
shown that some coils were far more efficient 
in doing the work required of them than were 
others. The claim has been made that the more 
efficient coils were designed to suit the con- 
ditions of their service, as much as present 
knowledge of their probable action would allow, 
whereas the less efficient ones were “just built.“ 


There has been some excuse for such apparatus 


as the latter as comparatively few persons 
have published the results of any illuminating 


studies of induction-coil apparatus. Until re- 
cently there has been in English no book 
adequately setting forth the extent of our 


knowledge of this apparatus. For this reason 
Mr. Kenyon's translation of Armagnat’s work 
is a welcome addition to the literature of the 
subject. It should be noted in advance that re- 
ports of progress since the appearance of the 
original, in 1904, for the most part are noted 
only in the translator's additions to 
bibliography. It must not be supposed that this 
book leads to a full knowledge of how to de- 
sign a coil for a given duty. The author makes 
this clear again and again when he shows that 
such apparatus cannot be designed with any of 
the certainty of an ordinary transformer. 

The chapters on elementary theory of action 
and construction and on historical development 
form an ample introduction to the deeper studies 
that follow. Those relating to the coil itself 
are taken in connection with simple mechanical 
interruptors in the primary circuit. Here are 
given numerous complex expressions for values 
of primary and secondary e. m. f. on closing and 
opening the primary circuit. The influence of 
iron cores and of the primary and secondary 
spark is also discussed. After all this, electro- 
lytic interrupters are theoretically and prac- 
tically considered. In a chapter on the con- 
struction of induction coils, much practice of 
makers is disclosed, but the theory of actual 
design is meager. This poverty is indicative 
of the state of the art and science of such de- 
sign and of the present necessity of substi- 
tuting empirical relations, such as between the 
length, diameter and area of cores, between 
secondary and primary turns, etc., for the un- 
known logical expressions. 

Much of the book is given up to a discussion 
of the uses of the coils and to a bibliography 
of articles on this subject. A brief synopsis of 
each article listed is given. 
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THE SMALL COUNTRY PLACE - By Samuel T. May- 
nard, Professor of Botany and Horticulture at the 
Massachusetts Agricultural College. Botanist and 
Pomologist to the Massachusetts State Board of Ag- 
riculture, Author of .‘Landscape Gardening as Ap- 
plied to Home Decoration,” etc. Philadelphia and 
London: J. B. Lippincott Co. Cloth; 5% x 8% ins.; 
pp. 317; 100 illustrations, mostly in the text. $1.50, 
net. 

A wide range of information, some of it in fair 
detail, is here given for the benefit of those who 
occupy or contemplate the occupation of sma'l 
country places and wish to combine profit with 
pleasure in so doing. There are chapters on re- 
modeling and improving old buildings, on new 
buildings, on decorating home grounds, on the 
lawn and flower garden, on the family garden 
and market gardening, and on different sorts of 
fruits. Poultry keeping, dairying, the family 
horse, and bees, are also taken up. The vol- 
ume closes with directions and suggestions for 
work which needs attention during each month 
of the year. The text and illustrations combined 
promise to prove profitab'e to a large number of 
the class of readers for whom the book is in- 


tended. 


the 


HANDBOOK OF COST DATA 


By HALBERT P. GILLETTE 
M. Ain. Soc. C. E., 


Managing Editor Engineering-Contracting.” 


Whether for the purpose of estimating the 
cost of work or for securing hints that will 
lead to a reduction of costs, this 622 page book 
is invaluable to every contractor and engineer. 
Send for 24 page pamphlet giving contents and 
sample pages. The price of Gillette’s ‘‘ Hand- 
book,’’ bound in leather, is $4 net, postpaid. 


The Myron C. Clark Publishing Co., 


357 Dearborn Street, Chicago 


CURVES FOR CALCULATING BEAMS, CHANNELS 
AND REACTIONS.—A Manual for Engineers, Archi- 
tects, Designers, Draftsmen, Builders and Contrac- 
tors. By Sidney Diamant, E. E., Structural Engineer. 
New York: McGraw Publishing Co. Cloth; 10 x 7% 
1 pp. 13; 25 plates and 6 text illustrations. $2, 
net. 


mere are included in this book 13 tables for 
determining the correct size I-beam and channel 
under loads varying from 80 to 500 Ibs. per sq. 
ft. and 18 more for the reactions under the same 
loads. When the designer has become familiar 
with the use of the tables, as he should in a 
short time, they should prove very convenient 
and, since a nicer adjustment between size and 
spacing may be made, quite economical. 
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„LECTURES ON THE STATUTORY PROVISIONS RE- 
LATING TO GOVARNMENT CONTRACTS.—Deliv- 
ered before the Engineer School, U. S. Army, Wash- 
ington Barracks, D. C., by John Mason Brown, 
LL.B., March, 1908. No. 31, Occasional Papers, 
Engineer School, U. S. Army. Washington Bar- 
racks, D. C.: Pub. Doc. Paper; 6 x 9 ins.; pp. 49. 
Mr. Brown, who has been connected with the 
legal branches of the Controller of the Currency, 
has had ample opportunity to observe the work- 
ings of the law of contracts in government work 
and is an authority on that sometimes compli- 
cated subject. The present pamphlet, while pri- 
marily intended for the West Point graduates in 
attendance upon the Engineer School at Wash- 
ington, should be of value to any and all con- 
tractors doing business with the government. 
Although limited to the space of three lectures, 
the material is wisely condensed so that the 
meat of many decisions is presented together 
with references to a number of others, the ab- 
stracting of which was prevented by lack of time 
and space. = S 
In our issue of June g= TH, p. 669, we re- 
viewed a similar book by Mr. Brown upon the 
law of contracts, which covered a somewhat 
broader field than the present booklet. The two 
make an interesting discussion of government 
contracts. i 
— —— 
/ 
RIPARIAN RIGHTS, NAVIGABLE WATERS IN B 
UNITED STATES.—Decisions. Circular No. 13, 
Office Chief of Engineers, May 17, 1904, with Ref- 
erences in Full. Occasional Papers No. 29, Engineer 


School, U. S. A. Washington Barracks, D. C.: Pub. 
Doc. Paper; 6 x 9 ins.; pp. 141. 


The value of this collection of decisions would 
have been increased by even a brief introductory 
note or synopsis, stating the range of the de- 
cisions as to time and court jurisdictions. AS 
it is, every decision must be examined sepa- 
rately to learn its character. There is not evena 
table of contents. 
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Vol. 60. No. 12. 


New Logarithm Tables. 


SAXTON’S LOGS FOR FOUR- PONCE WORK.—Table 
and Text. Washington, D. E. Saxton (S41 
Bladensburg Road). Leather; 93 x 11 ins.. $3. 


By breaking radically with the conventional 
principles of arranging logarithm tables, the 
author has succeeded in producing a four-place 
table of distinct merit. His novel arrangement 
attains these advantages: 

(1) The logs of two- place numbers are in sight 
without opening the book. 

(2) The page on which any given number or 
log appears can be opened at first trial. 

(3) Each logarithm stands directly beside its 
number, there being but one column of logs per 
page, in place of ten. 

(4) The logarithm of the reciprocal of the 
Number can be taken from a column alongside 
the log of number, so that subtraction of logs is 
Made unnecessary. 

The first two advantages named are secured 
by cutting the edge of the leaves into a finger 
index, marked with the numbers 10, 11, 12, * * 
99, and the corresponding logs. Each double 
page contains, in triple column on either page, 
the hundred subdivisions of the index number, 
the corresponding logs, and the logs of recipro- 
cals; thus, for the two facing pages which are 
indexed 19 2788, the book when opened reads: 


Left page. Right page. 
L N L R 
1900 2788 721 2 1950 2900 7100 
01 279 0 0 51 3 709 7 
02 2 720 8 52 5 5 
03 4 6 53 7 3 


In this grouping, rather large type and wide 
spacing are used, a feature which, of course, 
means that more space is required than with 
smaller type or closer spacing. But it is prob- 
able that page height was governed by the exi- 
gencies of cutting the finger index rather than 
by spacing of type on the page; for though the 
index is divided into two columns, it is of none 
too wide spacing even now. 

The samp'e above will also show how the 
author divides the figures of the logs. While he 
claims special merit for this arrangement, its 
advantages are perhaps no more than sufficient 
to balance its disadvantages. 

The introduction of logs of reciprocals should 
commend itself to a large majority of those who 
use logarithms frequently. With ordinary ‘tables, 
division necessitates either (1) subtracting loga- 
rithms or (2) taking the reciprocal (colog) out 
of the table directly, by making a mental sub- 
traction from 9.9-9-9-10. The latter operation, 
though to some people it may be as easy as tak- 
ing out the tabular log, is awkward and uncer- 
tain to most men. The logs of reciprocals can 
therefore save time and trouble, by reducing the 
entire solution of mixed products and quotients 
to simple additions of tabulated quantities. 

The arrangement adopted for the tables brings 
with it a minor advantage worth noting, namely, 
a narrow and therefore unusually convenient 
book. The greater height as compared with or- 
dinary tables is hardly a disadvantage. 

It happens that most of these advantages 
of the book depend on the use of the cut index; 
for, without the finger index, the 90 double 
pages here required for the numbers to 9,999 
would be at a serious disadvantage against the 
nine double pages of the conventional arrange- 
ment. The durability of this index, which must 
be proved by test of time, will therefore deter- 
mine the permanent utility of the book. In the 
matter of its present convenience, there is per- 
haps only one criticism, a fundamental one, 
however, namely, that the index is more con- 
venient for the right hand than the left. As the 
right hand must be free for pen or pencil, it 
would seem that the book should have been built 
to open at the left, in which case the index 
would be most naturally situated for the left 
hand. But the author has already provided inno- 
vations enough for a first edition. 

It remains to be said that a good list of ex- 
amples, which follows the tables, illustrates their 
use and demonstrates the convenience and suf- 
ficiency of four-place logarithms. In these ex- 
amplies are given many hints for proper proce- 
dure in logarithmic calculation that are badly 
needed even by some regular users of log tables. 
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CONTENTS 


Materials. Construction. Water- 
proofing and Fire Resistance. 
Loads, Bending Moments, Etc. 
Hollow Concrete Blocks. Tables, 
Diagrams and General Informa- 
. tion. 


Published for the first time will 
be found diagrams giving at a glance 
the safe superload on slabs of various 
thicknesses, spans and reinforcements ; 
strengths of hooped columns accord- 
ing to the French Commission's re- 
port, etc. The new tables include 
useful data for obtaining the pressures, 
etc., on retaining walls, bins and silos; 
the spacing of stirrups in beams; sec- 
tional areas of metal per foot, width 
of slab for round or square bars, etc. 
The subject of earth and grain press- 
ures has been fully treated.” —&Æxtract 
from the Pretace. 


8vo, Cloth, 757 pages, 310 Illus- 
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High Speed Dynamos. 
Reviewed by HENRY H. NORRIS.* 


HIGH SPEED DYNAMO ELECTRIC MACHINERY.—By 
H. M. Hobart, M. Inst., C. E., M. Am. Inst. Ð. B., 
M. Inst. E. E., and A. G. Ellis, Assoc. M. Inst E. 
E., Associate City and Guilds of London Institute. 
New York: John Wiley & Sons. London, England: 
Chapman & Hall, Ltd. Cloth; 6 x 9% ins.; pp. 526; 
355 illustrations, mostly in the text. $6; English 
price, 25s. 6d., net. 


The purpose of the authors in undertaking the 
extensive investigation which is the basis of this 
book has been to study “the influence of rated 
speed and output on the design of electric ma- 
chinery.” At the outset they call attention to 
the proposition that, within limits, the greater 
the number of revolutions per minute the more 
satisfactory is the design of alternating-current 
generators, and the less satisfactory is that of 
direct-current generators. Therefore, for a given 
rated output the preferable speed will be greater 
for the former, and less for the latter type. 

The book will appeal chiefly to those inter- 
ested, directly or indirectly, in the design of elec- 
tric generators. It is apparently not intended 
to teach the art of designing, but rather to illus- 
trate the use of design data in drawing general 
conclusions. A wealth of useful information is 
presented in both tabular and graphical forms. 
The data are not taken from detached examples, 
but relate to whole lines of machines selected to 
illustrate the effects of varying different design 
factors such as speed, diameter, output, etc. The 
conclusions of the authors resulting from a study 
of the numerous examples will be appreciated by 
users of electric generators even if they are not 
disposed to follow through the details of the cal- 
culations. 

The authors have arranged their material in 
two main divisions, dealing with the two dis- 
tinct types of turbo-generator. As these two 
types have fewer features in common than alter- 
nators and direct-current generators of lower 
speed, this division is a natural one. After a 
few short chapters of a general introductory na- 
ture a number of complete designs of several 
lines of high-speed alternators are worked 
through. Every detail of dimensions, weights 
and costs, as affected by frequency, speed and 
output, is considered. From the results of the 
calculations, a number of practical and interest- 
ing deductions are made. The theoretical matter 
is followed by descriptions of numerous typical 
turbo-alternators. These are all of recent con- 
struction and thoroughly represent both Amer- 
ican and European practice. In discussing the 
direct-current generator the same general plan 
is followed, special attention being given to the 
difficulties imposed by commutation. These de- 
scriptive chapters would form by themselves an 
excellent treatise on recent progress in turbo- 
generator construction. The remaining chap- 
ters might be grouped under the title, “The The- 
ory and Practice of Turbo-Generator Design 
with Deductions from Numerous Detailed Exam- 
piles.” : 

An inspection of the reproductions of photo- 
graphs and drawings in the descriptive chapters 
indicates that, while differing in many details of 
construction, turbo-generators are approaching ‘a 
general standard form. This applies more to 
alternators than to direct-current machines, al- 
though progress is being made with the latter. 
In the alternator the speed of the rotor (usually 
the field magnet) is limited only by mechanical 
considerations, and the limit of output is merely 
a matter of ventilation. The conspicuous fea- 
tures, therefore, are devices for producing great 
stiffness and strength, and for rapid circulation 
of air in and around the heat-producing coils 
and cores. In the direct-current generator these 
features are also important, but the construc- 
tion of the commutator and rotating armature 
windings is still more difficult, and much ingenu- 
ity is now concentrated upon the problem. The 
illustrations show a number of recent plans for 
insuring satisfactory commutation. On the me- 
chanical side, steel rings, shrunk on the commu- 
tator bars, counteract the effect of centrifugal 
forces. Electrically, commutation is improved 
by the use of special commutating poles on the 
field, and by extraordinary attention to design 
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details. The unusual combination of electrical 
and mechanical difficulties which are present in 
the design and construction of the turbo-genera- 
tor have resulted in the production of a unique 
type of machine. 


In order to illustrate the point of view of the 


authors in this study a few of their general de- 
ductions may be selected. After considering the 
various factors which determine the most desir- 
able speed for the alternator, they state that 
“there is a certain speed or a certain range of 
speed, for a given rated output and frequency, 
at which the most economical and best design is 
obtained.” They show that for alternators of 
moderate output four poles should be used, while 
six or eight are to be preferred in larger ma- 
chines. Comparing the standard speeds of suc- 
cessful turbines with the speed desirable from 
the generator standpoint, they conclude that for 
a frequency as high as 50 cycles per second the 
s'ower speed turbines are satisfactory. For 
alternators of lower frequency and for direct 
current generators the turbine speed is far 
too high. In this connection the authors note a 
tendency toward a reduction in speed in high- 
speed types and an increase in speed Mm the lower 
Speed types, but the reasons for this tendency 
are not given. These conclusions are the most 
important which are specifically mentioned in 
the text. In many cases where the lessons 
taught are not pointed out, the data are arranged 
in such form that the reader may easily draw 
his own conclusions. 

This book is worth while if for no other reason 
than that it will impress the reader with the 
nature and extent of the influence of the steam 
turbine upon the design and construction of the 
electric generator. The steam turbine has 
largely supplanted the reciprocating engine for 
many purposes. This is principally because, by 
virtue of its higher speed, the turbine occupies 
much less floor space. Its field of usefulness is 
limited, however, by this high speed and by the 
fact that only in units of fairly large size are its 
peculiar merits important. For these reasons 
ship propulsion and electric power generation, 
particularly the latter, are at present its princi- 
pal applications. As the alternating- current 
generator and, to some extent the direct-current 
generator, may be designed to operate satisfac- 
torily at any reasonable speed and output, they 
are well adapted to direct connection with the 
turbine. By means of distributing circuits and 
standard transforming devices the electric power 
may be efficiently subdivided and utilized. It is 
largely through this adaptability of the electric 
generator to steam turbine operating conditions 
that the latter has been able to compete suc- 
cessfully with its equally efficient rival, the re- 
ciprocating engine. 

— i12,Ü— 


Gold and Silver. 


GOLD AND SILVER. —Comprising an Economic History 
of Mining in the United States, the Geographical and 
Geological Occurrence of the Precious Metals, with 
Their Mineralogical Associations, History and De- 
scription of Methods of Mining and Extraction of 
Values, and a Detailed Discussion of the Production 
of Gold and Silver in the World and the United 
States. By Walter R. Crane, Ph. D., Instructor in 
Mining, School of Mines, Columbia University. New 
York: John Wiley & Sons. London, England: Chap- 
man & Hall, Ltd. Cloth; 5% x 9% ins.; pp. 727; 29 
illustrations, partly in the text. $5, net; English 
price, 21s., net. 


This, like “Lead and Zinc,” which was re- 


viewed in our issue of July 16, 1908, is to form 


a part of the Economic History of the United 
States, to be published by the Carnegie Insti- 
tution of Washington, and was prepared with 
aid received from that Institution. Its interest 
and value is mainly of a historical nature, but, 
since in all cases the records are brought up 
to this year, it presents considerable informa- 
tion on present distribution, methods of mining 
and extraction of values. Throughout the book, 
references are given for those who wish to in- 
vestigate further any phase of the subject. It 
incorporates in one volume the results of an 
extensive research and study of the various 
sources of information from which its material 
is drawn. 

The discussion of the relation of the mining 
industry to other industries and to the advance 
of civilization. in general, which appears in 
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Chapter I., assigns to precious metal mining a 
higher importance than would be readily granted 
by one whose point of view was not affected by 
an absorbing interest in that industry. 

However, the arguments and statistics which 
are advanced in support of the views presented 
are very Interesting and, to some extent, con- 
vincing. 

The following three chapters treat respectively 
of discovery, occurrence and geological distribu- 
tion. The records of discoveries are so arranged 
by states and territories as to make them con- 
venient for reference purposes. Many of the 
accounts of discoveries of the precious metals 
or their ores, which include the earliest records 
and legends, are of interest in themselves apart 
from their historical value. In Chapter III. is 
included a brief presentation of the theory of ore 
deposits and a general discussion of their occur- 
rence which explain these matters in clear and 
readily comprehensible terms. 

Methods of mining and extraction of values 
are described in detail in the fifth and sixth 
chapters. After brief historical sketches of the 
development of these processes full descrip- 
tions are given of the various modern methods 
in use in different regions. 

The production of gold and silver from the 
discovery of North America in 1492 up to the 
present time is recorded in Chapter VII., in 
which is included much tabulated data. The 
effect on production, of the various discoveries 
of deposits and new methods of mining or ex- 
traction of value, is carefully pointed out. A 
disappointingly meager reference is made to the 
economic relation between the precious metals, 
money and industry. 

The appendix of tables presents in condensed 
form much of the information contained in the 
body of the text. A column of references is in- 
cluded in most of the tables. 

Taking into consideration the necessity of em- 
ploying terms peculiar to the mining industry 
in much of the descriptive matter, the book as 
a whole is clearly written and as intelligible, 
even to the non-technical reader, as could be 
expected. l 
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Compressed Air Plant. 


COMPRESSED AIR PLANT FOR MINES.—The Produc- 
tion, Transmission and Use of Compressed Air, with 
Special Reference to Mine Service. By Robert Peele, 
Mining Engineer and Professor of Mining in the 
School of Mines, Columbia University. New York: 
John Wiley & Sons. London, England: Chapman & 
Hall, Ltd. Cloth; 5% x 9 ins.; pp. 325; 112 illustra- 
tions, mostly in the text, and 38 tables. $3; Eng- 
lish price, 12s. 6d., net. 

The utility of this work is to be judged by the 
intending readers from a survey of its table of 
contents rather than from its title. Otherwise 
the word ‘‘mines’’ may mislead, as four-fifths 
of the work has no closer relation to mining 
than to, let us say, railway building. As a mat- 
ter of fact, about 40% of the whole book is de- 
voted to descriptive discussion of air compres- 
sors and their details, whereas no other branch 
of the author’s subject is treated in anything 
like similar fullness. For example, rock drills 
are disposed of in ten pages, without a single 
illustration of rock-drill, bit or mounting; yet, 
since the author himself says that “by far the 
most important use of compressed air in mining 
is for operating machine drills,’ it might be 
presumed that drills would be his chief theme. 

The author has setected a descriptive style of 


treatment. In the two subjects which are mosi 
fully treated, namely (1) compressors and (2) 


air engines, chiefly locomotives, this style has 
ample scope. We find, therefore, an abundance 
of illustrative drawings—lacking all dimension- 
ing, however—and clear statements of the func- 
tioning of the various kinds of valve, ete. Pre- 
sumably he has covered the field in a represen- 
tative way, though we fail to find mention of 
the air-operated valve used in a number of 
Ingersoll compressor installations. In connec- 
tion with compressors, their auxiliaries, such as 
receivers, intercoolers and aftercoolers, pressure 
regulators, etc., are duly treated, and two 
chapters on air-compression in high altitudes 
and compressor explosions cover these essential 
phases of compressed-air work. 

Hydraulic compressors and their inverse, air- 
lift pumps, are rather well discussed, the former 
subject closing the first half of the book, Pro- 
duction of Compressed Air. 

The second half concerns itself with transmis- 
sion of air and use of air. The former is repre- 
sented in a chapter on piping (loss of head, loss 
of power, and one page on constructional de- 
tails) and a chapter on freezing. The utiliza- 
tion of air is represented by a chapter on air- 
engines and one on locomotives, two on pumps 
(working ordinary steam-pumps by air, and 
pumping by direct air as in the air-lift and air- 
displacement pumps), besides the few pages on 
rock-drills already mentioned; a preliminary 
chapter treats of reheating, important in sur- 
face work but less so in mines. 

The book is a useful presentment of its sub- 
ject in many respects, and offers a safe guide 
to the practitioner, as far as it goes. It is only 
occasionally marred by minor defects, such as 
the meaningless classification of compressors 
into straight-line, duplex, compound (steam) 
and multistage; or the reference to the horse- 
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of dust on macadamized roads are matters 
which are most urgent, and road builders 
have been for some years working and ex- 
perimenting to these ends, with results which are 
here for the first time compiled in book form. 
Gives methods, costs, results, tests, etc. 


A necessary and timely book for every engineer. 
ORDER NOW. 
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power “developed” by a coMpressor. It adds to 
the none tog plentiful liYerature of compressed 
air practice. 
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A TEXT-BOOK OF PHYSICS.— Edited by A. Wilmer 
Duff. Philadelphia, Pa.: P. Blakiston's Sons & 
Co. Cloth; 5% x &% ins.: pp. 680; 511 text illustra- 
tions and one plate. $2.75, net. 


This work is a collaboration, Professor Duff 
being the editor of the book and at the same time 
the author of the section “Mechanics and Prop- 
erties of Matter.“ “Heat” was written by Prof. 
K. E. Guthe, “Wave Motion” and “Sound” by 
Prof. Wiliam Hallock, “Light” by Prof. E. P. 
Lewis, “Electricity and Magnetism” by Prof. A. 
W. Goodspeed, “Electromagnetic Induction” by 
Prof. A. P. Carman, and “Conduction of Elec- 
tricity through Gases and Radio-Activity” by 
Prof. R. K. McClung. Prof. Hallock, it seems, 
was in charge of the work in its early stages, 
but after planning the general lines of the work 
he found other duties too exacting, whereupon 
Prof. Duff carried it through to completion. The 
purpose of the plan of collaboration is to secure 
to each section the advantage of being written 
by a specialist, at the same time preserving 
unity of treatment. The result is an unexpect- 
edly successful text-book, at once concise, ac- 
curate, balanced, and as detailed as the limits 
of space permit. It promises a wide utility as 
a learner's text, whether for individual or school 
use, and almost equal utility as a reference text. 
Its value in both directions might have been dis- 
tinctly increased by frequent reference to more 
exhaustive treatises; indeed, the omission of such 
references is perhaps the chief criticism to be 
made of the work. 
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—By F. W. Steeg. Chicago: The Penny Engineer. 
167 Dearborn St. Ten cards (Series No. 1); 3 x 5 
ins. Price, 10 cts. (12 cts. by mail). 


These cards form the first set of a large num- 
ber, others being in preparation. They are 
adapted for use with card-index systems, such 
as are now largely used by engineers and others 
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figures. Cloth, $3.00. 
JOHN WILEY & SONS 
43 aad 45 East 19th St., New York City 


NOW READY 
Theory and Design 


of 


Reinforced Concrete Arches 
By ARVID REUTERDAHL 
Chief af Bridge Department, City of Spokane, Wash. 


Of all the problems in engineering design the 
analv:is of the elastic arch is by far the most 
difficult. The books which have heretofore been 
published on this subject are either so mathemat- 
ically abstruse or leave so much to the reader to 
demonstrate for himself that they are of little 
value to the general practitioner or to the tech- 
nical s‘udent whose mathematical ability is not 
of exceptional order. These objections have 
been overcome in this book. Every prin- 
ciple is explained thoroughly — there are no 
missing steps in the mathematics. 

The theory of the elastic arch is first dis- 
cussed, taking up each point in detail and leaving 
nothing to be worked out by the reader 

The design of a reinforced concrete arch bridge 
is then worked out by the elastic theory —every 
step being explained and every assumption being 
stated with perfect clearness. 


Cletb, 6x9 inches; 132 pages; numerous diagrams 
and tables ; price, $2.00 net, postpaid. 


The Myron C. Clark Publishing Co. 
357 Dearborn Street, Chicago, lil. 
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for filing information. They include tables and 
diagrams (all especially made and computed) 
of such matters as are in constant use in the 
design of structures. This first set includes the 
Strength of timber beams; section moduli; 
strength and weight of bo'ts and washers: and 
the strength of columns composed of single I- 
beams and wrought-iron pipe. 
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INVESTIGATION OF FLOW THROUGH LARGE SUB- 
MERGED ORIFICES AND TUBES.— Part J.: Ex- 
periments with Submerged Tubes 4.0 Ft. Square. By 
Clinton Brown Stewart. Researches in Hydraulics, 
Daniel W. Mead, Professor of Hydraulle and Sani- 
tary Enginecring. Bulletin of the University of 
Wisconsin, No. 216. Madison, Wis.: The University. 
Paper; 6 x 9% ins.; pp. 84; folding plates and text 
illustrations. 25 cts. 


An abstract of this paper, prepared from ad- 
vance proofs, appeared in Engineering News of 
Jan. 9, 1908. 


Two Books of Special 
Interest to Engineers 


Corporate 


By H. C. Bentley, C. P. A. A practical book treat- 
ing of the treasurer's duties and liabilities: the cor- 
porate books of account; bank deposits, checks and 
dividends: negotiable instruments; stock and bond 
issues: with numerous forms. The most complete 
and valuable work of the kind. 500 pp. 1908. Buck- 
ram, prepaid, $4.00, 


Finance and 
Accounting 


Financing e 


A practical book by Francis Cooper, telling how 


money is secured for enterprises. Capitalization, 
prospectus writing, methods of presenting, etc., dis- 
cussed fully. The only successful work on promo- 
tion. Has been sold in every part of the world. 
Endorsed by best business men. 2d Ed. 540 pp. 
Buckram, prepaid, $4.00. 

Send for pamphlets and list of business books. 
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Logs for Four-Place Work 


Table & Text 


A book which should popularize logarithms even 
among those who have never availed of their aid 
before. 

Its novel features are: A double, marginal, ex- 
posed Index from which the logs of one-place and 
two-place numbers are read without opening the 
book, and by means of which the book is opened 
DIRECTLY—with no fumbling—to anything in the 
Table; a Table of superior legibility which shows 
in parallel columns Number, Logarithm of the 
number, and Log of the Reciprocal of the number; 
and a Text (illustrated by numerous examples) 
which the author believes he may count among 
his novelties because he has never seen anything 
like it. The ‘‘novelty’’ here is in the ‘‘monotonous 
simplicity” of operations resulting from the free 
use of the too-much neglected Reciprocal. Every- 
body knows about” reciprocals, and how to make 
them, but until they are furnished ready-made, so 
that you can take the logs of multipliers from col- 
umn L and the logs of divisors from column R, 
you will hardly realize how nearly mechanical all 
operations can be made. The illustrations of July 
23 and 30 and August 6 will give some idea of 
this, and the examples in the Text will carry the 
conviction that the right use of the four-place log 
is far more ‘‘mechanical’’ than the manipulation 
of a slide-rule, and may be said to require no 
mental effort after the problem is stated. 

The Text, by the bye, is a practical course of in- 
struction sufficient for those who know nothing, 
theoretically, of logarithms. In running comments 
on sixty examples all necessary rules are clearly 
stated. The theory has been omitted, as within 
reach everywhere. There is not much of it, and 
most people have it—just as “Everybody knows 
a little Hebrew.” And certain it is, perfectly suc- 
cessful practice may come first and theory later, if 
you will; here as many a time before. 

Remember that for the larger part, by far, of all 
of the computations of the Engineer, Architect or 
Contractor Four-place Work with Four-place Logs 
leaves nothing to be desired. 

Size 11 x 3%; superior paper and large, 
type; morocco binding. 

Nothing has been spared in the endeavor to make 
an IMPLEMENT in every way adapted to its pur- 
pose, which is, to make four-place work ‘‘as easy 
as rolling off a log’’ and rolling off logs easier than 


ever before. $3.00 by mail 
Address, E. SAXTON 


841 Bladensburg Road] 
WASHINGTON, D. C. 
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Dynamo-Electric Machinery. 


DYNAMO-ELECTRIC MACHINERY.—An Authoritative 
Treatise on the Theory, Constructive Details, Calcu- 
lation, Characteristic Curves, and Design of Dynamo- 
Electric Machinery. By Francis B. Crocker, E. M., 
Pb. D., Head of Department of Electrical Engineering 
Columbia University, Past-President Am. Inst. E. B., 


Chicago, III.: American School of Correspondence. 
Cloth; 6% x 9% ins.; pp. 235; plates, and 260 text 
illustrations. $1.50. 


One could hardly expect to find anything really 
new in this volume, but anyone who is seeking 
a lucid and logical presentation of the very ele- 
ments of the design of direct-current generators 
Will not be disappointed with this text. One 
could hardly expect, either, that, with any book, 
an ordinary student could, without factory ex- 
perience, design generators that would be the 
equal of those put out by the largest manufac- 
turers of the country. But with the assistance 
of such a manual as this, one familiar with the 
elements of electrical engineering should easily 
pick up the fundamental practice of the design 
of direct-current generators, to which basis ex- 
perience and study can only add embellishments 
and refinements. Many electrical engineers, es- 
pecially those trained in schools where the in- 
fluence of men from Columbia University has 
been strong, will find the arrangement of this 
book familiar and in some ways similar to their 
own notes on the courses in design. 

The properties.of magnetic circuits and the 
application of “Ohin’s law for magnetic circuits” 
are first given with particular attention to con- 
ditions found in commercial machinery. Then 
follows progressive descriptions of types of di- 
rect-current generators and the study of the 
phenomena back of various actions—such as 
e. m. f. generation, effects of current in the arm- 
ature on voltage and field magnetization, spark- 
ing and good commutation. 

Part II. contains typical calculations for pre- 
determining the voltage and efficiency of a ma- 
chine, for the proportioning of armature and 
field resistances, and for determining the di- 
mensions of the magnetic circuits. This part 
has also a long section on armature windings. 
Another section gives a little applied mechanics 
and elementary machine design to fix the size 
of purely mechanical parts. Space is given here 
to the experimental determination of the char+ 
acteristic performance curves of shunt and com- 
pound-wound machines. 


Part III. takes up the shop construction of 
generators, mainly by showing some common 
types of magnet yokes, field poles, pole faces, 


field windings, armature spiders and punchings, 
slot shapes, commutator bars and spiders and 
brush rigging. The reasons for peculiar con- 
struction are, of course, exposed. 

In this section the author to better illustrate 
the principles and methods laid down gives the 
main features in designing a 150-KW., 250-volt, 
225 r. p. m. machine from start to finish. This is 
perhaps the most valuable sing'e feature of the 
book as here the relation of various tables of 
cxperimental data to pure theory is shown. 
Where certain dimensions and proportions are 
not obtainable by logical methods the author 
has inserted tables which are really condensed 
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compendiums of commercial practice on the 
mooted yoint. This is the nearest approach to 
empiric methods of design and corresponds 
with the practice of the best designers in the 


country in determining the first dimensions of 
a ne machine. 
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Labin on House Painting. 


OUSE PAINTING, GLAZING, PAPER HANGING AND 
WHITEWASHING.—A Book for the Householder. By 
Alvah Horton Sabin, M. S., Author of “Technology of 
Paint and Varnish.” New York: John Wiley & Sons. 
London, England: Chapman & Hall, Ltd. Cloth; 
5 x Thy ins.; pp. 121. 51.00; English price, 4s. 6d. 

We have taken so much pleasure in reading 
Professor Sabin’s excellent little vademecum 
that we are disinclined to attempt cataloging 
its contents even for review purposes. Suffice 
it to say that the book constitutes a handy road 
map of the mazy and mysterious realm of paint, 
whitewash, wall-paper and what not. It is 
truly, as marked on the title page, a book for 
the householder, and equally so for the house- 
holder’s Principal Assistant Engineer. Its in- 
fluence will minimize the prevalent itch to thin 
down a can of cheap paint with benzine or 
kerosene, and may ultimately make it an es- 
tablished practice to buy paint and varnish in 
a paint-store only. : 

If the book had told us nothing more than 
that putty is made of whiting and that white- 
lead putty sets too hard for use in window-sash 
it would have been worth the reading; for do 
we not remember the impenetrable hardness of 
those numerous putties we have labored with in 
removing broken panes, an unexplained curse 
until now we are led to suspect that they prob- 
ably were white-lead. And, too, that matter of 
arsenic in walpaper is now first made clear, 
and in vigorous terms: 


The talk about pcople being pofsoned by arsenic in 
wall-paper {s nonsense. In the first place, hardly any 
wall-paper colors contain arsenic; and if present it is 
there as a precipitate which is insoluble and non-volatile, 
and couldn’t possibly do any harm if there were a hun- 
dred times as much. . . If a room were painted with 
paris green I do not believe enough arsenic could ever 
Zet into the air to be detected by the most exhaustive 
chemical analysis. The same may be said of the use of 
white lead; . . . that lead paint on the outside or inside 
of a house should be a source of danger, or should be 
other than entirely sanitary, is totally impossible; and, 
as Suncho Panza said, he that thinketh otherwise hath 
windmills in his head. 

The sections describing the 
whitewashine and calcimining, and the detail 
instructions for paperhanging, are no less prac- 
tical and interesting than those dealing with 
paint and varnish. Altogether there are few 
places at which the reader will not find just 
what he needs to guide his amateurish hands in 
the direction of efficiency. One possible point 
of trouble is Professor Sabin’s recommendation 
to use a round pound brush ‘with bristles six 
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This book is a hand book for surveyors. It 
describes the instruments used, their care and ad- 
justment, and the methods practiced in making 
cutveys of all kinds. Formulas and methods of 
calculation are explained. and tables are given to 
facilitate calculations. The various methods of 
taking and recording notes are described. Map- 
ping and lettering are fully discussed. The book 
is a pocketbook for the field or office, and in it the 
sirveyor will find conveniently arranged and 
clearly presented instructions for solving all the 
ordinary problems of plane surveying. 

The contents include: Chain Surveying. Compass Sur- 
veving Transit Survey. Cale ulation of Areas. Division 
of Land. Leveling Topogr: iphie Survey. Railroad Sur- 


vey. Earthwork. City Surveying. Plottingand Lettering. 
Government Surveying. Trigonometrie Formulas. Tables. 


Flexible Leather; gilt edges; 4%x7ins.: 
illustrated. 


PRICE $2.00, POSTPAID 


The Myron C. Clark 
Publishing Co. 


357 Dearborn Street CHICAGO, ILL. 


322 pages: 


procedure of- 


inches long when new.” The intending buyer 
of a brush is we he to hear the paint man frown 
down this idea, saying that even professional 
painters do not use these costly brushes any 
more. The buyer will be told that only the best 
Russian hogs wear bristles 7 to 7% ins. long 
and even so each hog has only a few such select 
long bristles on his neck, so that at last he will 
probably decide not to contribute to decimating 
the world’s supply of select hogs and will dodge 
the expensive 6-in. pound brush in favor of an 
Oval or even a flat brush costing but a fourth 
as much. — — 


THEORY FOR FINDING MOMENT OF RESISTANCE 
OF REINFORCED CONCRETE BEAMS.—By James 
Bolton. Birmingham, Ala: The Author (1104 Brown- 
Marx Building). Sheet, 18 x 12 ins.; diagram. 


Among the many diagrams for designing and 
reviewing  reinforced-concreta beams which 
various engineers have evolved for their own 
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Contractors and 
Engineers 


F one of the most successful 
manufacturers of structural steel 
were to make public the methods 

by which he had attained success, not 
a single progressive manufacturer 
would remain long without a copy 
of the book. Field 
has met with a great sale, 


In like manner, 
System ” 
because it embodies the experience of 
one of the foremost general contract- 
ors in the country. 

This 200 page book by Frank 
B. Gilbreth contains his instructions 
to superintendents and foremen, not 
only as to the best ways of doing 
work, but it contains the forms for 
daily and weekly reports. The price 
of Gilbreth's Field System, bound 
in leather, is $3, net, postpaid. 


The MYRON C. CLARK 
PUBLISHING CO. 


357 Dearborn Street Chicago 
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use and have had published in the periodical 
press. this one of Mr. Bolton’s is the first we 
have seen issued in separate form. It does not 
differ much from many other diagrams, except 
that certain allowance is made for the re- 
tarding of the tensile stress in the steel due 
to the adhesion of the concrete to the reinforce- 
ment. The curves are for ultimate resisting 
moments, the proper factor of safety to be aj- 
plied by the user according to his individual 
preference or Knowledge. 
o Qe ED 
THE BUILDING MECHANICS’ READY REFERENCE.— 
Piumbers’, Steam-Fitters' and Tinners’ Edition. By 
Hi. G. Riehev, Superintendent of Construction, U. S. 
Public Buildings. New York: John Wiley & Sons. 
London. England: Chapman & Hall, Ltd. Leather; 


44 x 7 ins.; pp. 529; 201 illustrations in the text. 
$1.50, net; English price, 6s. Gd., net. 


Uniform in typography and binding with 
the several other hand-books by Mr. Ritchie, 
which we have reviewed before in these col- 
umns, this latest subdivision—for plumbers, 
steam-fitters and tinners—is quite up to the 
standards previously set, and, for the purposes 
intended, these standards are high. These books 
are for practical men and are written in a clear, 
practical way with small attempt at theoretical 
discussion, but the selection of the matter has 
been careful and the method of arrangement 
judicious, which is all that can reasonably be 
expected in a handbook. 


«We believe every concrete 
designer and constructor 
should have a copy.” 


In its review of Concrete Construction— 
Methods and Cost,” by Gillette and Hill. 
Engineering News” closed with the 
above statement. Send for 16-page pam- 
phiet giving full table of contents and 
sample pages from this 700 page book. 
The price of the book is $5 net postpaid. 
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the engineering contractor ever published; 

it is exclusively, intensely practical, giv- 
ing urgently needed information which is quite 
foreign to the existing treatises and text books 
on concrete, and which could not otherwise 
be obtained except by long practical expe- 
rience and the expenditure of thousands of 
dollars. Q The edition of this book is limited 
—order at once. 


8% x Il in.; 184 pages; 220 illustrations; 10 
folding plates showing construction details. 
Printed on high class coated paper and 
bound in full flexible morocco. 
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By W. Woolsey Johnson, Professor of Mathe- 
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fying Stars in Cloudy Weather. Latitudcs 
0°-G5°; Declinations 0°-71° North and South. 
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S. Navy. Svo, ii + 395 pages, 13 figures, in- 
cluding 6 folding diagrams. Cloth, $5.00. 


Highway Engineering 


By Chas. E. Morrison, A. M., C. E., Tutor in 
Civil Engineering, Columbia University. Svo, 
v + 315 pages, CO figures. Cloth, $2.50. 


Practical Farm Drainage 


A Manual for Farmer and Student. By Charles 
Gleason Elliott, C. E., Chief Drainage Engineer 
and Chief of Drainage Investigations, U. S. De- 
partment of Agriculture. Second Edition, Re- 
written. 12mo, ix + 188 pages, 46 figures. 
Cloth, $1.50. 


Cement Laboratory Manual 


A Manual of Instructions for the Use of Students 
in Cement Laboratory Practice. By L. A. 
Waterbury, C. E., Professor of Civil Engine. r- 
ing, University of Arizona. 12mo, vii + 122 
pages, 28 figures. Cloth, $1.00. 


Public Water-supplies 


Requirements, Resources and the Construct' on 
of Works. By F. E. Turneaure Dr. Eng., Dean 
of the College of Engineering, University of 
Wisconsin, and H. L. Russell, Ph.D., Dean of 
the College of Agriculture, University of Wis- 
consin. With a Chapter on Pumping Machinery, 
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Sewer Construction 


By Henry N. Ogden, C. E., Professor of Sani- 
tary Engineering, Cornell University. Svo, xii 
+ 335 pages, 192 figures. Cloth, $3.00. 


Statics 


By Algebraic and Graphic Methods. Intended 
Primarily for Students of Engineering and 
Architecture. By Lewis Jerome Johnson, Pro- 
fessor of Civil Engineering in Harvard Univer- 
sity., Second Edition, Revised. Svo. Cloth, 
52.00. 


Nautical Charts 


By G. R. Putnam, M. S. 8vo, viii + 162 pages, 
48 figures. Cloth, $2.00. 


43 and 45 East Nineteenth St. 
New York City 
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A Most Important Work for all Engineers 
Interested in the Proposed New Subways 


TUNNELLING 


The Setting Out of 


Tube Railways 


G. M. HALDEN, A. M. Inst. C. E. 


. Extract from Preface 


“Having had nder e experience in the Construction 
of Tube Railways. I have been often asked to publish my 
notes on the subject. and in the following pages I have 
endeavored to explain the rules and principles which have 

uided mein carrving out this class of wor Nothing has 
Reet included which has not a distine t hearing on the sub- 


ject, and which has not been confirmed from time to time 
by actual experience on the works.’ 


Numerous illustrations and large folding plates, 4to, 
cloth, $4.00 net. 


SPON & CHAMBERLAIN 


123 E. N. Liberty Street New York 


323 


ENGINEERING NEWS 


A JOURNAL OF CIVIL, MECHANICAL, MINING AND ELECTRICAL ENGINEERING 


Vol. 60. No. 13. 220 Broadway, New York, September 24, 1908. 


TABLE OF CONTENTS. 


“ee fa W Tank 1 W. H. Kell J Para 
’ Failure of a Water Tan “ower: W. i PROTOS · wale 6a 6s ea AT cee 346 
T ' 8 : ‘ A Simple Method of Cleaning Gas Conduits (illustrated); W. D. Mount SAT 
The Rebuilding of the Campanile of St. Mark’s at Venice (illustrated 323 F / / touches 348 
Railway Maintenance-of-Way Organization; H. R. Sa ffor lll 324 EDITORIAL SHY 
CCC 326 % £ — * „„ „ t 
1 3 8 C (illustrated) 8 The Threatened Hlimination of a Commercially Important Tree—An Unwar- 
Sinki a Reinforced-Concrete Mine Shaft Near Wilkes-Barre, Pa. (illus- = ranted Criticism of an Architect—A Doubtful Error in a Tunnel Survey— 
erated): Louis L. Brown, M. Am. Soc C. E i $ : 3 330 The Timeliness of the Conservation of Resources Movement The Wright 
* . * * . ** a o @ae'o' e's 6:0 6 61.) 6 'e > eteale'Sé & Vie 6 2's. 0' 6.0 '8'4-. 68 0 6 399 Aeroplane Accident. 
J . E Re Some Problems Connected with the Chicago Elevated Railway Loop........... 340 
Moving a Large. Building at Chicago. (Ulustrated) „„ aana 4 334 LETTERS. TO THE EDITOR stirre ꝰ V ¼ʒꝑ d a A aN a a 340 
The Waterproofing of the Land Sections of the Detroit River Tunnel (illus- Methods and Costs of Stadia Surveys; Charles A. Holden; F. Lavis, M. Am. 
Re asra sears canes E aE a a ES 335 Soc. C. E.—Novel Manholes for Duct Lines (illustrated): W. Thomas 
Details of the Construction of the Detroit River Tunnel (illustrated). ......... 336 Wooley—‘‘Compressed Air Magazine” a Technical Journal, Not a House- 
Concerning Roads, English and American. A Contrast and an Explanation. Organ; Lucius A. Wightman—The Decomposition of Concrete in Sea-Water; 
%% l 337 Aberthaw Construction Co., M. C. Tuttle, Secy.; Dr. Wm. Michaelis, Jr. 
Another Diagram for Spacing Bands on Wood-Stave Pipe (illustrated 343 —A Civil Service Examination for Highway Commissioner That Has Made 
Changes in Bed and Discharge Capacity of the Colorado River at Yuma, a Political Row in Philadelphia; Cassius E. Gillette—Notes and Queries. 
Ariz. (illustrated); E. C. Murphy. o's 005+ sce sete we se te eesesassecsees trees 344 BNGINEDRING NEWS OF THD WERE K.... „ 348 ` 
The Relation of the Engineer to Mechanical Filter Manufacturing Companies; Menai a 
B RIM) Ea atta tad yA aaambonmhas tanks vanes Loveenteeh arnt 345 FFP /! / / ͤ y = · elarark O mies 350 
A New Crude Oil and Sand Separator for Use at Oil Wells (Illustrated) 346 WNGINBDRING: SOCIETIES. 6. ode iad ²ð· ˙ . dss «csc eden ed 350 
J 2e 7 > rese € as t staircase ascend to th lls e 
THE REBUILDING OF THE CAMPANILE OF mxth century of the present era, and stood s the stair to i © t the be and th 
ST. MARK’S AT VENICE until the beginning of the ninth century, lookout. The foundations, of heavy solid rubble 
z i when it was raised and its foundations masonry, were founded on short oak piles of 
The Campanile of St. Mark’s, at Venice, was, up strengthened in the general rebui'ding of the great age. Owing to the numerous earthquake 
to the time of i` collapse on July 14, 1902, one fortifications. Up to this time the shaft had shocks it had experienced in the ten centuries of 


of the most interesting of the landmarks of 
Europe, not only on account of its historic 
association, but because of the rare com- 
bination of extraordinary dimensions and ad- 
vanced age. It had stood through many cen- 
turies as a monument to the skill of its con- 
structor and the art of its designer. The dig- 
nity and grace of its lines and proportions have 
been imitated in many 
of our New-World struc- 
tures, notably in the 
tower of the Metropolitan 
Life Building, in New 
York City, which is re- 
markably like its proto- 
type, though overtopping 
it by nearly 400 ft. It 
was with much regret 
that the news of the col- 
lapse of this ancient 
tower was received, and 
with a like amount of 
pleasure was welcomed 
the news that the city 
of Venice had under- 


taken the reconstruc- 
tion. 
This reconstruction was 


ordered by the munici- 
pal council of the city 
to be carried out by a 
committee of distin- 
guished Italian engineers 
and architects, who had 
but one instruction: to 
rebuild the Campanile 
dor'era e com'era, where 
it was and as it was.” 
With this instruction 
the committee started 
an investigation of 
the original construction 
and material and the 
design of the new tower. 


This work has taken 
a long time, partly 
from lack of funds 


and partly from discussions as to methods, 
but the reconstruction is now in progress and 
the finish is in sight. This rebuilding of a tower 
after precisely the same external design and of 
the same or similar material to one first erected 
many centuries before is a problem of great in- 
terest to the engineer, even though he will prob- 
ably never be called to a similar task. In “Le 
Genie Civil” for July 4, 1908, M. P. Raulin has 
an extensive account of the work from which 
much of the material for this article has been 

taken. N 
St. Mark's Place, where the Campanile is lo— 
cated, has been the site of some sort of a tower 
Tor fourteen centuries. The first tower, a por- 
on of the extensive walled fortifications of 
‘he town, was erected some time in the 


been used merely as an observation tower, but 
in SSS, on the base of the old structure, the first 
Campanile, or bell-tower, was built. This re 
mained intact until 1510, when an earthquake 


so disturbed the masonry that it became neces-. 


Sary to rebuild the shaft above the second line 
of windows. About this time the architectural 


features of the building as it stood in 1902 were 


FIG. 1. THE CAMPANILE OF ST. MARK’S AT VENICE AS IT WAS BEFORE THE COLLAPSE 


OF 1902.. 


added. The Campanile that fell then was close 
ontv 400 years o'd, and the foundations upon 
which it rested had been in place at least a 
thousand years. 

It collapsed without warning and the destruc- 
tion was so complete that the place of the first 
failure or the manner of the fall could not be 
determined. 

The Campanile, as it was known to the modern 
world, was square, about 45 ft. on a side, and 
321 ft. high, the top 90 ft. of which was a pyra- 
midal peak. Immediately below this peak was 
an open loggia in which hung the bells which 
gave the building its reason of being. It was 
built of brick, in rather thin walls, pierced at 
intervals with small windows and ornamented 
with stone trimmings. The interior served only 


its life, the Campanile had acquired a tilt in one 
direction of about 1:125, so that the top was 
nearly 3 ft. out of plumb. This inclination had, 
however, been of such long duration that the 
footings had compressed unequally, so they safely 
bore the eccentric load through the many cen- 
turies. Still, the inclination probab'y had some 
part in the cause of the latest collapse, though 
the reason behind this 
fall has not been satisfac- 
torily determined, aside 
from the fact that nu- 
merous ill-advised open- 
ings were cut in the 
lower walls to make light 
and give air. At any 
rate, the fall of a struc- 
ture which has stood 
through many centuries, 
without any known di- 
rect causative influence, 
must be the result of 
a gradual decay of the 
material. It is possible 
that the extremely moist 
atmosphere of Venice, 
saturated with the salt 
air, may have had some 
deteriorating effect on 
the mortar between the 
stone and brick or 
even upon the masonry 
itself. 

RECONSTRUCTION.— 
The first step in the re- 
construction, after the in- 
vestigation of the debris 
and the foundations, was 
the construction of new 
footings. Although the 
new tower was not ex- 
pected to be heavier than 
the old, it was decided, 
for safety, greatly to en- 
large the footings by 
driving about 4,000 extra 
piles, around the heads 
of which concrete was deposited. These were 
disposed around the perimeter of the base at the 
points of greatest pressure (Fig. 2). Some 
trouble was at first experienced with piles pene- 
trating the solid strata into water-bearing planes, 
but the great number of new piles driven were 
accounted strong enough to bear the load. Upon 
these piles a crossed platform of timbers was laid 
and the masonry started therefrom. The interior 
original rubble foundation was left intact, but f 
around the edges it was replaced by cut stone, 
as shown in Fig. 2. This foundation work alone 
cost over $50,000. 

As was noted above, the endeavor throughout 
the new design has been to produce a facsimile 
of the old Campanile, but this attempt is only 
carried as far as appearance; the interior con- 
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struction is in more modern style. The brick 
and stone facing are as close reproductions in 
shape, size and texture as could be made from 
the material now available and the knowledge 
of the old building as determined by personal 
recollection, an Inspection of the debris and study 
of the available photographs and drawings. The 
interior, which was a masonry wall, some feet 
inside of the outer wall, cut with arched openings 
and carrying the staircase, is replaced by a 
concrete construction of arches and beams, which 
also carry the staircase (Fig. 4). The pyramidal 
portion at the top, instead of being entirely self- 
supported from the outside walls, is braced to 
interior concrete columns, which continue straight 
up from the line of the above-mentioned interior 
wall. In the bracing of this upper portion, par- 
ticularly around the loggia floor, structural steel 
is to be used in the place of stone in the ancient 
structure, and here also the interior section is 
to be changed from circular to square. 

Special attention is being paid to the founding 
of the new bells, a work which is being carried 
out under the direction of a committee of the 
leading musicians of Italy. In the placing of 
these, the supports are made much more staunch 
than in the old tower, so as to avoid the vibra- 
tions in the tower, due to their ringing. A rather 
peculiar construction, the reason for which is not 
altogether clear, has been designed to support 
the large statue, 17 ft. high, which surmounts 
the tower. The base of the statue is to be set in 
a hemispherical bowl and separated therefrom by 
ball bearings; then a large counterweight is to 
be hung from the base through the bearings into 
the tower, so that, under wind pressure, the 
statue will sway gently back and forth like a 
pendulum and not transmit the full pressure to 
the structure. This does not seem to be worth 
the trouble and cost, for the reduction in trans- 
mitted pressure must necessarily be small. 

In the search for a suitab'e material for the 
external faces of the tower, the commission had 
some trouble in duplicating the brick and stone 
of the old building, particularly on account of 
the texture that great age had given the original 
face. However, material was found of such na- 
ture that it Is thought that in a few years the 
likeness of the new and old Campanile will be 
nearly perfect. Then, in the debris from the old 
tower many of the masonry details were found 
intact, so that they could be placed in the new 
work just as they were. 

STRESSES.—The stresses in the tower have 
been materially reduced in the new design for 
three reasons: (1) The masonry is of smaller 
dimensions, and therefore lighter; (2) there will 
be no inclination in the new tower, thus doing 
away with the increased pressure due to eccentric 
loading; and (3) the bell connections are so ar- 
ranged as to reduce their transmitted effect on 
the masonry. In the accompanying table are given 
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the stresses on that section of the tower having 
the maximum pressure, in both the old and new 
construction. 

In the new footings the maximum pressure on 
the piled earth is 4.3 tons per sq. ft., as against 
a maximum of 10 tons per sq. ft. in the old. 

SCAFFOLDING. —Up to a height of 38 ft. the 
masonry was erected by means of ordinary scaf- 
folding similar to that generally employed in 
such work. Above that height recourse was had 
to a system specially studied out by one of the 
engineers of the commission for reconstruction. 
The conditions imposed on the new system were, 
first, to assure the security of the workmen; 
second, to simplify the raising of the scaffolding 
and to reduce to a minimum the stoppages of 
work during this raising; third, to leave no per- 
manent mark of the timbers on the walls; fourth, 
to provide a roof to protect the workmen during 
bad weather; fifth, to protect the wal's during 
the construction; and, sixth, not to have too high 
a price. The scaffolding answering these condi- 
tions is shown in detail in Fig. 3 and in the view 
in Fig. 5. It consists essentially of four vertical 
posts placed near the four corners of the tower, 


and braced at intervals through the small win- 


dows, and of a movable platform supported by 
these four posts. The posts are formed of double 
channels, placed back to back. This scaffo'ding 
does not harm the masonry in any way, for it 
does not touch it at any point, and is protected 
by a shelter at the top from weather and falling 
objects. It is capable of being moved, as a 
whole, the whole length of the shaft. To do 
this, the posts are held at the bottom of the 
shaft by a small scaffolding resting directly on 
the ground (Fig. 3). The bottom of the posts 
are swung to large screws, as shown, and when 
it is required to raise the scaffo'ding workmen 
at each post simultaneously raise the whole affair 
by means of the levers shown. When the end 
of the screws is reached a new set of posts is 
supplied at each corner to take their place, and 
the operation renewed. This movable scaffold- 
ing, which has worked very well since its instal- 


lation, weighs about 55 tons, and has cost $7,000. 


It is estimated that a fixed scaffolding of the 
sam2 structural value would cost nearly $20,000. 

The work is now being carried out at a reason- 
able rate, after considerable delay from one cause 
and another and it is hoped that the entire work 
will be finished in the spring of 1911. In June 


of this present year the tower had reached a 
height of 80 ft. above the ground, and was pro- 
gressing at the rate of about eleven vertical feet 
per month. 


It ls expected that the entire cost 


BASE OF TOWER, SHOWING NEW AND OLD FOOTINGS. 


of reconstruction will be about $360,000, all of 
which is being borne by the city of Venice, al- 
though, after the collapse of 1902, it was pro- 
posed that the expense be met by an interna- 
tional subscription. 


RAILWAY MAINTENANCE-OF-WAY ORGANIZATION.* 
By H. R. SAFFORD.t 


There are great differences in opinion between leading 
railway men as to the best kind of organization in any 
department. Even with railways of the same size, and 
with almost the same physical and traffic conditions, 
there are greatly different organizations in effect. In a 
general way, these are successful. Differences in the 
training and capacity of individuals occupying the same 
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Fig. 3. Details of the Movable Scaffolding. 


relative position may require different forms of organiza- 
tion below them, and the organization sometimes has to 
be made to fit the individual. There is a tendency, how- 
evcr, among the larger railways to a uniform method, 
which is more evident in the transportation and traffic 
departments, probably, than in the mechanical and main- 
tenance-of-way departments. 

The organization on a small railway of 200 to 300 
miles must be diffcrent from that of a large system. 
But this discussion can be confined to the large rail- 


way system of from 2,000 to 10,000 miles and with 


vastly differing physical conditions. 

In the organization of a railway in operation, there 
are three principal departments, and these departments 
are found in all railway organizations, large or small. 
They are as follows: (1) The financial and accounting 
department, whose function is indicated by its name. 
(2) The traffic department, whose function is to develop 
and secure all classes of traffic both passenger and 
freight. (3) The operating department, which is charged 
with the responsibility of handling and transporting the 
traffic after it has been secured. Its duties are: 

(1) To provide and maintain the roadbed and structurer. 

(2) To care for the entire physical property of the rail- 
way, including right-of-way franchises and other rights 
of occupation. 

(3) To provide the telegraph and signal service for the 
safe operation of trains. 

(4) To provide and maintain the motive-power machin- 
ery and rolling stock. 

(5) To provide and maintain the organization for 
handling the freight and passenger traffic and operating 
trains. 

The operating department, in itself, has three principal 
departments: (1) The maintenance-of-way ‘department: 
(2) the motive power department; (3) the transportation 
department. The maintenance-of-way department has 
the following responsibility: 

(1) The care and maintenance of all tracks and struc- 
turcs of the lines of the railway in operation. It does 
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not, however, generally assume charge of the construc- 
tion of new lines. 

(2) The care and maintenance of the water supply; in- 
cluding wells, reservoirs, power plants and pipe lines. 

(3) The care and maintenance of all tracks and freight 
house scales. 

(4) The care and record of all real estate, including 
franchises, leases and all rights of occupancy. 

(5) The design of all forms of standard construction. 

(6) The treatment and disposition of ties and structural 
timber. Š 

(T) The responsibility for the safety of track and 
structures, requiring rigid inspection of all structures 
to guard against possibility of failure. 
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Fig. 5. View of the Campahile During Reconstruc- 
tion Showing Scaffolding. 


_tures for repairs and renewals, and 


The accompanying diagram outlines an ideal organiza- 
tion for the maintenance-of-way department. This, with 
a few ‘slight differences in titles, has been tried with good 
results on one of the principal railways of the United 
States. It is the outcome of careful study on the part 
of all the executive officers. ‘ 

In the organization as outlined, it will be observed that 
the maintenance-of-way department is centralized in the 
position of chief engineer of maintenance-of-way, who 
is one of the officers reporting to the general manager. 
The general manager is the recognized head of the 
three operating departments mentioned above. 

There is a diversity of opinion as to whether the 
organization should be divisional. By that is meant 
that all matters pertaining to the operation of the road 
shall be executed through the division superintendent, or 
the man in charge of an operating division. This is 
usually from 250 to 500 miles in length. Those who 
favor this do so because it is felt that, on account of the 
close association of the three operating departments (par- 
ticularly in division operation), perfect harmony can 
only exist when these departments are centralized in one 
man, to whom the executive officers look for economical 
and efficient operation. 

People who object to this plan, do so on the theory that 
the departmental head through the chief engineer, or the 
superintendent of motive power, or the chief transporta- 
tion officer, is removed too far from the actual execu- 
tion of the work of his particular department. There 
are in the channel of instructions (frequently in some 
of the intermediate officers) men who have not been 
trained along the line of one or two of the three depart- 
ments. Of course it is quite difficult to find a railway 
officer to-day who has spent a long enough time in the 
service of the three distinct and separate departments 
to be proficient in the detail work of each department. 
The argument is therefore. that the best results can be 
obtained when the execution of the work of any depart- 
ment is entirely in the hands of men trained in that 
particular department. While it might appear that there 
is some merit in this argument, it can be shown that 
the apparent obstacle can be overcome by methods which 
have been followed out in tha organization which it is 
proposed to discuss. 

The office of the chief engineer of maintenance-of-way 
(called the chief engineer for the purpose of abbreviation 
in this discussion) is the direct channel of all corre- 
spondence and instructions ‘between the general manager 
and the local officer. «It is through his office that all 
instructions are issued covering any part of the main- 
tenance-of-way work. He has the direction of the entire 
department and is responsible for 
making and keeping an effective or- 
ganization. 

He passes on all plans prepared for 
improvements that are handled by this 
department. He prepares all stand- 
ards for tracks and structures, and 
sees that they are followed. He pre- 
pares the annual budget of expendi- 


prepares and outlines the plan for 
expenditures created by the regular 
maintenance of way organization along 
the lines of what may be called 
strictly maintenance and apart from 
improvements. 

He passes upon all contracts that 
are prepared for matters pertaining 
to joint interests, leases and agree- 
ments covering the use of facilities and all features which 
are allied to the physical property. In his dealings with 
the local operating officers, his instructions are issued 
through the general superintendent. 

The general superintendent is in direct charge of a 
grand district, usually comprising from three to eight 
or nine divisions, depending on conditions. In him are 
centralized all of the operating features on these di- 
visions. He has therefore supreme authority over all 
maintenance-of-way, mechanical and transportation mat- 
ters in his jurisdiction. He is the channel for all cor- 
respondence between the division officers and the chief 
engineer. He passes upon all plans for improvements 
prepared by the local officers and submits them through 
the chief engineer for approval. 

He has authority to place the men in the maintenance- 
of-way department to the best of advantage, except in 
work of certain magnitude, when he usually requests 
authority from the chief engineer. It is assumed that he 
shall direct and supervise the entire maintenance-of- 
way force in his territory. On transportation matters, he 
reports to the superintendent of machinery. Thus it will 
be seen that there is a concentration of authority in him 
for a certain number of divisions, depending upon the 
geographical and physical conditions. 

He issues all instructions pertaining to maintenance- 
of-way matters to the division superintendent. The 
latter has charge of a division ranging from 250 to 500 
miles, depending upon quality and quantity of traffic 
bandled, and the geographical location of the lines of 
the railway. 


Tbe Givisioug superintendent jg a similar manner has 
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FIG. 4. SECTION AND ELEVATION OF THE CAMPANILE BEFORE 
AND AFTER RECONSTRUCTION. 


charge of the maintenance-of-way, motive power and 
transportation employees on his particular division. His 
maintenance-of-way organization is centralized in the 
engineer of maintenance-of-way (sometimes called road- 
master); his motive power organization in the master 


mechanic, and his transportation organization in the 
trainmaster and chief dispatcher. These men constitute 
his staff. 


These three departments being so closely connected 
from a physical and operating standpoint, it is quite 
necessary that there should be the greatest harmony be- 
tween them. In making recommendations for improve- 


ments, it is quite desirable that the superintendent should 


have free consultation with the three departments. The. 
benefit, therefore, of concentrating the entire operation 
under the division superintendent is readily seen, as a 
means of not only saving delay in preparing recommen- ` 
dations, but also in the fact that when a plan for im- 
provement leaves the hands of the division superintend- 
ent, the other executive officers of the different depart- 
ments know that the local officers are entirelyof one mind. 

It can be readily seen, too, that such a method of 
organization will save a great deal of unnecessary cor- 
respondence between the heads of the departments and 
local officers. 

The engineer of maintenance-of-way, who is the head 
of the maintenance-of-way organization on the division, 
has sub-departments known as the engineering, track, 
bridge, building and water service departments. He 
receives his instructions from the superintendent on all 
matters pertaining to maintenance-of-way work, and 
submits through him all matters requiring approval. He 
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is of course authorized to distribute his forces as he de- 
sires after free consultation with his superintendent and 
general superintendent, and is held entirely responsible 
for the organization under him. 

He is assisted In this by an assistant engineer, a super- 
visor of bridges and buildings, track supervisors and a 
foreman of water-works. These men constitute his staff 
and report to and receive all instructions from him. 

The assistant engineer has charge of all of the plans 
and records of his division, and all necessary engineering 
work. He has under him a corps of efficient men, de- 
pending on the size of the division and the character of 
the work. He should be a man of such experience as to 
act for the engineer of maintenance-of-way in his ab- 
sence, but at other times he ranks with the bridge and 
building supervisor and track supervisor. 

The bridge and building supervisor has direct charge 
of the maintenance of all bridges and buildings, and 
has the responsibility of making and keeping a safe and 
efficient organization. He is assisted in this work by 
his district foremen, who have under them the neces- 
sary working gangs for the execution of the work. 

He is obliged to make periodical reports of the condi- 
tion of all structures and to know that they are being 
examined every 30 or 60 days, and that their condition is 
reported at all times. He is in most cases a practical 
man who has been trained in the department which he 
represents, and is usually competent to handle any 
kind of structural work from an iron bridge to a wooden 
trestle. 

The track supervisor is in charge of a district, 
generally about 100 miles long. To him all section and 
extra-gang foremen report, and he is charged with the 
responsibility for the safe condition of all tracks. He is 
required to inspect them frequently, and to outline the 
use of material and forces in the manner that will pro- 
duce the most economical and efficient results. He is 
ordinarily a man who has been brought up in the track 
department, although it is frequently the case that young 
engineers are put into this position with a view of train- 
ing them for the position of engineer of maintenance-of- 
way. 

The forcman of water-works has charge of the organ- 
ization and maintenance’ of the entire force engaged in 
handling the water supply. He is assisted by a corps of 
repairmen and construction foremen and pumpers, de- 
pending of course, on the territory and quantity of work 
to be done. 

It is thus observed that the entire execution of the 
maintenance-of-way work on the division is centralized 
in the engineer of maintenance-of-way. The only varia- 
tion ig that for heavy pieces of reconstruction, such as 
would require more attention and time than he could 
give, a special organization is usually provided. Even 
under those conditions, it is generally assumed that the 
engineer of maintenance-of-way has direct charge of 
these working forces, although he may not have a great 
deal to do with the design. 

It has been the writer’s observation that concentration 
of ‘all repair and construction work under one head, and 
fortified with such assisting organization as is necessary, 
is the only method that can insure the best results. It 
must be borne in mind that all improvements must be 
placed under the regular maintenance-of-way organiza- 
tion when completed, and thus it is essential that the 
Givision engineer of maintenance-of-way shall have a 
complete knowledge of this work so that he can prop- 
erly maintain it after it is completed. 

What has been described may be called the main- 
tenance-of-way operating organization. There is in ad- 
dition to this, a staff of ten officers associated with the 
chief engineer in an advisory capacity. Each is recog- 
nized by the general superintendent, and his authority is 
recognized by the general superintendent in all matters 
pertaining to the details of executing work. They are 
charged with responsibility for the design of structures 
and standards in their particular departments. They 
are charged also with maintaining such working forces 
as may be specially organized for the execution of large 
pieces of work and to act in an advisory capacity in all 
matters coming under their jurisdiction. These officers 
are as follows: 

1. Assistant Chief Engineer of Maintenance-of-Way.— 
He is in charge of matters pertaining to the track de- 
partment. He handles the distribution of rails and ties 
and other track material, under the direction of the chief 
engineer and makes such examinations as are requested 
by him. He keeps a record of track material, and exer- 
ciscs supervision over the details of track work either 
through the general superintendent or local officers. His 
jurisdiction extends over the system and his duties re- 
quire him to spend a great deal of his time on the road. 

2. Engineer of Bridges and Buildings.—He has charge 
of the design of all bridge and building plans, as well 
as the responsibility for maintaining the prescribed fire 
protection. He is assisted by the assistant engineer of 
bridges and buildings, superintendent of bridges, super- 
intendent of buildings, architect, chief draftsman, and 
supervisor of fire protection. 

He has charge of all extensive pieces of construction 
work, but his instructions are generally issued through 
the general superintegdent. He is required to exercise 3 


close supervision over the safety of steel structures, and 
prepares annually a budget of work to be done in the 
coming year both for bridges and buildings. 

He has charge also of fire protection, which is in direct 
charge of the supervisor of fire protection, under whom 
are the necessary inspectors for periodically examining 
all fire protection appliances and the maintenance of the 
necessary organization and requiring the prescribed drills 
to keep such organization in a high state of efficiency. 

3. Office Engineer.—He has charge of all engineering 
work that may be handled by the general office. He 
makes such surveys as cannot be handled by the division 
assistant engineer, and handles such correspondence as 
requires the judgment of an educated and competent en- 
gineer. He is assisted by an assistant engineer, in- 
strument and rodman. 

4. Chief Draftsman.—He has charge of all the maps 
and records in the general office, and maintains such 
an organization of draftsmen as is necessary. 

5. Right-of-way Engineer.—He has charge of all mat- 
ters pertaining to handling deeds, agreements, records, 


leases, etc., and all correspondence in connection there- . 


with. 

6. General Foreman of Water-Works.—He has charge 
of the water service, and is assisted by a corps of in- 
spectors and extra gang foremen in charge of special 
work that cannot be handled by the division organization. 
He prepares annually a budget or plan showing neces- 
sary expenditures for the coming year in his department. 

7. Chief Gardener.—He has general charge of the im- 
provements of station grounds and parks and all work 
that may be called landscape gardening. He is assisted 
by an assistant chief gardener, both of them directing 
the work of beautifying station grounds and the control 
of plantations for the growth of timber, and any other 
work of a similar nature. 

8. Chief Time Checker.—This is a rather new feature 
of the organization, designed to overcome the tendency 
to irregular and dishonest practice on the part of fore- 
men in charge of all kinds of gangs, a condition that is 
prevalent on nearly all railways. He is assisted by a 
corps of time checkers who move around over the rail- 
way, making daily checks of forces at random, to see 
that instructions in regard to keeping time are carried 
out in the minutest detail. 

9. Supervisor of Scales.—He has charge of the inspec- 
tion and maintenance of all track and freight house 
scales. He is assisted by a number of scale men de- 
pending upon the size of the railroad. 

10. Chief Timber Inspector.—He has charge of the in- 
spection and treatment of all ties and timber. He is 
assisted by a corps of inspectors and the necessary or- 
ganization in charge of the timber and tie treating 
plants. 

It might not be out of the way to briefly describe the 
method which is used to plan the maintenance-of-way 
work, as it is done on the railway on which an organiza- 
tion quite similar to this, is working. It was very evi- 
dent to the writer when the present organization was 
created that the only way that the general officer could 


keep in close touch with maintenance-of-way work was 


by frequent and thorough conference with the division 
officers. The mistake is often made in large railway 
organizations of attempting to direct detail from the gen- 
eral office with a very meager knowledge of the fre- 
quently changing conditions of labor and weather. A 
plan was therefore put in effect of calling monthly con- 
ferences of the general superintendent, division super- 
intendents, and the division roadmaster (which position 
corresponds to the position of engineer of maintenance- 
of-way). At these a full and free discussion is con- 
ducted, and a plan arrived at for conducting work, and 
an appropriation issued therefor, which has to be 
followed to the minutest detail. 

Consequently, once every month a conference is con- 
ducted with the officers of each grand district, devoting 
a day to each of the three districts. The result is that 
when the conference Is ended, there is a clear and distinct 
understanding as ot what work will be done in the 
ensuing month. It is frequently the case that it is not 
possible to allow the division to do all the work desired, 
and the general officer must necessarily at times make a 
different distribution of the expense than that recom- 
mended by the division, because the earning capacity 
of the property or the relative necessity of work on dif- 
ferent divisions may require an absolute change in plan. 

Such a method of appropriation and dividing the ex- 
pense, however, leads the division officer to feel that his 
opinion is worth a great deal, and there is a resulting 
tendency on his part to cooperate to the fullest extent in 
executing the plan that has been outlined for him. There 
is an absence of that feeling of disappointment which 
will often come to a man when his recommendation is 
not approved, because under this method he is shown 
the reason for changing his recommendation. The result 
of this plan has been marked in three features: 

(1) There is an absolute fairness that has been the 
means of producing the greatest harmony and loyalty. 

(2) The plan has rendered it almost unnecessary to 
conduct long and tedious correspondence, as when the 
conference is over, the plan is so thoroughly outlined 
that it is undergtoed by all concerned, 


(3) The plan is good training for superintendents who 
were not brought up in the maintenance-of-way depart- 
ment, in requiring them to be familiar with the details 
of the work. 

In connection with this method, a plan is in effect 
whereby a definite monthly appropriation is made for the 
different features of maintenance-of-way work on each 
division, which appropriation is for both labor and ma- 
terial. A daily check of the use of material and labor is 
made, so that each roadmaster and supervisor knows 
daily the actual expense of his division up to the previous 
day. This is along the general lines of the commercial 
idea, and the result has been that the managing officer 
knows in advance of the month, what the expenditures 
will be and it has had the beneficial effect of teaching the 
division officer the value of systematizing his work and 
knowing where his money is being spent, 

This plan has been found to be practical, and the re- 
sults have been remarkable. 
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A CENTRIFUGAL OIL CUP. 


An ingenious oil cup intended primarily for 
lubricating loose pulleys is shown in the accom- 
panying figure. The cup consists essentially of 
three parts; a cup body, a plunger and an oil- 
tight cover, all made of a 
Bpecial brass. The cup is 
filled after removing the 
cover and pushing the 
plunger way down. The 
rapid revolving of the ap- 
paratus carrying the cup 
causes a movement of the 
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TT TTS plunger, or a tendency to 
SY move, toward the cover 
Flow 
Adj K causing the oll to flow 


down the by-pass and out 
the bottom connection to 
the shaft. The flow of 
oil is controlled for different speeds of the ap- 
paratus carrying the cup by the small screw at 
the top of the connection. Where it is attached 
to loose pulleys driven at unusually high speeds, 
a helical spring is inserted between the plunger 
and cover to prevent too rapid feeding or too 
great pressure on the oll. It is claimed that the 
cup needs to be filled but once a week under 
normal conditions. This cup is made by the 
Lawson Manufacturing Co., Buffalo, N. Y., in 
two sizes, known as Nos. 1 and 2. No. 1 size is 
intended for use with loose pulleys of 6 to 12 
ins. diameter, and No. 2 size for pulleys of over 
13 ins. 
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A NOVELTY IN BEARINGS.— There has been buflt by 
the Straight Line Engine Co. a machine designed by O, 
C. Kavle, which has a number of shafts, gears and cams, 
and a crank, connecting-rod and slide. As the shafts 
are 1% to 2 ins. in diameter, they are of soft steel, 
ground, lapped and scraped into cast-iron boxes; the 
connecting-rod is brass and the slide cast-iron, running 
in cast-iron guides. The shafts are a tight wringing 
fit in the boxes, as are the crank and crosshead pins in 
the connecting-rod and the slide in the guides. The 
machine runs smoothly at 200 r. p. m. without the 
bearings showing the least evidence of heating or 
abrasion. Mr. Kavle tells me he ran a shaft about 
%-In. in diameter 13,000 r. p. m. for some months with 
such a fit, and without a particle of oil; when examined 
it showed a burnished appearance. His theory is that 
no grit can get in, and it has no excuse for doing any- 
thing else but go.—Prof. John EL Sweet in American 
Machinist,’’ Sept. 3, 1908. 
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A NEW RAILWAY SWITCH has been tried experi- 
mentally in England, the special feature of which is that 
the switch rails have a movement in a vertical are in- 
stead of merely sliding in a horizontal plane. The 
movement is similar to that of the detector bars used im 
interlocking plants, except that it is transverse to instead: 
of parallel with the track rails. The device resembles. 
an ordinary split switch, but the head rod connecting 
the two switch rails is attached to short vertical links. 
or arms on horizontal studs parallel with the rails. 
When the switch mechanism is operated (in the usual 
way) the horizontal pressure against the rails causes. 
them to move laterally, and the links compel them to- 
travel in a vertical arc in their movement from one posi- 
tion to the other. An advantage claimed for this ar- 
rangement is that there is little liability of any obstruc- 
tion lodging between the switch and stock rails, while 
it also ensures the switch rail being property home 
against the stock rail in either position of the switch. 
This switch was described in the July 17 number of 
“The Engineer,” of London, England. 
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A REMARKABLE BASCULE BRIDGE AT SYRACUSE, 
N. Y. 


A trunnion bascule bridge of 44-ft. span re- 
cently built over the Oswego Canal on the line 
of North Salina St., Syracuse, N. Y., possesses 
the marked novelty of being located on a sharp 
skew. How the skew was dealt with in the 
construction is indicated by the drawings, Figs. 
l and 2 herewith, and the two views, Figs. 9 
and 10. 


This bridge suffered a peculiar accident within 
a few days after its completion, last June. The 
counterweight in the tail of the bridge, formed 


while the circular racks are concave and are 
attached to the rear wall of the tail-pit in the 
abutment. The machinery is described more in 
detail farther on. 

The pressure water which operates this ma- 
chinery is the city water, taken direct from the 
street mains, at a pressure of about 90 lbs. per 
sq. in. This source of power is thought to give 
the best possible insurance against interruption 
due to failure of power. 

The structural part of the bridge, characterized 
by the arrangement of framing already de- 
scribed, has its chief point of difficulty in the 
support of the long triangular portions which 
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FIG. 1. 


GENERAL PLAN, ELEVATION AND SECTION OF SKEW BASCULE BRIDGE OVER 


OSWEGO CANAL AT NORTH SALINA ST., SYRACUSE, N. Y. 


by a horizontal prism of concrete with embedded 
steel rods, sheared or slipped off its seat on the 
west girder; this end fell into the tail pit, while 
the east end remained attached to the other 
girder, the counterweight breaking in two trans- 
verse to its length. Fortunately, this mishap 
occurred at a time when the bridge was closed, 
so that no further direct damage was caused. 

The indirect damage is very considerable, how- 

ever, as navigation on the canal was held up for 

over a month. 

As shown by the framing plan, Fig. 2, the 
bridge, though on a skew of 56°, has its two 
main girders set square to the crossing. The 
trapezoid of the deck is framed by end cross 
girders carried by the maln girders and serving 
to support a system of girders, beams and 
stringers alined parallel and normal to the axis 
of the roadway. Regarded as a piece of mech- 
anism, therefore, the bridge is substantially the 
same as a square-crossing bridge, except that the 
load ts not divided equally between the two trun- 
nion girders, and therefore the counterweight is 
not symmetrical about the longitudinal center 
line of the bridge. 

This peculiarity does not, however, affect the 
operating machinery. The latter is novel in the 
character and location of the drive. A hydraulic 
jack cylinder is the source of power. With hy- 
dJraulic drive it is common to utilize the ram 
‘hrust direct'y to push or pull a connecting-rod 
or “operating strut” attached to the structure 
by what becomes in effect a crank-pin. In the 
present case the ram actuates a train of gearing 
like that used with a rotary source of power, asa 
hand-lever or an electric motor. The ram mo- 
lion is transformed into rotary motion by a rack 
on the piston-rod, meshing with a pinion; from 
‘hig a gear drive transfers the power to a pair of 
pinions engaging circular racks. But whereas in 

most bascule bridges operated by circular racks 

the racks are attached to the bridge, the oper- 
ating machinery and pinions being in fixed posi- 
Lion on the abutment, the reverse arrangement is 
tound in the present bridge: the operating ma- 
ùinery is attached to the tail of the bridge, 


overhang laterally beyond the main girders. (The 
main girders are 50 ft. apart laterally, while the 
whole width of bridge between railings at the 
abutments is about 110 ft.) These triangles are car- 
ried mainly by the end cross girders, called can- 
tilever girders from the fact that about 60 ft. 
of each, more than half its length, is a free 
overhang beyond the main girders. The over- 
hanging ends act as cantilevers only when the 
bridge is raised, and have outboard bearings on 
the abutment when the bridge is closed. The 
girder at the south end rests directly on the 
abutment by means of five separate shoes, two 
of which constitute the main shoes of the bridge 
at the lift end; they are located, respectively, 
at the junction points of main girders, the road- 
way girders (on the curb line) and the sidewalk 
girders (on the railing line). At the north, or 
trunnion end, the reaction is intended to be car- 
ried by the trunnions both when the bridge is 
closed and when it is open, and since bearings 
under the cantilever girder anywhere near the 
main part of the bridge might be likely to cause 
lifting or pounding at the trunnions, it was pos- 
sible only to provide a bearing at the extreme 
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outer end of the cantilever. This is shown by a 
detail sketch in Fig. 2. The support is obtained 
by a bracket riveted to the back of the canti- 
lever girder, the girder being located 4 ft. from 
the face of the abutment. In raising the bridze, 
the bracket, of course, rises from its seat, and an 
opening had to be provided in the sidewalk on 
the abutment to give passage to it; this opening 
has a hinged cover which is pushed up by the 
bracket while the bridge is being raised and is 
drawn down again in the operation of closing tne 
bridge. 

While the south cantilever girder is continuous, 
being riveted across the ends of the main girders, 
this was obviously impossible in case of the 
north cantilever girder, which requires to be cut 
at the west main girder; the two parts are con- 
nected across the main girder by flange splice 
plates above and below. Brackets riveted to the 
rear face of the cantilever girder carry the road- 
way over the 4-ft. space between girder and abut- 
ment; they are held laterally by a set of diagonal 
bars in the plane of the top flange of the girder. 
The brackets produce a thrust against the bot- 
tom flange of the girder, and as this flange is in 
compression it requires to be stayed against 
buckling. For this purpose a narrow horizontal 
truss (dotted lines in plan, Fig. 2) is attached to 
the bottom flange on its southerly side (away 
from the abutment); the truss is held against 
sagging by a number of diagonal stays (indi- 
cated by double lines in plan, Fig. 2), running 
up to the top flange of the girder. 

The roadway and sidewalk construction is quite 
fully shown by Fig. 3, except for various skew 
details of the junction at the north abutment, 
Where the angularity of the clearance lines (cir- 
cular around the trunnion center) combined with 
the skew of the bridge axis makes the connec- 
tions rather intricate and in particular requires 
These 
involve no novelty other than their intricacy, 


however. The roadway on the bridge is com- 
posed of treated wood block paving, 3 ins. 
deep, on creosoted yellow-pine plank, sup- 


ported by creosoted wooden joists resting” on 
I-beam stringers. The paving is held from 
falling out of place when the bridge is open 
by angle-iron cross ledges, as shown in Fig. 3, 
set at right angles to the roadway, about 5 ft. 
apart. The rails have independent stringers, 
Which are of the peculiar shape shown. The top 
flange of these stringers forms a channel or 
trough in which the rail is seated, being held 
down by bolted rail clips of common form; the 
channel is filled with concrete over the rail base 
to seat the floor-plank, above which cement mor- 
tur is again used to fill the spaces under the 
rail head. 

The curb between roadway and sidewalk is 
formed by a steel plate attached to the longitud- 
inal girder, as shown by Fig. 3. The joint of the 
roadway between bridge and abutment is made 
by a checkered slot-cover plate at the lift end 
and by a checkered apron plate at the trunnion 
end. 

The grade of the north approach is such as to 
bring the top surface of the west main girder so 
close to the roadway as to foul the floor over 
the tail-pit. The tail of this girder is therefore 
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FIG. 2. PLAN OF ROADWAY FRAMING, NORTH SALINA ST. BRIDGE. 
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tapered, in side elevation, the rear end being 
shallower than the body of the girder. Where 
the girders rise above the approach surface when 
the bridge is raised, that is from the face of the 
abutment to a point over the trunnion, the floor 
of the approach is cut away, and here the girders 
are so shaped that their top surface replaces the 
pavement when the bridge is down. The west 
girder at this point is in the paved roadway, and 
it is faced with a concrete and asphalt paving 
at the proper height. The east girder, which is 
not in the roadway, bears a simple checkered 
steel plate as a tread. 

The bridge is substantially balanced about the 
trunnions, by means of a counterweight of con- 
crete, at the rear end of the tail of the main 
girders. Fig. 1 indicates approximately the loca- 
tion of the concrete mass, while Fig. 5 gives its 
detail construction before and after the accident 
already mentioned, the breaking of this counter- 
weight. The concrete rests on the bottom flanges 
of the main girders, but to give it additional sup- 
port the tail of each girder is extended down- 
ward, close to its rear end, by a trapezoidal plate 
hanger in continuation of the web-plate. 

The concrete block itself is of intricate shape, 
to clear the machinery parts and at the same 
time give the required proportion of weight on 
the two girders. The east girder, carrying its 
triangle of overhang at the greater distance from 
the center than does the west girder, requires by 
far the larger proportion of counterweight. The 
original design of .the mass of concrete there— 


Section C-D. 


ET 

Ricca 

N 1 — ed, | 
a 
Law, 


y 


35 6 
Z >k- 


` 
2 ; 
Sen S 10'0" Ss 20 0 j 
Coy 2s eee e Bor Hl aa gd k CCCCTETTTTTTTTTTTC 
ss, SS 2 pet SS a 8 ah 
we as 7·7 75 Ibs oe every i5 $ X 33 Plank, dressed Top and Bottom, Spiked to Nailing Strip & Concrete Fil 8 SR 
0 J a 2 ank — zern Hood Paving Blocks, 3'thick -q — under Head of Rails — S 
> si — ye PE eE pee ES 222 —— — . By 
Mailing Strip 4'wide dressed Tand B Spiked to Joist. ve 20 — 
. Hor 5 — 4 4 7 2 
al Joist 4x M45 dressed on Top Stringer: 85 
‘ Qis . „ .. anl 
ure A] Spaced eb C |531% Web , a MED, 
55 J. Ae ibs: 5 fHloorbeam 14 E 6161 * joy ESN, 
[ss NEN 283x x$ 
g Bott ER. K 
: i ta 1 vt We Signe ee awa ee Tye Ge we es 7 ware ane E 7 7 ety d f 
5 L Ene. News. 
4g. 2 1 4% Cross Section at Right Angle to Roadway. 
. Top of Sidewalk Kg wis 
5 emp f Revers ti i 
— 2 Strap 3 5 
. f FIG. 3. CROSS-SECTIONS OF ROADWAY. 


2114 


E. abt 5 apart 


c Fa, 
. E Parailel with Wood Joist of the mass, however, was not as hard 

— e, — 
Ppi, F as the exterior. The new counterweight 


E 


North Abutment 


South Abutment. 
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the great desire to open the canal to navigation on June 
1, it was, after careful consideration, decided to remove 
the forms from the counterweight at the end of three 
weeks instead of four. This would undoubtedly have 
been satisfactory had it not been for what subsequently 
took place. After the forms were removed, the clear- 
ances were tested by operating the bridge very slowly 
by means of permitting the water to escape through a 
petcock at the head of the operating cylinder, the bridge 
being opened by excess counterweight. As soon as the 
clearances had been properly adjusted an attempt was 
made to raise the bridge by means of the regular 
operating machinery. After the bridge had begun to 
move, an attempt was made to check its speed. There- 
upon it was found impossible to close the main oper- 
ating valve, and the bridge in spite of anything that 
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fore provided for extending the east end of the 
counterweight beyond the main girder, the parts 
separated by the girder web being held together 
by reinforcing rods near the top surface passing 
through holes in the web. At the west end the 
counterweight terminated at the girder web and 
rested on the flange-angles of the girder and the 
plate hanger. This end, moreover, was much 
smaller than the east end, as shown in the draw- 
ing. 

The counterweight was specified to be of 1:3:6 
concrete, of Portland cement, sand and “clean 
hard stone.” It was actually made in the pro- 
portions 1:2%:5. Its failure, occurring after the 
concrete had had ample time to set (3 weeks) 
and when the bridge was at rest, seems mysteri- 
ous. The following explanation is given: 


The bridge was, according to contract, to have been 
completed before April 1. As is usual in such cases 
unexpected delays occur and although the time of open- 
ing the canal was extended from May 1 until June 1, 
the bridge was not ready at the latter date. Owing to 


® 


could be done continued to move at full speed until the 
counterweight struck the pit wall at comparatively 
high velocity. It is certain that the shock which oc- 
curred at this time was sufficient to produce stresses in 
the concrete great enough to bring about its ultimate 
failure while in service. The bridge was operated oc- 
casionally for approximately two weeks following the 
incident above mentioned and the counterweight dropped 
on the morning of June 12. 

The fact that the bridge was out of control and struck 
the pit wall violently when the counterweight was only 
three weeks old was not fully established immediately 
after the accident, and pending a full investigation it 
was decided to rebuild the concrete according to plans 
which would make the end 
which failed substantially 
twice as strong as originally 
and to permit the concrete 
to set four weeks before the 
forms were removed. This 
program has been carried out 
and the bridge has been in 
continuous service for more 
than a month, showing no 
signs of weakness in the 
counterweight. 


The weight of the block 
was 420 tons. The con- 
crete seems to have ` 
sheared off near its west 
end. Being then support- 
ed only by the east girder 
it broke at this girder 
also. After falling no 
cracks were found in the 
mass, in spite of the se- 
vere fall. Examined some 
time after the fracture, 
the concrete seemed 
to have acquired good 
strength, as in breaking 
it up for removal the 
breaks often went through 
the stone. The middie 
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FIG. 4. PLAN OF MACHINERY AND PIPING. 


is of modified design, with a larger sec- 
tion at the west girder and an.extension 
of 36 ins. beyond this girder, held by rein- 
forcing rods passing through the web. All re- 
inforcement is of deformed bars. 

It is the intention to provide timber bumping 
blocks for the tail ends of the main girders 
when the bridge is raised. These will be made 
small enough to crush should the bridge strike 
them at considerable speed. 

The general form of the tail-pit, in which the 
entire operating machinery is contained, is repre- 
sented sufficiently for present purposes in Fig. 1. 
The trunnions are located close to the abutment 
wall, directly under the main girders. The pins, 
14 ins. for the east girder, 12% ins. for the west, 
are supported in cast-iron bearings set on 
concrete pedestals projecting from the abutment 
wall, and engage each a built-steel jaw or pin- 
seat riveted to the bottom flange of the girder. 

The girder tail sections are about 20 ft. long 
back of the trunnion. Near the rear end they are 
connected by a pair of built steel channels be- 
tween which the hydraulic cylinder is seated. 
Adjacent to the rear end of each girder a circular 
rack is bolted to the rear face of the pit, seated 
in cement. The operating pinions gearing with 
this rack are carried on a transverse shaft sup- 
ported by bearings attached to the girders. Near 
the west girder is a short fore-and-aft shaft, 
which connects with the operating shaft by bevel 
gears; this shaft carries a pinion directly over 
the center line of the ram piston, meshing with 
a rack attached to the piston-rod. 

The cylinder is of cast-iron, is 36 ins. in diam- 
eter inside, with 114-in. wall, and consists of two 
sections each 8 ft. 8 in. long connected by bolted 
flange joint. A 6-in. passage cored in each head 
connects with a 6-in. pipe from the main valve. 
The piston is also of cast-iron. A 5-in. piston rod 
is fastened to the piston by the ordinary taper 
socket with nuts. The outer end of the rod is 
socketed in the end of the rack by a 4\-in. tenon 
12 ins. long, held by a flat taper key 1% ins. 
thick by 4 to 5 ins. wide, secured by nuts on a 
Screw prolongation of the narrow end. The rack, 
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gears and circular racks are steel castings with 
machine-cut teeth. The straight rack is 12 ins. 
wide and 17 ft. 1 in. long over the teeth, having 
41 teeth of 5-in. pitch. The rack pinion has 11 
teeth of 5-in. pitch; its shaft is 714 ins. in diam- 
eter. The bevel gears, 8-in. face, have 45 teeth 


jecting valve-rod (at the right in Fig. 4). The 
wedge block in Fig. 5 is engaged by the rack 
when the latter approaches either end of its 
stroke; it then draws the wedge block from a 
position one side of the middle a sufficient dis- 
tance past mid-position to close the main valve 


FIG. 6. AUTOMATIC STOP. 


and 30 teeth, respectively, the latter being 
mounted on the 6-in. operating shaft; their teeth 
are of 3% ins. circular pitch on the outer pitch 
line. The operating pinion has 20 teeth, 2%-in. 
e. p., -in. face. The circular racks are each 
composed of four sections, with pitch radius of 
22 ft. 3 ins., T-in. face, 27 teeth per section (6 ft. 
214 ins. long). 

The cylinder is operated by city water at 90 
Ibs. pressure. Admission of water to the cylinder 
is governed by a hydraulic piston valve mounted 
alongside the cylinder, which valve is itself con- 
trolled by a small manual valve in the operator’s 
cabin (located as per Fig. 1). The construction 
of the main valve and the arrangement of the 
piping are exhibited in Fig. 4. The valve has 
two balanced 6-in. valve-pistons, located oppo- 
site their respective cylinder ends, and two oper- 
ating pistons, one 6-in. and the other 4-in., all 
held together by a long central va!ve-rod. The 
inner edges of the valve-pistons control the ad- 
mission, the outer edges the exhaust. The 4-in. 
operating piston, at the right end in Fig. 4, is 
constantly forced to the left by pressure water 
through a pipe connection from the middle cham- 
ber of the valve body. It is overcome, however, 
by the piston at the left, 6 ins. in diameter, when 
water is admitted to the chamber of the latter 
by the manual valve in the operator’s cabin, 
whereby the main valve is shifted to the right; 
when the manual valve is set to exhaust, the 
4-in. piston shifts the valve back to the left. 

The arrangement of valve and gear is such that 
the position which the main valve tends to as- 
sume under the pressure of the 4-in. valve-piston 
closes the bridge. Thus, if the pipe- connection 
between the operator’s cabin and the main valve 
should break the bridge would close, if open, and 
if already closed would be held down more firmly 
to its seat. 

Connected with the operating valve is an auto- 
matic stop illustrated in Fig. 5. This is actuated 
by the motion of the straight rack and in turn 
shifts the main valve by attachment to the pro- 


FIG. 
fully. The double lever above the wedge-block 
is in mid- position when the valve is closed, 
while when the valve is open in either direction 


one or the other of the two crank-arms (Fig. 5) 
is turned down into a nearly vertical position, 
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thus coming in contact with the wedge- block. 
Thus in the last 16 ins. of stroke of the rack, 
the wedze gradually shifts the valve over and 
closes it, irrespective of the position of the 
operator’s manual valve. 


FIG. 9. 


VIEW OF COMPLETED NORTH SALINA ST. BRIDGE, OPEN. 


South Cantilever 


The bridge has no latch in the ordinary sense. 
In the vertical direction the bridge seat fixes its 
position, while laterally it is held very rigidly 
by the trunnions. To resist the lateral thrust 
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7. GUIDE AND LOCK DETAILS. 


ar.sing in case the bridge were struck by a boat, 
there is provided a mortise-and-tenon arrange- 
ment at the south abutment, which has a normal 
clearance of \-in. on either side when the bridge 
is closed. It is formed by a long tapered guide 


VIEW OF FRAMING DURING CONSTRUCTION. 


(Fig. 7), on the abutment, which engages a 
projecting tenon of the south cantilever girder 
when the bridge is within four or five feet of 
its seat. A lock in the vertical direction is 
provided solely as a means of ensuring the 
operation of the crossing gates which pro- 
tect the street on either side. The four gates, 
two at either end, are operated by compressed air 
from the operator’s house, and move independ- 
ently. The plan of operation is to close first the 
northwest and southeast gates, which close ad- 
mission to the bridge, leaving the other two gates 
open somewhat later to allow vehicles to pass 
off the bridge. As soon as the deck is clear, the 
northeast and southwest gates are closed, and 
the last-named in closing withdraws the lock. 
Fig. 7 shows the construction of the lock and 
indicatcs the pull-rod which connects it to the 
gate. 

On account of the short span of the bridge it 
was not thought necessary, as in longer bascule 
spans carrying trolley lines, to separate the trol- 
iey wire on the bridge from that on the ap- 
proaches and make it, in fact, a part of the 
bridge, rising with it. For the present case it 
was thought permissible to carry the trolley wire 
in one long span from abutment to abutment, so 
that the bridge can be raised without affecting 
the wire. Only, as the wire hangs lower than 
the vertical height of the bridge when raised, the 
end of the bridge had to be fitted with a device 
to engage the wire and lift up the slack of the 
span as the bridge is raised. The device illus- 
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trated in Fig. 10 was designed for this purpose. 
It consists of two trolley-whee's carried on arms 
pinned to a cross shaft attached to the south 
cantilever girder, so gearcd to a weighted pendu- 
lum that as the bridge is raised the arms swing 
up from a folded-down position to an erect posi- 
tion ready to engage the trolley-wires. The 
wheels are set in the arms on the proper skew 
to the shaft to aline with the trolley-wire at the 
moment of contact. This devige has been fitted 


to the bridge, but has nat yet been adjusted 
C. S. Wheel, 
4 Juroat Digm. 
es sath One Arm for 
85 ans each Track 
6, Plates. 
ex 
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Fig. 10. Trolley-Wire Lifter. 


to satisfactory working. In conjunction with it, 
of course, there are disconnecting switches which 
cut off current from the span over the bridge as 
soon as the bridge begins to rise. These switches 
were installed by the Syracuse Rapid Transit Co. 

The bridge being balanced by the counter- 
weight, the turning machinery is required to 
exert only enough force to overcome friction and 
wind pressure. Its operation has proved to be 
very rapid, in fact unnecessarily so, and the ports 
are to be throttled to reduce, the time for com- 
plete opening or closing to about 40 sec. There 
is ample reserve of power against the high- 
est winds. The bridge when fully opened is 
inclined to an angle of about 60° with the hori- 
zontal. Most of the traffic on the canal, how- 
ever, does not need the full opening. The coun- 
terweight is slightly in excess of the amount re- 
quired for exact balance, and the resultant center 
of gravity is so located that the structure has a 
tendency to rise, sufficient to overcome the trun- 
nion and gear friction. This overbalance is re- 
duced to zero by the time the bridge has risen 
about 40°. In the rare event of failure of the 
water-supply, therefore, the canal can be cleared 
for traffic by releasing the latch and letting the 
bridge rise to this position of equilibrium. Res- 
toration of the water-supply would then be nec- 
essary before the bridge could be closed again. 

The bridge was built in the closed position. 
Mr. J. M. Schultz, of Syracuse, was the con- 
tractor. The Cowing Engineering Co., of Cleve- 
land, O., built the steel work. It was designed 
by the bridge department of the State Engi- 
neer’s Office, at Albany, N. Y., under Mr. Wm. 
R. Davis, Chief Bridge Designer, to whom we are 
indebted for drawings and information about the 
bridge. 


No he eta 


SINKING A REINFORCED-CONCRETE MINE SHAFT NEAR 
WILKESBARRE, PA. 
By LOUIS L. BROWN“, M. Am. Soc. C. E. 


On the flats just across the Susquehanna 
River from Wilkesbarre, Pa., the Delaware, 
Lackawanna & Western R. R. is now sinking a 
shaft for their Woodward Colliery, in the first 
SO ft. of which a _ reinforced-concrete caisson 
was used to penetrate the extremely wet and 
porous overi ying strata of earth. From borings 
it was determined that considerable difficulty 
would be encountered in sinking through these 
layers of sand, gravel and quicksand above the 
rock gtrata, which lies about 79 ft. below the 
surface, especially as the water level in the soil 
maintains about the same level as the river, 
which varies constantly, at times flooding the 
whole country at this point. The quantity of 
water to contend with in any sinking proposi- 
tion would have been so great, on account of the 
proximity of the river, that some special method 
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hd to be devised for sinking the shaft and con- 
necting it with the rock strata and making it 
practically water-tight, in order that the subse- 
quent sinking through the rock to the coal- 
bearing veins could be proceeded with. The 
damage which would result by the flooding of 
the mines through any failure on the part of this 
shaft construction to hold out the river water 
with its floods, would amount to hundreds of 
thousands of dollars. 

After considering all these features of the prop- 
osition the railway company had designed and 
constructed à reinforced-conerete shaft wall, 
which was built up above ground and sunk into 
piace by excavating beneath it. This work has 
been referred to in some of the engineering pa- 
pers, not so much on account of the engineering 
features involved, but more particularly in re- 
gard to the necessity of extraordinary methods 
being adopted successfully to mine anthracite 
coal, having in mind the prevention of waste 
and conservation for the future supply. of coal. 
However, the unusual engineering features and 
difficulties encountered in prosecuting this work 
are of particular interest to the engineering pro- 
fession. 

The contractors started work the middle of 
September, 1907. The first operation consisted 
in excavating a pit 15 ft. deep to just above the 
ground-water line. The bulk of this earth was 
taken out by scraper teams, the steep sloping 
sides being finished with two derricks which had 
been erected while this scraper excavation was 
going on. The bottom of the pit, roughly 65 x 
33 ft., was then leveled off and the steel cutting 
edge (Fig. 1) 59 ft. 6 ins. x 28 ft. was set up 
and assembled. This cutting edge or shoe was 


made of %-in. plate, well reinforced with riveted 
angles. The outside vertical plate of this shoe 


was 32 ins. high and the shelf which carried the 
green concrete and afterwards protected it dur- 
ing the sinking was 24 ins. wide and 8 ins. above 
the toe of the vertical plate. 

During the time that this excavation had been 
going on a gang of carpenters had been building 
three complete sets of inside and outside forms. 
After the cutting edge had been carefully lev- 
eled up the first section of these forms was set 
up and firmly braced, tie-rods as well as the 
ordinary pushing braces being used. The closely 
spaced 1 x 1\4-in. reinforcing rods were then 
placed and the concrete deposited. The outside 
form of this first section was built plumb, while 
the inside was battered back so that the cen- 
crete wall sloped up to a 7-ft. thickness on the 
sides and a 5-ft. on the ends. Other vertical 
forms were then set up and concreted until a 
total height of 20 ft. was reached, when the 


FEN 


bottom forms were removed and the caisson 
carefully leveled up and prepared for sinking. 

The concrete walls were so designed (Fig. 2) 
that starting with a maximum thickness of 7 ft. 
on the long sides and 5 ft. on the ends they 
would finally reach a uniform thickness of 2 ft. 
8 ins. all around upon the top. This was accom- 
plished. by building the forms 9 ft. 8 ins. in 
height and stepping back on the inside face of 
the wall at the top of every section of form. 

Three sections of forms were used to complete 
the job, being used over and over again: for 
example, as the caisson in sinking carried the 
lowest section of form close to the ground it was 
then taken off and built up again on the top of 
the last placed form. The concrete was ma- 
chine mixed and deposited in these forms by 
means of the two derricks and cyclopean 
buckets. This concrete was mixed in the pro- 
portions of 1:2:4. The total reinforcement 
amounted to 140 tons. 

The shaft being designed with three compart- 
ments, an airway, pumpway and hoistway, the 
two partition walls were carried up with the 
other work. These helped materially to 
strengthen the outer walls against the lateral 
earth pressure as the caisson was being sunk. 

While it had been considered possible to sink 
the caisson down to rock without the use of 
compressed air, yet, on account of the great 
volume of water in the soil it was by no means 
certain that the open method of sinking would 
be successful. For this reason the contractors 
designed a heavy timber deck and all arrange- 
ments were made so that the changing over 
from the open method to that of the pneumatic 
process could be carried out without loss of 
time. The possible use of an air deck necessi- 
tated leaving in all the shaft walls a recess into 
which it could be fitted. This recess was located 
8 ft. above the cutting edge, was 9 ins. deep and 
39 ins. high. 

The deck was designed to be built of two 
courses of 12 x 12-in. timbers, dressed; the two 
courses being bolted at right angles to one an- 
other. The whole deck could then be securely 
wedged into the recess and further strengthened 
by inclined braces from the shaft walls to the 
center of the span of the deck. Openings were 
to be left in the deck to which would be bolted 
the air locks through which buckets for handling 
the material would pass. This would make a 
very roomy working chamber, the whole method 
closely resembling that used in sinking bridge 
Piers. 

Before starting the sinking two single-acting 
pumps of a combined capacity of 1,400 gals. per 
min. were placed on timbers about 8 ft. above 
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to the river. Under the gravel 
was found a bed of stiff clay, 
which extended down in some 
places to the rock, while in 
others it was underlaid with 
about 18 ins. of a peaty gravel. 
During the time of passing 


through the clay no water was in 


Plan. 
FIG. 2. DETAILS OF THE CAISSON. 


the cutting edge and sinking operations started 


on Nov. 7, 1907. 

This sinking was carried on both day and 
night, two 10-hr. shifts being used. Each gang 
excavating in the bottom of the shaft consisted 
of a foreman and 16 men. The material as it 
was excavated was shoveled into -u. yd. 
buckets, which were hoisted out by two stiff- 
‘eg derricks. These derricks had 45-ft. booms, 
and as the buckets were hoisted out they were 
automatically dumped into 1%-yd. dump cars, 
which were run in on four sidings close to the 
caisson. These cars were then pulled by mules 
out to an adjoining field, where they were 
dumped and the empties run back. 

In sinking, quicksand was first encountered, 
then gravel was passed through. As the open 
excavation had been carried down to within 
one foot of the ground-water line the pumps 
had to be started with the very first of the sink- 
ing, and by the time the gravel was reached 
were handling 1,200 gals. of water per min. As 
the job was entirely surrounded by truck gar- 
uns this water, carrying. a large percentage of 
sand, could not be discharged at random, for 
humerous lawsuits would have resulted. A box 
trough 2% ft. wide by 8 ins. high was therefore 
built and run for a distance of a quarter mile 


evidence, the clay closing in 
around the caisson and prevent- 
ing the water from following 
down and coming in under the 
cutting edge. 

The sinking of such a large mass of compara- 
tively green concrete was of course attended 
by considerab!e difficulty, requiring the constant 
attention of men skilled in the work. Inasmuch 
as one of the shaft compartments is to be fitted 
with guides for two elevator cages the question 
of plumbness alone was a big factor. Levels 
were taken at frequent intervals and the ex- 
cavation carried on in such a way that the walls 


as they sank maintained a practical plumbness. 


As can be readily imagined, in a length of 60 
ft., it was frequently found that soils of different 
consistencies were encountered at the same time 
at the ends of the caisson. The caisson at such 
times required very careful handling and had to 
be nursed through such strata so that one end 
would not crush rapidly down while the other 
hung up. An average excavation of from 90 to 
100 cu. yds. per 10-hr. shift was considered good 
progress. 

While cleaning off the rock the river rose 
rapidly, due to a heavy rainfall, and flooded the 
flats. The increased head resulted in the water 
being forced down between the clay and the 
sides of the caisson. This water came in under 
the cutting edge and rose so quickly that the 
pumps could not handle it, and they were soon 
drowned out and the shaft filled up. Extra 


pumps were immediately shipped to the job, and 
the task was commenced of lowering the water, 
so that the leaks could be stopped. 

The pumps were of the piston-packed variety 
and worked satisfactorily until the water was 
lowered to about 10 ft. above the cutting edze. 
Then, owing to the fact that this water carried 
in with it large quantities of sand and gravel, a 
great deal of trouble was experienced keeping 
these pumps in running shape. This sand not 
only wore out the packing, but also the water 
cylinders to such an extent that the piston slip- 
page was so great that even the largest of the 
pumps could handle but little water. On this 
account sufficient extra pumps had to be in- 
staled so that the shutting down of any one 
pump for repairs would not cripple the job. The 
addition of a motor-driven centrifugal pump of 
1,000 gals. capacity also helped materially, and 
the water was then lowered to below the cutting 
edge. This made a battery of nine pumps, as 
follows: One Worthington 22 x 10 x 18-in. Du- 
plex, one Worthington 10 x 6 x 10-in. Duplex, 
one Worthington 16 x 9 x 12-in. Duplex, one 
Knowles 16 x 10 x 24-in. Single, two Knowles 
14 x 8 x 12-in. Single, one Knowles, 18x 14 x 20- 
in. single, one Knowles 14 x 6 x 12-in. single, 
one 1,000-gal. Jeanesville centrifugal pump, mo- 
tor driven. 

It can be readily seen by the number and size 
of the above pumps and the fact that the avail- 
able space was necessarily limited that the di- 
viding line between the open and air method 
had been reached, and if more water had been 
encountered the use of compressed air would 
have been necessary. When the excavation 
reached the rock it was found that it wou'd be 
necessary to construct a temporary seal between 
the rock and the shoe for the whole perimeter. 
This was done by means of 12 x 12-in. yellow 
pine blocks and white pine wedges. As the 
work progressed 6-in. pipe bleeders were left in 
to handle some of the water and thus relieve 
the pressure at the points at which the men 
were working to put in new blocks. 

Owing to the constant fluctuations in the 
height of water in the bottom, due to numerous 
troubles with the pumps and also the difficulty 
of keeping the sand and gravel back during the 
work, the final sealing was a slow and tedious 
operation. Also as this work was done during 
the latter part of January, when the weather 
was extremely cold, the men suffered terribly 
from the necessity of working in wet clothing. 
After the last blocking had been wedged in place 
the bleeders were closed off and the inflow of 
water, with the exception of some minute 
squirting streams, checked. These streams were 
speedily calked with white pine wedges, result- 
ing in a practically dry bottom. 

The next proposition was to take out the rock 
to a depth of 20 ft. and build up an underpin- 
ning wall to carry the weight of the caisson 
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and make the permanent seal to keep out all 
water. To avoid the possibility of jarring loose 
any of the temporary sealing blocks or breaking 
back under them the rock, which was of a slatey 
nature, this excavation was started by chan- 
neling out for a depth of 5 ft. all around the 


the river the shaft wall was carried up to 15 ft. 
above the general ground level. 

The work was executed under the direction of 
Mr. R. V. Norris, M. Am. Soc. C. E., Consulting 
Engineer, and Messrs. R. A. Phillips and A. C. 
Lamonte, of the Coal Mining Dept of the Dela- 


FIG. 4. FORMS FOR INSIDE OF BOTTOM OF SHAFT. 


shaft about 1 ft. inside of the blocking. The 
rock was then taken out in the ordinary manner 
with two shaft bars and four rock drills in 
operation. To further prevent the jarring of 
this blocking the rock was taken out in 5-ft. 
benches only. This made the work necessari'y 
slower, but it was deemed advisable and so 
proved, for notwithstanding the care exercised, 
certain leakages occurred which made the rock 
excavation slow on account of the shifting of 
pumps, taking off and putting back suction 
pipes, etc. 

This rock, as above mentioned, was a species 
of sand slate which would break back a consid- 
erable distance from the line of holes. On this 
account, upon arriving at the elevation at which 
the underpinning wall was to start, the rock had 
to be again channeled for a depth of 5 ft. all 
round the inside line of the wall. The rock 
inside this line was then taken out and formed a 
sump which enabled the concrete wall to be 
started on a dry bench of rock. This also pre- 
cluded any chance of damaging the concrete by 
the heavy firing necessary in proceeding with 
the rock excavation. While this rock excavation 
had been progressing grout had been forced 
back of the blocking under the shoe by means 
of a grout pump operating with an 80-Ib. air 
pressure. This gradually cut down the leakage 
until that remaining about equaled that which 
would flow through a 2-in. pipe. 


Before starting the concrete underpinning wall 
the rock footing was carefully cleaned off and a 
recess cut in it to form a stout toe for this 
wall. Various seams in the rock emitted water. 
This was handled during the building of the 
wall by fitting a small wooden trough around 
the wall and leading the water beyond the face 
of the wall through pipe b‘eeders. Grout pipes 
were also inserted in the tops of these troughs, 
led beyond the face of the wall and grouted 
after the concrete had set sufficiently to resist 
the resultant pressure. 

To help bond the underpinning wall to the 
caisson proper and help carry its weight the in- 
clined face of the concrete above the shoe was 
not only roughened, but also had a 1-ft. step 
cut in it. Fig. 5 shows very clearly the method 
of making the permanent seal between the shaft 
wall and the rock. 

To prevent the possibility of the flooding of 
the shaft by any high stages of the water in 


ware, Lackawanna & Western R. R. The con- 
tractors were The Foundation Co. of New York, 
with Mr. Alexander Allaire as Superintendent. 
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THE CHESTNUT BARK DISEASE. 
By E. A. STERLING.* 


Interest in tree disease is usually confined to 
botanists and foresters, but the chestnut bark 
disease which is spreading rapidly over the 
country has an economic significance which will 
be felt by engineers, architects, and in fact by 
practically all consumers of wood throughout 
the Eastern United States. The disease, which 
is popularly known as the “chestnut blight,” was 


*Forester, Pennsylvania Railroad Co., Broad Street 


Station, Philadelphia, Pa. 


aesthetic consideration, 


first discovered near New York in 1905. It has 
practically destroyed all of the chestnut trees in 
Greater New York, has worked great injury to 
the chestnut groves on Long Island and up the 
Hudson, and during the last year has made its 
appearance as far west as Huntingdon County, 
Pa., and south into Maryland. 

The trouble is caused by a fungus (Diaporthe 
parasitica) which gains a foothold through any 
abrasion in the bark. Once established the in- 
fection spreads in all directions through the 
tender inner bark, eventually girdling the limb 
or trunk and causing the death of the portion 
above the infected area. The fruiting bodies 
appear as small, brown or orange-colored pus- 
tules on the smooth bark of small limbs, which, 
as the disease progresses, become sunken and 
discolored. On thick, rough bark, the fruiting 
pustules are seen in cracks of the bark. Re- 
production is by spores. The presence of the 
fungus may be detected by the dead tops and 
limbs of trees and by the brown leaves on the 
portions affected during the current season. 
Mature trees, second growth, and seedlings are 
attacked with equal activity, and the disease 
has been found on the Paragon, an imported 
nut-bearing species, in a commercial grove in 
Pennsylvania. The oaks and other related 
genera seem immune. 

The commercial importance of the question 
lies in the fact that this disease threatens to 
wipe the American chestnut out of existence. 
To all consumers of timber, the elimination of 
the chestnut from our Eastern forests will come 
as a distinct personal loss. It also has an 
in that veteran trees, 
which have long been prominent features of 
suburban estates and country homes, will be 
rendered unsightly or destroyed. 

The prompt removal and destruction of in- 
fected limbs and trees and the painting of 
wounds with tar paint may possibly save in- 
dividual specimens, but there is no promise that 
ths disease can be controlled in the extensive 
second-growth stands and merchantable timber 
throughout the range of the species. It is un- 
questionably the most serious tree disease which 
has appeared in the United States, and sur- 
passes in possible damage any of the insect visi- 
tations, with the possible exception of the gypsy 
moth in Massachusetts, in case the moth is al- 
lowed to get beyond control. The one hope lies 
in the possibility that the disease will run its 
course and cease to be serious. There is, how- 
ever, nothing to indicate that this will be the 
case, and it is quite certain that effective means 
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of control, by quarantine or otherwise, will not 
de found. 

The full value of the American chestnut from 
a purely commercial standpoint will not be fully 
realized until chestnut timber is no longer avail- 
The wood, to be sure, is light, rather soft, 


able. 


annually, while in addition we have an enormous 
consumption of chestnut posts, rough lumber, 
fuelwood, etc., by the farmers, the value of which 
cannot be even approximated. 

The spread of the chestnut blight and the ulti- 
mate destruction of our chestnut forests will 


FIG. 6. VIEW LOOKING UP THE FINISHED SHAFT. 


and not very strong, but owing to the high per- 
centage of tannin, it is very durable in exposed 
situations and is extensively used for rough con- 
struction, railroad ties, posts, fencing, cabinet- 
making, etc. The weight of seasoned wood is 
28 lbs. per cu ft., which is 2 lbs. more than yel- 
low poplar and 12 lbs. less than red oak. The 
modulus of elasticity is 1,200,000, as against 1,- 
600,000 for red oak, 1,150,000 for white oak, and 
1,300,000 for yellow poplar. The modulus: of 
rupture is 9,800, against 10,800 for white ash, 
11.400 for red oak, and 12,400 for white oak. 
In addition to its timber value, chestnut is very 
rich in tannin, and the tanneries annually con- 
sume large quantities of this product. 


From statistics compiled by the U. S. Bureau 
of Census and the U. S. Forest Service for 1907, 
it appears that the cut of chestnut lumber for 
that year was over 650,000,000 ft. B. M., which, at 
$17 per M., gives an aggregate value of $11,- 
000,000. Of the 100,000,000 cross-ties used an- 
nually by the railroads of the United States, 
chestnut furnishes approximately 6%, the exact 
figures for 1906 being 6,588,000, valued at nearly 
$3,000,000. Since the chestnut is indigenous 
only east of the Mississippi, the consumption of 
chestnut cross-ties is confined to the Eastern 
railroads. We thus find the New York, New 
Haven & Hartford R. R. using chestnut ties 
almost exclusively. They cost this road 60 
to 65 ts. each, and give an average life of about 
six years in main track. Other Eastern rail- 
roads which operate through regions where the 
chestnut is indigeneous utilize large quantities 
of chestnut ties, the percentage used decreasing 
towards the West and South, where oak and 
yellow pine are available. Out of 59 railroads 
reporting on standards of track construction in 
Engineering News of June 4, 1908, 15, or 39.3%, 
mention the use of chestnut cross-ties, the prices 
paid varying from 45 to 65 cts. 


In the coal mines of the United States, some 
30,000,000 cu. ft. of round chestnut timber is 
used every year for mine props; while the ex- 
tract plants utilize thousands of cords of chest- 
hut tops and limbs which would be unavailable 
for other purposes. It is a safe estimate that 
the output of chestnut lumber, cross-ties, mine 
props, and extractwood is worth $20,000,000 


probably mean an annual loss to the United 
States of from twenty-five to thirty million dol- 
lars. As a secondary result, the consumers of 
wood will be hard to find a substitute for chest- 
nut at equal cost; while the increased demands 
on other species will still further increase their 
value and bring clearer realization that a timber 
famine is almost upon us. 

Another serious phase of the question lies in 
the fact that the chestnut, because of its rapid 
growth and the ease by which it can be repro- 
duced, occupies a most important place in the 
intensive management of our forests, and its loss 
will delay by just so much the systematic con- 
servation of our forest resources. 


TOPOGRAPHIC MAPPING OF BOTTOM LANDS IN 
ILLENOIS.* 
By E. W. McCRARY.f 


The last General Assembly of Illinois made a small 
appropriation for the beginning of surveys and studies of 
the over-flow lands of the State, for the purpose of ac- 
quiring a knowledge of their existing conditions, and 
the methods by which the needed improvements may best 
be made. In accordance with this legislation, the State 
Geological Survey last year began the topographic map- 
ping of portions of the Kaskaskia, Big Muddy and Em- 
barass rivers, in which it cooperated with the topographic 
branch of the U. S. Geological Survey. Cooperative 
topographic mapping having been arranged in quad- 
rangles adjacent to these streams, much of the control 
work of the regular survey, has, with slight modifica- 
tions, been utilized for special drainage work. This has 
made it possible, at the least possible expense, to produce 
during the past season a 5-ft. topographic map on a scale 
of 1:24,000 of approximately 200 sq. mi. of these river 
bottoms. 

The purpose of the Survey in doing this work along 
the river courses is to furnish a detailed topographic 
map, sufficiently accurate to be of practical value to the 
engineer in the planning of any proposed dratnage im- 
provements and the estimating of costs for same. While 
the question of the scale has been somewhat perplexing, 
it is believed that the 1:24,000 scale will prove adequate 
for the uses for which it is intended, since it is suffi- 
ciently large to contain all detail that would be taken 
into account in the planning of these improvements. It 
has the additional advantage of permitting large sec- 
tions of country to be mapped on a single sheet of paper, 
thereby presenting in a collected form the conditions in 
different sections of the bottoms. Also because of its 
much reduced cost, which must be considered with a 
limited appropriation, it has a very strong claim to 
consideration. 

Of the 160 sq. mi. of mapped. country, a portion of 
the Kaskaskia River bottoms, 180 square mi. are under 
from 1 ft. to 8 ft. of water several times each year. 
The overflow season usually begins in January, and at 
times lasts as late as the middle of August, which makes 


_the season, in which the land is dry enough for cul- 


tivation, entirely too short for successful farming. It 
seems to be generally necessary to plant several times 
each spring, and even with the last planting they can- 
not hope for a yield to the full capacity of the land. 
It has been stated that a successful crop, one that has 
escaped damage by the flood, does not occur oftener than 
once in seven years. In fact, so completely is this river 
in possession of its bottom lands that very little effort is 
made to utilize it in any way, and at the present 
time it might well be considered mere waste land. 
Before the uplands were reclaimed by tiled drains, a 
rainy season of even a week’s duration, produced but a 
slight increase in the flow of the channels of these 
streams. This was due to the fact that the rain collected 
in enormous areas of marsh and lowlands, and reached 
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Assistant Engineer, Illinois State Geological Survey, 
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FIG. 7. VIEW OF FINISHED SHAFT TO 
(Showing nature of country in which it was built. 


COAL MINE NEAR WILKESBARRE, PA. 
Susquehanna River and Wilkes-Barre in distance.) 
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these river courses by a very slow and tedious process. 
The experience of the past summer, while making topo- 
graphic surveys along the Kaskaskia River, shows that 
a rain of 24 hours will now raise the stream from 4 to 
10 ft. An explanation of this is readily found in the 
fact that with the present systam of tile drainage and the 
excellent outlets thereto, water from such a rain is 
carried quickly from the fields and poured immediately 
into the upper courses of these streams, and the multipli- 
cation of these feeders has forced upon the streams a 
burden entirely beyond their present capacity. As a 
result the numerous floods have rendered thousands of 
acres of the best farming land of the State practically 
worthless. It will be easily seen that the responsibility 
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for the improvement of the channels of these rivers rests 
equally upon the farm holders on the upper courses of 
these rivers with those located nearer their outlet. The 
principle of general assessment, so thoroughly recognized 
in legislation providing for drainage districts, can be ap- 
plied with justice to these larger problems of reclamation 
which cover all land within individual drainage basins. 

The methods used in making these drainage maps are 
very similar to those of the topographic branch of the 
U. S. Geological Survey, the principal difference being 
that because of the contour interval used, the enlarged 
scale, and the object of the work itself, a greater amount 
of detailed work is necessary. As bases for the maps 
the primary traverse transit lines of the U. 8. Geological 
Survey are used for position and the primary level lines 
of the same survey for elevation, in addition to the steel 
tape measurements along township lines. With these 
lines for control, a plane table buggy traverse is run 
along the first ridge road outside the bottom on each 
side of the river, and as often as possible cross roads, 
which tie the work together, are run in the same way. 
Since the distance between roads crossing the river is so 
great, it has been found necessary, at intervals of from 
1% to 2 mi., to traverse from the outside roads to the 
river, where points are left for the purpose of being tiled 
on by the stadia traverse of the river. While the wheel 
method of measurement may be considered crude and in- 
accurate, a practical test will prove, that for scales even 
Jonger than the one used in this work, and controlled 
equally well, it will fully meet all requirements. The 
accumulative error is slight, and when larger errors are 
made, they are readily located after the traverse has 
been tied to itself or to another line. 

Over the same roads, and others when necessary, spirit 
levels are run and numerous elevations painted at sum- 
mits, bridges, road corners and other convenient points, 
while at intervals scarcely exceeding a quarter mile, 
substantial bench marks are left. The level work is so 
planned that elevations determined by stadia need not be 
carried for distances greater than 144 mi. Experience 
during the past summer indicates that levels may be 
successfully carried with this instrument for distances of 
3 or 4 mi. The instrument is similar to the ordinary 
Stadia, except that it is provided with an attachment 
which simplifies the reading of elevations at an angle. It 
has been in use on the U. S. Geological Survey the last 
few years, the idea for the improvement having originated 
with members of that survey. 

The frame work of traverse and level lines, together 
With the stadia traverse oY the river and other streams, 
is adjusted to the land lines and the other available 
control, after which it is ready for the topographer. This 
topographic sketching is by far the most difficult work 
connected with the making of a map, because of the 
necessity of carrying innumcrable stadia lines through 
the dense jungles of the bottoms. Starting from con- 
venient bench marks, these lines zizzag through the 
bottoms, the sight being through the openings of great- 
est length in the general directions of the traverse. 
The importance of these lines being closely run is clearly 
shown by a glance at the finished map, for the great 
number of lakes, sloughs, marshes and isolated hills are 
features that cannot be reliably mapped except by actual 
survey. Being hidden, as they are, by dense woods they 
must be hunted, and the meandering traverse line is the 
method by which they are found. 

On the drainage maps, such features have been care- 
fully traversed and their elevation determined, and in 
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addition to the numerous cross sections at short inter- 
vals, a mass of isolated elevations have been left through- 
out the bottom lands. These stadia lines, as carried 
through the bottoms, are usually run with great dif- 
ficulty because of the heavy undergrowth, and especially 
is this true in midsummer, when, in addition to the 
dense foliage, the intense heat and mosquitoes make work 
both difficult and disagreeable. In fact, because of this 
condition in the bottoms, the problem of keeping help is 
a very serious one, and the best solution seems to be in 
the bringing of help from such a distance that quitting 
at will is made more difficult. Few men will submit long 
to the physical sufferings met with in the bottoms, even 
at wages from two to three times the price they can 
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METHOD OF SUPPORTING AND MOVING A FIVE-STORY WAREHOUSE AT CHICAGO. 


receive elsewhere, if they are where they may reach 
home within a few hours. 

Along with the stadia traverse and levels the relief 
of the river bottoms and the country adjoining the bot- 
tom lands has been carefully sketched. This map of the 
relief with 5-ft. contours should greatly facilitate the 
study of the river problem. Mere location of the stream 
course and elevations, be they ever so numerous, does 
not bring to the eye of the engineer the actual figura- 
tion of the surface. It is thought that it will be neces- 
sary to inspect most minutely the local physiographic 
conditions before a successful plan of improvement can 
be determined. It has been planned, therefore, to present 
to the engineer who studies this great problem the most 
complete possible data for his use. It is not claimed that 
this form of map is the most inexpensive one, even under 
the favorable conditions under which it was accomplished 
last season, but it is believed that in the end it will 
justify itself on the ground of economy in the saving of 
time and of additional work for the engineer. It also 
seems that in a study of the carrying capacity of the 
channel, the effect of possible dike construction and of 
the control of lateral streams, the topographic features 
of the map will appeal very strongly to the engineer. 


— _____§ 


AN EXHIBITION OF TRACK APPLIANCES and ma- 
chinery and tools used in railway construction and main- 
tenance-of-way, is to be held in January at Calcutta, 
India. It will be in connection with the annual meet- 
ing of the Permanent-Way Institution of India, the 
secretary of which is Mr. Stuart A. Moncrieff, Harput, 
Meerut, India. 


MOVING A LARGE BUILDING AT CHICAGO. 


The moving of a large warehouse building is 
an interesting piece of work which has been ac- 
complished in connection with the terminal im- 
provements of the Chicago & Northwestern Ry. 
at Chicago. The traffic of the Wells St. passen- 
ger terminal is very heavy, but is throttled at a 
short distance from the station by a double-track 
swing bridge over the north branch of the Chi- 
cago River. This bridge is to be replaced by a 
four-track bascule bridge of the Strauss trun- 
nion type, which is now under construction. 
The location of the two new main tracks (to the 
south of the present tracks) was blocked by a 
large warehouse, which structure has been 
moved to a new location so ag to clear the right- 
of-way. ö 

The building is a substantial structure of steel 
frame construction, with concrete floors and 
brick walls. It is 100 x 150 ft. in plan, five 
Stories high, and its estimated weight is 6,000 
tons. It has five rows of interior columns in 
one direction and eight rows in the opposite di- 
rection. After being raised by jacks sufficiently 
to clear the old foundations, underpinning was 
put beneath it and it was moved 50 ft. south and 
then 168 ft. east. Owing to its construction no 
temporary ties were required for the interior, 
such as are required when moving schools, 
churches or other buildings which have large 
rooms or chambers. At some of the columns car- 
rying specially heavy loads, however, supports 
were fitted between the floors. These consisted 
of vertical timber posts with blocking on top 
and the bottom resting on screw jacks. 

The underpinning consisted of needle beams 
and “shoes.” The shoes were continuous longi- 
tudinal lines of timbers and I-beams extending 
in the direction of the travel. There were 16 of 
these for the eastward movement, three under 
each side wall and two for each row of in- 
terior columns. All the shoes were 12 x 12-in. 
timbers, except that the first and third at each 
wall were pairs of 12-in. I-beams. Upon the 
shoes rested the transverse needle-beams, which 
were short lengths of I-beams with blocking and 
wedges driven between them and the structure. 
There were three beams on either side of eath 
column (six in all), forming with the shoes a 
rectangular frame around the foundation pier. 

The supports of the structure during its move- 
ment consisted of runs“ or lines of cribbing, 
laid in the direction of the travel. For the east- 
ward movement, there were 16 of these, one to 
each line of shoes. The ground was leveled and 
practically floored with 12 x 12-in. timbers laid 
transversely to the “runs.” These latter were 
then built up like cribwork with six or seven 
rows of timbers 6 x 6 ins. The cribbing was 
leveled up to the exact height and grade by 


FIG. 2. 
shows the battery of screw jacks used to push the building along upon rollers.) 
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means of shingles used as shims, several thou- 
sand shingles being used for the purpose. The 
top was built up to about 1 in. above the re- 
quired grade to allow for settlement. The top 
row of timbers formed ties for two lines of steel 
rails, upon which were laid the rollers. 

These rollers were of 2-in. steel shafting, 18 
ins. Jong. Between the rollers and the “shoes” 
which carried the building were saddles, each 


consisting of a flat plate resting on the rollers- 


and a wooden block upon this. There were 
about 24 sadd'es to carry each of the 16 shoes, 
with five rollers to each saddle as a rule. This 
gives a total of nearly 2,000 rollers, or an aver- 
age load of 3 tons per roller. The actual load 
varied. of course, the forward and rear rollers 
of each group being gradua'ly loaded or released 
as the saddle moved over them. For each “run” 
there was a man to attend to the rollers; he 
straightened them into position with a hammer, 
and also removed each rear roller as it became 
free and set it in ahead of the group. 

The building was moved by horizontal screw 
jacks of the type used in house moving. The 
butt ends of the jacks rested against the ends 
of the “shoes” mentioned above. The heads of 
the screws rested against heavy “pushing tim- 
bers” which were anchored by chains to the crib 
work of the “runs.” In this way the weight of 
the building served to hold the anchorages. Fig. 
1 shows the general arrangement of the sup- 
ports, the underpinning and the jacks for mov- 
ing the building. 


There were 18 jacks, each of 30 tons capacity, 
and having a clear stroke or travel of 4 ft. The 
pitch of the thread was such as to require $ 
complete turns for each l-in. of advance. At 
each jack was a man having a bar with one 
end bent for convenience in fitting it ta the hoe 
the head of the screw. The movement was 
directed by the man im charge (one of the mem- 
bers of the contracting firm) by means of a 
whistle. At each blast all the men moved their 
bars simultaneously, and then unshipped the 
bars and replaced them ready for the next blast. 
In this way the force was applied uniformly 
across the full width of the building. 

The men being drilled to the work, the whlst'e 
was blown usually at intervals of only two or 
three seconds. When the screws had made their 
full travel, a series of sharp whistles notified 
the men. The cap nuts were then run up to 
the heads of the screws, and the screws thrust 
back into the hollow timbers. At the same time 
the anchor chains were shortened and the push- 
ing timbers moved up against the heads of the 
screws. This required about ten minutes to make 
everything ready for the next move. The max- 
imum move in one day was 36 ft., but an ad- 
vance of 19 ft. 5 ins. was made in 3% hours. 

A view of the work in progress is shown in 
Fig. 2. At A, A are the screw jacks, fitted be- 
tween the ends of the longitudinal shoes and the 
pushing timber B. At C is one of the anchor 
chains, with its rod connected to the pushing 
timber. The other end is carried some distance 
ahead ard securely lashed to the blocking. The 
inclined timbers D are struts which were used 
temporarily to brace the pushing timber against 
the old foundation at its first move. At E, Ð, 
are the pairs of rails on which are laid the roll- 
ers under the building. This view shows the 
building being moved south from the present 
tracks at the left. It was then moved east 
towards the large storage warehouse shown be- 
yond it. 

The view shows also the old swing bridge 
(open) and the first double-track leaf of the new 
bascu’e bridge, which is being erected in an up- 
fight position. When this bridge is completed it 
will be put in service, the old swing bridge re- 
moved, and the second double-track leaf of the 
bascule bridge erected alongside (and on the 
left) of the one shown. 

Great care and accuracy are required in work 
of this kind, to prevent damage to the building, 
and to maintain the proper line and elevation. 
A mark was made on each pier, and frequent 
levels were taken on these and on bench marks 
to ensure that the building was maintained level 
and at the right elevation. Plumb lines were 
hung at the corners. Small lateral movements 


of adjustment were effected by placing the roll- 
ers slightly diagonal to the lines of rai's. 

The moving of the warehouse above described 
was done by the firm of H. Sheeler & Co., of 
Chicago and Philadelphia. The firm makes a 
specialty of work of this kind, and has moved a 
number of large and important buildings, but 
the warehouse is one of the largest and heaviest 
buildings ever moved. The difficulties are, of 
course, much greater when the buildings have to 
be moved over considerable distances or on 
grades, and where they have to be turned around. 
On grades, very high blocking is sometimes re- 
quired. The difficulties are also increased for 
buildings which have lofty towers or spires or 
which have large unsupported interior areas, such 
as churches and court-houses. Buildings of all 
kinds, however, have been successfully moved. 
Among the recent work done by Sheeler & Co. 
has been the raising of a large school building 
and other structures at Galveston, Tex. This 
was made necessary by the raising of the level 
of the entire city to an elevation considerab'y 
above that of the sea, in order to avoid a repeti- 
tion of the serious floods resulting from storms 
in the Gulf of Mexico. 
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THE WATERPROOFING OF THE LAND SECTIONS OF 
THE DETROIT RIVER TUNNEL.* 
By STACEY H. OPDYKE. 


The method of making tunnels waterproof is 
often an important feature in their construction. 
It is no longer thought sufficient that a tunnel 
driven below water level shall have (when com- 
pleted) no more leakage than one or two pumps 
can conveniently discharge from the drainage 
sumps. It is now sometimes specified that a 
tunnel must be so completely and permanently 
tight that there will be no need of pumps, and 


that there must be no 
dampness or sign of wa- 
ter percolating through 
the wall. The means by 
which this result can best 
be accomplished is a 
matter of interest to en- 
gineers. 

The Detroit River tun- 
nel has land approaches 
partly in open cut and 
partly in tunnel. The tun- 
nel portion is 3,675 ft. 
'ong on the Detroit side 
and 6.500 ft. long on the 
Windsor (Canada) side. 
Near the shore line on 
each side is a permanent 
shaft having a drainage 
sump to collect rain and 
surface water coming 
from the approach cuts. 
Each approach tunnel 
consists of a pair of sin- 
gie-track passages sepa- 
rated by a concrete wall. 
These tunnels are being 
driven through the clay 
with shields. They are lined with concrete and 
rendered waterproof by a complete envelope of 
coal-tar pitch and felt saturated with coal tar. 
This method of waterproofing is also applied to 
the permanent shafts. 

The soil encountered throughout is a blue clay 
of nearly uniform character. The lower ends of 
the approach tunnels and the shafts are to all 
irtents and purposes sub-aqueous work, as the 
rail bese in the river section is 66 ft. (and the 
bottom of the drainage sumps 75 ft.) below water 
level. 

The specifications under which the waterproof- 
ing is being carried on are given herewith. 
SPECIFICATIONS FOR WATERPROOFING TUNNELS. 


It is the purpose of these specifications to secure struc- 
tures the interior of which shall be permanently free 
from moisture or discoloration due to the percolation of 
water. oils or other liquids from outside sources, by 
means of a continuous flexible waterproof sheet sur- 
rounding the exterior of the structure. 


*This article has been sent to us by the American 
Coal Products Co., 17 Battery Pl., New York, N. Y. In 
another column we describe some details of the work on 
the river section of the tunnel. The construction of the 
river one land sections was described in our issue of Oct. 
31, 1907. 


Fig. 1. Central Wall. 


Coal-tar pitch of the grade known as ‘‘straight-run 
coal-tar pitch” shall be used, of a manufacture accept- 
able to the engineer. 

Felt shall be dipped“ in pitch and weigh not less than 
15 Ibs. per 100 sq. ft., and shall be subject to inspection 
and approval of the engineer. 

Pitch when applied shall be of a temperature not less 
than 251° F. The surface upon which the waterproofing 
is applied shall be dry if practicable, in the opinion of 
the engineer. If it is impracticable to have such sur- 
face dry, then there shall be first laid a layer of felt of 
the quality above described, on the upper surface of 
which is to be spread the first layer of pitch. Said ex- 
tra layer of felt shall not be counted as one of the layers 


of felt required by the plans or specifications. 


None but competent workmen, specially skilled in 
work of this kind, shall be employed. 

Until the waterproofing is covered, care must be taken 
not to break, tear or injure in any way the outer sur- 
face of the pitch. 

Each layer of pitch, fluxed as directed by the engineer, 
must completely and entirely cover the surface on which 
it is spread without cracks or blow holes. The felt must 
be rolled out into the pitch while the latter is still hot, 
and pressed against it so as to insure its being com- 
pletely stuck to the pitch over its entire surface. Great 
care must be taken that all joints in the felt are well 
broken, and that the ends of the rolls of the bottom 
layer are carried up on the inside of the layers on the 
Sides, and those of the roof down on the outside of the 
layers on the sides so as to secure the full laps herein 
specified. 

If considered necessary by the contractor or the engi- 
neer, because of the nature of the work requiring a 
rough handling of the waterproofing before placing in a 
final position, burlap shall be substituted for felt without 
extra charge. The burlap shall be of good quality, ac- 
ceptable to the engineer, weighing not less than 02. 
per sq. yd. 

Any structure that is found to leak at any time prior 
to the completion of the entire work shall be cut out, 
and leaks stopped in a manner satisfactory to the en- 
gineer. 

Class A waterproofing shall consist of 3 layers of felt 
and 4 layers of coal-tar pitch in alternation. Each strip 
or piece of felt shall be laid so as to lap 3 ins. upon 
the previous strip. and each section of waterproofing 
sheet shall lap at least 1 ft. with the adjoining section. 

Class B waterproofing shall consist of 5 layers of felt 
and 6 layers of coal-tar pitch in alternation. Laps to 
be the same as for Class A. 

Class C waterproofing shall consist of 10 layers of 
felt and 11 layers of coal-tar pitch, in alternation. Laps 
to be the same as for Class A. 

Class D waterprofing shall consist of a swabbing of 
coal-tar pitch at least %-in. thick. 


It will be noted that these specifications call 
for four different classes of waterproofing. Class 


Fig. 2. Half Cross-Section. 


FIGS. 1 AND 2. METHODS EMPLOYED IN WATERPROOFING THE 
LAND SECTION OF THE DETROIT RIVER TUNNEL. 


C is used where the water pressure is heavy, 
reaching a maximum of 75 ft. in depth. Class B 
is used for lighter pressure; Class A above the 
water level. Class D is used for coating the 
backs of the retaining walls of the approach 
cuts. 

As a check on the quality of felt and pitch 
being used, representative samples of each- ship- 
ment are regularly tested in the laboratories of 
the Detroit River Tunnel Co. The test on the 
felt is to determine the degree of saturation, the 
weight and the thickness. The pitch is tested 
for its consistency. Throughout the work the 
temperature of the pitch is not allowed to exceed 
300° F. for any length of time. It is applied at 
such a temperature that little or no difficulty is 
experienced from the fumes when used under 
compressed air. 

The approach tunnels on either side of the river 
are of practically the same character, and the 
construction in each case is being carried out 


*Standard coal-tar saturated felt was approved of for 
use throughout, and the dipping or saturating was done 


at the factory. 
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in the same way. A shaft was sunk at the portal 
and from this shaft drifts 10 ft. wide and 25 ft. 
high were tunneled towards the river, the first 
part of the work being done without the use of 
a shield. A cross section of these drifts is shown 
in Fig. 1. As the drift was extended the walls 
were kept in place by timbering. Rough 10 x 
10-in. uprights and cross bracing were used, as 
shown. For the roof the timbers were used in 
short lengths of about 30 ins., called cants. These 
were trimmed on’a band saw to a template to fit 
the circle. These timber sections were built up 
in arch rings. As the excavation advanced, the 
center or.core wall was built in this timbered 
drift. This wall divides the eastbound and west- 
bound tunnels, and acts as a guide for the tun- 
neling shields. 

At the base of this center drift, a layer of con- 
crete 4 ins. thick was placed as shown at A, Fig. 
-1. On this the waterproofing B C, was placed, 
the concrete serving as an outside protection 
course. The wall was then carried up, the cross 
timbers being cut away to make room for 
it, as shown. After the wall is built there re- 
mains an open space D between the top of the 
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Jobe Section 262.5" long 


30 ft. behlnd the rear of the shields, this space 
being left to allow the excavators and timbermen 
to handle the spoil and the material. The felt 
is laid in strips of convenient length around the 
circle of the arch rather than parallel to its axis. 

After the waterproofing has been applied to it, 
the board backing serves as the outside centering 
for the concrete lining, K. The inner centering 
is set up and the lining of concrete put in place 
as fast as the waterproofing is completed. As 
the concrete is tamped in solidly, the waterproof- 


ing has the same perfect bearing as if it had 


been applied after the concrete was in place. 
The waterproofing cannot be injured from the 
outside, as it is protected by the timbering. 
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DETAILS OF THE CONSTRUCTION OF THE DETROIT 
RIVER TUNNEL. 


The railway tunnel now being built across the 
Detroit River is of exceptional interest from the 
fact that the river portion consists of twin 
single-track steel tubes which are sunk in place 
in a channel dredged in the river bed. This por- 
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FIG. 1. 


ARRANGEMENT OF TUBES FORMING THE RIVER SECTION OF THE DETROIT RIVER 


TUNNEL. 


wall and the timber arch bracing at the top of 
the drift. This opening affords a clear, though 
somewhat contracted, space in which to apply 
the waterproofing E F to the top of the wall. 
The felt is cut in strips long enough to reach well 
across the wall and allow for laps to extend be- 
yond it. 

The concrete is mopped with hot pitch before 
the first ply of felt 1s laid, and each ply of felt 
is mopped before each succeeding ply is laid in 
place. The felt is applied and pressed into place 
while the pitch is still soft and sticky so as to 
insure a firm and solid bond. At the points B, C 
and E, F burlap is used in connection with the 
felt in order to provide a tough and flexible lap, 
as later on the lap is picked up and cemented in 
with the waterproofing on the arch and at the 
bottom. 

After the drift for the center wall had been 
carried along for some distance, it was followed 
on either side by drifts dug by side shields as 
‘shown in Fig. 1. The shields use the center or 
core wall as a guide, steel channels being set in 
the concrete for this purpose. Behind the shields, 
the timber bracing, G, is placed to support the 
sides and roof. This timbering is as shown in 
Fig. 2 for the roof of the center drift. Each 
circle of blocks is wedged up tight against the 
preceding one so as to resist the thrust of the 
clay. The joints of the blocks are broken. 

The inside of the timbering is lined with l-in. 
plank sheathing, H, which forms the backing on 
which are placed the layers of coal-tar pitch and 
felt, J. The waterproofing at the base of the 
core wall at C (Figs. 1 and 2) is picked up and 
continued around the sheathing until it meets 
the waterproofing, F, at the top of the core wall. 
Nalls and thin sheet iron strips about 14 ins. 
wide are used at frequent intervals to fasten the 
waterproofing to the sheathing, particularly on 
the roof. These strips are well swabbed with 
pitch after placing, and are covered by at least 
two plies of felt. The waterproofing is kept about 


the river crossing. 


tion will be about 2,620 ft. in length. The ap- 
proaches are single-track concrete tunnels driven 
through the clay by the aid of shields in the 
usual way. The methods of waterproofing these 
land tunnels are described elsewhere in this 
issue. The character of the work and the meth- 
ods of sinking the tubes were described in our 
issue of Oct. 31, 1907, but we are now able to 
give some further details of this novel and in- 
teresting work. 

The tunnel is being built for the Michigan 
Central Ry. by a separate organization termed 
the Detroit River Tunnel Co. Mr. W. S. Kin- 
near, M. Am. Soc. C. E., is Chief Engineer; Mr. 
Benjamin Douglas, M. Am. Soc. C. E., is Tunnel 
Engineer; and Mr. A. C Everham, Assoc. M. Am. 
Soc. C. E., is Assistant Tunnel Engineer. The 
contract for the entire work is he!d by the Butler 
Brothers Hoff Co., of Detroit. 

The general construction of the river section is 
in brief as follows: The two parallel steel tubes 
are built in sections about 262 ft. 6 Ins. long, 
being stiffened by steel plate diaphragms 12 ft. 
apart. The ends are closed temporarily by bulk- 
heads, and timber sheathing is fastened to the 
ends of the diaphragms to form a hull. The 
structure is then launched, towed into place, and 
sunk by admitting water to the tubes. There 
will be ten of these 262%-ft. sections to complete 
Each section forms a com- 
plete structure with its two tubes connected by 
the diaphragms. Five of the ten sections have 
been placed, and the sixth is expected to be in 
place before the end of September. The land ap- 
proach tunnels will not be completed until some 
time next year. 


Before the structure forming a tube section is 


sunk, a deep channel js dredged in the river, so 
that the top of the tunnel will be somewhat be- 
low the river bed. At each junction of the sec- 
tions, a steel and concrete grillage is set in place 
at the proper level in the bottom of this dredged 
channel. Thus when the tube section is sunk, 


the tube. 


. out and the bulkheads removed. 


its ends are seated upon solid supports, while 
the middle portion is unsupported. When the 
Structure is adjusted to exact position, concrete 
is filled beneath and around the tubes, forming a 
monolithic concrete structure, in which are two 
steel-lined tubes 23 ft. 4 ins. inside diameter. 
This general construction is shown in Fig. 1. At 
the left is the junction with the concrete tunnels 
of the land approach, and part of the concrete 
filling around the tubes is shown in place. At 
the right is the concrete and grillage bed forming 
the support for the ends of the first and second 
sections of the tubes. 

The grillage is built up of 12-in. I-beams and 
channels, with angles for bracing and 15-in. end 
channels. Stiffening diaphragms are fitted be- 
tween the beams, and gusset plates are used at 
the connections of the bracing angles. The grill- 
age is constructed with four 10 x 10-in. spuds 
(as indicated in Fig. 1). These are forced down 
into the clay until the grillage is at the proper 
elevation. They then serve as supports until the 
concrete is deposited beneath and between the 
beams. 


JOINTS OF THE TUBES.—One of the special 
features of the work is the connecting of the tube 
sections by watertight joints. The joints are 
telescopic (Fig. 2). Each new section is guided 
into position by pilots which enter sockets on the 
section already placed. As soon as the new sec- 
tion is in place, bolts are put in to fasten the 
two sections together. The ends of the tele- 
scopic portion are closed by heavy rubber 
gaskets, leaving an annular space to be filled by 
grout pumped in through pipes. 


For grouting the joint, two 2-in. pipes are 
tapped into the annular space; one of these en- 
ters at the top and the other at the bottom of 
The pipes are carried up above the 
level of the diaphragms, and have their ends 
threaded for attaching hose by which the grout- 
ing can be done from the concreting scow on the 
surface. We are informed, however, that as 
yet none of the joints have, been grouted, and 
that this will be left until the work can be done 
from the inside of the tubes. 


TUNNEL LINING.—When the tunnel is com- 
p'eted across the river, the tubes will be pumped 
An interior 
concrete lining will be placed, 20 ins. thick in the 
arch, and forming side benches to receive the 
condults for power, telegraph, telephone and sig- 
nal cables. These benches will be 32 to 46 ins. 
wide at a height of 5 ft. 3 ins. above the rails, 
forming walks for the inspectors and workmen. 
The clear space for the cars will be 11 ft. 6 ins. 
wide. The concrete lining will be reinforced 
longitudinally by l-in. round rods in the arch, 
and by rails in the vertical sides of the benches. 
The concrete is made with broken stone or gravel. 
The mixtures used are as follows: interior lining, 
1:2:4; exterior filling around the tubes, 1:3:6; con- 
crete base (below the steel diaphragms), 1:47: 7. 
The concrete and the steel shell with grouted 
joints are relied upon to make the tunnel water- 
tight. The drawings of the completed work are 
shown in Fig. 3. 

The floor and track construction are of peculiar 
design. In the middle of the concrete floor will 
be a drain with the bottom 2 ft. below top of rail 
at changes of grade, increasing to 2 ft. 6 ins. at 
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Details of Joints Between Tubes; Detroit 
River Tunnel. 


Fig. 2. 


the sump. On each side of this will be recesses 
for wooden blocks to carry the rails. Every fifth 
block on the right-hand side will be of extra 
length to carry a support for the third-rail con- 
ductor. This will be a {0-lb. rall on the under- 
running system. 
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CONCERNING ROADS, ENGLISH AND AMERICAN. A 
CONTRAST AND ITS EXPLANATION. 


[Editorial Correspondence. ] 


The excellence of English roads, and, indeed of 
European roads generally, has been told by so 
many travelers that it may seem like an old 
story. Yet as the praise of English roads is 
usually—and quite naturally—coupled with con- 
demnation of American roads, I have thought it 
worth while to carry the comparison a step far- 
ther and inquire some of the reasons for the con- 
trast. 

And the contrast I am referring to does not lie 
in the fact that all the public roads in England 
are macadamized, whereas in the United States 
we have made only a bare beginning on a few 
highways near the Eastern cities. What I am 
contrasting is the macadamized roads as one sees 
them here in England and the macadamized 
roads in the United States. 

Why is the English road so much better; or, 
to put the question the other way, why are our 
American roads—the best that we can show in 
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New Jersey or New York, or Massachusetts—so 
much inferior to the roads of England? 

That the British road is better, and vastly bet- 
ter, will surely not be denied by any competent 
judge who compares the two. To specify more 
particularly, the surface of a macadam road 
as one sees it here in England is smooth and 
hard. In good weather that is neither very dry 
nor rainy, an English road is almost as hard and 
clean as a brick or stone pavement. In dry 
weather it has very little dust upon it and in 
wet weather very little mud. Loose stones, large 
or small, scattered over the surface, are rarely 
seen in English roads. The traction resistance 


on them can be little more than on a block pave- ` 


ment. 

I have examined in the past month a great 
many roads in widely different parts of England, 
Scotland and Wales. Comparing them with the 
roads in New Jersey, made with hard trap rock, 
with which I have been for many years familiar, 
I believe the New Jersey roads subjected to equal 
traffic will have five to ten times as much dust 
upon them at the end of, say, a week of dry 
weather as would be found on an English road. 
It is nothing uncommon to see dust like fine flour 
a considerable fraction of an inch in depth on our 
New Jersey roads. When rain comes this dust is 
promptly converted into mud. 

These English roads, however, do not act in 
this way at all. They seem to resist the wear in 
a wholly different way. One sees the stones 
showing in these road surfaces, often of consid- 
erable size, but the binder between the stones 
seems almost as hard as the stones themselves. 

A good illustration of the difference between 
the two road surfaces is the fact that these Eng- 
lish roads can be and are swept, and with stiff 
rattan brooms, and that, too, in wet weather 
when their surface would naturally be softest. 


On our American macadam roads, street clean- 
ing, or at least street sweeping, is practically 
unknown. If it were attempted, with any such 
brooms as are used here, the macadam surface 
itself would be torn up by the brooms. Still fur- 
ther I may note that not only hand brooms but 
rotary horse sweepers are regularly used on these 
English macadam roads, and they work admir- 
ably. If any one is able to use horse sweepers 
on an American macadam road, I have never 
heard of it. 

And because this English macadam surface is 
so resistant to wear, it is used as a city pave- 
ment on streets of heavy traffic, where, under 
American conditions, nothing but stone or brick 
or wood paving would be considered suitable. 
To draw the contrast again: In my own home 
town of Montclair, N. J., a suburban residence 


town of less than 20,000 population, and no man- 
ufacturing industry, ordinary macadam is being 
abandoned as a paving on the main streets. It 
creates so much dust and so much mud and re- 
quires resurfacing at such frequent intervals that 
one of the proprietary tar macadams is being 
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and notice this contrast. It is the very natural 
conclusion that American engineers do not yet 
Know how to build good macadamized roads. 

Now, we will all admit, of course, that not a 
few mistakes have been made in our first essays 
at good road construction in the United States, 
and it is true, too, that in many quarters con- 
tractors and workmen who are experienced in 
macadam road work and know how to do it 
right are hard to find. An engineer cannot al- 
ways stand over a piece of work from start to 
finish to see that it is done in the right way. 

I do not believe, however, that the great con- 
trast between the roads of the two countries is 
due to ignorance of the art of road building in 
America. For that matter some of the best 
known road engineers in the United States have 
had English training and experience. 

We cannot lay the difference, either, to differ- 
ence in the materials. In both countries a great 
variety of materials is used for road building. 
American traps and granites and other hard 
stones are quite as resistant to wear as the 
similar stones used for roadmaking in England. 
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FIG. 3. THE RIVER SECTION OF THE DETROIT RIVER TUNNEL. 


substituted for it. Yet here in England I find 
industrial cities of 50,000 to 60,000 inhabitants, 
with the traffic compressed into narrow streets 
not half the width of the main avenue in Mont- 
clair, which I have referred to, and many of 
these main business streets are improved with 
nothing but macadam. There is no mud and no 
dust—or at least none according to our Amer- 
ican standards. 

Surely this contrast is one that ought to make 
American engineers ‘“‘sit up and take notice.” 

Why are our roads so unsuccessful compared 
with those of the older country, or rather, again 
to reverse the question, what make English roads 
so much better? I know well the conclusion 
reached by most Americans who travel abroad 


Something may perhaps be allowed for the 
beneficial influence of English weather. A cli- 
mate where the sun's rays are not scorching, even 
in midsummer, where frequent gentle rains are 
the rule and long droughts and heavy drenching 
storms with accompanying wash the rare excep- 
tion, and where the frost never penetrates the 
ground more than a few inches is certainly an 
ideal one for the road builder. And yet I cannot 
believe that the climate alone chiefly deserves the 
credit for the excellence of English roads. 

I believe, from all the information I have been 
able to obtain, that the difference in wearing 
qualities, in dust and in mud of English and 
American macadam roads is due almost wholly 
to one very simple cause, which, so far as I am 
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aware, has never before been pointed out. I be- 
lieve the whole explanation of the mystery lies 
in the fact that Amcrican horses are shod with 
sharp calks, awhile English horses are smooth 
shod. 

I make this statement broadly, and proceed 
at once to note the qualifications. I am aware 
that some few horses in the United States in 
sections where most of the roads are macadam- 
ized are smooth shod; yet even there shoeing 
with calks is the rule. I am aware, too, that in 
England the heavy draft horses are often shod 
with huge blunt calks. These calks are so broad 
and flat, however, that they do not penetrate the 
pavement at all, and apparently they are pur- 
posely so made. Again, in icy weather in winter 
English horses have calks put on their shoes; 
but when the road is thus covered with ice, its 
surface is protected from the calks, and being 
frozen, it is more resistant to penetration any- 
way. 

Everyone has seen how an ordinary footpath 
of clay will, under the constant tread of feet, be- 
come a'most as hard as stone. Exactly the same 
thing, I believe, happens to an English roadway 
under the influence of the horses’ hoofs. Where 
on an American macadam road the hoofs of 
every passing horse tear up the surface, on an 
English road the horse’s hoofs tend rather to 
compact it. One always sees on an American 
road, where carriages follow a beaten track, the 
surface torn and rough in the center where the 
horse’s shoes have done their work and worn 
smooth in the wheel tracks; but I have yet to 
see a road surface roughened by horses’ shoes on 
any road in England. 

Is it really a wonder that our American mac- 
adam roads wear rapidly? Is not the combina- 
tion of the road, and the horse and the vehicle 
an efficient pulverizing mill? The surface is con- 
stantly being torn up by the sharp calks, and the 
materials thus dug up are crushed under the 
wheels and by the impact of hoofs. 

The ear as well as the eye records what is 
going on when a vehicie passes over an Amer- 
ican road. One hears continually the sharp 
„Crunch, crunch, crunch” of the small stones be- 
ing crushed under the wheels. It is this princi- 
pally that makes rubber tires a necessity for 
comfort in driving on our New Jersey macadam- 
ized roads, and has brought such tires into almost 
universal use on passenger vehicles. In England, 
on the contrary, rubber tires are very rare. They 
are a luxury and not at all a necessity for com- 
fort. In proof of this I may remark that it was 
not unti! I had been driving for some distance 
on an English road that I noticed that the car- 
riage did not have rubber tires. 

In this single matter alone—the cost of main- 
taining rubber tires on vehicles—the difference 
between English and American roads must 
cause an annual expenditure in the United States 
approaching a million dollars or more, destined 
to rapidly increase as we increase our mileage 
of “good roads.” 

And now a word as to automobiles and the dust 
nuisance. In the suburbs of every American city 
during the past hot summer, I Know, the dust 
from automobiles has been well nigh past endur- 
ance. Houses without number have been de- 
serted and families have fled to the seaside or the 
mountains because the piazzas which were once 
a comfortable retreat in hot weather are invaded 
by a cloud of dust raised by each machine that 
passes; and living indoors with closed windows in 
an American summer is nearly or quite Impos- 
sible. A great deal more could be said on this 
subject and yet the story would not be half told, 
but the situation may be summed up by a guess 
that the depreciation in the value of suburban 
residence property in the United States on ac- 
count of dust from automobiles must amount to 
many million dollars. | 

So much for our own country. How is it here? 
I had read much in the English engineering jour- 
nals concerning the difficulties of a similar sort 
that are being experienced here; but I am aston- 
ished to find that, measured by our American 
standards, there is no dust nuisance at all here. 
One sees automobiles in plenty, and where there 
is any dust in the road, of course, one sees the 


familiar little fountain of dust sucked up at the 
back of each tire; but the amount of dust on the 
roads is so trifling that there is no great dust 
cloud raised such as commonly follows the autos 
at home. In fact, I have yet to see a dust cloud 
raised by an automobile here that I cannot match 
with the dust raised by an ordinary one-horse 
delivery wagon. on the streets of my own home 
town. 

I have read in the English papers, too, of the 
injury being done to roads by automobile tires; 
but I am convinced that we in America have the 
only real thing in that line. The binder in these 
English roads is too hard and firm for the tires 
to tear it out and ravel the road to pieces as is 
happening all the time on every yard of road at 
home. 

All this, and more, is the price we are paying 
in the United States for following the custom of 
putting sharp calks on horse shoes. It is a cus- 
tom without doubt, which has grown out of the 
former universal prevalence of dirt roads, where 
calks are essential to give a horse a sure foothold 
at all times. 

In England all roads are macadamized, and 


have been for so long a time that the necessity . 


for calks on shoes long ago disappeared. As for 
the heavy farm horses, which travel over the 
fields as well as on the roads, they are shod with 
the broad flat calks before mentioned. 

And now, having said this much, I venture to 
go a step farther and assert that the difference 
in other street paving, English and American, is 
largely due to the difference in the shoeing of 
horses. 

We all know how in our American stone block 
pavements the blocks become rounded by wear. 
The shoe calks keep chipping particles off the 
sides, which wear thus more rapidly than the 
top, until what was originally a flat block be- 
comes as rounded as a glacial boulder, and the 
pavement approaches a cobblestone pavement for 
roughness. English stone block pavements do 
not seem to wear in this way. 

More marked still is the contrast between wood 
block pavements here and at home. One has to 
look closely at an English wood pavement to 
make sure it is not macadam. The surface of 
these pavements is systematically sprinkled with 
fine gravel, in slippery weather, and this gravel 
under the impact of smooth hoofs becomes beaten 
into and embedded in the top of the road and 
actually takes the wear. This is why pavements 
of the softer woods, like pine, in London streets, 
are said to wear less rapidly than pavements of 
the very hard Australian woods, which are too 
dense to permit the gravel to imbed itself. 

Our American wood pavements, such as those 
laid within the past five years in New York, are 
as bad as asphalt to move horses over in slippery 
weather; and if they were sprinkled with gravel, 
as they are not, the stones would not stay bedded 
in the surface, but would be at once torn out by 
the shoe calks. . 

It may we!l be asked: How do English horses 
get along with smooth shoes? 

A horse without calks on his shoes can, of 
course, exert no more draft than is measured by 
the coefficient of friction between his shoes and 
the pavement. There is no doubt at all, I believe, 
that a horse sharp shod can exert a much greater 
pull than one smooth shod. 

One might suppose, therefore, that English 
smooth-shod horses would draw lighter loads than 


American horses, but I am not at all sure that 


this is the case. A horse cannot exert for any 
considerable time a pull great enough to make his 
shoes s'ip on a macadam surface. Further than 
this, while an American horse smooth shod would 
be certain to slip, since he has always been accus- 
tomed to rely on his shoe calks to hold him, an 
English horse having always been smooth shod 
never appears to slip. He instinctively knows 
how to place his weight so as not to slip his feet. 
I have seen English horses tugging a coach upa 
hill rise on their toes, and I have even seen them 
do the same thing coming down hill with a cart, 
just as a man digs his heels in the turf in de- 
scending a slippery slope. 

Still further it is to be noted that steep hills are 
very rare on these English roads, and also that 


four-wheeled vehicles are almost always equipped 
with brakes, and these brakes are used on light 
down grades where drivers would never think of 
applying.them in America. 

And besides these things, England is the coun- 
try of the two-wheeled cart, a vehicle almost as 
extinct in the United States as the war chariot 
of antiquity, which was its prototype. Why there 
should be this difference in the custom of the two 
countries one can only surmise. It might be 
thought that in the United States, where horses 
flounder through mud on country roads during 
part of the year, it was found advantageous to 
remove all load from the horse’s back. But Eng- 
lish horses also floundered through muddy roads 
until the good roads era began early in the nine- 
teenth century. 

This much, however, is clear, that the horse 
drawing a two-wheeled vehicle and carrying part 
of its weight on his back, can pull more on 
smooth shoes than a horse with only his own 
weight on his “driving wheels.” I cannot believe 
that the two-wheeled cart is as efficient a trans- 


` portation vehicle as the four-wheeled wagon, and 


the probability is strong that its use here is 
merely adherence to old-time custom. And while 
its use may have some bearing on the question 
how English horses get along with smooth shoes, 
there are enough four-wheeled vehicles here to 
show that smooth-shod horses can draw good 
loads, under the conditions existing here, without 
extra weight on their back. 

If I am right in my diagnosis of the injury done 
to American macadamized roads by horseshoe 
calks, the natural question that follows is how 
can a remedy for the situation be found. It is 
much easier to ask the question than to answer it. 
The differences in condition. some of which I have 
attempted to explain, make it certain that users 
of draft horses on American roads who might 
try shoeing without calks would be almost cer- 
tainly disappointed. Legislation to prohibit the 
use of calks, therefore, could not possibly be 
hoped for. 

But whatever can or cannot be done, it is cer- 
tainly well that the true cause of the inferiority 
of American macadamized roads should be known 
and that American engineers and road builders 
should mo longer be accused of ignorance and 
incompetence. 

C. W. B. 

Oxford, Sept. 4, 1908. 
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THE RIFLED OIL PIPE LINE of the Southern Pa- 
cific Co. in the San Joaquin valley, California, described 
by Mr. J. D. Isaacs, one of its inventors, in Eng. News, 
June 7, 1906, p. 640, is now in operation for a length of 
120 miles. It is to be extended to nearly 300 miles. 
Reports state it to be entirely successful, with a move- 
ment of 17,000 barrels per day (8-in. pipe). There are 
eight pumping- stations on the line. The water which 
is pumped in forms an outer skin about: %-in. thick at 
the beginning and thicker farther along the line, the 
oil staying in the interior, due to centrifugal action (as 
in cream separators). The line terminates at Port Costa, 
on Carquinez Straits. 
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A BOW RUDDER FOR STEAMERS has been designed 
for the purpose of giving greater steering power for 
river steamers and other vessels of light draft when 
going astern. It doer not interfere with the shape or 
construction of the hull, and it can be put in position 
for use very readily or removed when the vessel is 
ready to move ahead. The rudder slides on a vertical 
post or guide which is fitted permanently just in front 
of the stem post or bow, and this forms the pivot or 
shaft of the rudder. The rudder is raised or lowered 
on this shaft by means of tackle carried by an arm above 
the bow. When raised, it is swung back so that it lies 
flat against the side of the hull, above the water. When 
lowered, a steering tiller is fitted to the head of the 
pivot shaft. This device is the invention of Mr. Alfred 
F. Yarrow, of the noted English shipbuilding firm of 
Yarrow & Co., Glasgow, Scotland, which makes a spe- 
clalty of light draft steamers for naval and commercial 
service in all parts of the world. The steamers of 
American rivers are fitted very frequently with three 
or four balanced rudders at the stern, all operated as 
one unit. The blade extends both forward and aft of 
the shaft. This management gives better manoeuvring 
facilities than the ordinary form of rudder, but these 
facilities may be increased materially by a rudder at 
the bow when the vessel is moving stern first. 
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All users of chestnut lumber and timber, and 
all lovers of handsome trees, to say nothing of 
the young in fact or in spirit who delight in 
one of our most toothsome nuts, will be inter- 
ested in the article on “The Chestnut Bark 
Disease,” by Mr. E. A. Sterling, Forester of 
the Pennsylvania R. R. Co., which we present 
elsewhere in this issue. It is only necessary 
for us to say here that the chestnut tree seems 
doomed to virtual extinction, to call attention 
to Mr. Sterling’s review of its importance in our 
trade and industry, and to urge that every 
menace to our fast diminishing forests, be the 
menace by nature or by man, points unerringly 
to the need of extensive and intelligent forestry 
work in the United States on the part of the 
nation, each state and every competent indi- 
vidual. 

P: —-—- ——— 

In contrast to the work of reconstructing the 
famous Campanile of St. Mark’s, at Venice, which 
collapsed about six years ago after over a thou- 
sand years’ existence, it is interesting to observe 
that in the near future the first skeleton sky- 
scraper built in New York City is to be removed 
to make way for a larger building, although only 
twenty years have passed since it was built. 
Upon the basis of two such typical cases, it is 
small wonder that the European engineer so 
prides himse'f upon the permanence of his own 
construction, and criticizes his American brother 
for the ephemeral nature of his work, but that 
such pride sometimes leads to ludicrous ends is 
quite as true as that such criticism is generally 
unjust. As an instance of the limits to which 
this worship of the permanent may lead, we 
would quote, with our own italicizing, the fol- 
lowing possible causes for the collapse of the 
Campanile, as stated by the author of the paper 
from which the article on another page of this 
issue was taken. These three possib!e causes 
are: disintegration of the material, the repeated 
effects of earthquakes, ox faults in construction. 
The first two of these would seem to be ample 
explanation of fhe disaster, but it is hardly pro- 
fessional courtesy to drag in the architect, a con- 
temporary of Columbus, who built the latest 


Campanile there in the Place St. Mark, or those 
artisans who, back in the sixth century, laid 
the foundations which even now have been util- 
ized in the construction of the new tower. Four 
centuries of undisturbed existence ought cer- 
tainly to be proof of correct design and construc- 
tion, even to the conservative European engineer, 
who regards our occasional century-old bridges 
and buildings as mere novelties, not yet tested 
by time. 


ee 


The accuracy of modern construction surveys, 
which permit the joining of tunnels and bridges 
well within the limits of alinement and material 
if not within the few thousandths of an inch 
frequent!y described in the daily press, gives a 
certain prominence to the following unauthenti- 
cated dispatch from Germany: 

REVENGE COST $875,000. 

Heidelberg, Sept. 12.—It was discovered that the two 
sections of the tunnel being constructed by the Govern- 
ment in the Black Forest Mountains, which should come 
together at the village of Forbach, miss each other by 
26 ft. A mistake in the survey had been caused by the 
misplacing of a surveying pin, the act of a discharged 
laborer. It will cost $875,000 to repair the error. 

Until better attested than at present the oc- 
currence of so large an error is certainly to be 
doubted. European engineers, especially those 
engaged in tunnel practice, are experts from 
training and experience on the mathematical 
niceties of higher surveying. That they should 
have neglected the customary checks in either 
the preliminary triangulation or the subsequent 
alinement is incredible. And the single displace- 
ment of one pin, for spite or in ignorance, might 
disarrange the whole system in a freshman 
campus survey but in a tunnel bore, properly 
controlled, one misplaced mark could hardly es- 
Cape detection. 

A correspondent forwarded us this clipping 
with the suggestion that we make it the text 
for a recommendation for more thorough check 
systems in all surveying. With the doubtful in- 
formation at hand further discussion of the in- 
cident seems uncalled for. We note the matter, 
however, largely on account of the “human in- 
terest” furnished by the caption writer. 

ee 

The reinforced-concrete mine-shaft which the 
Lackawanna R. R. has sunk at its colliery near 
Wilkesbarre has been given wide publicity as 
a very present example of the effort toward con- 
serving our natural resources, which received so 
great an impetus at the conference of the govern- 
ors last spring. The shaft in question is not the re- 
sult of the work of that conference, for it was 
nearly completed before the presidential message 
calling the meeting, but had it been so intended 
it could not Have better served the purpose of 
illustrating not only the necessity for more scien- 
tific development of the great riches stored up 
in the land but also the past wastefulness in that 
development. However, these latter truths are 
now self-evident and appreciated by the people 
since they were so forcibly stated by the various 
speakers last spring. The Wilkesbarre shaft 
is more interesting as an indication of the time- 
liness of the present conservation movement and 
an example of the possibilities of the future under 
the more advanced knowledge of engineering 
science, 

Wastefulness in the past was not entirely due 
to a disregard of the possible limited supply, al- 
though the seeming abundance of treasure pre- 
cluded any great amount of worry over the 
future. But the state of the art was such that 
many improvements now evident were thought 
impossible or not thought of at all. Time was 
when the coal of Pennsylvania was so easy of 
access that no great expenditure was required to 
get it to an eager market. Time is when capital 
investments, undreamed of in the past, gain 
reasonable profit on account of more scientific 
methods which permit of greater earnings. That 
is why the movement toward conservation stands 
a better chance of success now than it would 
have a half century ago. Aside from the more 
evident proximity of the exhaustion point in re- 
sources the technical standards of to-day have 
reached a period when things can be done 
economically which in the last century could not 
be done at all. The sinking of a concrete shaft, 


such as is described elsewhere in this issue, opens 
up a coal fie'd practically inaccessible under the 
cruder methods of the past. Such an under- 
taking might have been accomplished in 1860, 
but it is highly improbable, and the cost would 
have been prohibitive. 

— m 


It is hoped that the recent aeroplane accident 
at Fort Myer, Va., has only temporarily halted 
the interesting and instructive work, in this 
country, of the Wright Brothers. The last per- 
formance, at Le Mans, of a duplicate of the 
machine wrecked at Fort Myer, sustains such 
hopes. The death of Lieutenant Selfridge comes 
with additional shock because of his promising 
career and because of the uniform and spec- 
tacular success that had previously accompanied 
the Fort Myer trials. The sequence of the 
series of remarkab'e flights and their sudden 
and tragic end have aroused much speculation 
as to the bearing of the events on the inherent 
Lmitations of human flight by “heavier-than-air” 
machines. Long-sustained mechanical flight is 
a certainty. Is it to be more dangerous than 
ballooning? Is the static equilibrium of a bal- 
loon more reliable than the dynamic reactions 
on which the aeroplane depends? 

Shall the aeroplane be sailed close to the earth 
or hundreds of feet above? Is it more desirable 
to have a greater distance of fall in which to 
recover control in case of accident than to have 
a short fall without chance of resuming control? 
Must the safety of flight depend solely on the 
cool head and quick hand of the pilot? Are 
automatic transitions possible from swift flight 
to easy descent? Can the vibration of an ex- 
plosion motor set up synchronous vibrations in 
a highly-strung frame that become dangerous 
through added stresses or through interference 
by amplitude of motion? Does the operator of 
an aeroplane lose the ability to glide to earth 
during a turn or in describing a curve? These 
are some of the more notable queries heard on 
all sides, and to which the actions of the Wright 
machine may give some reply. It is to be hoped 
that those who may be enabled to study this 
accident will give some answer to such questions. 

The name of Lieutenant Selfridge is the fourth 
placed on the list of martyrs to the art of human 
flight. The first recorded is that of Otto Lilien- 
thal, in 1896, who is remembered as the origi- 
nator of the ideas of bird flight that have re- 
sulted in the Wright flyer. The second name 
is that of Lieut. Percy S. Pilcher, a young Eng- 
lishman who followed Lilienthal’s ideas and pro- 
duced a kite which would carry him if pulled 
against the wind. The third name is that of 
one Maloney, who made descents for Prof. J. J. 
Montgomery, of Berkeley, Cal., from a balloon 
by an aeroplane apparatus. The first descents 
were successful, but soon the apparatus col- 
lapsed at a high altitude. This list is shorter 
than the one which accompanies an equal ad- 
vance in ballooning and one has but to turn 
back to the rather meager records that are easily 
accessible to find the tragedies of De Rosier, 
178. Zambeccari, 1812; both men who attempted 
to heat their hydrogen. It is recorded that many 
Frenchmen, whose names have been lost, have. 
been killed, at different times, by suffocation or 
by arsenic in the gas used. A German, Wölfert. 
and a companion were killed by the explosion 
of their dirigible in 1897. In 1902 a Brazilian, 
Severo, was similarly killed with his companion. 
In this same year many investigators lost their 
lives, among them Capt. von Sigsfeld, of the 
Prussian balloon corps, at Antwerp, Baron von 
Bradsky, at Paris, and still another, a French 
naval officer, whose name has escaped, was 
thrown from his balloon at Lagoubran and 
drowned. The most recent disaster that comes 
to mind is the one in which C. O. Jones, a com- 
panion of Lieutenant Selfridge in many experi- 
ments, was killed in Connecticut, during an ex- 
hibition of a dirigible balloon. These incomplete 
records seem to reassure us of the safety of me- 
chanical flight compared with ballooning. 

Mr. Wright’s testimony, since the Fort Myer 
mishap, has been in favor of high flights that 
the aerop'ane may be directed to a gliding de- 
scent for landing in case of trouble. It is to 


340 


ENGINEERING NEWS. 


Vol. 60. No. 13. 


———— ——————— — — — — — 


be inferred that, of course, only low flights are 
attempted until it is known what characteristics 
each machine possesses. As far as present de- 
velopments have been carried it looks as though 
automatic gliding in case of loss of motive power 
or slight disablement had not been obtained. 
If safety then does depend on quickness of 
human action it would seem that high flights 
were advantageous when it was once determined 
how a machine would respond to certain in- 
fluences. 

Mr. Wright's assistants have been quoted as 
saying that this aeroplane, in describing a 
curved path, could not recover its equilibrium 
and safely glide to earth should the motive 
power be removed. This sounds like admitting 
a defect in design which we are unwilling to 
believe exists, although it may be true that at 
the present state of the art such a recovery is 
not automatic and that if the pilot is hampered 
the machine may fall to swift destruction. 

It is Mr. Wright’s own testimony on this ac- 
cident that a propeller blade broke by contact 
and interference with a rudder guy. The nat- 
ural inference is that this guy had been tight- 
ened until it vibrated, with increasing ampli- 
tude and strength, in synchronism with the 
vibration set up by the engine. Whether the 
guy was over-stressed before or after contact 
has not been decided. But it makes little dif- 
ference either way, as the action has been 
shown to require attention, after a machine 
has been assembled. 


We believe that this accident will shed some 


light on the limitations of mechanical flight and 
certain necessities in the design of these ma- 
chines. While the cost may well be reckoned 
excessive yet the sacrifice has not been useless. 


a i a 


THE PROBLEM OF THE CHICAGO ELEVATED RAIL- 
WAY LOOP. 

When the first three Chicago elevated railways 
were built, each had its own stub or dead-end 
terminal station, and these three stations were 
all outside of the business center. Later the Union 
Loop was projected and built with the special 
object of carrying the trains of all these lines 
through the business district. Soon after its 
completion a fourth elevated line was connected 
with it. The loop forms a rectangle, with each 
side covering five city blocks, and it has eleven 
stations in this short distance. The stub ter- 
minals were abandoned for train service, two 
being used for car storage and one of them being 
pulled down. There are junctions at three cor- 
ners of the loop, and at each of these the trains 
of one line must cross the tracks of another line 
in entering and leaving the loop. Two of the 
four lines run their trains left-handed (beyond 
the loop) in order to simplify the junction ar- 
rangement, but even this does not avoid the 
grade crossings. 

This loop arrangement proved satisfactory 
until the number of trains increased to such an 
extent that during the “rush” hours the move- 
ment became intolerably slow. The number of 
trains has been increased not only by the growth 
of traffic but also by the opening of branch 
lines, the trains of all of which are run to the 
loop. The trains are so crowded that it would 
be impracticable to run the branch trains only 
upon their respective branches. Apart from the 
desirability of avoiding changes of this kind, as 
noted above, passengers from the branch trains 
could not find accommodation in the through 
trains (for the loop), and there would be con- 
tinual confusion and delay. 

Under the present conditions, the normal 
movement on the loop during the “rush” hours 
is very slow, and any slight delay at a station 
or a junction point blocks the traffic until there 
may be a long line of trains close together. 
These trains crawl along slowly and intermit- 
tently. If the blockade fouls any of the junc- 
tions where trains enter and leave the loop, the 
interference with traffic may quickly become 
serious. With a track blocked beyond one of 
these junctions, as by an open drawbridge (and 
there are two such bridges close to the loop), 
trains destined to leave the loop at that point 
have to be run around the loop again (until the 


junction outlet is clear) in order to avoid block- 
ing all other traffic. 

A radical means of improvement which has 
been recommended by engineers engaged by the 
city to investigate the matter is to adopt through 
routes over some of the lines. This would avoid 
the present arrangement by which every train 
must pass entirely around the loop. Thus trains 
from a northern 
wou'd pass around only two sides of the loop and 
then leave it at a diagonally opposite corner, 
continuing their course over a southern line. 
The trains of the latter would run over the 
northern line in the same way. This’ plan of 
utilizing the loop as a link in a through route, 
instead of as a terminal, would undoubtedly re- 
duce congestion of traffic. While it would involve 


change of cars to reach stations on the other 
sides of the loop, the conditions are such 
that it Seems impossible to give passen- 


gers both rapidity and completeness of service in 
combination. The railways are owned by sepa- 
rate companies, however, and the companies 
show no disposition to arrange for such a mutual 
interchange of traffic. 

Some slight relief is being afforded by reverting 
to the use of three stub terminals outside of the 
loop. One of the first of these original terminals 
was pulled down, as noted above, after the loop 
connection was made. This has been rebuilt 
in another location in order to accommodate some 
of the trains of the elevated railway and also the 
trains of an interurban line which enters Chicago 
over this one of the elevated railways. One of 
the latest developments is the construction of a 
fourth stub terminal (also outside of the loop) 
in order to relieve the congestion. This use of 
such outside ‘“stub” terminals in connection with 
a loop is open to many objections, however neces- 
sary the plan may be to relleve existing condi- 
tions temporarily in this particular case. One 
of these objections is the impossibility of con- 
fining the “stub” trains to passengers who would 
be served conveniently by them. This results 
either in a change of cars (at a time of great 
crowding in the trains and on the platforms), or 
in landing a proportion of the passengers at a 
point which is not within convenient reach of 
their destinations. 

The Chicago elevated loop is a striking example 
of the effects of concentrating upon one loop all 
the traffic from several lines. The congestion 
of traffic on the loop, due to this concentration 
of trains, has been a serious matter for 
some years, and is becoming worse with the 
continual growth of traffic. Passengers are 
landed at convenient points, it is true, but the 
train movement is so slow that much valuable 
time is lost, and passengers must allow an ample 
margin If they desire to reach a given point at 
any certain time. More important still is the 
fact that as the loop, comprising only two in- 
dependent lines of track, must carry the traffic 
of four lines, it is impossible to work the four 
lines to their full capacity. The constant at- 
tempt to do so has no other result than to con- 
gest the loop and really lower the capacity of the 
system. E 
sug- 


Various remedial plans have been 
gested, but, no definite steps have been taken, 
nor does such action seem probable. The 


elevated loop structure itself has always been 
objected to by some property owners and others, 
and the abandonment and removal of the struc- 
ture has been advocated as a concomitant part 
of the subway scheme which is now in the 
nebulous stage of its development. As the sub- 
way scheme is intended primarily for the relief 
of street traffic by putting the street cars under- 
ground, it is open to question whether the ele- 
vated railway trains in addition cou'd be accom- 
modated with any improvement in the operating 
conditions. At aay rate, such a change is not a 
matter for the immediate future, and in the 
meantime some real improvement upon present 
conditions is urgently needed. With the great 
number of trains and the enormous traffic of the 
various elevated railways, two serious and 
closely-related problems face the operating offi- 
cers of these lines and the union loop: (1) how to 
handle the traffic promptly and efficiently; (2) 
how to deliver and receive the greatest number 


line entering at one corner . 


of passengers at points convenient to their 
places of business. 

To begin with the second one, the convenience 
of the terminals: The time has gone by when 
it could be considered satisfactory to land either 
the urban rapid-transit traffic or the suburban 
commuting traffic in a belt outside the central 
district. The central district has its own diffi- 
cult transportation problems, and (principally 
because of the growth of high buildings) these 
problems are serious enough without being com- 
plicated by the task of rehandling and dis- 
tributing the dense traffic of rapid-transit and 
suburban lines. This state of affairs was briefly 
discussed by us in our issue of Sept. 3, though 
from a slightly different angle. In whatever 
light it may be viewed, however, it points di- 
rectly to the principle that the rush-hour traffic 
—whether of strictly urban lines like the Chi- 
cago and New York rapid-transit railways, or 
suburban commuter lines like the. main-line 
railways of these same cities-—-must be carried 
Without transfer into the heart of the city and 
must there be discharged not at one point but at 
numerous stations so distributed as to serve the 
convenience of the passengers and at the same 
time avoid local congestion. 

Applying this principle to the problem of the 
Chicago elevated railways, it shows that a com- 
plete return to the old stub terminals is not to 
be thought of. Such a disposition of the mat- 
ter could not permanently meet the needs of 
the case, and in effect would only replace one 
set of evils by another. The present plan of 
distributing the elevated railway traffic by a 
number of stations in the heart of the central 
district must be embodied in any scheme of im- 
provement. 

But the second requirement: that traffic must 
be handled promptly and efficiently —which 
means that maximum capacity of the available 
trackage must be developed—points no’ less 
clearly to the conclusion that the Chicago ele- 
vated loop is the first and greatest obstacle to 
the development of the city’s transit system. 
For a number of years after it was built, the 
four elevated railways did not have a traffic 
heavy enough to approach their capacity, and 
in that period the loop was able to carry all the 
trains which these lines supplied. But in the 
past decade the supply of passengers has been 
enough to tax the individual capacity of all four 
lines, could they have developed full capacity. 
In this period the loop has been congested every 
morning and evening, in the vain endeavor to 
force over two tracks the full number of trains 
which four tracks could supply. 


The loop must be abandoned as a piece of 
union traffic, it is clear. Cutting it into two 
parts and consolidating the operation of the four 
supply lines to form two systems is one way of 
accomplishing this. Building two more loop 
tracks, so that each line will have its own loop, 
is another feasible plan. Removing the present 
loop altogether and building four independent 
non-intersecting loop terminals, one for each 
line, is a third method. <Any one of these, 
properly adapted to the case, can accomplish 
the essential objects of securing full capacity 
and giving proper terminal distribution. The 
choice of method may be determined by local 
considerations, relative costs, etc. But no ques- 
tions of local preference, mutual antagonism of 
railway companies, or cheaper construction, can 
weigh against the necessity for fully meeting the 
two requirements above discussed: maximum 
capacity, and terminal distribution. 


TO THE EDITOR. 
Methods and Costs of Stadia Surveys. 


Sir: The account of the stadia survey for the location 
of the Catskill Aqueduct, given in Engineering News, 
Sept. 3, 1908, p. 248, is very interesting as an example 
of extremely careful checking. A short statement of a 
less elaborate method was given by the writer in the issue 
for June 21, 1906, p. 699. He has found it very conven- 
ient also to make a carbo® copy of notes as they are 
taken. This enables the field party to keep in the field 
as many of the previously taken notes as is desired and 
at the same time constantly to furnish the office with a 
complete set of up-to-date notes. 


September 24, 1908. 
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In the case of a loose-leaf book the copy would be 
made by placing a carbon sheet between two pages 
and fastening the outside edges with one or two paper 
clips. With a bound note book a loose leaf and carbon 
sheet would be fastened by one or two paper clips to 
the back of each page being recorded upon. The inser- 
tion of the carbon sheets requires extremely little time 
with the resulting advantage of duplicate notes. Also if 
a check is desired on the re- 
duction of the side shots, the 
notes and the carbon copies 
may be worked out inde- 
pendently by different com- 
puters and the results com- 


pared. 
For long distances and when 
it is necessary to run @ 


stadia line through woods it 
is desirable to have each 
foot on the rod marked by 
a number which cannot 
be mistaken for another on 
that rod (as IX. and XI.) 
especially if an inverting in- 
strument is used. It is also 
advisable to have the half and 
quarter foot points marked 
differently. Such rods, used 
at the Thayer School of 
Civil Engineering, have large 
divisions, each 1 ft. long 
so that if occasion requires 
the rod may be used for 
leveling. The rectangular 
spaces can be estimated read- 
ily to hundredths, and as the 
distance away to the rod 
increases the ease of read- 
ing becomes very apparent. 
At long distances the foot divisions are of material aid 
in reading the number of whole divisions. 
Yours truly, 
Charles A. Holden. 
Thayer School of Civil Engineering, Dartmouth College, 
Hanover, N. H., Sept. 15 1908. 


FIG. 1. 


Sir: Referring to the article in your issue of Sept. 
3, p. 248, ‘Stadia Surveys for the Catskill Aqueduct,” by 
Mr. Boris Levitt, it occurs to me that some further par- 
ticulars in regard to this work would be of considerable 
interest, so that some idea of the cost of these sur- 
veys might be obtained. ` 

It would be of interest to know the total area covered, 
approximate percentage open and wooded, time during 
which surveys were carried on, number of parties in the 
field, mumber of men in each party, salaries, any other 
expenses affecting the cost of the work in the field, cost 
of supervision, cost of producing the maps, etc. These 
latter costs might possibly be given in some convenient 
unit of area and perhaps if possible might be divided 
roughly into the different kinds of country surveyed, as, 
Very Hilly, Rolling, Cultivated, Uncultivated, Wooded, 
Open, etc.; even the lump sum cost per acre surveyed 
would be a guide if no other details are available. 

From what the writer knows of the conditions affecting 
these particular surveys, he would judge the methods 
described to have been well adapted to the circumstances, 
the required accuracy (within the limits of the scale 
of the maps) being easily attainable by it. There is, 
however, a wide difference of opinion as to methods 
of taking topography, the strenuous advocates of par- 
ticular methods generally losing sight of the fact that 
the means should always be adapied and proportioned 
to the ends and no expense be incurred for unnecessary 
accuracy. 

The fact that the conditions in two different sections 
of the country can never be the same, of course prevents 
any absolute comparison between the costs of different 
methods, but it is believed that the lack of accurate 
data of the cost of getting topography, together with 
full notes as to the conditions, degree of accuracy, etc., 
is the principal cause of the considerable divergence of 
opinion as to proper methods. Any information, there- 
fore, as to costs of this class of work, it is believed, 
will be of value and especially so in this case in con- 
junction with the information already published. 

Yours very truly, 
F. Lavis, M. Am. Soc. C. E. 

134 Elm Ave., Mt. Vernon, N. Y., Sept. 5, 1908. 


[Proof of the latter of the above letters was 
submitted to Mr. Levitt, and he informs us that 
in the near future he will prepare for publication 
a statement of costs such as Mr. Lavis sug- 
gests.—Ed.] 

— W — 


Novel Manholes for Duct Lines. 


I am sending you under separate cover a photo- 
and drawings of a duct-line manhole I have re- 
built in this city. The ducts are for electric 
both power and telephone circuits, and the main 


Sir: 
graph 
cently 
wires, 


ducts are laid in one trench. Formerly the manholes 
were built round or barrel-shape and when wires from 
one side or the other were required to be carried to the 
opposite side of the street it was necessary to draw them 
through the other side of the manhole, therefore hav- 
ing high and low-tension wires in the same compart- 
ment. As far as I can learn the idea is unique, and I 
have felt that it might be used to advantage by others 


A NOVEL CONDUIT MANHOLE. 
Designed’ by W. Thomas Wooley, City Engineer, Auburn, N. Y. 


interested in duct-line construction. The expense of 
building each manhole including about 80 ft. of 5-in. 
drain was $200 complete. Very truly yours, 
W. Thomas Wooley. 
City Engineer, Auburn, N. Y., Sept. 1, 1908. 
— m 


‘Compressed Air Magazine” a Technical Journal, Not 
a House-Organ. 


Sir: We regret to note, in your issue of Sept. 17, a ref- 
erence to “Compressed Air Magazine” as the “house 
organ” of the Ingersoll-Sergeant Drill Co.—more cor- 


rectly the Ingersoll-Rand Co. This is an error which we 
believe you will be glad to correct. 

“Compressed Air Magazine” is not, and has never 
been, the ‘‘house organ” of any manufacturing concern. 
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gineering industry. It is the exponent of a distinct branch 
of engineering science and is the only publication in the 
world exclusively devoted to the subject of compress ed 
air in all its applications. Its list of paid subscribers 
covers every state and territory in the Union and more 
than thirty foreign countries. Its policy is that of the 
broad-gage technical journal, not for a moment that of 
the subsidized ‘‘house organ.” 

Trusting that you will set this matter right before 
your readers, we are, 

Very truly yours, 
‘Compressed Air Magazine,” 
- Lucius I. Wightman, 
Treasurer and Business Manager. 
11 Broadway, New York City, Sept. 18, 1908. 
s — oeo — 


The Decomposition of Concrete in Sea Water. 


Sir: The article headed An Example of the Decompo- 
sition of Concrete in Sea-Water” appearing in your 
issue of Aug. 27, 1908, p. 238, has created considerable 
inquiry regarding the subject of the action of sea- 
water upon concrete. The writer has discussed-this mat- 
ter with a number of engineers in the course of the 
last few years and has for the past three years kept a 
close watch upon the sea wall at Charlestown Nayy 
Yard, discussed in your article, visiting it frequently 
by boat and examining it carefully. 

In the course of ten years work as representative of 
a contracting-engineering concern specializing in con- 
crete he has heard a very great deal of discussion re- 
garding the action of sea-water on concrete and as far 
as possible has examined every example of such action 
that has come to his notice. In all the cases that he 
has examined the disintegration of the concrete can as 
readily be explained by frost action as by decomposition 
of the cement, and without asserting that every case 
can be explained either by frost action or by bad con- 
crete he would like to call attention to the conditions 
actually existing in all tidewater concrete work. 

On any work located in tidewater the surfaces be- 
tween high and low tide are alternately wet and ex- 
posed to the air once every twelve hours. In cold cli- 
mates for many weeks of each year an exposure of an 
hour or two will freeze several inches into the surface 
of any masonry. The action of the tide necessarily 
occurs only in salt water and accordingly such alternate 
freezing and thawing as often as once in twelve hours 
seldom occurs in any location where the water is fresh. 
If water could get into a crack in the hardest of rocks 
and alternate freezing and thawing should occur once 
in twelve hours for a long period it is difficult to 
imagine anything but splitting or spawling occurring 
at this point. It is common enough to see the surface 
of sandstone peeling off in layers under this action. In 

concrete there is no grain as 
aes there is in rock and ac- 

4 cordingly the splitting ac- 

tion would follow irregular 

| lines and would amount to 
a general surface disinte- 
gration wherever the frost 
could act. 


The work which the writer’s 
company has done in the 
past fourteen years has 
taught us the difficulty of 
getting an impervious con- 
crete. The nearest approach 
which we have ever got has 


2 


needed surface treatment 
to insure its being entirely 
water tight in all spots. 


Many places in good con- 
crete are tight, but almost 
never is the entire structure 
entirely waterproof on the 
first tests. A close examina- 
tion of the sea wall at the 
Charlestown Navy Yard will 
show that many spots of 
the original surface will ring 
7 under the blow of a ham- 
13 mer and are as hard as any 
concrete that you will find, 
and these spots are almost 
entirely composed of con- 


Cross Section crete made of small pebbles 

of Duct. of graded sizes which make 

3 a dense impervious masonry. 
Baer Wye A close examination of 
5x5 Copper Pl.” Core ; oo the work will satisfy one 
ri that the denser spots of the 

Vertical Section . 3 concrete have disintegrated 


FIG. 2. PLAN AND ELEVATION OF DIVIDED MANHOLE FOR HIGH 
LINES. 


AND LOW-TENSION CONDUIT 


Established in 1896, it has since that time been pub- 
lished as an independent trade journal, owned and edited 
by the President of the Ingersoll-Rand Co. 

It is not issued to exploit any machine of any manu- 
facturer. Its aim is the development of a vast field of en- 


but little if at all, whereas 
the parts of the concrete made 
of badly graded and in 
some cases parts containing little stone, have disinte- 
grated badly. 

Regarding the necessity of the selection of cement to 
be used in sea water, there are many more competent 
to speak than the writer, but it is a matter of mere 
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common sense that any masonry which is to be subject 
to frequent wettings, freezings and thawings, these 
occuring sometimes as many as sixty times in succes- 
sion and at twelve-hour intervals, it is necessary to 
use a masonry, whether of toncrete or stone, that 18 
not in any way porous. The most powerful geological 
agent in the disintegration of rock is the action of 
frost, and if we hope to build masonry which will be 
enduring for all time we must take a tremendous care 
of the subject of porosity. The writer does not know 
that still sea-water will disintegrate concrete but he 
do:s know that any water assisted by frost will disin- 
tegrate any porous concrete or any other porous ma- 
sonry and that it will follow the crevices be- 
tween the best block masonry and will throw 
out not only the pointing but much of the mor- 
tar. An examination of the concrete breakwater 
along the water front at Buffalo, N. Y., made a few 
days ago, convinced the writer that the surface, at 
least, of this masonry showed some wear. This was in 
fresh water; it could only be wet by the rain and by 
the waves of the lake. The conditions were not a 
fraction as bad as that of the arches at Charlestown. 

The average enginecr and contractor does not keep 
track of old work. His attention is largely taken up 
by the new work under his charge and when this 1s 
completed it is often the last that he sees of it. Many 
conditions which exist in almost any structure are spe- 
cially called to his attention and some cause named 
which is plausible, and this may be accepted without 
careful examination. In the present instance, the ar- 
ticle itself emphasizes enough the possibility of the ac- 
tion of frost. The title from careless reading would 
indicate a belief in the chemical action of the sea- 
water being an explanation for the entire difficulty. 

Yours very truly, 
Aberthaw Construction Co., 
Boston, Mass., Sept. 3, 1908. M. C. Tuttle, Sec. 
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Sir: In your issue of Aug. 27, 1908, p. 238, you give 
an excellent illustration of the decomposition of con- 
crete in sea-water. Similar cases of disintegrated Port- 
land cement concrete will be witnessed in this country 
very frequently during the next decade, as the destruc- 
tion of Portland cement through the injurious action of 
sea-water is merely a question of time. In the United 
States, Portland cement has been used to some extent 
only for the last ten years, namely since the intro- 
duction of the rotary kilo, which corresponds with the 
beginning of the American cement industry. The Amer- 
ican engineer's experience with Portland cement, there- 
fore, is of comparatively recent date. If we assume 
only the last 40 years to comprise that period of the 
European cement industry during which cement has 
been manufactured and used on strictly scientific prin- 
ciples, we may safely say that European experience 
with Portland cement extends over a range of time 
four times as long as that of the American engineer. 

Now, European experience shows that Portland ce- 
ment concrete used in harbor construction may resist 
the action of sea-water sometimes for a considerable 
length of time, but that softening of the surface of the 
concrete and subsequent disintegration of the mortar 
are bound to come in time, that is to say, if not after 
a period of ten years, certainly within the second or 
third decade. The sulphuric acid salts contained in the 
sea-water combine with the calcium oxide and with 
the alumina of the Portland, cement and destroy the 
cohesion of the mortar by a process of crystallization. 
Within the dense conglomerate of dried-out colloids or 
‘‘mineral glues,” which constitutes the hardened ce- 
ment, crystals are formed. These crystals cause dis- 
tention of the mortar and allow the sea-water to pene- 
trate into the interior of the concrete until, in time, the 
whole block or wall or pier is destroyed. Such disin- 
tegration can be observed after a very few years with 
every concrete block submerged in sea-water, no matter 
how good a brand of Portland cement may have been 
used or how well the concreting may have been done. 
The reason why all harbor work does not go to destruc- 
tion as rapidiy as blocks submerged in sea-water at 
quiet places where we are able to observe them, or 
placed into reservoirs filled with sea-water, which lat- 
ter has to be renewed from time to time, is the fact 
that the concrete is soon covered with moss, algae or 
other forms of vegetation in the same way as wooden 
piles kept under water are covered with vegetable mat- 
ter. Moreover, the rise and fall of the tides or rivers 
feeding into the harbors and carrying mineral matter 
of various origin in suspension contribute to the for- 
mation of a slimy film on the surface of the concrete. 
This film of vegetable and clayey substance protects 
the concrete for some time; it retards the injurious ac- 
tion of the sea-water, but does not prevent it. Uki- 
mate destruction is merely delayed. The advocates of 
Portland cement for marine construction frequently 
point out that blocks submerged in sea-water are not 
fair test pieces for the determination of the behavior of 
concrete towards sea-water. They must, of course, ad- 
mit that concrete blocks kept in sea-water disintegrate 
after a number of years, but nevertheless do not con- 


sider this a sign of warning. as long as a pier built of 
the same concrete is not seriously damaged after the 
same length of time. The experiment with the con- 
crete block is an accelerated test. The concrete block 
kept in a reservoir or in quiet water can not be covered 
with vegetable and mineral matter. Consequently it 
disintegrates after a short time and thus gives warning 
of what is going to become in time of the concrete 
work carried on upon a large scale. But unfortunately 
many engineers will not take heed and insist upon 
Portland cement being a sea-waterproof cement, solely 
for the reason that we have made use of it for marine 
construction so far. That Portland cement has been 
used so long for harbor construction {s due to the fact 
that men of science had to determine at first the cause 
of the destruction of Portland cement in sea-water. 
Only after this was accomplished a remedy could be 
found. N 

During the last ten years iron-ore cement has grad- 
ually taken the place of Portland cement in marine 
construction. This cement, made under patents con- 
trolled by the Krupp Steel Co., of Magdeburg, Ger- 
many, is manufactured in the xame manner as ordinary 
Portland cement, with the only exception that fron-ore 
instead of clay is used in its manufacture. Hereby a 
cement is obtained which contains next to no alumina. 
The elimination of the alumina renders the cement proof 
against sea-water, as in this case no compounds can 
be formed which may ‘crystallize and thereby destroy 
the cohesion of the mortar. This theory, upon which 
the manufacture of fron-ore cement is based, has been 
fully supported by the severest tests carried on for 
the last ten years by the foremost testing institutions 
in Europe. Such experiments with {ron-ore cement 
have been made on work of vast proportions, for in- 
stance extensive harbor constructions and fortifications, 
as well as on a small scale, that is to say, on blocks, 
briquettes and pats submerged in sea-water. In order 
to make these tests unusually severe and to reveal any 
detrimental effects of the sea-water which possibly may 
become noticeable in time, fron-ore cement has been 
subjected not only to sea-water of normal strength, but 
also to concentrated sea-water, that is to say to solu- 
tions which contained three times and five times as 
much salt as sea-water does. Moreover, as severe as 
these tests were, they were made even more rigorous. 
To tests made under atmospheric pressure a long series 
of tests was added which were subjected to ten times 
and twenty times this pressure. These were accel- 
erated tests which served to show within a few weeks 
what would become of a cement after as many years 
under atmospheric conditions. The results obtained 
from these tests invariably showed that the best brands 
of Portland cement disintegrated after a few years in 
sea-water of normal strength, while they were decom- 
posed already after a few weeks if submerged in rea- 
water of three-fold or five-fold concentration. A few 
days were sufficient to transform them into mud, if the 
last-named test was made under ten times or twenty 
times the atmospheric pressure. Iron-ore cement, on the 
other hand, passed all these tests so well that every 
Single test piece was found to be in a state of per- 
fect preservation even after having been subjected to 
these tests for many years. The most noteworthy phe- 
nomenon, however, which was observed during these 
tests, was the fact that the strength of the test pieces 
increased the more severe the tests became. Instead 
of observing a decrease in strength, which might have 
been expected with test pieces submerged in sea-water 
of five-fold concentration, over those kept in sea-water 
of normal strength, the compression strength and ten- 
sile strength were found to be considerably increased, 
and tests carried on under twenty times the atmos- 
pheric pressure showed better results than those under 
normal pressure. 

A summary of these tests has been compiled in the 
form of a pamphlet by the manufacturer of iron-ore 
cement, the Hemmoor Portland Cement Co., of Ham- 
burg, Germany. This booklet has been recently trans- 
lated into English upon the request of the Department 
of Commerce and Labor of Washington, D. C., and can 
be obtained by addressing the German-American Port- 
land Cement Co., of La Salle, III. A study of these 
tests will be found to be of interest to every American 
engineer and contractor engaged in harbor construction, 
so much the more as the U. S. Government is taking 
the keenest interest in iron-ore cement at this time and 
is engaged in gathering all information available on the 
subject through the offices of the U. S. Consuls in 
Europe. This sudden interest in iron-ore cement has 
been aroused by the German Government's decision to 
use iron-ore cement in the future exclusively in place 
of Portland cement for all marine constructions to be 
carried on. The German Government has given iron- 
ore cement a thorough trial for the last ten years and 
now takes the standpoint that iron-ore cement, although 
slightly more expensive than Portland cement, consid- 
erably reduces the cost of harbor works in the long 
run, as it does away with the constant costly repairing 
so far required. 

The German-American Portland Cement Co. has fre- 


quently supplied small lots of iron-ore cement for ex- 
perimental purposes to engineers on the Atlantic Coast 
and will do so in the future upon request. 
Yours truly, 
Dr. W. Michaelis, Jr., 
Cement Expert. 

Schiller Bldg., Chicago, Sept. 5, 1908. 

[The various conditions which together aid 
the disintegration of concrete marine structures 
were quite fully discussed in an editorial we 
published in our issue of July 18, 1907, p. 65. 
We then said that this deterioration would seem 
to be partly chemical, a result of the action of 
the salts in the seawater, and partly physical, 
a combination of the alternate freezing and 
thawing and the material battering of fiotsam. 
The deterioration is further aided by the rise 
and fall of the tide, which exposes a small por- 
tion of the surface to concentrated action, and 
by porous concrete, which permits both chemical 
and physical action in the interior of the mass. 
From available testimony it is probable that the 
chemical action is not so certain as the second 
of the above letters infers, for there are many 
instances where a good concrete wall has stood 
for many years in sea-water with no more pro- 
nounced wear than would have occurred in any 
other masonry wall. On the other hand, the 
action is not as entire'y physical as the first 
letter implies. 

At the time of the previous editorial we made 
a plea for further information on actual cases 
of marine concrete behavior from engineers who 
are in a position to give it, but received few re- 


plies. In view of the interest shown in the 
above two letters, we now renew this plea.— 
Ed.] 


— . — 


A Civil Service Examination for Highway Commissioner 
That Has Made a Political Rew at Philadelphia. 


Sir: Some of your readers may be interested to know 
the character” of examination which the Philadelphia 
Civil Service Commission require of applicants to fill 
$2,400 jobs as Highway Commissioners, the character of 
the work and the pay being such that the positions 
should be readily filled with competent engineers. 

You will note that outside of a little childlike arith- 
metic, the applicant had to answer one question involv- 
ing a little knowledge of concrete while the balance of 
the questions referred not to engineering knowledge of 
the subjects concerned but to the existing department 
specifications. ° 

The methods of Civil Service reform-as it is managed 
by the present city administration in this connection, 
is interesting. The positions of Highway Commissioners 
were first filled by provisional appointments of some 
political friends of the contractor-bosses who run the 
city. These appointees had held those positions pre- 
viously for years, yet the simple little examination, 
mostly on the specifications they are supposed to have 
been enforcing all this time, was too much for them, 
and they “flunked” because they could not pass a 70% 
examination on such questions. As a result, the Mayor 
is wrathy. He has demanded the heads of the Commis- 
sion because the questions were too hard, and they, in 
turn, have concluded to try and save themselves by 
decapitating the Chief Examiner, who won his place by 
a competitive Civil Service examination under the pre- 
vious commission, and who seems to be the only one 
in the outfit with the courage to stand up against the 
contractor-bosses, 

It should be noted that no hint was given to out- 
siders’’ that this ‘‘open and free’’ competitive examina- 
tion would be mainly made up of questions which an 
incompetent insider should be expected to know more 
completely than a well trained engineer from the outside. 

Isn't Philadelphia's government a bright star in the 
galaxy of free American municipalities? 

Very truly yours, 
Cassius E. Gillette. 

1031 Land Title Bldg., Philadelphia, Pa., Sept. 10, 1908. 


[The examination questions that have created 
such a fuss at Philadelphia are as follows: 


ARITHMETIC. 

Note—In solving the following problems, show all of 
the work for each problem on the sheet which you turn 
in. In this way credit may be had for any correct part 
of a solution when the entire solution is not correct. 

(1) How many square feet are there in a pavement 
60 ft. wide and 420 ft. long? 

(2) What will be the cost of paving a street with as- 
phalt which is SO ft. wide for a distance of 660 ft., at 
$1.52 per sq. yd.? 

(3) A certain street is to be graded for the distance 
of 800 yds.. the side slopes being 1 ft. horizontal to 
1% ft. vertical and the average cut to be 6 ft. The 
street is GO ft. wide. How many cubic yards of earth 
will be removed? 

(J) How many barrels of cement and how many yards 
of sand, stone and concrete will be required to lay a 
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concrete base 6 ins. thick, on the above street, if the 
concrete is made in the following proportions: 1 part 
cement, 3 parts sand or gravel and 6 parts broken stone; 
1 bag of cement equals 1 cu. ft. and 4 bags cement 
equals 1 bbl.? 


PRACTICAL QUESTIONS, HIGHWAY WORK. 


(1) There are at least 14 different kinds of work which 
come under the direction of the Highway Division of the 
Kureau of Highways and Street Cleaning. Name ten of 
them. 

(2) What orders would you give an inspector as to 
the important points to be watched in the following 
cases—as provided for in the department’s specifications 
and regulations: 

(a) When the sub-grade is being prepared for the con- 
crete base of asphalt pavement? 

(b) As to what materials should enter into a concrete 
base, and their proportions? 

(c) What when the concrete base is being laid? 

(3) How far below the top of the curb must the finished 
grade of the street be? 

(4) What must be the rise per 100 ft. of the crowning 
of the finished pavement from the gutter toward the 
center of the street? 

15) Give the largest and smallest sizes of broken stone 
which may be used in concrete for bascs for paving. 

(6) Give in detail the method to be observed in laying 
granite blocks, after the base has been laid. 

(7) The specifications mention certain conditions of the 
surface of the concrete base which would render it unfit 
for the laying of the binder course; what are they? 

(8) What protection must a contractor give cement 
which is to be used in making concrete? 

(9) How soon after the surface of an asphalt street 
has been finished may it be opened for traffic? 

(10) Give a summary of the paragraph in the street 
paving specifications which specifies the kind of sand or 
gravel to be used in making concrete. 


TEN PRACTICAL QUESTIONS ON STREET CLEANING. 


(1) Give in detail the proper method of cleaning as- 
phalt streets. 

(2) With what implements are block men supplied 
for doing their work? 

(3) Are decayed vegetables or fruit from dealers con- 
sidered garbage, and what has the contractor to do with 
such refuse? 

(4) Specifications mention nine classes of work which 
are under the direction of the Street Cleaning Division 
of the Bureau of Highways and Street Cleaning. What 
are they? 

(5) Give a summary of the specifications with refer- 
ence to the kind of wagons contractors must use for the 
collection of garbage. 

(6) Between what hours of the day must garbage be 
removed from buildings and how often must it be re- 
moved each week? 

(7) How often each week must private alleys be 
cleaned? 

(8) Specifications state that streets must not be sprin- 
kled so as to turn the dirt into mud, when preparing to 
sweep. Why is this restriction made? 

(9) If a garbage collector found paper mixed with the 
garbage from a certain house, would it be his privilege 
to refuse to take the garbage, or would he be obliged to 
take garbage and paper? 

(10) In the event of a person being sent to clean out 
an inlet and he found it dry, what would be his duty in 
‘he matter before attempting to remove all the dirt? 


Major Gillette has kindly forwarded a bunch of 
clippings from Philadelphia newspapers which 
give further details of this shameful! prostitution 
of Civil Service examinations. It is needless to 
summarize the newspaper story further than 
Major Gillette has done it, but we will give 
space to a letter which the Chief Examiner re- 
cently addressed to a member of the Philadelphia 
Civil Service Commission: 


Dear Sir: Referring to your instructions of Aug. 20, 
directing me to review, with the object of giving more 
liberal marks, the papers of the applicants for the posi- 
tion of Inspector of Highways, examination for which 
was held May 29, last, I beg to report that I have 
carefully gone over the papers again. I have given spe- 
cial attention to the notations made by you after the 
“Practical Questions,’’ and, with all deference to your 
opinion, I cannot of my own initiative, give any other 
marks than those on the papers, believing them to be 
sufficiently liberal as they stand. 

With reference to the notations made on the various 
reports by you I am obliged to assume the same atti- 
tude. The report is intended, In a limited way, to bring 
out the candidate’s educational qualifications. It is 
the only attempt along these lines in the examination. 
and if punctuation and capitalization are less rigidly 
marked this object would, in a great measure, be de- 
feated, and the grade given would not so nearly represent 
the mental caliber of the candidates. The elimination 
of a number of these deductions would, of course, result 
in better ratings for the applicants in this subject, and 
a consequently better average. I should, however, ad- 
vise against this procedure. 

If it is your desire that I make the changes as sug- 
gested by the marks you have placed after the questions, 
and also eliminate the larger number of the punctuation 
and capitalization dedua ons ee pore: I shall, of 

; espectfu subm 5 
1 i a ee J Wm. D. Earnest, 
Chief Examiner. 


Instead of réceiving specific directions to alter 
his marking of the papers Mr. Earnest’s “head 
was chopped off,” as the political phrase is. 

This whole incident, unfortunately, is only one 
out of many possible illustrations of the muddy 
depths into which the municipal government of 
Philadelphia has sunk—or perhaps we should 
say, in which its political bosses and their hench- 
Men have wallowed for years past. The friends 
of good government are always at work there, 
but the mass of the voters are either so in sym- 
pathy with the forces of evil or so apathetic 
that it is only when the gangsters go to some 
extraordinary extreme that public opinion rallies 
to the support of the comparatively few work- 


ers for good government. Such rallies are spas- 
modic. If perchance one devil be cast out and 
the municipal house be swept and cleaned some- 
what it only makes easy the way for seven other 
devils: to enter and take possession. 

We seize this occasion to apologize to our 
readers for the large amount of space devoted to 
Philadelphia matters in the past, in view of the 
apparent hopelessness of reform there. And yet 
we give further space to the subject out of con- 
sideration to those who, in the face of so many 
successive disappointments, still keep up the 
fight. It is worth while to encourage even one 
good man, for was there not promise to Sodom 
and Gomorrah if peradventure one good man 
could be found in their midst? Now, there is 
not only one good man but many thousand good 
men and true in Philadelphia. Their hands must 
be held up for their own sakes, and in the hope 
that some day, not too far in the future, they or 
their successors will achieve at least some meas- 
ure of permanent municipal reform in Phila- 
delphia.—Ed. } 

ee 


Netes and Queries. 

A correspondent who is designing an overfall dam 170 
ft. in height, with overfall length of 320 ft., “would 
like very much to know how other engineers have taken 
care of the possibility of erosion at the toe of the 
dam.“ We think other engineers would be interested 
in knowing how this has been done, in case any one 
has been bold enough to attempt it heretofore. 


Information is requested by a reader as to the exist- 
ence of large rock cuts on railways, particularly cuts 
reaching several hundred thousand cubic yards. Brief 
descriptions of -such pieces of excavation work, with a 
statement of methods, speed, etc., will be of interest, 
and we shall take pleasure in printing them. The Penn- 
sylvania freight line work described in our issue of Dec. 
28, 1905, contained several very large side-hill rock cuts. 
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ANOTHER DIAGRAM POR SPACING BANDS ON WOOD- 
STAVE PIPE. 


In our issue of Sept. 3, 1908, p. 255, we gave 
space to a diagram for the spacing of the bands 
on wood-stave pipe,* which had been devised 
by Mr. Bertram D. Dean. In Mr. Dean's scheme 
a separate diagram had to be made for each 
Size of band used. We present here a diagram 


*Note that in this article the formula at the top of the 
This 


RH 
was a misprint; the rest of the equations and the deduc- 
tions are correct. 


second column, p. 255, should be S = 34560 ——. 


by Mr. E. A. Moritzi which, by the aid of a sim- 
p'e slide-rule calculation, can be utilized for 
all heads, size pipes and bands. 

Using the same nomenclature as in the previous 
article, that is 

S == spacing c. to c. of the bands in inches. 

A = sectional area of band in sq. ins. 

L = safe tensile stress in the steel lbs. per sq. 

in. . 

H =head of water in feet. 

R = inside radius of pipe. 

F = number of bands per 100 ft. 
the following equations result: 


AL 2.307 A L 
Ss = ——_— = 
0.434 R H RH 
520 H R 
and F = 
AL 
2.307 A L 
For any given case the quantity ——-——— = 
i R 
520 R 
constant = C, and the quantity = con- 
AL 
C 
stant K, then S = — and F = K H, two equations 
H 


easily solved on the slide rule, once C and K are 
known. 

It is to find these two coefficients that the dia- 
gram is devised. For either coefficient, with L 
and A constant, the curve is a straight line. The 
diagram herewith gives values for C and K, for 
the four unit stresses, 15,000, 14,000, 12,000, and 
10,000 which are most likely to be used and the 
four sizes of rods, . X, % and %-in. diameter, 
and for a large variety of pipe diameters. 

The method of using the diagram is described 
by Mr. Moritz, as follows: 

Assume the following problem: 

Diameter of pipe, 48 ins. 

Size of band to be used, %-in. 

Unit stress selected, 12,000 Ibs. per sq. in. 

To determine the spacing of bands and num- 
ber of bands per 100 ft. of pipe for any head: 

On the left of the diagram find the diameter of 
the pipe, 48-in. Follow horizontally to the right 
to the inclined line marked “5-in. at 12,000 Ibs.;” 
thence vertically downward to the values of C = 
353 and K = 3.40 on the lower horizontal scales. 
Now set the value of C on the slide rule and di- 


+Assistant Engineer, U. S. Reclamation Service, Sun- 
nyside, Washington. 
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DIAGRAM FOR SPACING BANDS ON WOOD STAVE PIPE. 
(Devised by Mr. E. A. Moritz, Assistant Engineer, U. S, Reclamation Service.) 
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vide successively by the various heads to obtain 
the spacings, then set the slide rule to the value 
of K and multiply by the various heads to obtain 
the number of bands per 100 ft. The spacings 
as thus determined are, of course, given in Inches 
and tenths of an inch, but the tenths are very 
easily transformed mentally into sixteenths, if 
desired, or a comparative scale of sixteenths and 
tenths can be placed alongside the diagram to aid 
the mind if necessary. 


— — .ò 


CHANGES IN BED AND DISCHARGE CAPACITY OF THE 
COLORADO RIVER AT YUMA, ARIZ. 
By E. C. MURPHY.* | 


The departure of the Colorado River from its 
channel during the remarkable floods of 1905 
and its flow into Salton Sink instead of into the 
Gulf of California for many months; the heroic 
efforts that finally were successful in turning the 
river back into its channel to the Gulf and the 
enormous loss that would have resulted if the 
back cutting of the bed had extended to the 


May 
— : 1908 


Laguna dam have awakened much popular in- 
terest in this stream. 

Another matter of no small interest is the 
apparent increase in the flow of this river from 
1908 to 1907, as shown by Table I. It has been 
Suggested that this increase is due to decrease 
in channel carrying capacity, the river bed hav- 
ing gradually raised. The study here reported 
was undertaken primarily to answer this ques- 
tion as far as may be possible from a five-year’s 
recordt of the changes taking place at the gaging 
station at Yuma. As this five-year period in- 
cludes the time that the river was flowing into 
Salton Sink, this study shows the effect of the 
flow into this sink on the river bed at Yuma. 
A number of important facts in regard to scour 
and fill of stream bed during floods are also 
shown. 

The Colorado River drainage basin has an area 
of a quarter million square miles and is situated 
in the arid region between the Rocky and Sierra 
Nevada mountains. It has a varied topography, 
being mainly a mountainous plateau with steep, 
barren, impervious slope from which the runoff 
is very rapid. The Colorado is formed by the 
junction of the Green and Grand rivers, in 
southwestern Utah, flows southwesterly a dis- 
tance of 1,050 miles and empties into the Gulf 
of California. Its chief tributaries are the Gila, 
entering from the east near Yuma, 150 miles 
above the mouth; the Little Colorado, entering 
from the east 815 miles above the mouth, and 
the San Juan, also entering from the east 957 
miles above the mouth. The total fall is 3,775 
ft. The average fall from Needles to the mouth 
is 1.17 ft. per mi. and from Yuma to the mouth 
is 0.8 ft. per mi. 

Below Needles, the valley varies in width from 
half a mile to five miles and is mainly alluvial 
material. For a gage height at Yuma of about 
26 ft. the river begins to overflow thia bottom 
land, and during heavy floods, about one-fourth 
million acres above Yuma are covered with 
water. 

This river is subject to two very different kinds 
of floods: Those from the Gila occur in the 


M. Am. Soc. C. E., U. 8. Geological Survey, Berkeley, 
Cal. 

tUsed with permission of the Director and Chief Hy- 
drographer of the U. 8. Geological Survey. 


winter and spring, are very heavy, but of short 
duration; those from the upper Colorado occur 
during June and July, due to the melting of 
snow in the mountains, and are of several 
weeks’ duration. 

The gaging station at which the records used 
in this study were obtained is located about 600 
ft. below the railway bridge at Yuma and about 
one mile below the mouth of the Gila River. 

The right bank is low and for gage heights 
above 26 ft. a part of the flow passes through 
side channels and is measured from railway 
trestles. The main channel is about 600 ft. wide. 
Measurements of depth and velocity in it are 
made from a car on a cable. The bed is very 
fine material which is very sensitive to changes 
of discharge. Surface fluctuations are read on 
a gage, one part of which is fastened to a pile a 
short distance above the bridge, the other to a 
pile a short distance below it. The first gagings 
were made in 1902, and since that time three 
gagings per week have been made. The esti- 
mates of discharge for the period 1887 to 1902, 
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given in Table I., are made from a mean dis- 
charge curve and are subject to large errors due 
to changing bed. The discharge estimates since 
1903 are computed from the gagings and the 
change of bed. 

In order to show the changes of bed at this 
station, I have compared the cross sectional 
area obtained from each gaging with a standard 
cross-section prepared from the gaging of Jan. 
4, 1905. A table of areas was prepared giving 
the cross sectional area for each tenth of a foot 


of gage height from the lowest gage height to 


that of overflow in the side channels. The area 
obtained at each gaging was compared with the 
area in this table for the same gage height; 
when the former was greater than the latter, the 
difference was called scour; when less, it was 
called fill. 

No attempt has been made to compute the 
scour for the higher stages while the stream was 
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Fig. 2. Cross-Sections of Colorado River, June 22 
and Dec. 28, 1907. 


out of its banks. The return of this overflow to 
the main channel some distance below the sta- 
tion probably made the surface slope and mean 
velocity smaller than it would have been if all 
the water were confined to the main channel. 

SCOUR—DISCHARGE RELATION.— The dis- 
charge for the period 1903-7 and the correspond- 
ing scour. or fill of bed for the same time, except 
on the days when a part of the flow passed 
through side channels, are shown in Fig. 1. It 
is seen that the bed at this place is generally 
quite sensitive to changes in discharge, rising as 


TABLE I.—MEAN ANNUAL DISCHARGE IN ACRE- 
FEÐT OF THE COLORADO RIVER AT YUMA, 
ARIZONA, 1878 TO-1907. 


Year. Discharge. Year. Discharge. Year Disciarga 
1878... 3,133, 1891.. 7. 200. 000 1903. . . 11, 329, 
1879... 1,976,000 1892. ..7,427,000 1904...10,118,000 
1880... 4,079, 1893... 5, 689, 1905. . . 19, 73 7.000 
1881... 4,340, 1894. ..5,390,000 1906. . . 19,490,000 
1882... 8,420,000 1895. . . 7,062,000 1907. . . 25,639, 
1883... 4,965,000 1896...6,515,000 jj — ....4.. 
1884. ..10,504,000 1897...9,039,000 | = 3 ...... 
1885... 4,608,000 1898... 6. 181,0 0⸗000ͥõõh)) 
1886... 4. 960,0 1899... 8. 870, 0 
1887... 3,527,000 1900...6,708,000 = =  — .....+.. 
1888... 38,867, 1901...8,495,000 = — ..acee. 
1889... 3.390. 1902... 7, 960, oe 
1890... 7. 569, oooochcÿ;yXyÿrƷ;?sr? il ec eee 
Mean.. 4,603,000 Mean. 7, 210, 000 Mean. . 17, 263, 000 


NOTE: — The discharge for the period 1878 to 1902 was 
computed from daily gage readings during this period 
and from a discharge curve prepared from Fairs went made 
in 1902 and 1903. As the bed changes rapidly with dis- 
charge, the computed discharge during this period is sub- 
ject to large errors. 


the discharge decreases, falling as the discharge 
increases. It is generally more sensitive to a 
decrease in discharge than an increase. In some 
cases one or more days elapse after a rise begins 
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before the scour is noticeable. This fact is prob- 
ably due to the water being very heavily loaded 
with silt during the higher stages. The filling 
often continues for several days after the dis- 
charge has stopped decreasing. The change in 
bed is seen to be large and rapid during floods. 
For example, during the 4-day period March 5 
to 9, 1907, there was a scour of 2,125 sq. ft. or 
about 1 ft. depth per day. Again, in the 9-day 
period July 13 to 22, 1907, there is a fill of 4,900 
sq. ft., or nearly 1 ft. depth per day. The mag- 
nitude of the fill from June 22 to Dec. 28, 1907, 
between high and low water, is shown in Fig. 2, 
and the variation in the ratio of the scour area 
to the water area for the year 1907 is shown in 
Fig. 1. 

SCOUR — MEAN-VELOCITY RELATION.— 
The variation in mean velocity for the year 1907 is 
shown in Fig. 1. For a sudden rise the velocity 
increases rapidly until the bed has had time to 
scour sufficiently to restore equilibrium, after 
which it decreases for a time. Once during 1907 
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Fig. 3. Cross-Sections of Colorado River, Jan. 4, 
1905 and Dec. 28 1907. 


(Feb. 2) at the beginning of a sharp rise the 
mean velocity rose to 815 ft. per sec., but two 
days later it had fallen to 5.8 ft. per sec., and 
during the summer flood, when the discharge 
was more than three times greater than on Feb. 
2, the mean velocity was only 6.5 ft. per sec. 
The scour and mean velocity curves frequently 
cross each other during the higher stages. Dur- 
ing the three months of low water, from Decem- 
ber, 1908, to February, 1904, while the bed was 
in a state of equilibrium, the mean velocity 
varied from 2.3 ft. to 2.6 ft. per sec. 
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TABLE II.—BEHAVIOR OF COLORADO RIVER IN 
1903, 1904 AND 1907. 


Gage Dis- Mean 
height, Area, charge, velocity, Scour, 
Date. ft. sq. ft. ec. ft. ft. sq. ft 
Feb. 16, "08... 18.0 1,549 3,978 2.56 183 
Jan. 4. 08. . 18.00 1.595 3,985 2.50 0 
Dec. 28, 07. 1815 1,700 6,300 3.72 295 


EFFECT OF SCOUR ON STAGE. The effect 
of scour of bed is to reduce the elevation of the 
water surface. During flood stages this effect 
is very marked, the depth of scour being greater 
than the rise of the surface. For the case shown 
in Fig. 2 there is a difference in elevation of 
water surface between flood and low-water stage 
of 11 ft., whereas the mean elevation of the bed 
during flood is 13 ft. less than at low water. 
That is, the bed lowered 1.2 times more than the 
surface rose. 5 

EFFECT ON BED OF STREAM OF FLOW 
INTO SALTON SINK.—The Colorado River cut 
its way through the low ridge separating it from 
Salton basin during the spring and summer 


floods of 1905, and was permanently turned back cessful, but instead of a contract, it was the turning 
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into its channel to the Gulf on Feb. 11, 1907. point in the attitude of engineers toward mechanical 
Fig. 3 shows the cross-section of the river on filtration. Its efficiency was recognized, but the engi- 


Jan. 4, 1905, and also one on Dec. 28, 1907. Table 
II. gives additional data bearing on this ques- 
tion. 

These cross-sections are quite different in 
shape, the maximum depth of the former being 
9 ft. and the latter 5.5 ft., but when the differ- 
ence in stage and discharge are properly ac- 
counted for, there is little change in channel 
discharge capacity at the latter date as compared 
with that at the former. N 


There is some evidence of an increase in 
channel capacity in the fall of 1905 while the 
river was discharging into Salton Sink. From 
Oct. 20 to Nov. 27, 1907, the discharge varied 
from 5,500 sec. ft. to 6,800 sec. ft.; the stage 
from 18.35 ft. to 18.85 ft., and the mean velocity 
from 3.5 to 4.1 ft., while there was a fill, as com- 
pared with the standard section, of from 0 to 
200 sq. ft. There is an increase in mean velocity 
at a low stage without a corresponding lowering 
of the bed. 


CHANGE IN CHANNEL DISCHARGE CA- 
PACITY.—The answer to the question which 
gave rise to this study can now be given. 
Although the discharge capacity of this channel 
is constantly changing, increasing as the dis- 
charge increases and vice versa, the change, 
coming partly from change in velocity, but 
mainly from changes in cross sectional area, yet 
when we compare data at low water at times 
when the discharge is approximately the same 
and the cross sectional area has had time to fully 
adjust itself to the discharge, we find very little 
change in the carrying capacity of the channel. 
The larger increase in discharge shown by Table 
L is not due to change in channel carrying ca- 
pacity. i 

— — —⅛ũi o MSL 

OVERSPEEDING AUTOMOBILES at crossings is to 

be stopped on certain Long Island macadam roads, ac- 

cording to reports which we have not verified, by build- 
ing across the road, on either side of the crossing, trans- 
verse hummocks, which can be seen by the driver some 

Sistance away. A similar scheme has been adopted with 

considerable success in a suburb of Chicago, where the 

bummock was made by raising the sidewalk crossing 
Some distance above the road level. 


THE RELATION OF THE ENGINEER TO MECHANICAL 
FILTER MANUFACTURING COMPANIES.* 
By F. B. LEOPOLD. f. 


Years ago the installations of filter plants were prac- 
tically iu the hands of the manufacturers, and consisted 
either of steel pressure filters or wood tank gravity fil- 
ters. They were seldom installed in the construction of 
a water plant unless by reason of personal solicitation of 
the builders. The filters were built on empirical lines 
and to meet ruinous competition, and installed after a 
long campaign of missionary work, costing often a large 
proporlion of the amount received; and the results were 
not always all that could be desired. Engineers at that 
time would simply ask for bids on a filter of certain 
required capacity. 

The experiments conducted at Louisville, Ky., marked 
aa epoch in mechanical filtration in many ways. These 
experiments were conducted by the Louisville Water Co. 
at an expense of many thousand dollars of the filter com- 
panies’ money. Those who entered the experiment did 
so with the expectation that if they could demonstrate 
their ability to properly purify the water a contract 
would result therefrom. The demonstration was suc- 


themselves, and where propositions are necessarily put as 
they are by filter companies in many cases to water 
committees or others who have no engineering know- 
ledge and the price is often the main consideration; in 
such cases some builders undoubtedly design plants - 
that they would very much rather not build, 


(3) That the work should be designed in detail by 
the party responsible for its success is fully agreed to. 
When filter companies design plants in detail and as- 
sume contracts, they assume absolute responsibility for 
its success. Engineers very often design plants in de- 
tail, then ask builders to assume the responsibility for 
the successful working of these plans, a position at 
once inconsistent and unreasonable. If the engineer, on 
the other hand, does not ask the contractor to assume 
the responsibility for his plans, then the client does as- 
sume such responsibility, but in no case has the writer 
ever heard of an engineer assuming responsibility finan- 
cially for the successful working of his plans. Were this 
the case many of them would not be so ready to elim- 
inate the filter construction companies. 

(4) The contention that the purchase of material in the 
open market costs the client less for construction, the 
filter companies maintain is only apparent. While it is 
necessary for them to make a certain charge to cover 


neers used the information gathered at the expense of the 
filter companies and applied it in the construction of a 
plant in which the manufacturers were not given even a 
shadow of a chance for the return of a dollar of the 
money expended by them. 

Since then the few engineers that have made a suffi- 
cient study to have acquired a knowledge of the prin- 
ciples of mechanical filtration, and a great many that 
have not, have adopted a policy of designing and build- 
ing filter plants and ignoring the existence of filter 
companies, or if not ignoring them, eliminating them 
as much as possible from possible competition in the 
building of such plants; although it was, undoubtedly, 
the considerable sums of money spent by these com- 
panies in solicitation, education and experimental work 
which at least hastened to create the demand, demon- 
strate the efficiency of mechanical filters and, inciden- 
tally, open a new field for engineering effort, after which 
it would seem that they were entitled to some recom- 
pense and consideration at the hands of the engineers. 
The reasons given and apparent seem to be about as 
follows: b 

(1) The character of the work has changed and is now 
a special branch of engineering. 

(2) Builders sacrifice quality in competition. 

(3) The work should be designed in detail by the men 
responsible for its success. 

(4) By buying materials entering into construction in 
the wider market it costs the clients less than bought 
from filter companies who charge large sums for patent 
right and past missionary work. 

(5) Clients run chances of contracting with builders 
who are either incompetent or dishonest. 

(6) The filter companies act as engineers wherever 
possible, and draw plans and specifications, thereby 
cutting out the engineers from the field and the fees 
to which they are properly entitled. 

Now, on the part of the builders, their answer and 
position is as follows: 

(1) That the character of the work is changed, as is 
fully recognized that it is a special branch of engineer- 
ing, just as building of pumping machinery, engines 
and other mechanical equipment is. That there are few 
engineers who have made a special study of this particu- 
lar branch and are competent to design plants for effi- 
ciencies is also contended. i 

(2) Builders undoubtedly do on occasion sacrifice qual- 
ity to competition. This is probably due as much to 
the position taken by the engineers as to the companies 


*Abstract of a paper read before the Central States 
Water-Works Association, Pittsburg, Pa., September, 
1908. 

General Manager, Pittsburg Filter Mfg. Co., Pitts- 
burg, Pa, 
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the money expended in selling, patents, etc., this is a 
very nominal charge and does not even approximate 
the amounts that I have heard given by many engineers. 
That the purchase of cast-iron pipe, valves and other 
material entering into the construction of a filter can 
be made direct by a client for approximately the same 
money that it costs a filter construction company is 
undoubtedly true. 

(5) That clients run chances of contracting with build- 
ers either incompetent or dishonest is true. The same 
reason applies to engineers with greater chances, owing 
to the larger number of them. 

(6) That filter companies act as engineers in the 
drawings of plans and specifications and to a certain 
extent eliminate engineers is true. This condition, how- 
ever, they maintain has been taken in self-protection, 
and by reason of the position taken by engineers and 
is a position they would prefer I feel satisfied not to 
occupy, when taken in opposition to those engineers 
who are recognized as being equipped with the proper 
knowledge for design and construction of a plant; it is 
by reason of the fact that these engineers insist in de- 
signing in detail all parts of the apparatus entering 
into the plant, generally each plant constructed requir- 
ing an absolutely new set of patterns for all mechanical 
parts, just enough different from the standard pattern 
of filter companies to make them unacceptable, and in 
many cases, not as satisfactory, but adding to the costs 
more than the profits the filter company would have 
been satisfied with on their own construction, the client, 
however, paying the bill. 

A harmonious working condition could be brought 
about as follows: 

Were the recognized filter engineers to consider the 
filter contractors as the best source of supply for their 
material, and leave open such details of construction 
as require individual standards and select therefrom the 
best which were offered by recognized manufacturers, by 
so doing it would excite the efforts and energy in the 
production of the best type of material by the builders, 
each bending their effort to improve and increase the 
efficiency of his apparatus by the selection of the best 
offered. The cost of the plants would undoubtedly be 
less, efficiency continually greater, the actual work of 
the engineer for his compensation would be less, and 
the general results to all concerned undoubtedly more 
satisfactory. To the engineer in general practice, who 
is not an expert but is fully equipped for passing upon 
mechanical devices submitted, the general outline de- 
signs of construction work carried out on lines that so 
generally recognized as not to be very far wrong, leav- 
ing completely all details of arrangement and construc- 
tion to the filter companies, as well as responsibility for 
results, would result in a better class of installation 
for the smaller plants; the same contention among man- 
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ufacturers to give better designs knowing that their 
‘plans would be passed upon by some one competent to 
consider the cost of mechanical apparatus, and properly 
value and weigh explanations, and select the best ap- 
paratus for the money offered instead of the lowest 
money offer, exclusive of worth, would eliminate in- 
competent and dishonest builders, would result in the 
ordinary engineer securing a class of installation that 
would be a credit to him, that would be permanent 
and economical to his client, uniformly efficient, and 
considerably less costly. 

The average contractor would very much prefer to 
build his work under the supervision of a trained en- 
gineer rather than under the supervision of a shoe- 
maker or blacksmith, and instead of making plans to 
submit direct, would advocate the employment of an 
engineer who would assume ground of this character. 

I believe this is a condition worth the consideration 
of engineers who are being retained or seeking retention 
on work of the character, and that a getting together 
on some such basis as outlined is the only way to elim- 
inate a considerable percentage of badly designed and 
constructed plants which are in any case paid for by 
the client be it a water company or a municipality, ir- 
respective of whether it is an incompetent engineer or 
a construction company that is at fault. 


—— a fl a ernest 


A NEW CRUDE OIL AND SAND SEPARATOR FOR USE 
AT OIL WELLS.* 

Crude California oil is extremely hard to han- 
dle, it is a mucky, viscous, sludge-like substance, 
containing fixed gases, sand, water, asphaltum, 
clays and other minerals, in a complete emul- 
sion with the oil, which emulsion is the result 
of thousands of years of direct contact of the 
several ingredients under extraordinary heat, 
pressure and chemical conditions. To treat the 
crude semi-liquid as fast as it comes from the 
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Is very slow, imperfect and wasteful. The soil of 


which these sumps are composed is porous, and 
the combined loss from evaporation and ab- 
sorption has been variously estimated at 8 to 
20%. Farther losses from overflow, from break- 
age of the sumps and from fire are frequent, and 
an appreciable amount of oil adheres to the sand 
Darticles which settle in the bottom. Moreover, 
the construction of the sumps and installation of 
heaters and pumps is quite expensive, while the 
heat loss by radiation of steam from long lines 
of pipe is large. Under ordinary conditions, 1% 
barrels of oil are required to heat and pump 100 
barrels of oil in such a system. 

A separator has been devised by Mr. Linus W. 
Brown of Bakersfield, Cal., which eliminates 
these objections and for which simple construc- 
tion, continuous satisfactory operation and 
ample capacity are claimed. The accompanying 
cut shows the machine fitted with automatic 
sand washer and remover, although, if greater 
simplicity is desired, the latter arrangement may 
be dispensed with in favor of a hand-worked, 
bottom sand-dump. The main features of the 
apparatus are a separating tank which receives 
the oil directly from the well, and a flow tank 
which delivers the clarified product to storage 
tanks. A gas separator, not shown in the figure, 
may also be attached from which any gas en- 
trained by the oil may be drawn off in fit condi- 
tion for use in the furnace. 

SEPARATING TANK.—The connection to the 
oil injector can be arranged to receive oil from 
more than one well. The injection nozzle is 
slotted so as to divide the oil into a thin layer in 
order that the hot water upon which it Is dis- 
charged can act promptly, separating 
and retaining any particles as heavy as 
or heavier than water, and allowing the 
oil to float to the top of the separating 
tank. The heating coils shown in the 
drawing utilize the exhaust steam of the 
engine operating the oil well, and such 
heat as may not be taken out in the dry 
heater is allowed to enter the tank as 
a wet heater with the oil from the well. 
A check valve in the steam-pipe con- 
nections prevents any oil from entering 
the dry heater. The latter receives the 
steam at the bottom. At the engine, a 
swing joint permits the usual engine ad- 
justment, and a stop cock is provided so 
that when pulling or cleaning the. well, 
steam may be exhausted directly to the 
atmosphere. 
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OIL AND SAND SEPARATOR. USED IN THE KERN RIVER, CAL., OIL FIELDS. 


well, so as to separate these various ingredients, 
has required much study and experimenting. 
The present practice of placing the crude oill 
in sumps having a large area, and allowing ex- 
posure to the atmosphere to effect the separation 


*Prepared from information furnished by Mr. Linus 
W. Brown, M. Am. Soc. C. E., Bakersfield, al., R. F. D. 
Noa. L 5 ’ 


A constant water level is automatically main- 
tained by an adjustable regulator which removes 
surplus water coming from the well or from the 
condensed steam entering as a wet heater. The 
baffle, seen near the top of the tank, stops any 
particles of sand which may rise with the oil and 
affords the latter a comparatively quiet space in 
which, before the oil passes into the flow tank, 


the sand is precipitated. The sand slides back 
into the separator, falls through the water, and, 
reaching the bottom, is finally removed. This 
tank is made of No. 7 sheet steel. The general 
arrangement of water injection jets, water level 
regulator, dry heater, oil injection nozzle, ex- 
pansion space and sand baffle, elevator and dis- 
charge is readily seen from the drawing. 

FLOW TANK.—From the separating tank the 
oll is led through a 6-in. tin pipe to the lower 
part of the flow tank, which contains hot wate 
for the purpose of assisting the deposition of 
such fine particles of foreign matter as may 
still have been retained in the oil. The clean 
oil rises to the mouth of the suction pipe, shown 
in the figure, and is pumped to storage. The 
flow tank is made of No. 16 galvanized iron. 
The pump is single acting, 4 x 10 in. or 5 x 10, 
connected by a pipe with a knuckle joint and 
grip to the walking beam. 

HEATING.—The most favorable temperature 
for the work of the separator, on oil having a 
specific gravity of 0.973, is found by experience 


‘to range from 180° to 185° F. The heat is ad- 


justed according to the volume of oil pumped 
through the system; if the temperature is too 
high, some of the exhaust steam is permitted 
to escape to the atmosphere; under the opposite 
conditions, additional live steam is injected. The 
exhaust of one engine supplies enough heat to 
clean and store 350 to 400 bbls. per 24 hrs. 
With the addition of live steam, this amount can 
be raised to 700 bbls. per 24 hrs. 

CLEANING.—The separator with automatic 
sand elevator requires no attendance, as the con- 
stant stirring in the hot water at the bottom of 
the tank efficiently washes and stirs the sand, 
removing it as fast as it falls to the bottom. 
In the simpler type of machine, about 1% cu. 
yds. of sand accumulate in from 2 to 12 hours, 
when it is dumped by an attendant opening a 
valve which allows water to flow through the 
sand from a number of jets provided. A lever 
is then pulled, opening the main sand valve and 
allowing the accumulation to pass out. The 
flow tank is provided with eight jets through 
which water can be allowed to flow against the 
sloping sides of the tank and wash away all 
settled impurities. This is necessary about once 
in 24 hrs. and requires but a few minutes. 

Some of these machines have now been in 
operation for 17 months in the Kern River, Cal., 
oil fields and are giving entire satisfaction. 

— OEE —— 


FAILURE OF A WATER TANK TOWER. 
By W. H. KELLOGG, Jr.“. 


In the failure of a water tower at the Kent 
County Poor Farm, near Grand Rapids, Mich., 
on Aug. 23, two lives were lost. The following 
gives particulars of the accident. The names of 
the parties concerned are omitted, in order to 
give greater prominence to the facts by remov- 
ing the personal element. 

A local concern took the general contract for a 
heating system for the Kent County Poor Farm. 
It subcontracted the design and erection of 
a tower, to carry a water tank, to Bridge Com- 
pany A, who in turn were furnished with plans 
for the structure by the Bridge & Iron Company 
B. Mr. C., acting as consulting engineer for the 
county, with power to reject or condemn any part 
of the system, drew general specifications for the 
tower; these called for an all-steel structure, to 
conform to ‘Manufacturers’ Standard Specifica- 
tions,” to be designed for a wind pressure of 30 
lbs. per sq. ft. with the tank filled and a maxi- 
mum stress in the steel of 16,000 lbs. per sq. in. 
of net section, the factor of safety to be four. 

The height of the tower was 80 ft. 5 ins., in 
five panels; width at the bottom 22 ft.: width 
at the top 13 ft. 6 ins. On top of the tower 
rested a wooden tank containing 31,500 gals. of 
water, bottom and sides of 2%-in. cypress, with 
16 1-in. and 4 %-in. round iron hoops. This tank 
rested on 5-in. 94%-lb. I-beams for floor joists, 
which distributed the load to four 12-in. 3146-Ib. 
I-beams connecting the tops of the four posts of 
the tower. The joists were so arranged that 
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three-tenths of the total load went to each of 
two opposite 12-in. beams; it was one of these 
that broke. 

The total load on the large beams of the floor 
was: 


Water: soree edia u Sense eked 262,500 Ibs. 
F)! 15, 000 lbs. 
Vl... e e a Stee ERC 825 Ibs. 

Total- -arrean K . . . 278,325 lbs. 


Three-tenths of this, or 83,500 lbs., was dis- 
tributed on the beam in question. This load 
gives a moment of 83,500 x 13 x 12 + 8 = 1,628,- 
325 Ib.-ins., which, divided by the 16,00Q0-lb. 
unit-stress, gives a section modulus of 101.8 ins“. 
This would require a 15-in. I beam, 80 lbs. per 
ft. The section modulus of the beam used is 
36.0 ins., which gives for this load a unit-stress 
of 45,250 lbs., much in excess of what is safe. 
even exceeding the elastic limit. 

To make the matter worse, the plans show that 
the lower flange of the beam had four 11/16-in. 
holes (to fasten brace for footpath) at a distance 
of 3 ft. 9 ins. from each end; this would increase 
the extreme fiber stress of the bottom flange 
practically to its breaking point. 

These figures are without regard to wind 
stresses, which would make the showing worse. 

The beam broke through the rivet holes just 
mentioned, at 3 ft. 9 ins. from one end. It tore 
evenly and clean through the bottom flange up to 
the top flange, the tear then running lengthwise 
of the beam for about 3 ins. in the web under- 
neath the top flange. The top flange bent into a 
90° bend and shows no crack. 

The break caused the immediate collapse of the 
whole floor system, precipitating the whole tank 
to the ground. Measurements of the beam at the 
break show perceptible stretching and a reduc- 
tion of area of 10%. That this reduction of 
area is small is evidently due to the fact that 
the rupture came suddenly. 

It does not seem possible that such designing 
could come from a bridge shop, be passed on by 
another bridge company, and be accepted by a 
professed Consulting Engineer. For if any one 
of these were either unable or unwilling to figure 
the stresses, one glance at a steel mill hand- 
book would have sufficed to show, in a way that 
even a layman could understand, that the maxi- 
mum safe distributed load on a 12-in. 31 ½-lb. 
I-beam on a 13-ft. span is 14% tons, and that 
C3. 500 Ibs. or 41° tons as a distributed load ac- 
quires a 15-in. 8Q-lb. I-beam for a fiber-stress 
of 16440 lbs. This is read from tabulated self- 
explaining data, and requires neither time nor 
technical Knowledge. 

The matter at present is before a Coroner’s jury 
in Grand Rapids, who are endeavoring to fix the 
blame for the death of two men working on the 
tower, who were killed in the collapse. The con- 
sulting engineer for the county in this work ad- 
mits that he had put his O. K. on the plans, 
supposing the beams were all right, but claims 
he had never seen any details of the tower show- 
ing the size of this beam, as was evidently his 
aguty. The contractors for the heating system, 
however, claim to have furnished such detail 
J.: ans to him together with bills covering the steel 
material, which he accepted. When asked as to 
his opinion for the reason of failure, Mr. C. 
rep.jied that he thought the steel was defective. 
If an analysis does show poor steel and the jury 
on this basis acquits C. and does not investigate 
further his neglect or error, the writer believes 
the bridge company which designed this flimsy 
structure, figuring steel to its breaking point 
and claiming a large factor of safety for it in 
order to reduce weights and “get the job,” should 
be criminally prosecuted. That kind of business 
should be stopped. 


en 


THE GUN SILENCER invented by Mr. Hiram P. 
Maxim was tested by a board of officers of the U. 8. 
Army, at Springfield, Mass., Sept. 3. It is reported 
that the discharge of a gun fitted with the silencer was 
inaudible at 250 yds. In performing the test, the officers 
went to the rifle butts while Mr. Maxim, with an assist- 
ant to fire the gun, moved in an automobile from point 
o point at different distances from the butts. In no 
case was the board able to determine with unanimity 
the direction of the shots, being compelled to judge from 
\he whirr of the bullet alone. 


A SIMPLE METHOD OF CLEANING GAS CONDUITS.* 
By W. D. MOUNT,{ M. Am. Soc. M. E. 


Three years ago, the writer had occasion to ask 
for proposals on a battery of gas producers, including 
the design of the distributing conduit and branches, 
though the latter were to be built under separate con- 
tract and by parties other than the contractors for the 
producers. 

As the producers were to supply gas to furnaces in 
continuous operation over long periods, which, for effi- 
cient working, required very uniform conditions of heat- 
ing, the question of an uninterrupted flow of gas of uni- 
form quality became of exceptional importance. We 


Air Hose Aire and Haad Rari 


to Producer 


Eno. 
AVN 


Longitudinal Section. Cross Section. 


Fig. 1. Main Gas Conduit Arranged for Cleaning 


While in Operation. 


found that all of the builders of producers whom we 
asked to submit specifications and quotations could, in a 
general way, meet the conditions of uninterrupted ser- 
vice; that is, it would be necessary to shut the gas 
off a few hours once each week, and clean the ac- 
cumuiated soot out of the conduits. 

Our idea of continuous service was somewhat different. 
It did not mean shutting down once a week, or once 
each month, but meant a condition of operation abso- 
lutely without interruption for an indefinite period, and 
we finally made this a condition of our acceptance of 
the contract. The installation was to be in a depart- 
ment already in operation for several years, and where 
the use of gas was not originally contemplated. There- 
fore, the distributing conduits had to be designed to meet 
existing conditions of space and apparatus in a depart- 
ment already so much overcrowded that a duplicate sys- 
tem of conduits, one to be in use while the other was 
being cleaned, was entirely out of the question, to say 
nothing of the greatly increased cost of installation. De- 
signs for such a duplicate system were submitted by one 
builder as the only possible solution of the condition of 
uninterrupted service. 

In placing the contract, our decision was not based 
altogether on the merits of the different producers of- 
fered, but largely on the method or system of cieaning, 
and a design of distributing conduits which seemed to 
provide the greatest facilities for meeting the imposed 
condition of uninterrupted service. After carefully can- 
vassing the designs submitted, a contract was placed with 
the Morgan Construction Co., of Worcester, Mass., 


_--7 This plug to replace ball 
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Fig. 2. Cleaning Hole Casting. 


through their engineer, Mr. E. A. W. Jeffries, M. Am. 
Soc. M. E., who, to quote from one of his letters, was 
confident a method of cleaning the conduits, which, be- 
cause of conditions imposed, was the most important 
function to be provided for adequately, could be worked 
out, but which required special study, and which involved 
some features not heretofore fully developed. 

I may say, at this point, that the congested condition 
of the department in which the producer plant was to be 
installed, as weil as the location of existing apparatus, 
precluded the possibility of using underground conduits, 
and made it necessary that an overhead system be 
adopted, and, as already stated, the lack of room pre- 
vented the system from being in duplicate. 

The plan of action arranged for, as outlined by Mr. 
Jeffries, consisted in providing facilities in the way of 
openings in the conduit for blowing depositions of soot 


presented at the Detroit Meeting (June, 1908) of The 
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through into the stack, by means of steam jets, con- 
nections to the base of the stack being arranged for from 
each distributing conduit. The above outlined operation 
was not to occupy more than 15 minutes, during which 
time the gas was to be shut off, but the heat in the fur- 
nace was not to be seriously impaired. The condition 
of uninterrupted service, it is to be noted, was not 
fully met, and the writer was confident at the time, and 
subsequent developments proved his prediction to be 
correct, that when the gas was shut off, even though 
as small an amount of time as 15 minutes, it meant shut- 
ting off the product from the furnaces, or, in other 
words, it meant an absolute shut down of the depart- 
ment during the operation of cleaning. 

The producers and distributing conduits, however, were 
installed as designed, and the proposed method of clean- 
ing put into effect, with the exception that compressed 
air was used in place of steam. Measured by experience 
gained, the method was a great success, but as a 
means of keeping the gas conduits clean, it was a 
failure. 

It did not take long, however, to determine that the 
idea was all right. and that our lack of success was 
due to the fact that the facilities provided in the de- 
sign for applying the air or steam were inadequate, 
as well as improperly located. 

The experience gained in the early days led finally 
to the development of the system to its present form, 
which is fully detailed in the accompanying sketches, 
and which I am glad to report, has been so success- 
ful that for the past 18 months we have never for a 
moment had the gas shut off from our distributing 
conduits for the purpose of cleaning out the depositions 
of soot. 

The method and apparatus, as will be noted from 
the drawings, are extremely simple, and quite out of 
proportion to the results obtained. We have so much 
confidence in compressed air that we are almost in- 
clined to believe that it is one of the things essential 
to the successful operation of the method, another be- 
ing accessibility to the main conduit and its branches. 
The air should be thoroughly 
dry and at not less than 
80 lbs. pressure. We find 
in practice that the con- 
nections from the conduit to 
the base of the stack are, 
for cleaning purposes at 
least, entirely unnecessary. 
The only time they are used 
is in making repairs on 
the conduits, when they are 
opened for the purpose 


Fig. 3. 


of drafting out the gas. We Section of 
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behind the producers, the balance being dislodged by 
means of the air jet from the brick lining and carried 
along with the current of gas to the furnaces where it 
is almost wholly consumed. 

Referring to Fig. 1, A A are openings in specially de- 
signed castings (see detail A, Fig. 2) spaced aiong the 
top of the conduit, and of the same depth as the brick 
lining. C is a cast-iron ball of a diameter sufficient 
to close the opening in A and free to slide on the -in. 
bent pipe B (see detail of C) which is connected by 
hose to the air main, a l-in. pipe serving also as one 
of the hand rails along the top of the conduit. 

The openings A A are spaced at a distance nearly 
equal to the diameter of the conduit (although this 
spacing is not necessarily fixed), which we have found 
by experience to be about right for effective work, and 
in any event they should not be at a distance exceed- 
ing 6 ft. 

The bent pipe B should be long enough to reach all 
perts of the conduit from A to A. The pipe, however, 
for convenience in handling cannot be over 8 ft. and 
its length, therefore, in a measure, fixes the distance 
from A to A. Permanently attached to the end of the 
pipe is a short length of air hose, having attached at 
the other end the male portion of a standard %-in. Joy 
coupling. Located along the hand rail air pipe, at dis- 
tances from two to three times the distance between 
A A, are cocks and the female portion of the Joy coup- 
Attaching the hose to the air main, therefore, is 
a very simple matter and consumes a minimum of 
time. 

In cleaning we begin at the producers and work 
toward the furnaces. To the casual observer it would 
seem that the operator did nothing more than stick the 
bent pipe through the opening A and turn on the air. 
This, however, is, of course, the most insignificant part 
of the operation. It is necessary that the pipe be given 
a circular motion, which will bring its discharge end 
in contact with all parts of the brick lining from one 
opening to another. A careful, conscientious workman 
will, in a little time, become very expert in the opera- 
tion, and when the work is properly done it can be 
absolutely depended upon to remove all depositions of 
soot. 
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In conclusion, it is only necessary to say that the gas is 
not shut out of the conduit during the operation of 
cleaning, nor is its flow in any way checked. The 
producers do not seem to be affected in the slightest 
degree; in fact cleaning is conducted absolutely with- 
out interruption to producers, conduits and furnaces, 
and that it is efficient is evidenced by the fact that 
when our conduits have been opened for repairs we 
have always found them clean to the brick lining. 


—— . —— ——)' — — 


TESTS OF TREATED TIMBERS. 


Tests of the physical properties of timber that 
has been treated by preservative processes have 
been made on an extensive scale during the pres- 
ent year by Mr. Samuel M. Rowe, M. Am. Soc. 
C. E., Consulting Engineer, of Chicago. These 
tests were made with over 1,000 blocks (1 x 1 x 
4 ins.) in the 20,000-Ib. Riehle machine at the 
Chicago city laboratory. The results have been 
compiled as a supplement to Mr. Rowe's book 
on “The Preservation of Timber,” and we have 
been permitted to make some note of these re- 
sults in advance of their publication. From the 
detailed reports we have prepared the accom- 
panying tables, as indicating the general results. 

Table I. shows the ultimate crushing loads and 
other properties of some treated and untreated 
specimens. White oak from ties that had been 
in use on a Chicago street railway for 15 years 
gave a crushing strength of 5,339 Ibs. per sq. 
in., as against 6,900 Ibs. for new white oak. 
Untreated pine from ties that had been 15 years 
in concrete showed a strength of nearly 4,200 
Ibs. As to the effect of over pressure on the 
timber, Mr. Rowe states as follows: 


When the treatment of ties by the Wellhouse process 
in 1885 was commenced, the rule was laid down that 
no more than 100 lbs. per sq. in. should be allowed on 
the charge while in contact with the solution. This was 
accepted on the authority of Mr. Wellhouse, Mr. Jos. P. 
Card and Mr. Chanute, and has been the practice with 
elther the zine-tannin or the Burnett process (with slight 
allowable deviation) since that time. This was derived 
from past expericnce and was accepted as being correct, 
the gencral opinion being that a pressure much above 
this would part the timber fiber. 

The writer in making some experiments on the possil- 
bility of impregnating wooden paving blocks with melted 
asphalt in combination with creosote oil, found it im- 
possible to make it reach all parts of a 4-in. block un- 
Jess a much higher pressure and a high degree of heat 
wus used. In some cases where a 300-lb. pressure was 
applied, the grip of the hand would cause the oil to 
protrude at the end of the surface of the block long 
after removal from the retort. 

Recently, however, this idea that the higher pressure 
does so injure the timber has been emphatically denied, 
and the practice at some creosoting plants is to use 
twice that pressure or more. With a view to aid in 
correct determination of the question, the writer has 
fe to some trouble to gather information on the sub- 
ect. 


Table II. summarizes the results of tests on 
the absorptive properties of timber. The treated 
specimens were thoroughly dried before being 
immersed in water. The white oak ties had been 
in use for 15 years and while a part had rotted 
away, the sound timber was almost as good as 
new. 

For the experimental treatment of hard-maple 
paving blocks with creosote, and with a mixture 
of creosote and asphalt (mentioned in the above 
statement by Mr. Rowe), the results may be 
summarized as follows, the pressure in each 
case being 100 lbs. per sq. in.: 

The blocks treated with creosote averaged 45.94 
Ibs. per cu. ft. before treatment and 63.23 Ibs. 


Timber and Treatment. 
Red oak, untreated (heart)..........- Moya es Saikano as 
Red oak, untreated (SAP)... ec eee ce rw wares cece ccces 
Red oak, zinc-creosote, steamemſudd. ce cees 
Black oak, zinc-creosote, steamed......... cc. cee ee eee 
Burr oak, zinc-creosote, not steamed...........2-ecccces 
White oak tle, untreated, green 
White eak tie, untreated, 15 years in sandy soll.. 
White oak tie, untreated, 15 years in wet soijl.......... 
Maple, hard, untrestel..Xꝑd dane A 
Maple, hard, Creosoted. i... ccc cece cc er ce cen cece cenn se 
Maple, hard, CreOSOted o eens wcrc des NG eS edie 45/65) e ees ae 
Maple, hard, creosoted, 100-Ib. pressure 
Maple, hard, creosoted, 100-1b. pressure. 
Maple, hard, creosoted, 500-Ib. pressure. 
Maple, hard, zine-creosote, 500-Ib. pressure............2. 
White pine, zinc-creosote, not steamed.........0. cece eae 
White pine, zinc-tannin, 12 years in bridge ‘ 
White pine, zinc-tannin, 12 years in bridge. .......... 
Southern yellow pine, creosoted (pav. block)........... 
Southern yellow pine, untreated............. 
Southern yellow pine, untreated............. 
Pine, N. Mex., zinc-tannin (old tieꝝᷣꝛ7ꝛ7ꝛ7ꝛꝛꝛ ee 
Pine, N. Mex., zine-tannin (old tie), sap........... N 
Pine, untreated, in concrete 15 years . 8 
Cypress, zinc-creosote, not steamed. mei. ae 


TABLE I.—TESTS OF STRENGTH OF TIMBERS. 


TABLE II.—ABSORPTION TESTS OF TIMBERS. 


Weight Absorption, per cent. of volume. 
Ibs. per Spec 
Timber and Treatment. cu. ft. Gr 1 day. 14 days. GO days. 
Red oak, zinc-creosote, steamed....... cee eececnee . 48.5 778 . 091 193 . 357 
Red oak, zinc-crcosote, not steameedggauA . 42.3 679 128 194 292 
Red oak, untreated (partly seasonedd)ʒjʒ jj eee 55. 3 887 087 176 234 
Burr oak, zinc-creosote, steam. . 53.1 ol O48 .109 150 
Burr oak, zinc-creosote, not steamed..........¢ccee cee 52.7 845 054 127 172 
White oak, untreated. ........00.. cece eee FFC 618 O08 179 261 
White oak, untreateꝶſlclc ence ee tee teees . . 50.5 810 0⁵6 173 284 
Pine, zinc-creosote, steamedſeqZZꝛae m i 30.4 AST 056 147 .201 
Pine, zinc-creosote, not steamed....... cc cece cee ween es 28.6 4590 .016 .119 193 
Pine, -coal-tar fesduuu nn new a's meg ee 33.6 2039 0230 126 .195 
Pine tie, ünk reste!!! bela whee Sites hae 410 125 242 301 
Yellow pine, paving block, creosot cd... . . 62.9 1.000 051 -101 152 
Cypress, zinc-creosote, steamed. ...... cece d 3 AAT 112 241 321 
Cypress, zinc-creosote, not steamed el 30.8 494 068 139 .216 
after; the minimum and maximum weights for Grand Marais, Minn., Sept. 17, checked the fires in 


the treated blocks were 62.12 lbs. and 65.24 Ibs. 
per cu. ft. 

The blocks treated with creosote and asphalt 
averaged 45.34 lbs. before and 51.35 Ibs. per cu. 
ft. after treatment; the minimum and maximum 


weights for the treated blocks were 47.28 Ibs. 
and 54.36 Ibs. per cu. ft. 


rr — — — 


THE PARIS CENTRAL TELEPHONH EXCHANGE 
was entirely destroyed by fire Sept. 20. The origin of the 
fire is ascribed by the Minister of Public Works to a 
short circuit. The telephone building was comparatively 
new and was fitted with the central battery system. 

ree 


AN EXPLOSION OF BLASTING POWDER in a freight 
ear on the Missouri. Kansas & Texas Ry., at Windsor, 
Mo., Sept. 15, which resulted in the death of seven per- 
sons and injured 15 others, is said to be the result of 
a practical joke. The freight car containing twelve tin 
cans each holding 25 lbs. of powder was standing beside 
the platform of the Windsor station. A freight con- 
ductor, to scare the bystunders, threw a lighted match 
into a pile of loose powder on the platform. The flaring 
up of this powder is believed to have ignited that in 
the car. Two men who were in the car were killed out- 
right and five others on the platform were fatally in- 
jured and died within a few hours. 

— 

THE WRIGHT AEROPLANE, with which record- 
breaking flights have been made in the past three weeks, 
was completely wrecked during an unofficial trial at Fort 
Myer, Va., on Sept. 17. New propellers had been fitted 
and it is supposed that a blade of one of these came in 
contact with a wire guy, breaking both the guy and the 
propeller. The aeroplane was about 75 ft. from the 
ground at the time of the accident and control of the 
machine was not obtained quick enough to glide down 
to the ground safely. Lieut. Thomas Selfridge, attached 
to the Signal Corps of the United States Army, who was 
on the machine with Mr. Orville Wright, was iu, ured 
go severely that he died in a few hours and Mr. Wright 
sustained a fractured thigh and several broken ribs. 

It is reported that the time allowed by the officers of 
the Signal Corps for the completion and testing of the 
machine will be indefinitely extended and that experi- 
ments will be resumed on Mr. Wright's recovery. 

Mr. Wilbur Wright, on Sept. 21, at Le Mans, France, 
snatched the world's ‘record from his brother by a flight 
of 1 hr., 31 min. and 51 sec., covering 98 kilometers 
(60.8 miles) and winning the Michelin cup and the Aero 
Club prize of $1,000. This flight was started at 5.15 
p. m., after several false starts. About 40 minutes of 
the flight was made after sundown in the semi-darkness. 

—_——__-___@____ —___— 

FOREST FIRES CONTINUE TO BURN in Minnesota, 
Wisconsin, Michigan and Canada, and immense tracts of 
timber lands in Maine, New York and Pennsylvania 
have been burned over. A heavy rain-in the vicinity of 


Absorp. 
in 30 Ultimate Crushing Load 

Weight days lbs. per sq. in. 

Ibs. per Spec. P. ct. of — — 

cu. ft. Gr. Vol. Column. Flat Edge. Diag. 
33.3 55 144 6.477 1,045 1,207 dette 
33.2 hye 143 5,914 tink 3 1,025 
48.5 418 .236 6,228 1,071 960 9 
53.7 . 861 210 5,604 89 88 ete 1,700 
DoT 848 158 5,176 eas ore 1,500 
52.6 843 . 290 6.910 1.750 1.525 eae 
42.4 680 200 4.417 1.462 1.447 Tarii 
46.5 745 .239 5.339 1.167 1.165 ae 
sie eh eas 8 7,887 1.897 1.28 s 
46.0 738 N 5,506 2,125 1,300 beats 
49.8 797 bia ak 6,380 1,707 1,395 PERES 
62.5 1.003 5.506 2,135 1,300 ETA 
66.5 1.066 4-3 6,380 1,707 1,395 a 
NR 9 6.070 9 5 8 eee 
28.6 . 459 163 5,938 1,367 1,205 we 
25.3 107 210 4,726 572 535 sà 
24.7 396 272 4.616 537 605 8 8 8 
63.27 1.014 -099 6,122 710 887 Pare 
state 9 . 4,534 797 1.313 are 
Shek 2 8 6.199 760 1.025 . 
28.7 461 469 Meee 96 770 8 
28.7 461 469 3,981 630 642 re 
27.5 .440 . 279 4,166 560 26 shana 
30.8 -494 184 3.594 Die 8 400 


that region but did not entirely extinguish them. lu 
Wisconsin, the towns of Gagen and Woodboro in Oneida 
Co. are reported to have been destroyed Sept. 20, and 
Mosinee, Marathon Co., was surrounded by the fires. 
Several villages in Marinette Co., Wis., and in Dick- 
inson and Menominee Counties, Mich., are in danger. 
Extensive fires are reported in the province of On- 
tario along the Ottawa River, and in Quebec. 

In Maine forest fires are burning in eight counties 
and many thousands of feet of standing timber have 
been lost. The fires in New York are said to be 
under control although thousands of acres of timber 
are burning. Reports to the State Forest Department 
of Pennsylvania show that 100,000 acres of forest 
land in the central-northern part of the state are being 
burned over, and 15,000 acres of State Forest Reserves 
have been burned. 

— — 

A FIRE IN THE DETROIT RIVER TUNNEL (that is, 
in ene of the twin tubes of the Canadian approach to the 
river section; see articie elsewhere in this issue) oc- 
curred early in the morning of Sept. 15. Two men lest 
their lives. They were not working in the tunnel, but 
it is stated that they went down to investigate the fire 
or to ascertain if any men were still in the tunnel, and 
were overcome by the smoke. One of the men was Mr. 
W. R. Kimball, an engineer employed as assistant super- 
intendent on the day shift. All the tunnel men escaped 
through the opposite tunnel and by the elevators and 
stairways at a shaft near the work. The following is 
a statement furnished us by Mr. W. S. Kinnear, Chief 
Engineer of the Detroit River Tunnel Co.: 

The fire started just inside the air-lock in the west- 
bound tunnel, about 1,400 ft. back of the shieid. The 
air-locks are focated but a short distance from the por- 
tal shaft, where the shields were started. The locks 
are built in concrete bulkheads within the finished tun- 
nel section. Immediately inside of the lock in the west- 
bound tunnel is a very short section of the crown of the 
arch which is unfinished, leaving exposed a portion of 
the arch timbering and a patch of waterproofing which 
surrounds the entire arch section outside the concrete. 

It is presumed that the fire originated from a lighted 
match thrown carelessly to one side, or the burning out 
of a candle thoughtlessly left on some of the timbers. 
Electric lights are in service throughout the tunnel work, 
great care being taken with the wiring to avoid inter- 
ruption in service. As an extra precaution, candles are 
used only in emergency cases. The tar-paper and coal- 
tar pitch, of which the waterproofing is composed, became 
ignited. The air pressure inside the lock where the fire 
originated drove the fire through the waterproofing be- 
tween the completed concrete arch and the timbering for 
the portal shaft, filling it with a dense smoke. The air 
pressure was relieved as soon as possible and the fire 
died out. 

The escape of the workmen was very simple, 
passed, immediately after being ordered to the 
through cross passages to the eastbound tunnel and out 
of the portal shaft. The damage to the property was 
very slight and the fire was easily smothered during the 
day. The unfortunate part of the occurrence was the 
loss of two lives. The workmen and others were in 
no manner trapped, but of the two who were suffocated, 
one went back for his coat, and the other (Mr. Kimball) 
went in with a hose to locate and do what he could to 
extinguish the fire. The stability of the tunnel is in 


no manner affected, as the fire was confined to a very 
smail section near the portal shaft. 


— — 

THE ANNUAL NEW YORK Hl. EC TRICAL SHOW will 
run from Oct. 3 to 14 at Madison Square Garden. Among 
the attractions promised for this popular exhibition will 
be demonstrations of domestic applications of electricity, 
electrical cow-milking machines, wireless telephony, elec- 
trically-produced music, Edison's cement house, etec., etc. 
During the exhibition the jubilee of the Atlantic sub- 
marine cable will be celebrated. 

eee ae ey —— 

THE ALASKA-YUKON-PACIFIC EXPOSITION at 
Seattle, Wash., in 1909, is to be held on a portion of 
the campus of the State University of Washington, east 
of loth Avenue. The grounds are admirably situated, 
extending to the shore of Lake Washington on 
the east and to the Lake Washington Canal and 
Lake Union on the south. They cover an area of be- 
tween 25 and 30 acres. The general plan is character- 
ized by a number of open circies from each of which 
extend radial streets or avenues, but this arrangement 
is not strictly adhered to. The grounds and buildings, 
the layout of which has been planned by Olmsted Bros., 
Landscape Architects, and Howard & Galloway, Super- 
vising Architects, are designed to harmonize with those 
of the University and to accord with the plans for its 
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future development. Illustrations showing three of the 
exposition buildings which are to be utilized eventually 
by the University were published in our issue of April 
2, 1908, p. 383. 

— — — ä l— 

THE INTAKE CRIB for the southwest water supply 
tunnel at Chicago was sunk in place on Sept. 15. Its 
construction was described in our issue of Nov. 14, 
17, in connection with the new water tunnels. The 
contract for the lake section of the tunnei, including 
the intake crib and its two intake shafts, is held by 
George W. Jackson, Incorporated, of Chicago. 


e——— 


REFUSE DBSTRUCTOR BONDS to the amount of 
$1,000,000 have been approved by popular vote at San 
Francisco. It is stated that before the proposed destruc- 
tors, With sufficient capacity to deal with all the refuse 
of the city, can be erected and put in operation, it will 
be necessary to dispose of the franchise now held by 
the Sanitary Reduction Works. Under this franchise, 
which was granted a number of years ago, the com- 
pany built garbage incinerators of the Thackeray type. 
(See Eng. News, May 17, 1900.) This company has the 
exclusive privilege of destroying all the garbage of the 
city at a stipulated price per ton, which price must be 
paid to private scavengers or others bringing garbage 
to the furnaces. It is said that the city will probably 
buy the furnaces and other property of the company. 


— — 


A CONFERENCE OF GOVERNORS of the New Eng- 
land States was recently held at Boston to discuss co- 
operative measures for the conservation of natural re- 
sources, with special reference to forestry, water power, 
Navigation and fisheries. Improved highways and public 
sanitation, including in the latter the spread of tuber- 
culosis through milk, were also discussed. A general 
conference on natural resources and allied subjects, at 
which an extended representation from the New England 
States will be present, is projected. 


— . — —t 


A NEW METHOD OF SNOW MELTING by means 
of a hydrocarbon fluid was described in a paper pre- 
sented by J. S. Lang, M. Am. Soc. M. E., at a recent 
mecting of the Railway Signal Association. The prac- 
ticability of this method, according to Mr. Lang, has 
been demonstrated by its use for the purpose of free- 
ing switches from snow and ice during the past three 
Winters at one of the busiest terminals in the country. 
The process is described by Mr. Lang as follows: 

The melting of the snow or ice is effected by applying 
to it a flaming fluid of special character, which con- 
tinued to burn while in the snow, melting and finally 
evaporating the greater portion of it. On account of 
the special character of the fluid, the flame is easily 
maintained regardless of the high winds of the storm 
or the drifting of the snow. 

The fluid is applied by the regular track force by 
means of a safety distributing can, and the height and 
extent of the flame can be regulated with ease. 

No injury to track results from the use of this sys- 
tem, as the temperature of the rails is not raised to the 
usual summer heat. The fluid is obtainable in the open 
market at from three to five cents per gallon and may 
te obtained free of cost by railroads operating their 
own Pintsch gas plant. 

This system is said to be at once more economical 
aud more effective than the common method of ‘‘hand 
cleaning’’ switches. 

—_—_—_—_—_-_ E jͥ2—— 


BORINGS FOR THE HAUSER LAKE DAM have been 
reported by the Stone & Webster Engineering Corpora- 
tion, which, as noted in Engineering News, July 30, 1908, 
has assumed the construction of a concrete dam to re- 
place the steel one, whose failure was noted in this 
journal April 30. The borings have been sunk 16 ft. 
into bed rock and have established the presence of a 
flinty ledge at an average depth of 55 ft. below normal 
water level. No deep holes in the ledge have been 
found. The exact design of dam has not been fixed and 
further borings are being made to secure additional 
data. The construction camp has been completed with 
water supply and proper sanitation. A spur track is 
being built, from the Montana Central R. R. to the site 
of the second proposed dam, at Wolf Creek, 20 miles be- 
low Hauser Lake. 

— — — 


A TRUNNION BASCULE BRIDGE of 170 ft. span has 
been completed for the Chicago & Northwestern Ry. at 
the crossing of the north branch of the Chicago River, 
near the Wells St. terminal station. It is a double- 
track bridge of the Strauss type and is said to be the 
longest single-leaf, double-track, bascule bridge in the 
country. It is the first of two similar bridges side by 
side (forming practically one structure) to replace the 
present double-track, center-pier swing bridge over which 
all the heavy traffic of this terminal has had to pass. 
To allow of the erection of the new bridge, the swing 
bridge was converted into a ‘‘bobtail’’ drawbridge, one 
end being cut away so as to leave only enough material 
to carry heavy counterweights. The bascule bridge is 
tow in use, and the swing bridge will be removed to 
make room for the second bascule bridge. 


A LARGE RAILWAY TERMINAL STATION is to be 
built at Milan by the Italian government, which owns 
and operates the railways. It will be for passenger and 
fast-freight traffic. The building and yards will cover 
a space about 1% miles in length and 700 ft. wide. The 
station will have ticket offices, baggage and customs 
offices, etc., on the first floor. On the second floor 
(at the track level) will be the waiting rooms, restau- 
rant and railway offices. The trainshed will have 20 
tracks (about 24 ft. above the street), and the roof will 
have nine spans of 80 ft. each. Baggage will be han- 
dled by elevators. The freight station will be under the 
trainshed; it will be approached by a single track incline 
for trains, but eight hydraulic elevators will be pro- 
vided for handling cars between the main lower floor 
and upper floors in buildings flanking the trainshed. The 
cost is estimated at about $10,000,000. 

— . — 

A HUMAN DYNAMO, a newspaper wonder living in 
Houston, Tex., is described in a special despatch to the 
New York Times“ of Sept. 10. The boy is seven years 
old and is of Russian parentage. The following truly 
marvelous description is reprinted from the “Times.” It 
is not stated that the boy's appetite increased after hav- 
ing run the electric fan for several hours, thougn such 
might be inferred: 

A metal filling had been put in one tooth, and when the 
boy came home he picked up the knob used to connect 
an electric fan with an electric light wire in his mother’s 
residence and thrust it into his mouth. 

A threaded metal cap was on the end which screws 
into the cup for the electric bulb. As the metal cap 
touched the metal tooth filling the bov’s head jerked 
slightly and the fan began to revolve and then to buzz 
frantically at full speed. This kept up as long as the 
circuit was completed in the boy's mouth. A piece of 
iron held in the boy's hand for a few moments becomes 
highly magnetized. A hammer with an fron handle 
held in his hands will attract tacks at a distance of 4 ft. 
The boy says that he feels only an agreeable sensation. 
He has hair of the reddest possible hue, large freckles, 


and blue eyes. 
— 9.2 — 


A NATURAL GAS PLANT installed recently developed 
a considerable flow of water with the gas. This tended 
to choke the pipes and cause great irregularity of flow. 
In order to avoid these troubles a horizontal cylindrical 
BE was introduced on the pipe line, this receiver 
being 25 ft. diameter and 60 ft. long over its hemispheri- 
cal ends. The supply main from the wells enters at one 
end, above the center line. The gas supply pipe is con- 
nected to the top of the receiver, near its farther end. 
The water collects in the lower part of the receiver and 
can be blown out through a vertical pipe whose open 
Jower end reaches nearly to the bottom of the receiver. 

— . —ä——ä 


THE FLOW OF NATURAL GAS in Indiana is recorded 
as amounting to 20.010),.000 cu. ft. daily in the report of 
the State Natural Gas Supervisor, and the average price 
is 380 cts. per 1,000 cu. ft. There are 26 counties in 
Indiana in which natural gas is being produced and used. 

— 52 —— —ęà 

WOOD PAVING composed of built-up blocks, 24 x 48 
ins., and 5% ins. thick, is being tried in Chicago. Each 
block is composed of 24 planks, 1 x 514 ins., fastened 
together with two long bolts. The heads of the bolts are 
countersunk in recesses which receive the nuts of the 
adjacent block. This arrangement forms a sort of lock 
joint. The blocks are treated with a pitch composition 
and coated with sawdust. In laying the pavement, the 
ground is first leveled and covered with planks treated in 
the same way as the blocks, which are laid directly upon 
them. The paving is in use at some of the bridge ap- 
proaches; also in Dearborn St. in front of the post-office, 
where the heavy wagons deliver bulk mail from publish- 
ing houses and printing offices. This system is the in- 
vention of Mr. A. F. Shuman, paving contractor, 88 
Washington St., Chicago. 

A somewhat similar paving has been in use for some 
months on the same part of Dearborn St. In this case, 
the blocks (also 24 x 48 Ins.) have rows of wooden pav- 


ing blocks alternating with the planks, the whole being 


cemented together by the composition with which the 

planks and blocks are coated. The blocks do not break 

joint. They are laid with the 48-in. length transverse 

to the street, and their ends rest upon lines of planks 

laid on a bed of sand. The gutters are paved with 

narrower widths of blocks laid parallel with the curb. 
— s52 — 

A NOTABLE RECORD for boiler- efficiency is reported 
from the new power plant and pumping station at 
Lardner’s Point, Tacony, Pa., by the American Blower 
Co. The boiler tested was one of six in one of the 
two new boiler plants at Lardner’s Point. This plant 
comprises six, 500-HP. Ddgemoor water-tube boilers 
which are set in batteries of two each and are con- 
nected, by underground conduit, to two 150-ft. stacks. 
The boilers are equipped with Wetzel inclined grate stok- 
ers, with a stoker engine to each battery. A description 
of the system of which this station is a part was given 
in Engineering News, Aug. 18, 1904. 

The test in question was conducted early this year to 
determine what evaporative results and efficiency the 
boilers and stokers would show with coal of certain 
quality, and when operating at a capacity 25% in excess 


of the builders’ rating. The test was conducted in ac- 
cordance with the code of the American Society of Me- 
chanical Engineers, with a ‘‘running start and finish.” 
The usual pressure, draft and temperature readings were 
taken at intervals of 15 minutes and the results given 
in the test records are averages. Gas samples were col- 
lected and analyzed at intervals throughout the test, 
the average results of which indicated an air consumption 
of 17.22 lbs. per lb. of dry coal, and a loss of only 


0.295% through incomplete combustion of carbon. 

The coal burned was known as “Henrietta,” a seml- ` 
bituminous fuel from Columbia County, Pa., which an- 
alyzed as below: 

Volatile combustibbſeuieiiu II im 18.75% 
Fh raed A ee OP Rie 74.82 

JJ ae Pe ee ⁰ ĩð K ĩð v RE a 6.43 

B. T. U. per Ib. dry coal. 14,700 


The coal gave gray ash and non-fluxing clinker. The 
following important data for the boiler and furnace were 
recorded: 


Heating uren REE N WR RS 5,052 sq. ft. 
Width of grales ?;ĩ??«6té⁶ũ,,. ᷑]ĩxĩtê᷑ ek 2x G6 ft. 
Length of grate ðVwyy ͤ ⁰⁰ ate teks Sft. 6 ins 
Area: OF f. «4 Aa eR 102 sq. ft 
Ratio of heating surface to grate area . 49.5:1 
Duration of e.. ees or ee ROS 24 hrs. 
Average gige presSure...... cc cece ce cee cece 128.9 lbs 
Draft: 
In flue behind boiler... . 2.0... ccc cee ee cee 0,628 ins. 
C:!!! ß. . ee whe ele eas 0.335 ins. 
Average temperatures: 
rr ia 0 31.35 F. 
F/ ͤ /⁰yĩĩwüeü ae bea ane smamsacetie 39.2 F. 
Ill!!! ⁵%˙ -A ĩ˙⁰—w—J—J̃ 5 ERR 475.5 F. 
r . eats 46,750 Ibs.. 
Moisture contennenœtnktd, „ 3.50% 
err. y aa eS 3, 168 lbs. 
Water evaporated: 
Actual !rrrr bt Ge alee a 432.455 Ibs. 
Total equivalent, from and at 212°........529.714 Ibs. 
Actual, per Ib. dry coal. ........ eee c cee ee 9.592 lbs. 
Equivalent, per Ib. dry coal. 11.749 lbs. 
Eyyuivalent, per lb. combustible 12.637 Ibs. 
Equivalent, per sq.ft. heating surface per hr. 4.368 lbs. 
Average HP. developed (basis 34.5 Ibs. water 
per hr. from and at 212/½ꝙ71r”/ ß .... 699.74 
Capacity (over rating) ........ ccc wwe ce eens - 128% 
Sq. ft. heating surface per HH.. 7.89 
Dry coal burned per hr per sq. ft. grate area 18.41 lbs. 
Heat utilized per Ib. dry coal............. 11.396 R. T. U. 
Combined efficiency of boiler and furnace... 76.82% 
Dry coal per boiler IIP.-hrrru7— ee eens 2.93 lbs. 
— 232 


THE POSSIBLE USES OF SAWDUST are to be in- 
vestigated by the National Conservation Commission, 
the headquarters of which are at Washington, D. C. 
Inquirics bearing upon the subject have been sent to some 
oO manufacturers of explosives, pulp woods and like 
products. Closely related to this particular investiga- 
tion are other inquiries dealing with the utilization of 
waste lumber from sawmills and waste materials from 
mills devoted to cooperage, furniture, box, veneer and 
other Industries. It is interesting to note that the grow- 
ing scarcity of finishing woods has led to an annual 
production of over 1,100,000,000 sq. ft. of veneer. 


nn 


THH RAILWAYS OF NEW SOUTH WALES (Australia) 
have a length of 3,473 miles, according to the report 
of the Chief Commissioner of Railways for the year 
ending June 30, 1908. At that date, 186 miles were 
under construction and about 400 miles had been author- 
ized. The longest extension is 278 miles, along the east 
coast from near Newcastle. It will give complete a coast 
line from Sydney, the capital city, to the northeast 
point of the boundary separating this colony from 
Queensiand. There were only about 20 miles of railway 
built during 1907-08. 

The cost per mile of railway (including shops, motive 
power and rolling-stock equipment) has been $65,780. 
The earnings for the year 1907-08 were $24,720,680, and 
the operating expenses represented 54.91% of this total. 
Of these expenses, 23% was for maintenance-of-way and 
structures, 46% for maintenance of equipment, and 27% 
for conducting transportation. There were 47,487,030 
passengers carried, 9,719,840 tons of freight, and 455,- 
549 tons of live stock. The train mileage was 14,251,052. 

A rather remarkable statement in this report, as to 
the safety of travel, is that during the past seven years 
only one passenger was killed owing to accidents to 
passenger trains. The total number of passengers car- 
ried during that period was 258,620,836. The non-fatal 
accidents have increased, but they are generally trivial, 
and 92% are said to be due to the carelessness of the 
persons injured. 

The street, suburban and interurban lines (or ‘‘tram- 
ways”) aggregate 133 miles, with over 20 miles of ex- 
tensions authorized and under construction. The oper- 
ating expenses represent 79.95% of the carryings. The 
cost per mile for these lines (including shops, power- 
houses and equipment) is $140,600. There were 172,020,- 
932 passengers carried, with a car mileage of 17,521,410. 
There are 5,047 employees. There are two lines operated 
by electricity, having 90 miles of line and 146 miles 


of track. There are also six lines operated by steam 
motors. These are nearly all single track and aggregate 
42 miles. 


These railways and street railways are owned and 
operated by the colonial government, their operation 
being under the direction of Mr. T. R. Johnson as Chief 
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Commissioner for Railways and Tramways. Mr. James 
Fraser is Engineer-in-Chief of Existing Lines; Mr. W. 
Thow, Chief Mechanical Engineer; Mr. G. R. Cowdery, 
Engineer for Tramways, and Mr. O. W. Brain, Electrical 
Engineer. 

— . — 


THE PRODUCTION OF GOLD AND SILVER in Cal- 
ifornia in 1907 reached a total value of $17,479,574, ac- 
cording to a recent statement made by the mines to the 
U. S. Geological Survey. This was a decrease of $2,- 
070,708, as compared with the gold and silver output 
of 1906. The statement shows a total of 809,214 fine 
ounces of gold produced in 1907, with a value of $16,- 
727,928, and 1,138,858 fine ounces of silver vatued at 
$751,646. 

— 


THE ADDITIONAL COST OF CITY WATER-SUP- 
plies, on account of providing water for fire protection, 
is to be investigated by the Technologic Branch of the 
U. S. Geological Survey (H. M. Wilson, Chief Engineer) 
in behalf of the Commission on the Conservation of 
Natural Resources. A list of questions has been pre- 
pared, soliciting information on the extra cost for the 
purpose named, divided into cost due to increased volume 
of water-supply and increased size of water mains, addi- 
tional hydrants, etc. 

— aa 


A NEW DESIGN OF STREET CAR operated on the 
prepayment idea has been placed in operation in Mon- 
treal, Canada. The car is described in the “Railway 
and Engineering Review” of Sept. 19. The platform for 
entrance and exit is located about two thirds of the 
car length back from the front. There are no front or 
rear platforms as ordinarily seen, although there is a 
single exit door near the front on the motorman's 
right. The passengers enter the central platform and 
after depositing their fare in the usual fare-box pass 
forward or to the rear as they choose. The rear com- 
partment is designated for smokers and it is hoped to 
eliminate the trouble found with the first prepayment- 
type cars through the lack of provision for persons 
who wished to smoke. 
the conductor through a compressed-air mechanism. 
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PERSONALS. 


Mr. M. H. A. Hoy, M. Inst. C. E., has been appointed 
Manager of the Imperial Locomotive Co., of Montreal, 
Que. 

Mr. Alfred D. Ludlow has been appointed Assistant 
City Engineer of Kansas City, Mo., to succeed Mr. W. J. 
Mc Klierren. 


Mr. A. H. Gairns, Master Mechanic of the Rio Grande 
Western Ry., at Salt Lake City, has resigned to take a 
similar position with the Oregon Short Line R. R., at 
Pocatello. 

Mr. Frank Howard, Division Master Mechanic of the 
Wabash R. R. at Toledo, Ohio, has resigned to engage 
in private business. He will be succeeded by Mr. Charles 
Anderson. 

Mr. David A. Watt, M. Am. Soc. C. E., and Mr. G. 
F. Stickney, M. Am. Soc. C. E., of the engineering staff 
of the New York State Barge Canal, have been appointed 
Supervising Engineers. 

Dr. Edward P. Hyde, of the U. S. Bureau of Standards, 
has been chosen to organize and direct a department of 
physical research under the auspices of the National 
Electric Lamp Association of Cleveland, Ohio. 


Mr. William M. Duane, Chief Engineer of the Cleve- 
land, Cincinnati, Chicago & St. Louis Ry., has resigned, 
to become Vice-President and General Manager of the 
Walsh Construction Co. His resignation is to take effect 
Nov. 9. 

Professor Carl C. Thomas, until recently head of the 
Department of Marine Engineering in Sibley College, 
Cornell University, has been appointed Chairman of the 
Department of Mechanical Engineering in the Uni- 
versity of Wisconsin. He will begin work in the new 
position with the opening of the coming term. 


Mr. Frank Rhea, Engineer of Maintenance-of-Way of 
the Pennsylvania Lines West of Pittsburg, at Logansport, 
Ind., has resigned. He will be succeeded by Mr. F. H. 
Watts who has formerly occupied a similar position at 
Indianapolis. Mr. D. P. Beach, Engineer of Maintenance- 
of-Way of the Cincinnati & Muskingum Valley R. R., 
has been appointed to succeed Mr. Watts at Indianapolis. 


Obituary. 


Eagleton Hanson, for the past 29 years Secretary of 
the Trenton Iron Co., died in Trenton, N. J., Aug. 27. 
Mr. Hanson was born in England in 1842. 


Theodor Peters, secretary and manager of the Verein 
Deutscher Ingenieure, died at Berlin on Sept. 2, in his 
Gith year. In his position as ‘‘Direktor’’ since 1892 he 
had been virtually in complete charge of the affairs of 
the German society, being at the same time editor-in- 
chief of the society’s organ, the “Zeitschrift des Ver- 
eines deutscher Ingenieure.“ 


The exit doors are operated by 


John K. Cooke, formerly Superintendent of the Passaic 
Steel Co., died Sept. 16 of apoplexy at his home in Pat- 
erson, N. J. Mr. Cooke was born in Scranton, Pa., in 
1857. His family moved to Paterson in 1868 and he was 
educated at the Tallman Seminary. He entered the draft- 
ing department of the Paterson Rolling Mill Co., which 
had been organized by his father, and soon became 
Superintendent. He held this position until 1905 when he 
organized the firm of John K. Cooke & Sons, structural 
steel contractors. 


W. R. Kimball, Assistant Superintendent for Butler 
Bros. & ‘Hoff, the contractors for the Detroit River tun- 
nel, lost his life in a fire in the Canadian approach of 
that tunnel on Sept. 15. He was not on duty at the 
time, but after the men had come out he went in with a 
hose to help extinguish the fire, and was overcome with 
the smoke. He was a son of Mr. Geo. H. Kimball, M. 
Am. Soc. C. E., of Detroit. He was employed by the 
Detroit River Tunnel Co. when the work was started, 
but afterwards took a position with the contractors. 


Irving T. Farnham, M. Am. Soc. C. E., City Englneer 
of Newton, Mass., committed suicide by hanging, Sept. 
19, at his home in West Newton. He had, for several 


months, suffered at times from heart trouble and this 
is the only explanation offered for his suicide. Mr. 
Farnham was born in Deposit, N. Y., in 1869. His 


early education was received at the Deposit Academy, 
and, in 1888 he entered Cornell University. After re- 
ceiving his degree, in 1892, he worked for a few months 
as a draftsman for the Elmira Bridge Co. and afterward 
became an assistant in the office of the City Engineer 
of Newton. In 1899 he was First Assistant Engineer of 
the Massachusetts Highway Commission and in 1900 was 
appointed to the position which he held at the time of 
his death. He is survived by his wife and two children. 
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ENGINEERING SOCIETIES. 


COMING MEETINGS. 


LEAGUE OF AMERICAN MUNICIPALITIES. 
Sept. 30-Oct. 2. Annual cenvention at Omaha, Neb. 
Secy., John MacVicar, Des Moines, Iowa. 


AMERICAN INSTITUTE OF MINING ENGINEERS. 
Oct. 1. Annual meeting at Chattanooga, Tenn. Secy., 
R. W. Raymond, 29 West 39th St., New York City. 


ILLUMINATING ENGINEERING SOCIETY. 
Oct. 6-7. Annual convention at Philadelphia, Pa. Secy., 
Van Rensselaer Lansingh, Engineering Societies’ 
Building, 33 West 39th St., New York City. 


AMERICAN STREET AND INTERURBAN RAILWAY 
ASSOCIATION. 
Oct. 12-16. Annual convention at Atlantic City, N. J. 
eo B. V. Swenson, 29 West 39th St., New York 
ty. g 
RAILWAY SIGNAL ASSOCIATION. 
Oct. 13-15. Annual meeting at Washington, D. C. 
Secy., C. C. Rosenberg, 12 North Linder St., Beth- 
lebem, Pa. 
ASSOCIATION OF RAILWAY SUPBÐBRINTENDENTS OF 
BRIDGES AND BUILDINGS. 
Oct. 20-22. Annual convention at Washington, D. C. 
Secr S. F. Patterson, Bosten & Maine Ry., Concord, 


ANER R SOCIETY OF MUNICIPAL IMPROV Es 
Oct. 20-23. Annual meeting at Atlantic City, N. J. 
8 A. P. Folwell, 239 West 39th St., New Vork 
ty. . 
AMERICAN GAS INSTITUTE. 
Oct. 21-23. Annual meeting at New York City. Asst. 
Secy., W. Bissell, 29 West 39th St., New York City. 


AMERICAN ELECTROCHEMICAL SOCIETY. 
Oct. 30-31. Fall meeting at New York City. 
Dr. J. W. Richards, Bethlehem, Pa. 


ROADM AST HRS AND MAINTENANCE-OF-WAY ASSO- 
CIATION OF AMERICA. 
- Nov. 10-12. Annual meeting at Milwaukee, Wis. 
Secy., W. E. Emery, West Chicago, Ill. 
AMERICAN RAILWAY ASSOCIATION. 
Nov. 18. Annual meeting at Chicago, Ill. 
F. Allen, 24 Park Pl., New York City. 
SOCIETY OF NAVAL ARCHITECTS AND MARINE EN- 
GINEERS. 
Nov. 19-20. Annual meeting at New York City. Secy., 
W. J. Baxter, 29 West 39th St., New York City. 


Secy., 


Secy., W. 


AMERICAN INSTITUTE OF ELECTRICAL ENGI- 
NEERS.—The October meeting wiil be held in the Audi- 
torium of the Engineering Societies’ Building, 33 W. 
39th St., New York, Oct. 9. A paper entitled “High 
Potential Underground Transmission,’’ by P. Junkersfeld 
and E O. Schweitzer, of the Commonwealth Edison Co., 
Chicago, will be presented and discussed. 


AMERICAN STREET & INTERURBAN RAILWAY 
ASSOCIATION.—At the annual convention in Atlantic 
City, N. J., Oct. 12-16, the Engineering Association will 
hold its Tuesday and Wednesday sesslons in the Aqua- 
rium Court Hall and its Friday session in the Greek 
Temple. Thursday has been set apart for the inspec- 
tion of the exhibits. The Manufacturers’ Association is 
making preparations for an exhibit which will 
the entire area of Young’s New Million Dollar Pier, on 
which 150 different companies have already been as- 
signed exhibit space. 


AMERICAN SOCIETY OF MECHANICAL ENGI- 
NEERS.—The season of professional meetings wili be 
opened on Tuesday evening, October 13, by a meeting of 
the Gas Power Section, in the Ungineering Societies’ 


cover 


Building at 29 West 39th St., New York. There will be 
a discussion of standards to be used in gas power work. 
Two papers will be read, one by E. A. Harvey on gas 
producer plants, with data upon costs, performance, etc.; 
and one by N. T. Harrington, giving the results of tests 
to determine the loss of fuel weight in a freshly charged 
producer, due to increase of ash contents in the fuel bed. 
The first paper will be illustrated by lantern slides, show- 
ing actual plants and plans for the arrangement of ap- 
paratus. 


RAILWAY SIGNAL ASSOCIATION.—At the September 
meeting, held in Chicago, a report of the Committee on 
Standards was discussed. The report recommended the 
use of galvanized pipe for connections as being safer and 
more economical than ordinary pipe. While the latter 
can be preserved by proper painting the usual experience 
is that the pipes are not kept in good condition as to 
painting. The report also presented a new design of 
compensator crank for pipe lines, as it is found that the 
present design is not effective. 

A paper on ‘‘Practical Snow Melting,” by Mr. James 
S. Lang, was read by the secretary in the absence of 
the author. The method described has been tried for the 
protection of switches and switch and signal apparatus 
in the passenger terminal yards at New York and Bos- 
ton. The figures given estimated the cost for clearing 
snow from a large yard at $1,011 for hand work and 
261 for the heating system. This made no allowance 
fer the initial cost of the plant. 


CENTRAL STATES WATER-WORKS ASSOCIATION. 
—The 12th annual convention of the association was 
held at Pittsburg, Pa., Sept. 15-17, with Mr. John Lan- 
gan, of Tipton, Ind., as presiding officer. Some half- 
dozen papers were read, and a number of trips were 
made to industrial plants in Pittsburg, besides inter- 
esting visits to the water purification works of both 
Pittsburg and McKeesport. There was a fair attend- 
ance of members and guests from a number of States 
of the Central West, and also a considerable exhibit of 
water-works appliances. 

Mr. Alexander Potter, of New York City, presented a 
paper on water softening, which included a description 
of the plant now nearing completion at McKeesport, Pa. 
This plant will not only soften the water, but will 
clarify it. In addition to views in connection with his 
paper, Mr. Potter showed a number of lantern slides 
secured on a recent trip abroad, most of these being 
views of sewage-purification works. 

Another paper illustrated by lantern slides was one on 
pumping water by gas. This was presented by Mr. J. 
R. Bibbins, of the Westinghouse Machine Co., East 
Pittsburg, Pa. Steam turbines were also discussed in 
this paper, particularly for use where the service is 
intermittent. Speaking again of the use of gas as a 
fuel for pumping, Mr. Bibbins said that in the Pittsburg 
natural gas country there were many such plants which 
showed remarkable economy. He cited three where the 
gas consumption averages about 30%, 15 and 17% cu. 
ft., respectively, per 1,000,000 gals. pumped under ‘the 
best conditions, working under heads of approximately 
90, 135 and 125 lbs., respectively. 

The relation of engineers to the design of mechanical 
filtration plants was discussed at length by Mr. F. B. 
Leopold, General Manager of the Pittsburg Filter Man- 
ufacturing Co. An abstract of this paper appears else- 
where in this issue. 

Notes on cleaning water mains at Pittsburg were pre- 
sented by Mr. C. O. Dauchaday, Assistant Engineer of 
the Pittsburg Water-Works. i 

A number of stretches of pipe, mostly of small diam- 
eter, have been cleaned within the last two years, giv- 
ing rise to discharge increases of from 64% to 564%. 
The author stated that a better way of expressing the 
results of cleaning would be to give the percentages of 
maximum carrying capacity of the mains before and 
after cleaning. This might be done if only pitometer 
taps were inserted when mains were laid, and their 
carrying capacities determined then and at subsequent 
intervals. Hatch boxes for introducing cleaning ma- 
chines should also be inserted when pipes were laid. 

Mr. R. Winthrop Pratt, Chief Engineer of the Ohio 
State Board of Health, presented a paper on the value 
of sanitary laws in the protection of water supplies. Af- 
ter pointing out that recourse to common law did not 
afford an adequate protection of water-supplies—as is 
evidenced by the fact that a large number of States 
have passed special laws bearing on the subject—Mr. 
Pratt outlined the law passed by the Ohio Legislature 
last winter. (See Eng. News, April 9, 1908.) 

Other papers presented were Some Experiences with 
Small Water-Works in Filtering Ohio River Water,’’ by 
Wilbur Schofield, Superintendent, Benwood, W. Va.; and 
„Boiler Incrustation,’’ by The Arrow Boiler Compound 
Co., of St. Louis, Mo. 

The convention of 1909 will be held at Columbus, Ohio. 
The leading officers eleeted for the ensuing year were 
as follows: President, William Schwertfeger, City Water 
Board, Wheeling, W. Va.; Vice-President, T. H. Verner, 
Water Department, McKeesport, Pa.; Secretary, William 
Allen Veach, Newark, Ohio; Treasurer, A. W. Inman, 
Massillon, Ohio. 
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TRACK DEPRESSION OF THE SEABOARD AIR LINE 
RAILWAY AT BIRMINGHAM, ALA. 
By PHILIP AYLETT,* Assoc. M. Am. Soc. C. E. 


The Birmingham extension of the Seaboard 
Air Line Ry. from Atlanta, Ga., to Birmingham, 
Ala, known during construction as the Atlanta 
and Birmingham Air-Line Ry., was completed 
late in 1904, after several years of expensive 
construction work. Along its 170 miles between 
Atlanta and Birmingham there are three tunnels 
and numerous viaducts, bridges and culverts. 
At Howells, Ga., a suburb of Atlanta (and the 
junction of the Birmingham extension), are lo- 
cated the eastern or Atlanta terminals, con- 
sisting of extensive yards, shops, etc. At 
Birmingham, the western 
end, there are also ex- 
tensive terminals. 

One of the special fea- 
tures of this line is a 
track-depression in Birm- 
ingham for a length of 
about 1,800 ft., along 
Avenue A, between 20th 
and 24th Sts., by means 
of which a double-track 
entrance was effected to 
the freight station lo- 
cated at the northwest 
corner of Avenue A and 
20th St., in the heart 
of the business district 
of the city. The pass- 
enger trains of the Sea- 
board enter the Louis- 
vile & Nashville Union 
Station over a con- 
necting track leaving the 
main line at 32d St. 
Therefore the Avenue A 


line, between 32d and 
lth Sts. is for the 
Present used exclu- 


sively for freight traffic. 


tion could have been made. One of these ap- 
pears to possess many advantages, and would 
probably have received favorable consideration 
and final adoption had it been presented to the 
attention of the management in proper form at 
an earlier stage. At the time of the writer’s 
connection with this work, however, the large 
expenditures already incurred in the way of 
property damages, litigation and other prelim- 
inaries, precluded serious consideration of any 
other route than that built and described. 

On 22d and 21st Sts., city viaducts extended 
over the terminal tracks of the several other 
railways lying between Avenue A and First Ave. 
The 22d St. viaduct, carrying a double-track 
electric railway line, terminated on the north 


21st and 22d Sts. (18 ft. in both cases), and the 
necessity of drainage, had the result that the 
elevation of track was fixed at every street- 
crossing from 20th to 24th Sts., inclusive. The 
resulting profile is fully shown by Fig. 1. 

GENERAL FEATURES.— The general scheme 
as proposed and executed, contemplated the con- 
struction of two concrete retaining-walls (Fig. 
2), each 13 ft. 6 ins. from the center line of Ave- 
nue A (27 ft. apart in the clear). The founda- 
tions of these walls are parallel approximately 
to the depressed tracks, while their tops are 
parallel to the street surfaces above which they 
project to form a substantial railing between the 
roadway and the depressed tracks. 

In order to maintain street traffic, one wall 
was constructed at a 
time and, after backfill- 
ing the first for street 
traffic, the excavation 
and concreting of the 
second wall was under- 
taken. The core of ma- 
terial between the com- 
pleted walls was then ex- 
cavated by steam shovel 
and used in backfilling as 
the work advanced. 

Each retaining wall is 
1,830 ft. long and ter- 
minates 10 ft. east and 
west of the building 
lines of 20th and z4th 
Sts., respectively. The 
general design is simple, 
as the sections in Fig. 2 
exhibit, comprising a 
massive concrete retain- 
ing wall with vertical 
face and inclined back, 
rising to a height of 8 
ins. above the pavement. 
Above this, and offset 4% 
ins. inward from the 
back of wall, is a top 
section which forms a 


In the event of fur- 
ther extensions west, COMPLETED TRACK DEPRESSION, LOOKING WEST FROM EAST END AT 24TH ST. parapet wall projecting 
however, it would form 3 ft. 5 ins. above the 
the most direct main line possible through the building line of Avenue A. The viaduct on 21st street surface. The back or street face of this 


city. 

In the construction of the Avenue A tracks be- 
tween 32d St. and the freight station for the 
most part the tracks were laid on the street sur- 
face, involving no difficult or expensive work. 
It was necessary, however, to depress the four 
blocks between the grade crossings of 24th and 
20th Sts., on account of topographical conditions, 
as shown by the profile in Fig. 1. This part of 
the work involved many difficulties in drainage, 
in securing the requisite overhead clearances, 
and in maintaining street traffic during con- 
struction. 

With the possession of complete data, obtained 
by the writer’s surveys of this entire locality, it 
was found that there were at least two other 
routes by which a connection to the freight sta- 


*Portsmouth, Va. Formerly Bridge Engineer, Sea- 
board Air Line Ry. 


St. extended to the center line of the street, 
spanning the depressed north half of the road- 
way. The two halves of Avenue A have differ- 
ent elevation for nearly the entire length of the 
two blocks between 20th and 22d Sts., the ele- 
vated south half forming approach inclines to the 
21st St. viaduct, while the low north half gave 
access to the abutting property, passing under 
the viaduct at approximately the elevation of 
the adjacent railway yards. The south half 
(high level) was retained for 357 ft. by a ma- 
sonry retaining-wall, which where passing under 
the vaiduct served as its abutment. This wall 
had to be removed for its whole length, the via- 
duct span lengthened and a new abutment pro- 
vided over the concrete retaining-wall to be built 
along the track depression. 

City requirements as to elevations at the ends 
of the depressed portions and underclearances at 


parapet has a batter of 3 ins. per foot. Thus 
the street is provided with a battered curb 8 ins. 
high, which has proven very effective as a pro- 
tection, surmounted by a battered parapet of 
concrete. 

The coping or top rail of the parapet over- 
hangs 3 ins. on front and back, and its upper 
surface is formed by two inclined faces which 
intersect in the vertical plane of the track face 
of the retaining-wall. This sheds toward the 
street most of the water falling on the coping, 
and not only presents a very uninviting seat to 
loafers, but also is “boy-proof,’ affording no 
temptation as a walkway. The railing has an 
excellent appearance and is a thorough safe- 
guard. 

The walls and railing were built in one mono- 
lithic mass to bottom of coping, the latter being 
subsequently cast in place, 
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DRAINAGE.—In the surveys and designs the 
questions of drainage and underclearance were 
of prime importance, especially the former on ac- 
count of the large volume of water to be dis- 
posed of during heavy rainfall. The descending 
grades of the yards and main line from 32d St. 
westward to 21st and from 20th St. eastward, 
together with other topographical conditions and 
the fact that the depressed area within the re- 


The catchbasin, 2 ft. x 3 ft. in cross-section by 
27 ins. deep, has a flat concrete. cover like that 
of the drain, but 4 ins. thick (Fig. 3). It is rein- 
forced with round bars which extend out at the 
ends to form handles. The drain enters the 
catchbasin at the top. Although there is no 


drain on the 20th St. side, the catchbasin was 


provided with an inlet and a 12-in. length of 
drain on this side so that the drain can be ex- 


$ 


the top of rail flush with finished surface of 
pavement and provided cushion and insulation 
for the rail. The transverse grade of the struc- 
ture (and therefore of the beam seats) was made 
the same as the grade of the depressed tracks, 
1. e., 0.835% descending west. 

The roadway floor is formed by concrete fill- 
ing between the beams, which latter are spaced 
ordinarily 2 ft. on centers. The filling extends 


: + ; 
95 . 1. 8 5 
5 S gage 1 $ 
8 e 2 Grade 0.00 El. of Corb ` 
Bo e 200° 3 900, 1 PE 2 321% 6 8 Grade e eee Grae 0.7063 El.of Curb 
E E 7) a o e FF 
b s i Top of Curbing 92° = h 7 of Curbing N. Side EA w! a 2 „Top of Rail, eee rene 
„5 eo of Sener = == Pe Mascencing MP m Top_of_Rail Grade Levei Ñ < Grae ts Bee e ene, ee, Ene. 
— — —LvyB— . ——U—— — — e 2 ͤ a Doerr Peg ihep ute aAA = ——— eee Ste 
Sewert f 5 Terracotta Draniage Pipe- a 


FIG. 1. 


taining-walls is lower than any other within the 
drainage area, made it evident that the entire 
rainfall upon the surrounding territory must 
naturally pass within this depression. There- 
fore a very effective and unfailing system of 
drainage was necessary to successful operation 
and maintenance of the entire project. 

The system of drainage constructed has proven 
entirely satisfactory. A concrete box drain with 
inside clear dimensions of 24 x 12 ins. is con- 


End Post 


Retaining Wall C 
Detail. 


Section. 
FIG. 2. 


structed on the center line between tracks, from 
the west building line of 24th St. to a catchbasin 
under the 21st St. viaduct, the lowest point of 
the depression. Between the catchbasin and 
20th St. no box drain is provided, as the volume 
of water entering the depressed area from the 
west is comparatively small and the grade of 
the roadbed is sufficient to afford effective drain- 
age to the catchbasin along the sub-grade. The 
bottom of the drain is 2 ft. 5 ins. below and 
parallel to the base of rail, except that where 
the tracks are level it has a fall towards the 
catchbasin of 0.20%. The top of the drain, how- 
ever, has the same relative position to the track 
everywhere, namely 1 ft. 2 ins. below and par- 
allel to base of rail. Two types of cross-sections 
of the box drain were designed. That shown by 
Fig. 3 is for rock foundation: the earth section 
is the same except that the thickness of base is 
increased to 4 ins. on hard earth and more on 
soft bottom. 

The roadbed subgrade is sloped transversely 
about 1% ins. per ft., draining from each retain- 
ing wall towards the box drain in the middle. 
The side walls of the box drain are provided 
with 6 x 3-in. inlet holes, spaced 5 ft. c. to c. 
for its entire length, the inlets being staggered 
in the opposite walls. The base of the box is 
extended 12 ins. beyond its walls on either side 
and the surfaces of these extensions have slopes 
continuous with those of the subgrade. The 
projections thus form side gutters for the passage 
of water to the inlets. Obstruction of gutters 
and inlets by ballast is avoided by the use of 
large lumps of clean slag deposited on the base- 
projections adjacent to the side walls of the box 
drain from end to end. 

The forms for the inlet holes consisted simply 
of two wedges. The cover slabs of the drain, 3 
ins. thick, were cast in 2-ft. to 4-ft. lengths and 
were laid loosely in place. spaced about ein. 
apart for top drainage. The slabs were cast 
under cover and were well seasoned before plac- 


ing. 


tended westward if this is found desirable at 
any future time. The catchbasin is drained by 
a 15-in. terra-cotta pipe 974 ft. long, laid on a 
‘grade of 0.205%. to a 30-in. brick sewer on 19th 
St. Tunneling was necessary to carry this pipe 
under 20th St., with its electric railway tracks, 
sewer, etc. 

OVERHEAD STRUCTURES.— The required 
underclearance at street crossings and the exist- 
ing street grades limited the construction depth 
at 21st and 22d Sts. to 30 ins. and 26% ins., re- 
spectively. This made special design necessary 
for the crossing structures. The clear span of 
27 ft. between retaining-wal!s and the loading 
specified by the city called for 15-in. 80-lb. I- 
beams spaced 2 ft. c. to c. It was no easy mat- 
ter to accommodate the 15-in. beams, 9-in. track 
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Roadbed Section. 


SECTIONS OF DEPRESSED ROADBED AND RETAINING WALL. 


rails, paving and sand cushion within the depth 
limits. 

The double-track eie rallway on 22d St. 
crosses Ave. A on a 2% grade descending south, 
which grade had to be provided for in the beam- 
and-concrete structure. This condition was met 
without either exceeding the depth limit or en- 
croaching on the rectangular clearance profile, 
by setting the rails, stringers and pavement 
to the street gradient, but keeping the main 
15-in. I-beams level. Between the two I-beams 


than at the north wall, 
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PROFILE OF TRACK DEPRESSION ALONG AVENUE A, BIRMINGHAM, ALA.; BIRMINGHAM EXTENSION OF SEABOARD AIR LINE RY. 


1 in. above the top flange and 1% ins. below 
the bottom flange of the beams, so as to encase 
them entirely. At the junction of the bottom 
face of the structure with the vertical face of 
the retaining walls the concrete was curved 
downward in the form of a fillet or cove, which 
not only adds to the appearance, but also 
strengthens the structure by producing partial 
fixity of the ends. 

On account of the abandonment of a crossing 
over the depressed tracks at 23d St., the city 
required that the 22d St. crossing be extended 
as far west as the 18-ft. underclearance would 
permit. This gave a total length of crossing of 
140 ft., of which 50 ft. is east and 90 ft. west of 
the center line of 22d St. The ends of the cross- 
ing were flared out by special beam and railing 
construction to form an easier approach from 
the narrow strip of Avenue A on either side. 

Fig. 4 shows this crossing after completion, 
while Fig. 6, a view looking east from the site 
of the crossing before its erection, shows the re- 
cesses in the walls for the seat of the easterly 
approach end on the southerly side of Avenue A. 

At the 21st St. crossing, where there is no 
Street-car track, the flooring consists merely of 
15-in. beams with concrete filling. The concrete 
between the beams was reduced in amount by 
barrel-vault hol'ows produced by special forms 
as shown in Fig. 7. 


This crossing is a new structure over the rail- 
way depression; the viaduct portion to the north 
was affected by the necessity for removing the 
columns from the north roadway of Avenue A, 
which required replacing of three old spans and 
strengthening the bent at their north end. The 
span over the track depression is trapezoidal in 
plan, being considerably wider at the south wall 
thus giving easier ap- 
proach from the south- 
erly (high-level) roadway 
of the avenue. The 15-in. 
I-beam floor stringers 
run parallel to the cen- 
ter line of the structure, 
and where they do not 
have the full span they 
frame into plate-gird- 
ers extending along the 
edges of the roadway. 
At the sidewalk edge 


Pross is a pony lattice-truss, 

Longitudinal Section. Section. parallel to the plate- 
Catch Basin. girder, which carries 

the outer end of 
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FIG. 3. DETAILS OF DRAIN CULVERT AND CATCHBASIN. 


either side of each rail were riveted 8 transverse 
9-in. 21-lb. I-beams (Fig. 8), set at varying ele- 
vations to conform to the 2% grade. These 9-in. 
beams were set with webs vertical, and with 
plane of top flange 12 ins. below top of pave- 
ment. On the 9-in. beams were bolted 5 x 12-in. 
oak timbers to carry the street-railway rails, the 
latter being spiked to the timbers. This brought 


the sidewalk floor-beams. 
This lattice-truss 
serves at the same 
time as a very substan- 
tial railing. At its north- 
erly end it connects di- 
rectly with the old rail- 
ing, which was replaced 
on the adjacent via- 
duct after the erection of the new girder span 
over the low north roadway. 

The details of the steelwork and the connec- 
tions between the old and new portions worked 
out so nicely that but for new painting and dif- 
ferences in weights and sizes of new members 
the blending of the old with a new structure is 
hardly noticeable. 
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CONSTRUCTION.—As already mentioned, the Concrete columns were constructed at the saturated earth and loaded cars. No injury 
two retaining-walls were built one at a time, in ends of the retaining-walls, which, besides was apparent after this accident, and no change 


a trench excavated only wide enough for the 
wall and its forms. 

Solid rock was encountered at 2 to 5 ft. above 
sub-grade, with clay and loam overlying. The 
foundation level of the wall, following the track 
grade, was not horizontal longitudinally, and to 
obtain level footings the rock was cut in 12-in. 
steps 72 to 100 ft. long. 

The wall was built in corresponding sections, 
excavation and wall-construction being com- 
pleted for one section at a time. The excavated 
material was used for backfilling behind the sec- 
tions already built. Double track was laid in 
the center of the street, and from a switch at 
24th St. a temporary track was laid behind the 
wall, from which the cars dumped the backfill. 

Heavy sheeting was necessary to protect the 
excavations and the street. A number of springs 
were encountered bubbling through crevices in 
the rock, which caused much trouble, and in 
every section pumping was necessary. 

The foundation concrete was placed on the 
cleaned surface of the rock, after all deep pockets 
had been filled with slag to save cost and to pre- 
vent the contact of concrete with clay where this 
could not be thoroughly removed from a pocket. 
Forms were built after concrete had been carried 
up to the neat line elevation, 19 ins. below base 
of rail, the foundation having a 6-in. offset both 
front and rear beyond the neat-line dimensions. 
The forms for the front or track face of the 
wall were made of 2 x 9-in. plank dressed on one 
side, and 2 x 4-in. studs spaced 3 ft. The forms 
for the rear face were of 1 x 12-in. boards, left 
rough except those for work above the street 
surface, which were planed on one side. 

The retaining-walls have expansion joints 
every 35 ft. for their entire length. This spacing 
has proven sufficient to meet all requirements 
of temperature change for this locality. The 
joints pass up through the full height of the 
wall, including railing and coping. They were 
formed by inserting wood partitions in the wall 
forms, covering the entire face of the partition 
with several thicknesses of roofing felt and then 
nailing triangular strips of wood in the corners 


adding much to the appearance of the work, 
serve as fenders for the street traffic. For the 
latter purpose, 6-ft. lengths of 60-lb. rail are 
buried 3 ft. in the ground, sloping toward the 
columns. also constructed 


Such columns were 


FIG. 4. VIEW OF 22D ST. BRIDGE, LOOKING 
EAST. 


at the entrances of the 21st and 22d St. cross- 
ings. Their transverse dimensions are 25 x 48 
ins. in the shaft. 

The strength of the retaining-walls, both as to 
design and execution, was proved by a construc- 
tion accident which formed a very severe test of 
the wall. This accident occurred at the highest 
point of the wall shortly after this section had 
been completed and backfilled. Several gondola 
cars heavily loaded with steel, etc., were sta- 
tioned on the temporary track laid on the back- 
fill behind the wall at this point. A heavy rain- 


FIG. 6. 
DRESSING 


and in the center. After completing a section 
of wall and removing the partition, the felt re- 
mained in contact with the concrete and the ad- 
jacent section was molded against it. 

Weep holes were cored in the walls at frequent 
intervals, at the level of the foundation offset. 


LOOKING EAST FROM 22D ST. AFTER CORE EXCAVATION, SHOWING WORK OF 


ROADBED. 


fall caused the backfill under the cars to settle 
nearly three feet, and this broke a 10-in. water 
main. The flow from the main flooded and un- 
dermined the entire backfilled prism, causing the 
adjacent soil to cave against this comparatively 
green wall, already burdened with the load of 
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in the alinement of the wall resulted. 

22ND ST. CROSSING.—Placing the floor and 
protection concrete of the overhead structures in- 
volved some interesting work. At the 22nd St. 
crossing the concrete between the beams, which 
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FIG. 5. VIEW OF 21ST STREET VIADUCT 
CROSSING, LOOKING EAST. 


also extends 1% ins. under the bottom flanges 
So as to encase the beams completely, is curved 
downward at the abutment, making a large fillet 
between wall and horizontal work. The bottom 
forms for the concrete were suspended from the 
15-in. I-beams by %-in. bolts encased in tar- 
paper tubes to facilitate the removal of the bolts 
after the setting of the concrete. Then the 
curved forms for the fillets were placed, being 
supported by the 4in. coping of the abutments 
and also by 6 x 6-in. posts extending to the 
foundation offsets of the walls. No concrete was 
deposited until both suspended and side curve 
forms were in position for one half the entire 
crossing. This enabled the concrete between the 
beams and that forming the side curves to be 
placed simultaneously from spring to spring of 
side arches, the entire monolithic beam-covering 
thus being anchored to the wall-abutments by 
means of anchor bolts in the bridge-seats. In 
this way cracks and joints, through which in- 
jurious locomotive gases invariably penetrate, 
were eliminated and the beams given perfect 
protection. 


A clearance of 1% ins. was provided between 
the top surface of suspended form and the lower 
beam flanges. Within this space a %4-in. layer of 
1:2 mortar was placed on the horizontal form. 
Sheets of No. 10 expanded metal 18 ins. in width 
were then placed upon the mortar and worked 
well into it until the meshes were filled. A sec- 
ond layer of cement mortar was then packed 
over the expanded metal up to and enveloping 
the lower flanges of the beams. The expanded 
metal prior to placing was bent in the form of a 
channel of width slightly greater than the beam 
flange, all points being kept at least one inch 
from the nearest point of the beam. The con- 
crete was finished off 1 in. above the top flanges 
of the I-beams, flush with the parapet walls. 


To secure perfect contact between steel and 
concrete, the beams, rods, etc., were not oiled or 
painted. It has been the writer’s practice to 
allow all metal which is to be embedded in con- 
crete to be exposed to the weather long enough 
to become slightly rusted—without scaling. 

In order to avoid formation of expansion 
cracks between the railing of the crossing and 
the parapet on the retaining walls, frequent ex- 
pansion joints (Fig. 7) were provided near the 
corners. These joints were particularly import- 
ant here on account of the corners, and changes 
in direction of the railing, a condition which 
always forms a prolific source for expansion 
cracks in any concrete structure. 
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21ST ST. CROSSING.—The old retaining wall 
at the center of Avenue A, which carried the end 
of the vidauct on 21st St., was left in place until 
the new walls were built. The supporting bent 
just north was removed, however, and the deck 
carried by temporary wooden supports during 
this construction. Then the old deck was short- 
ened, reinforced to span from the north retain- 
ing wall to the second bent, and this bent re- 
placed at the same time by a stronger one. The 
span between retaining walls was all new work. 
The forms for concreting the floor in this span 
were similar to those used at the 22d St. cross- 
ing. 

In both crossings the form work was designed 
so that trains could pass under it during the 
course of the concrete work. 

“HOT-POT” SLAG CONCRETE.—A note- 
worthy feature of the concrete work is the use 
of “hot-pot” slag as aggregate throughout. This 
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from small fragments of slag sticking to 
shovels and wheelbarrows. 

The concrete produced has proven to be of 
excellent quality. Tensile and compressive tests 
of specimens several years old, as well as exam- 
ination of the concrete in the structures with 
chisel and drill, show the strength and durability 
to be entirely satisfactory, as is also the appear- 
ance of the concrete surfaces. As a result of 
the experience with this material in the Bir- 
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There is a total of 11,000 cu. yds. of concrete 
in this entire work. 

Much credit is due the concrete contractors, 
Vaughn & Son, of Roanoke, Va., and the steel 
contractors, the American Bridge Co., and their 
foremen, for their painstaking and successful 
handling of this work, and the faithful manner 
in which the specifications were followed. The 
writer also wishes to acknowledge his thanks 
and indebtedness to Mr. Julian Kendrick, City 


ee 
KING [de ye 2 


an 

~ . * ba t 

eia . 5. 
— hd 


Street Bridge. 


Bridge Over Depressed Tracks at 21st St. Viaduct. 
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Bridge Over Depressed Tracks at 22d St. 


FIG. 7. DETAILS OF OVERHEAD 


slag is available in large quantities at the blast 
furnaces in Birmingham and vicinity, and the 
only cost of obtaining it was the handling and 
transportation cost. As no concrete work of any 
magnitude was known in which this slag had 
been used as the aggregate, unusual care was 
taken in mixing, etc. Experience soon showed 
that an essential requirement with this material 
is to mix it thoroughly with the sand and cement 
when dry; in fact, the slag may not even be pre- 
viously wetted, as is often done with crushed 
stone. This precaution was necessary in both 
hand and machine mixing, to avoid trouble from 
lumpy concrete, from clogging of the mixer, or 


BRIDGES AT 21ST AND 22D STS. 


mingham work, it was adopted also for the abut- 
ments and piers of an important railway bridge 
over the Coosa River; these piers are 55 ft. in 
height, and stand in a swift current, in water 
15 to 20 ft. deep. 

By far the largest part of the concrete in the 
retaining walls was mixed by machine. A No. 2 
Smith mixer driven by steam-engine was used. 
The slag for foundations and for the body of 
the walls was broken to a size passing a 2-in. 
ring; for copings, bridges, railings and columns 
34-in. slag was used. It was required to be free 
from dirt or cinders and to have a clean, vitri- 
fied appearance. 


Top of Rail, Elec Ry. Grade 2.0% _ 
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Engineer of Birmingham, for his valuable aid, 
suggestions and many acts of kindness, and to 
Mr. W. C. Watson, Assistant Bridge Engineer 
S. A. L. Ry., Mr. James Bruin, Chief Inspector, 
and Mr. Thos B. Cox, Inspector of Erection. Dur- 
ing the construction of this work Mr. W. W. 
Gwathmey was Chief Engineer of the Seaboard 
Air Line Ry., to whom the writer reported and 
from whom he received instructions. 
ee a S 

IRON ORE PRODUCED IN RUSSIA was greater in 
1907 than hitherto, and amounted to 4,227,419 tons, 
which is said to be exclusive of the manganese ore ex- 
ported from Poti. The quantity exported was 881,822 
tons, as compared with 464,016 tons in the previous 
year. The South Russian metallurgical works were 
supplied with 83,870 tons more iron ore during the 
year under review than in the preceding year, while the 
quantity remaining in stock at the close of the year was 
500,000 tons, as compared with 161,200 tons in 1906. 
The above figures were reported in the Lendon ‘‘Engi- 
neer.’’ A 
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THE MINERAL ANALYSIS OF WATER FOR INDUSTRIAL 
PURPOSES AND ITS INTERPRETATION BY THE 
ENGINEER. 

By HERMAN STABLER.“ 

Recent practice among water analysts tends 
towards the statement of analyses in ionic form, 
in parts per million, and the abolition of the 
statement in grains per gallon of mineral salts 
supposed to be present. The interpretation of 
the analysis can be made from either form of 
statement without great difficulty. The newer 
form, although admittedly better in many re- 
spects than the old, is, nevertheless, compara- 
tively unfamiliar to many and its interpretation 
in consequence somewhat obscure. Herewith 
are presented a few simple calculations and 
formulas which will assist in clearing up this 
obscurity and enable one not well grounded in 
chemical nomenclature to interpret and compare 
analyses expressed in ionic form, in parts per 
million, and to classify waters for industrial 
purposes. The calculations presented include 
only soap consumption, water softening, and in- 
terpretation for boiler use, but may be readily 
enlarged in scope to include all industrial water 
problems. 

THE ANALYSIS.—A mineral analysis of such 
waters aS are ordinarily used for industrial 
purposes includes four classes of water impuri- 
ties: suspended matter, colloidal matter, dis- 
solved solids, and dissolved gases. 

Suspended matter includes all organic or in- 
organic matter that can be removed by filter- 
ing. It is of a complex nature and consists of 
many chemical compounds which are not usually 
determined in detail. Suspended matter will be 
herein designated SM. 

Colloidal matter includes for the most part 
Silica (SiO,), alumina (Al2Os), and iron oxide 
(fe:0,), though in polluted waters a consider- 
able amount of organic matter may be present 
in the colloidal state. This material is present 
in a state intermediate between suspension and 
true solution. In the mineral analysis it is not 
distinguished as such, but the three mineral com- 
ponents above mentioned are determined sepa- 
rately, as though present in solution. There is 
always some doubt as to whether the silicon, 
aluminum, and iron are actually present as the 
oxides in the colloidal state or as ions in true 
solution. In this article the iron and aluminum 
are included both in the dissolved and colloidal 
matter in order that both possible cases may be 
covered, but the silicon, because of its very rare 
occurrence in appreciable quantity in any other 
form, is included only under the head of colloidal 
matter. As stated later, the individual analysis 
may indicate definitely the state of these sub- 
Stances, but if not it is a safe rule to consider 
them as being present in the colloidal state. 
The term colloidal matter, as here used, means 
the oxides of silicon, iron, and aluminum and 
will be designated CM. 

Dissolved gases are not often determined. 
Those of most importance industrially are car- 
bon dioxide (CO:) and hydrogen sulphide or 
fulphuretted hydrogen (H: S8). Because of 
its rare occurrence in sufficient quantity to 
affect them materially, hydrogen sulphide is 
omitted from the calculations and formulas here 
Presented. The carbon dioxide will be included 
and expressed in parts per million. 

Dissolved solids, as here used, refers to the 
mineral solids actually dissolved in the water. 
The usual determinations included under this 
term are iron (Fe), aluminum (Al), calcium 
(Ca), magnesium (Mg), sodium (Na) potassium 
(K), acidity (H), carbonate radicle (COs), bicar- 
donate radicle (HCO,), sulphate radicle (SO), 
chiorine (Cl), and nitrate radicle (NO,). Acidity 
Is variously reported as hydrochloric acid (HCD, 
sulphuric acid (H2:SO.x), calcium carbonate 
(CaCOs) and hydrogen (H). It is here expressed 
as hydrogen and may be converted to this form 
from the others by the following factors: 


= .O2T6HCI! = 0206 H-: SO. .0202CaC0,. 
The following will represent the form of anal- 


Assistant Engineer, U. S. Geological Survey, ‘Water 
Resources Branch, Washington, D. C 


ysis statement upon which the calculations are 
based: 


Constituent, Symbol 
1. Suspended matter ................ SM 
2. Colloidal matter CM 

ile. wsle pagends S102 
(b) Iron oxided Fe.0s3 
(c) Alumina o.50 5 oi eck cease ees 41203 
3. Dissolved gases DG 
Carbon dioxide ................. CO; 
4. Dissolved solids .................. DS 
rr ⁰ꝛ¹ Fe 
(b) Aluminum .................. Al 
(c) Calcium 3.3652 ise deanececee Ca 
(d) Magnesium ................. Mg 
(e) Sodium nnn Na 
(f) Potassium .................. K 
(g) Hydrogen .................. H 
(h) Carbonate radicle ......... COs 
(D Bicarbonate radicle ........ HCOs 
(j) Sulphate radicle ........... . SO, 
(k) Chlorine .................... Cl 
(1) Nitrate radicle ............. NOs 


ACCURACY OF ANALYSIS.—The constitu- 
ents included under dissolved solids constitute 
a chemical system of positive and negative ions 
(which may or may not be in actual combina- 
tion), each of which has the power to react with 
or hold in the system a definite weight of ions 
of the opposite sign. This power will be here 
designated as the “reacting weight” of the ion. 
The division into positive and negative ions and 
the reacting weights of the ions are as follows: 


Reacting Reacting 
Positive Ions. weights. Negative Ions. Weights. 
Iron (Fe)........ 107 Carbonate radicle (CO,) . . 0333 
Aluminum (Al)... .1107 i radicle 
Calcium (Ca). .0499 (HCO) ..esesseseasses .0164 
Magnesium (Mg). .0821 Sulphate radicle (SO.) -0208 
Sodium (Na)..... .0434 Chlorine (Cl)............ 02 0282 
Potassium (K).... .0255 Nitrate radicle (N O3) 0161 
Hydrogen (H). . . 992 


If the number of parts per million of each con- 
Stituent fon found by analysis be multiplied by 
its reacting weight, a number will be obtained 
which may be called the “reacting value” of the 
ion for that analysis. This will be designated 
by the letter R prefixed to the symbol of the 
ion. Thus, R Cd will represent the reacting value 
of the calcium in any analysis. 

The accuracy of the analysis may readily be 
estimated from the reacting values of the con- 
stituent ions, for in the chemical system which 
they form the sum of the reacting values of 
positive fons must be equal to the sum of the 
reacting values of the negative ions. The per- 
centage error due to inaccurate analysis, un- 


determined ions, etc., may be found from the 
formula: 

RP — RN 

(1) E = 100 ——— 

RP + RN 
in which E = percentage error, RP = sum of 
reacting values of positive ions, and RN = sum 
of reacting values of negative ions. In this cal- 


culation the iron and aluminum ions should be 
omitted, the assumption being that these sub- 
stances are present as colloidal oxides. Usually, 
with fairly careful work, E will not exceed 5 in 
numerical value and may generally be expected 
to be 2 or less. A value of E in excess of 5 will 
indicate: (1) a blunder in analysis or calcula- 
tion of same; (2) if negative, the presence of 
iron, aluminum, or some undetermined positive 
ion; or (3) if positive, the presence of the sili- 
cate or some undetermined negative ion. In- 
dividual judgment must decide which of these 
causes of error is the most probable and reject 
the analysis or correct the form of statement 
of the same in accordance with the magnitude 
and character of the error and the relative 
abundance of the ions most likely to be involved. 
The correction of an analysis in this manner is 
generally an unreliable makeshift, but can oc- 
casionally be made with a high degree of prob- 
ability. 
SOAP CONSUMING POWER. 

Whipple* has deduced from a series of experi- 
ments the cost of consumption of the common 
household soaps by waters of various degrees of 
hardness. Iron, aluminum, calcium, magnesium, 
and hydrogen ions in the dissolved solids are 
the soap consuming constituents of water. 
Therefore, accepting Whipple’s values, the cost 
per 1,000 gals. for soap necessary to produce a 
lather in water is as follows: 


*The Value of Pure Water, by Geo. C. Whipple. John 
Wiley & Sons, New York, 1907; pp. 24-28. 


(2) Soap cost 
= 9 + 50.05 (RFe + RAL + RCa + RMg + RB) 
= 9+ 1.79 Fe + 5.54 Al + 2.5 Ca + 4.11 Mg + 49.6 H 


WATER SOFTENING. 

Hard water has such a deleterious effect in 
most industries that the practice of “softening” 
the water before use has become prevalent in 
regions where soft waters are not obtainable. 
The principal so-called hardening constituents 
are calcium and magnesium, and by reason of 
their cheapness lime and soda ash are the chemi- 
cals customarily used in the softening process. 
The lime is introduced as the hydroxide, Ca 
(OH)s, and the soda ash as Na, CO.. By the 
soda-lime method of softening, the hydrogen ion 
is changed to water; calcium, magnesium, iron 
and aluminum ions are removed as precipitates; 
the bicarbonate ion and carbon dioxide are 
changed to carbonate jon and water, and part or 
all of the carbonate ion removed as a precipi- 
tate. The calcium added as Ca(OH)s, as well as 
that already in the water, is precipitated as cal- 
cium carbonate (CaCO,). The sodium added as 
Na:COs remains in solution, taking the place of 
bases precipitated or otherwise removed from 
the chemical system. The reactions that appar- 
ently take place are: 


Fe + 20H = Fe(OH)s, which falls as a precipitate 
Al + 30H = Al(OH), which falls as a precipitate 
Mg + 20H = Mg(OH)s, which falls as a precipitate 
Ca + CO, = CaCOs, which falis as a precipitate 
H + OH = H:0 

HCO: + OH = CO, + H:0 

CO, + 20H = COs + H:0 


From the foregoing reactions, it appears that 
lime must be added in quantity sufficient to pro- 
vide hydroxyl (OH) to combine with the iron, 
aluminum, magnesium, bicarbonate and hydro- 
gen ions, and with carbon dioxide. In addition, 
if the carbonate ion in the water plus that 
formed by change of the bicarbonate ion and 
carbon dioxide is not sufficient to precipitate the 
calcium present in the water, and added as lime, 
an additional quantity must be provided by the 
addition of soda ash in order that all the calcium 
may be precipitated. This latter consideration 
determines the amount of soda ash to be added. 

In terms of pounds of 90% lime (CaO) and 95% 
soda ash (Na:COs) per 1,000 gals. of water, these 
Statements may be expressed in the following 
formulas: 


(3) Lime required: 
= 0.26 (RFe + RAL + RMg + RH + RHCOs 
+ .0454C 03) 
= .00U31Fe + .0288Al + .0213Mg + .258 H + .00426 
HCO, + .0118CO: 
(4) Soda ash required: 
= 0.465 (RFe + RAl+ RCa + RMg + RH — RCO, 
— RHCOs) 
= .0167Fe + .0515Al + .0232Ca + .0382Mg + .462H 
— .0155C0s — .0O763HCOs 


Assuming the average cost of lime to be 0.3 
cts. and of soda ash to be 1.2 cts. per lb., the cost 
in cents per 1,000 gals. of chemicals for softening 
a water can readily be determined from formu- 
las (3) and (4), as follows: 


(5) Cost of chemicals for softening: 
= 636 (RFe + RAL + RMg + RH) + .558 (RCa — 
RCO,) + .00354C0: — .48RHCOs 
= .0228Fe + .O704Al + .0522Myg + .631H + .0279Ca 
+ 0035400. — 018600. — .00787HCOs. 


A negative value for formula (4) shows that 
no soda ash is required. In such case, instead of 
using formula (5), take .3 the value of formula 
(3) for cost of chemicals. Formulas (2), (3), (4), 
and (5) may usually be simplified for practical 
use by the omission of iron, aluminum, and hy- 
drogen, for they are not often present in suffi- 
cient quantity to affect the results. 


Similar formulas can readily be deduced for 
use in connection with water softening by other 
chemicals, but their practical application would 
be small. In connection with the water-softening 
problems, it should be remembered that the re- 
actions quoted above and the resulting precipita- 
tion will vary in completeness with conditions 
of temperature, mixing, sedimentation, ete. Fur- 
thermore, the precipitates formed are not wholly 
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insolub'e. In a water softened under ideal con- 
ditions there may remain in solution 5.2 parts 
per million of calcium and 3.4 parts per million 
of magnesium, together with equivalent amounts 
of negative ions. These figures may be in- 
creased by the presence of other substances. On 
the other hand, a very large percentage of col- 
loidal and suspended matter will be carried 
down with the precipitates, thus increasing the 
value of the softening process. 
BOILER WATERS. 

The chief industrial use of water is steam 
making. The cost of softening water is a fairly 
reliable index to its value for this and other 
industrial purposes. The cost for softening is 
the sum of two figures, cost for lime and cost 
for soda ash, the former being about one-fourth 
the latter. In a general way, the amount of 
lime required varies with the amount of least 
objectionable impurities, while the amount of 
soda ash required varies with the quantity of 
impurities most deleterious in character. If, 
therefore, the ill effects of the latter class may 
be assumed as four times those of the former, 
the relative cost of chemicals for softening 
waters will represent their relative objection- 
ableness with a fair degree of accuracy. 

The customary method of interpreting the 
value of a water for boiler use is based upon its 
tendency to cause foaming, corrosion, and in- 
crustation. Such interpretation is usually made 
from the hypothetical combination of the ions 
into salts, judgment of the tendencies of these 
salts being made in accordance with our knowl- 


edge or theories of boiler physics. Unfortu- 
nately, our knowledge is rather restricted, 
though our theories are numerous. It follows 


that the interpretation cannot always be ex- 
pressed in very definite terms and if so expressed 
is liable to error. 

FOAMING AND PRIMING.—Foaming 
priming are probably the least understood of 
boiler phenomena. Priming may be defined as 
an ebullition so violent that water in the form 
of spray is carried from the boiler before its 
separation from the steam can take place. It is 
controlled by the relations of heating surface, 
evaporation surface, circulation, and working 
load, all of which are factors of the violence and 
rapidity of ebullition; and by such features as 
dash plates, water space, and steam space, all 
of which affect the possibility of violently boiling 
water reaching the steam exit. Priming, as thus 
defined, is a matter of boiler design and opera- 
tion. 

Foaming is the formation of bubbles upon and 
above the surface of the water. The less easily 
these bubbles break, the higher will the foam 
rise. It may become so excessive that the bub- 
bles, or films of water enclosing steam, pass out 
with the steam. 

Naturally, priming, or a tendency to prime, is 
an important factor in excessive foaming. Aside 
from this, the difficulty with which the steam 
pushes through the surface film of water and 
separates from it is a controlling agency. With 
pure water foaming is very slight and never 
sufficient to cause the loss of water with steam 
in a well designed boiler. Nearly all impurities 
dissolved or suspended in water increase the 
foaming tendency though no two substances 
may do so to the same degree. As steam is used 
from the boiler the impurities are concentrated 
and finally a stage is reached which will cause 
excessive foaming. If, therefore, the quantity of 
impurities and the effect of each were known, 
the calculation of the foaming tendency of a 
water would be a simple matter. Unfortunately, 
our knowledge of this department of boiler 
physics is very slight. It is practically impos- 
sible to determine the quantity of suspended 
matter in a boiler at any time. Suspended mat- 
ter originally present in the water is largely 
precipitated, while additional suspended matter 
is derived from loosened scale and from the pre- 
cipitation of impurities in solution in the feed 
water. Organic matter holds a similar indefinite 
place in connection with foaming calculations 
because a large but unknown proportion is pre- 
cipitated. It is, however, usually present in rela- 
tively small amount in boiler waters. Although 


and 


both these classes of substances are undoubt- 
edly important, their role in inducing foaming 
cannot, therefore, be calculated from an analysis 
of boiler feed water. For this reason and be- 
cause all other dissolved substances are rela- 
tively insignificant in amount in a highly con- 
centrated boiler water it is generally customary 
to attribute foaming to sodium and potassium 
salts. These substances are highly soluble and 
their relative importance in different waters Is 
easily determined from analyses. The expres- 
sion 2.7 Na + 2 K will represent these salts gen- 
erally within 5% and always within 15%. It 
will correspond very closely to the “non-incrust- 
ing solids’ usually estimated from hypothetical 
combinations and is sufficiently accurate for 
practical use. Since these compounds are at 
best a rough approximation of the foaming ten- 
dency of a water, nothing would be gained by 
the use of a more cumbersome expression from 
which they could be more accurately estimated. 
The following formula may, therefore, be 
adopted: 


(6) Foaming coefficient, F = 2.7 Na + 2 K. 


It is to be hoped that investigation may lead to 
a better understanding of this phenomenon and 
hence to a more reliable index to the foaming 
tendency of waters. 

The steam engineer is interested more in the 
number of hours his boiler may be run under 
ordinary load without danger of foaming than in 
the coefficient given above. This is really a 
combined index of priming and foaming and may 
be calculated from the formula: 

(Ga) Run in hours: 


a Cc 
kf = — (— —1), 
d F 
in which @ = water capacity of boiler, d = 
hourly quantity of feed water used, F = foam- 


ing coefficient, and e is a constant which repre- 
sents in parts per million the concentration of 
salts that will cause excessive foaming in the 
type of boiler under consideration. 

The usual remedy for foaming is blowing off 
a portion of the highly impure water and re- 
placing it with fresh feed water. If @ in the 
foregoing formula be made to represent the 
amount of water blown off at any time, the ex- 
pression will indicate the length of time that 
may with safety elapse before blowing off again. 

The following approximate values have been 
determined for the constant c for various types 
of boilers and are here adapted from Christie’s 
“Boiler Waters.” 


Locomotive boilleeueu 2,500 to 3,500 
Stirling dolle sa aees 4,000 to 5,000 
Modern water-tube boiler (such as the ` 
Babcock and Wilcox or Heine)....... 5,000 to 7,000 
Horizontal return tubular boiler........ 8,000 to 10,000 


Old style two-flue boiler... nn 17,000 


From these figures it appears that the locomo- 
tive boiler is the type most likely to give trouble 
on account of foaming and offers, therefore, a 
satisfactory basis for an arbitrary classification 
of waters according to their foaming tendency. 
A non-foaming water may be defined as one that 
can be used in a locomotive boiler throughout 
one week’s work without foaming; a semi-foam- 
ing water as one that cannot be used so long as 
a week, but one that will require one complete 
water change to avoid foaming in a locomotive 
boiler not oftener than every two days; and a 
foaming water as one that cannot be used so 
long as two days in a locomotive boiler without 
blowing off or changing water to prevent foam- 
ing. Accepting these conditions, the following 
approximate classification of waters will result: 

(1) Non-foaming; F not greater than 60. 

(2) Semi-foaming; F greater than 60, but not 
greater than 200. 

(3) Foaming; F greater than 200. 

CORROSION.—Corrosion of a metal will occur 
in the presence of water if the metal is capable 
of replacing any positive ion in the chemical 
system which the dissolved matter in the water 
constitutes. The positive ion thus replaced may 
pass from solution as a precipitate or a gas. In 
boiler corrosion the metal to be considered is the 
iron of the boiler. The positive ion which it 
may replace in the chemical system of dissolved 


solids is the hydrogen ion, which, when so re- 


placed leaves the chemical system as hydrogen 
gas. It follows that the amount of the hydrogen 
ion in the chemical system under boiler condi- 
tions is the controlling factor of corrosion. The 
calculation of this factor can be made with a 
fair degree of accuracy. Under boiler condi- 
tions the dissolved gases are driven out with the 
steam. Therefore, although some of these sub- 
stances are prominent corrosive agents when 
confined they are omitted from consideration 
here. 

The hydrogen ion as determined by analysis 
is the first item. It may be the cause of cor- 
rosion in the cold or under boiler conditions. To 
this may be added, as a result of the high tem- 
perature in a boiler, three molecules of hydrogen 
ion for each molecule of aluminum ion, two of 
hydrogen ion for one of iron, and two of hydro- 
gen for one of magnesium. The reactions in- 
volved may be represented by the following 
equations: 

2 Al + 3 H:0 = 4120, T 6 H 
Fe + H:30 = FeO + 2 H 
Mg + H:0 = MgO +2 H 


These reactions probably do not occur in just 
this way, but they express we!l-known results. 
There are other reactions that may cause an in- 
crease in the amount of hydrogen ion. While 
they will not be considered in the calculations 
which follow, the three given below are of in- 
terest as expressing possibilities: 


2 Fe +3 H:0 = Fa0; + 6 H 

3 Fe + 4 H:0 = FeO. 1 8 H 

SiO; + H,O = SiO. + 2 H 
In all of these equations, except the last, the 
hydrogen ion is represented as being brought 
into the chemical system to replace a positive 
ion precipitated as an oxide. In the last equa- 
tion, hydrogen and silicate ions are both brought 
into the system. In all cases, of course, the 
equilibrium between positive and negative ions 
in the system must be maintained. 

Opposed to these reactions increasing the 
amount of hydrogen ion are others tending to 
decrease it. Thus under boiler conditions each 
molecule of carbonate radicle may combine with 
two and each molecule of bicarbonate radicle 
with one molecule of hydrogen to form water 
and the gas carbon dioxide. This is illustrated 
by the following equations: 


H + HCO: = H:0 + CO, 
2 H + COs = H:0 + COs 


Thus positive and negative lons leave the chem- 
ical system together. 

The carbon dioxide so formed will pass off 
with the steam. 

The two sets of phenomena may be combined 
to represent the residual hydrogen likely to be 
replaced in the chemical system by iron from the 
boiler, as follows: 


(7) Coefficient of corrosion: 
C = 1.008 (RH + RAL + RFe + RMg — RCO: — 
KH CO. 
= H + 111641 + 0361 Fe + .0O828Mg — 033600, 
— .0165HCOs 


One of the first occurences in a boiler is the 
precipitation of at least a part of the carbonate 
and bicarbonate radicles as calcium carbonate. 
Such precipitate can be acted upon, the calcium 
ion being returned to the chemical system to re- 
place the hydrogen ion which forms water and 
carbon dioxide with the carbonate radicle. The 
extent of such action is not well defined. With 
a maximum precipitation of calcium carbonate 
and a minimum action upon the same, the effect 
of the carbonate and bicarbonate radicles in the 
above formula may be reduced by 1.008 RC or 
.0503 Ca. The foregoing considerations afford 
an excellent basis for the classification of waters 
according to their corrosive tendencies. Three 
classes may be distinguished as follows: 


(1) Corrosive. If C be positive, the water will 
certainly corrode the boiler. 

(2) Non-corrosive. If C + .0508Ca be negative, 
no corrosion will occur on account of the min- 
eral constituents in the water. 

(3) Semi-corrosive. If C be negative, but C + 
.0503Ca be positive, corrosion may or may not 
occur. 
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SCALE FORMATION.— The formation of 
scale and sludge in boilers is the most common 
effect of the use of impure feed water. This 
phenomenon is the result of heating the water 
to a high temperature and concentrating it. The 
heat reduces the solubility of many of the dis- 
solved substances to such an extent that they 
leave the chemical system. Concentration may 
gradually increase the amount of dissolved mat- 
ter to saturation, after which additional concen- 
tration will cause it to pass out of solution. Sus- 
pended matter and colloidal matters are also 
'argely deposited within the boiler. 

The purest of natural waters, if used in a 
boiler for a great length of time without clean- 
ing, would produce scale or sludge. As boilers 
are usually operated, temperatures and concen- 
trations are permitted which result in the pre- 
cipitation of practically all suspended and col- 
loldal matter; all iron, aluminum, magnesium; 
and all calcium to the full extent of its ability 
to combine with carbonate, bicarbonate and sul- 
phate radicles. The iron, aluminum, and mag- 
nesium appear in the scale as oxides (magnesium 
carbonate may be present, but is not likely to 
be found in quantity in scale from high-pressure 
boilers), while the calcium may be present as 
calcium carbonate or calcium sulphate (a hy- 
drated calcium sulphate frequently occurs, but 
in the modern high-pressure boiler its quantity 
is sufficiently small to be neglected). Whether 
these results are caused by a series of reactions 
or by a single chemical change is of little mo- 
ment in connection with boiler calculations. The 
following reactions, therefore, are presented not 
as formulas for the changes which actually take 
place, but as equations which express the known 
results of changes that occur within the boiler: 

2Al + 3H:20 = Al,O, + 6H 

Fe + H:0 = FeO + 2H 

Mo + H.0 = MgO + 2H 
Ca + COs = CacOs 

Ca + 2HCOs = CaCO, + H:0 + CO, 

Ca + S0. = CaSO. 

H + HCO: = H20 + CO, 

2H + COs = H:0 + CO: 


The hydrogen ion in the last two equations 
may Include not only the hydrogen ion found by 
analysis, but also that developed by the first 
three equations. In other words it is C, the 
coefficient of corrosion. An estimate of the 
amount of scale formed is necessarily rather un- 
certain. The first three reactions may, without 
great error, be assumed to be practically com- 
plete. The division of carbonate and bicarbonate 
ions between calcium and hydrogen, and the 
division of the calcium ion between carbonate 
and sulphate radicles are not definitely known 
and probably vary with different conditions of 


desirable to estimate maximum and minimum 
values for scale formed by calcium compounds. 
Formulas were prepared with this in view, but 
the differences between maximum and minimum 
values was found to be small in nearly every 
instance. The use of the necessarily cumber- 
some formulas was therefore discarded in favor 
of one which represents a probable average scale 
forming value. Calculations based upon this 
formula are relatively simple, and it is beiieved 
that they are of as great practical value as the 
maximum and minimum formulas. In order to 
conform to common usage the formula is in 
terms of pounds of scale per 1,000 gals. of water. 
(S) Scale (S) 
= QOSS3ISH + .00S33CM + .3RFe + .142RAl 
+ 168A IN + 492RCa 


= 008338 VM + .00533CH + .0107Ke + . 01574 


+ .013SMg + .0246Ca 
In this formula the value of RCa used should 
not be in excess of RCOs + RHCOs+ RSO.. (Ca 
should not exceed . 66800. + .328HCOs + .417TS0O,). 
Formula (8) shows the amount of scale and 
Sludge likely to be deposited in a boiler operated 
under the usual conditions of modern practice 
and its value will never differ widely from the 
“total incrusting matter” frequently reported 
from an estimation of hypothetical combinations 
of the ions. It is of equal importance to know 
whether the matter deposited will form a hard 
scale. The following formula shows in pounds 
per 1,000 gals. the probable amount of hard-scale 

forming material in the scale: 


(9) Hard Scale (HS) 
= 00833 S102 + .108RALg + 567 CRC + RSO. 
— RNa — RK) 
= 00833 SiOz + .0138Mg + (.016Cl + .0118S0. 
— .0246Na — .01454K). 
The value used for the parenthesis of this for- 
mula must not exceed KSO. or KC (011880. or 
.0283Ca@ in the second form) nor should it be less 
than zero. 

Dividing the value of formula (9) by the value 
of formula (8), a factor will be obtained which 
may be called the coefficient of scale hardness. 
This factor shows the proportion of the total 
scale that is likely to form a cement-like sub- 
stance upon the boiler tubes and is therefore an 
index to the probable hardness of the scale that 


will be deposited. Thus: 
HS 
(10) Coefficient of scale hardness, H == —— 
8 
From formulas 8, 9, and 10, waters may be 


classed as follows: 


(1) Hard Scale: H not more than . 25. 

(2) Medium Scale: H more than .25 but not 
more than .5. 

(3) Soft Scale: H more than 5. 


Parts per million.-———, -——Reacting values. 
A B C D B C D E 


A 


. Suspended matt k r̃u-;k - ũ„ũẽ 30. 118. 0.0 14. 0. 
2 Sog Fill! % Z a ETE CIDRA As 3.07 9.36 11.23 13.6 10.8 
Silica ... xx awe EEE 3.0 6.8 11. 11. 6.5 
Iron oxide (Fe, O 07 06 23 2.6 4.3 
N ae CJ. ³ A 8 jee 2.5 ee oY 
Dissolved gas— f 
Carbon dioxide (COOh) 10. 0.0 7.5 122. 
4. Dissolved matter 
Nee (Ca) aces ii w y 8 11. 16. 64. 8.3 28. .55 80 3.19 .41 1.40 
Magnesium g ees wnateses% 2.8 4.2 12. 1.8 12. 23 .34 98 15 .98 
Sodium: , y 4.6 7.9 48. 9.0 888. 20 34 2.08 .39 16.76 
Potasstum: ; ⁊ eee as cores 1.1 eae 3.0 T0 03 Siar Gane 08 1 
Hydrogen HW: e 0.00 .08 0.0 0.0 0.0 08 00 .00 00 
Sum positive 1oboIt n 1.01 1.56 6.25 1.03 19.32 
Carbonate radicle 0 ð esas aes 0.0 0.0 trace 0.0 238. 00 .00 .00 7.93 
Bicarbonate radicle (HCO,) 2... ..-...ceee 41. 0.0 156. 39. 162. 67 (00 2.55 64 2.66 
Sulpbate radicle (Smd. Z: . 6.8 76. 51. 5.6 145. 14 1.58 1.06 12 3.02 
Chlorine. ẽũ [¼ͥwf ↄ˙˙̃ =. . A 7.0 2.7 97. 5.8 213. 20 08 2.74 16 6.00 
Nitrate radicle (VO. ))))):ꝶ: cece cece cc csvecnee 0.0 1.2 0.4 trace .00 02 01 .00 seit 
Sum negative 10S .....ccc cece ccc cc cece ceca ceeeees 1.01 1.68 6.36 92 19.61 
On 31 10.9 15.6 20.7 
1. Error of Analysis, E (.. 8 85 0 . : +5. : 
2. Soap cost (cts. per 1.000 gals.ꝰVyůj .. 48. 70. 209. 87. 128. 
3. Lbs. 90% lime to soften 1,000 g als 5 35 -11 1.01 21 2.39 
4. Lbs. 95% soda ash to soften 1,000 gals............. .05 57 75 00 00 
5. Cost (cts. per 1,000 gals.) of lime and soda ash.... 16 71 1.08 00 3 72 
6. Foaming coefficient, F˖ i. 0 15. 21. 130. 30. 1.057. 
7. Coefficient of corrosion. OGSdwdw.Q —.44 42 — 1.58 —. 49 —9.69 
/ Gees Sue ³ AAA 8 11 1.23 1.63 —.08 —8.28 
8. Scale, S (ibs. per 1,000 gals.ù)ꝛ:ꝛ cc ee eeee 59 1.51 1.84 .46 94 
9. Hard scale, HS (lbs. per 1,000 gals.)..........e.0. 12 .58 85 12 22 
10. Coefficient of scale hardness, IlIlLlllll 20 37 46 25 23 


Analyses B and D seem to be somewhat in error. 


ence of iron and aluminum lons in the one case and by silicate lons in the other. 


The errors indicated could be accounted for by the pres- 


The differences are not great 


enough, however, to warrant a change in the form of statement. Hence iron, aluminum, and silicon are pre- 


sumed to be present as oxides in the colloidal state. 


` will react with certain substances. 


In addition, the following classificatlon may be 
used as a prefix to the preceding: 

(1) Very little: S not more than 1. 

(2) Little: S more than 1 but not more than 2. 
(3) Much: S more than 2 but not more than 4. 

(4) Very much: & more than 4. 


APPLICATIONS. 


The foregoing formulas will now be applied to 
a few analyses, which, for convenience, have 
been arranged in the form of statement herein 
suggested, 

Below are given the results of calculation of 
the various formulas presented and classification 
of the waters in accordance therewith. 

The following classification of the waters (in- 
cluding a word and a numerical classification) 
will result from the foregoing figures: 


(A) (15) non-foaming, (— .44 + 11) semi-cor- 
rosive, (.09) very little (.2U) soft scale. 

(B) (21) non-foaming, (+ .42 + 1.23) corrosive, 
(1.51) little (37) medium scale. 

(C) (130) semi-foaming, (— 1.58 + 1.63) semi- 
corrosive, (1.84) little (.46) medium scale. 

(D) (80) non-foaming, (— .49 — 08) non-cor- 
rosive, (.46) very little (.25) soft scale. 

(E) (1057) foaming, (— 9.69 — 8.28) non-cor- 
rosive), (.94) very little (23) soft scale. 


The effect of suspended matter upon the scale 
Classification of B is of interest. Neglecting the 
Suspended matter, the class would be “very 
little hard scale.” 

For detailed comparison or classification of 
waters, the formulas presented will be found of 
great value. It is believed that a better general 
understanding of waters and much practical ad- 
vantage would result if the analyst were to de- 
vote to the foregoing calculations and the re- 
sulting classification a portion of the time 
usually spent in figuring hypothetical combina- 
tions. 

For those who desire to use the formulas the 
following notes are of special interest: 


(a) The reacting values are necessary only in 
estimating the error of analyses. All other for- 
mulas are presented in dual form so that re- 
acting values may be used or not, as desired. 
Generally their use will shorten the work of cal- 
culation. 

(b) The formulas are well adapted to the use 
of a slide rule or similar calculating machine. 

(c) The reacting weights are calculated from 

valence 
the formula: Reacting weight — — , 
molecular weight 
using the atomic weights of 1907. 

(d) Change from parts per million to pounds 
per 1,000 gals. is effected by dividing by 120. 

(e) The numerical coefficients used in the for- 
mulas are the result of the simple mathematical 
calculations of chemistry. Thus the coefficient 
0.26 of formula (3) is derived as follows: It is 
desired to find the quantity of lime (CaO) that 
The reacting 
value of this lime must, of course, equal the sum 
of the reacting values of the substances with 
which it is to react. The parenthesis of the for- 
mula represents this reacting value. The re- 

1 


acting weight of CaO being , our reacting 
28.05 

value for lime must be multiplied by 28.05 to 

give parts per million of CaO. This must in 


turn be divided by 120 to give pounds per 1,000 


gals. A final division by .90 reduces the ex- 

pression to terms of lime of 90% purity. Thus 
1 1 ä 

28.05 x —— x — = 0.26. Other numerical co- 
120 90 


efficients of the formulas are derived in a similar 
manner. 


er aS 


COUNT FERDINAND VON ZEPPELIN has established 
the Zeppelin Limited Liability Co., with $750,000 of the 
$1,050,000 raised by popular subscription throughout 
Germany after the recent wrecking of his giant dirigible 
balloon. The remainder will be invested for the benefit 
of Count von Zeppelin and his daughter during their life- 
time, but will ultimately revert to the company. Count 
von Zeppelin will be manager of the company. 
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THE DESIGN OF FRICTION CLUTCHES WITH SPECIAL 
REFERENCE TO USE ON AUTOMOBILES.* 
By HENRY SOUTHER,t M. Am. Soc. M. E. 


Clutches of one form or another, if one may judge from 
the literature on the subject, have been used since the 
earliest history of the mechanic arts, an important usage 
dating far back being in connection with wire drawing. 
It would seem, however, that clutches in general had at- 
tracted but little attention in the engineering world until 
recently when they have been called upon to do the 
delicate work now required of them in connection with 
cotton mill machinery, printing presses, electric cranes, 
power plants and, most recently, with automobiles. 

POSITIVE CLUTCHES.—The positive or jaw clutch is 
necessarily used only where the character of the starting 
action is immaterial, and if sudden, matters but little. 
It obviously can be used only where the inertia of the 
standing or driven parts is relatively small, otherwise 
materials could not stand the wear and tear. 

Modifications of the positive clutch are made in the 
angles of engagement between the jaws. The least posi- 
tive form is one where the planes of engagement are in- 
clined backward as regards the direction of motion at an 
angle of 15°, more or less. The tendency of such a clutch 
under load is to disengage. It must be held up to its 
work by an axial pressure, which may be regulated to 
perform a normal duty, but to slip and disengage when 
called upon abnormally by some accident or overload. 


move. After this positive clutch is once engaged the 
main friction clutch comes into play. No drag of the 
friction clutch is permissible. 

The starting crank of an automobile is a first rate 
illustration of an under-cut positive clutch. It is under- 
cut so that when the hand is applied to the starting 
crank there is little or no danger of the clutch slipping 
off and wrenching the operator. It is a fact, however, 
that some of these clutches are not under-cut and are 
disagreeable to handle for this reason. 


CLASSIFICATION OF FRICTION CLUTCHES.—A rather 
careful search of the literature reveals the fact that 
there are basic types, few in number, involved in all 
clutches, but that there is an infinite variety of detail 
of construction and manipulation. Rankine differentiates 
between friction clutches about as follows: 

Friction clutch (contracting band), 

Friction cones. 

Frictional sector (invented by Bodmer), 

Friction disk (Weston’s invention). 


Reuleaux illustrates the Ramsbottom clutch as used 
for rolling mill work. This is nothing more nor less 
than a friction coupling in which one flange is squeezed 
between frictional surfaces by being tightly bolted. Re- 
ferring to Fig. 5, the flange attached to part A is firmly 
clamped between the wood-lined surfaces of B, ad- 


justment of the bolts being such that the friction will 
resist normal torque but yield to abnormal torque. 
is perhaps the most simple form of friction clutch. 


This 


Fig. 2. 
TYPES OF POSITIVE CLUTCHES. 


Fig. 5. Ramsbottom Clutch. 


Positive clutches with engaging planes parallel to ‘the 
axis of rotation must be held up to their work to guard 
against a natural tendency to jar out, but they present no 
safety features against an overload. 

More extreme yet as to positiveness is the so-called 
undercut engagement of the jaw clutch, the tendency of 
which is to engage the tighter when loaded; and which 
can be disengaged only when absolutely free from load 
and in a condition to be rotated in a reverse direction 
sufficiently to overcome the under-cut angle. 

In automobile construction the positive type of clutch 
is used inside the gear box, so arranged as to be operated 
only while the main friction clutch connecting the engine 
with the driven shaft is disengaged. This positive clutch 
sometimes takes the form in automobiles of an external 
spur gear meshing with an internal spur gear. Auto- 
mobile gear changing systems are used that keep all 
gears in mesh all the time. Each gear carries a positive 
jaw clutch to be engaged with mates on the driving 
shaft, while the main friction clutch is open. Several 
inventors of merit have accomplished this same thing 
by a sliding spline (or hardened ball) on the driven 
shaft, which engages with the gear hub internally. 
Such forms are in use, but it cannot be said in common 
use. 

It will be seen that this use of a positive clutch in 
connection with the automobile is one where there is 
little inertia to be overcome, the mass to be started being 
only a small shaft within the gear box and the gears on 
it. The chances are that even these are rotating to some 
extent in the direction in which they are to continue to 


*A paper read before the Detroit meeting of the Amer- 
ican Society of Mechanical Engineers, June, 1908. 
Consulting Engineer, Hartford, Conn. 


Fig. 3. 


Fig. 6. Cone Clutch. 
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It would seem as though some such device might well 
enter into the transmitting portions of an automobile, so 
adjusted as to resist up to, say, one-half the elastic limit 
of the parts involved, and slip under the application of 
any greater load. Right here it is well to point out, how- 
ever, that many mechanical devices which have per- 
formed well elsewhere have performed badly in auto- 
mobiles because of the unusually variable conditions to 
which an automobile is exposed which might prove to be 
true of this clutch. 

Reuleaux then shows as the next step in the develop- 
ment of the clutch a cone coupling, the two parts being 
forced into engagement by screw and handwheel B, as 
shown in Fig. 6. He states that the angle of the cone 
should not be less than 10°, in order that the parts may 
not become wedged together. He also gives in con- 
nection with this clutch with frictional surfaces of iron 
on iron a coefficient of friction of 0.15. In order to keep 
the axial pressure within reasonable limits, he places the 
mean radius of the cone between three and six diam- 
eters of the shaft. 

Following the single cone clutch in Reuleaux is what 
might be called a multi-cone, as shown in section by 
Fig. 7, a series of concentric cone-shaped rings with 


angles of 10°, or 20° for both halves of the cone. As 


shown in this cut, it is apparent that the collar would 
have to resist the pressure and wear due to the axial 
pressure necessary for proper engagement. This would 
be serious. Such wear is avoided in heavy machine 
work or in high-speed automobile design by making 
the axial pressure self-contained on the rotating mem- 
ber, except when the clutch is in the act of being dis- 
engaged. Such construction as this has been found ab- 
solutely necessary in connection with all automobile 


Fig. 9. Self-Contained Thrust. 


clutches. This modification of the foregoing is shown 
in Fig. 9. The pressure of the screw wheel is self- 
contained, the two halves A and B being clamped to- 
gether by it, the concentric double-faced cones furnish- 
ing much friction at slight axial pressure. 

The next clutch shown by Reuleaux is that which he 
attributes to Koechlin, Fig. 10. This is of the internal 
expanding type, three internal clamp pieces, fitted with 
bronze shoes, being thrust out against the enclosing 
cylindrical drum by means of lever and screw action. 
Reuleaux points out the fact that there is no danger of 
wedging in this clutch, as exists in connection with the 
cone clutch.® 


Reuleaux next shows a form of axlal friction coup- 
ling,” well known as the Weston clutch, based on the 
principle of multiple plate friction, Fig. 8. The plates 
are alternately wood and iron, as indicated, the wooden 
ones engaging with the outside cylindrical containing- 
case and the iron ones with the shaft. In the form 
shown, the plates are pressed together by springs and 
released by drawing back a collar which releases the 
spring pressure. 


MACHINE SHOP CLUTCHES.—The foregoing refer- 
ences to Reuleaux will serve to fix in mind the funda- 
mental or basic types of clutches and I will now give 
a number of illustrations to show the development of the 
machine shop clutch from the earlier forms already 
illustrated. Perhaps the simplest is the type in which 
one flat disk presses against another, the surfaces being 


Fig. 10. Expanding Type. 


leather against iron, bronze against iron, or wood 
against iron, the axial pressure being great enough to 
drive the maximum load, yet not so great but that slip- 
ping takes place when the load is first applied, which 
prevents all jar. Such clutches are famillar in the 
driving of looms. 8 

In Fig. 111 is a modification of the Weston type. It is 
not multi-disk, there being only one wooden disk at- 
tached to the enclosing case, which is gripped between 
two iron surfaces, keyed to the driving shaft. To pre- 
vent any drag when disengaged, separating springs are 
supplied, which part the frictional surfaces when idle. 
Slight rubbing when idle is not a very serious matter 
in machine shop clutches, however, but its importance 
in connection with automobile clutches, I will bring out 
later. 


It is interesting to note that very little information is 
given or obtainable in regard to the frictional capacity 
of these machine shop clutches. Correspondence with 
the manufacturers reveals the fact that knowledge of 
the capacity of their clutches is of an empirical char- 
acter. The coefficient of friction of maple (which is 
commonly used by them) on cast iron is known. Little 
use can be made of this knowledge, however, as the de- 
gree of lubrication, or lack of it, may easily double or 
halve this coefficient. The manufacturers have learned 
by experience what size clutch of their own make is 
necessary for the transmission of a given horse-power. 
Catalogs usually give the horse-power that can be trans- 
mitted at 100 r. p. m. It is probable that information 


*Bodmer and Koechlin seem to have been working 
along similar lines. 

Fig. 11 is from the catalog of T. B. Wood’s Sons 
Chambersburg, Pa. 
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ot this kind. untechnical though it be, is decidedly 
more reliable than that obtained from any formula con- 
taining an unknown variable—the coefficient of friction. 
What was formerly known as the Frisby clutch was 
designed many years ago when no attention was paid to 
mathematical design, but its capacity has been well es- 
tablished by experience. Fig. 12 shows this clutch, 
which is not unlike the last one described, except that a 
fat surface A and cone B are used in combination. The 
gripping of the surfaces is accomplished in very much 
the same way. The frictional surfaces are separated 
by springs when disengaged. It is apparent that this 
clutch would require less axial pressure for any given 
horse-power transmitted than the foregoing type because 
of the cone; or, in other words, for a given axial pres- 
sure would transmit more horse-power and therefore 
would be smaller and more compact, all other things 
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Fig 12. Combined Cone and Flat Surface. 


being equal. But here again is the uncertainty of the 
coefficient of friction. This clutch, for example, might 
throw its oll to the frictional surfaces more than the 
previous example, which oil would more than offset the 
effect of the cone engagement. 

A firm of clutch manufacturers in the West (Dodge 
‘Manufacturing Co., Mishawaka, Ind.) have some ex- 
perimental data upon the capacity of their clutches 
which are here given. The results were obtained from 
clutches fitted with maple blocks and calculations are 
based on a coefficient of friction of 0.37 and a speed 
of rotation of 100 r. p. m. 


Diam- Circum- 

eter ferential Total 

at pull at pressure 
Horse- Block block block Total per 
power. area. inches. center. pressure. sq. in. 
25 120 16 1,960 5,300 44 
32 141 18 2,240 6,000 44 155 
50 208 21% 2., 900 7,800 37% 
98 280 27% 4,500 12,200 43 


A modern adaptation of the old Koechlin form of in- 
ternal expanding clutch is shown in the following cuts, 
Fig. 13 and 14 (from catalog of the A. & F. Brown 
Company, Elizabethport, N. J.) These are largely used 
for very heavy work, the firm advertising clutches 48 
ins. in diameter capable of transmitting 320 HP. at 100 
r. p. m. The frictional surfaces are wood, especially 
prepared for the purpose, against iron; the experts of 
the company claiming that their experience has shown 
this combination to be the 
best. They state that wood 
against iron is not liable to 
strike fire, as in cases where 
both friction surfaces are of 
iron. 

CLUTCHES USED IN 
WIRE DRAWING.—One of 
the oldest usages made of 
clutches, as already stated, is 
in the wire drawing art. The 
iron drum around which 
the wire is wrapped as a 
rule contains some form of 
clutch within it. What I 
believe to be the most recent 
development in this direction 
is from a prominent East- 
ern engineering firm (Mor- 
gan Construction Company, 
Worcester, Mass.). The clutch 
developed by them is a 
compound one, the main dfiving effort being furnished by 
à wrapping coil on a chilled iron surface, the initial 
engagement of the coil being brought about by a modi- 
fed cone or ring slipping down onto a cone which drags 
the free end of the coil into engagement. Once seized, 
the wrapping continues until tight. In Fig. 15 A is 
the tapered friction surface of the chilled drum on which 
the friction ring bears and below is the coil which Is 
submerged in oi] in an annular oil chamber. The drum 
is 12 ins. diam. x 7 ins. high and the coll, which is of 
soft steel, is 1% ims. square at the large, or driving 
end and 3% in. by % in. at the small end. The outside 
diameter of the block is 25 ins. 

The tmportance of starting wire into a die gradually 
and smoothly is very great. I quote from a communi- 
cation received from the manufacturers of this clutch, 
which so fully describes the qualities and action of it 
as to make it a valuable contribution: 


Fig. 15. Clutch for 
Wire Drawing. 


Electrically operated wire drawing machines in Eng- 
land have demonstrated that if wire can once be put 
into motion and the speed increased gradually to pre- 
vent breaking the wire, the possible speed of the draw- 
ing is almost unlimited. The wire upon which all the 
work is done becomes exceedingly hot, but the dies re- 
main quite cool. 

In order to test the power of our block, we keyed the 
hub onto the shaft. This hub was flattened on one 
side. On this flat surface we strapped an 8-in. I-beam 
about 14 ft. long, and at a distance of 12 ft. 6 in. from 
the center of the driving shaft we strapped a gear onto 
this I-beam in which we could put small weights. We 
first wrapped a -in. annealed crane chain around the 
block, ‘fastening one end to the block and one to the 
machine, with a weight of 500 Ibs. at a distance of 
12 ft. 6 ins. from the center of the driving shaft. The 
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Fig 11. Modification of 
Weston Type. 
A- wooden disk. C—iron face 
B- case. D— separating spring. 


chain broke with a clear fracture. All the links of this 
chain were strained beyond the elastic limit. 

We next took a %-in. chain and fastened it in the 
same manner and added weight up to 600 lbs., includ- 
ing the weight of the beam at a radius of 12 ft. 6 ins. 
from the center of the shaft. At this point the cast-iron 
quill which had a bevel gear connected at one end and 
the chilled friction drum at the other end ruptured, the 
crack extending from the top of the flange down the 
spindle a distance of 16 ins. in a spiral of 1% revolu- 
tions, as shown at B, Fig. 15, the fracture showing 
clean, close-grained iron. This cast-iron quill was 5- 
in. diam. and cast around a rough turned shaft 2 8/16- 
ins. diam. It had a flange at the top 8% ins. diam. x 
1% ins. thick. 

This was the extent to which we carried out experi- 
ments and under the above conditions the friction clutch 
did not slip after it had taken hold. The following cal- 
culation gives the pounds pull exerted on the chain: 


600 x 150 x 49 
22 * 12% 


The pull exerted on the large end of the coil would 
be equal to 


16,036 x 12% 


= 16,036 Ibs. (more or less) 


= 32,761 Ibs. (more or less) 


; J Operatin 
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Fig. 16. Example of Clutch of Small Diameter. 


The horse-power of the clutch at 100 r. p. m. under 
the above conditions would be 


32,761 x 3.1416 x 100 


33,000 

A clutch of this kind has been in service some two 
years, drawing spring wire largely. No repairs or ad- 
justments have been made during that time. The one 
commercial objection to it is its considerable cost, but 
it is expected that its good behavior will more than 
offset that. 

CLUTCH OF SMALL DIMENSIONS.—A strong de- 
mand has developed for a clutch of very small dimen- 
sions for a given capacity. This demand has been met 
in rather a curious way. Instead of cast iron or metal 
of ordinary strength, hardened tool steel frictional parts 
have been resorted to. This permits exceedingly high 
normal pressures between the frictional surfaces. Fig. 


= 802 HP. 


Figs. 13 and 14. Modern Adaptation of 
Clutch. 


16 gives a very good idea of this form of clutch. It 
will be seen by inspection that the operating collar 
forces a wedge between the long arms of two levers, 
spreading them in such a manner as to expand a hard- 
ened steel ring against the hardened steel enclosing 
drum. As much as 100 HP. has been transmitted at 
1,000 r. p. m. with a clutch containing friction rings 
5% ins. in diameter and 1% ins. wide. This form of 
clutch has been largely introduced into automatic ma- 
chines, machine shop countershafts and launch engines. 
Its engagement is apparently soft enough for any of 
these purposes, but in connection with automobile ser- 
vice it is yet in the experimental stage. 

CLUTCHES WITH CORK FRICTION SURFACES.— 
In connection with the commercial clutches of the forms 
now under discussion, cork has recently entered the field 
to a considerable extent and apparently with considera- 


Koechlin 


ble success. It has a high coefficient of friction, proba- 
bly double that of wood or leather on iron. Its behavior 
is peculiar because of its elasticity under compression. 

As a rule the corks are forced into suitable cavities 
formed for them in one of the metallic frictional sur- 
faces. The corks are previously boiled and thereby 
softened and then pressed into the cavities. So estab- 
lished in a metal surface they normally protrude above 
the surrounding surface and engage first when the sur- 
faces are brought together. If sufficient pressure is ap- 
plied to the clutch they are forced down flush with the 
metal surface and act with it in carrying the load. Fol- 
lowing the release of the load they again protrude be- 
yond the surrounding metal surface. 

Two forms of cork are used, one being the cork in its 
natural condition, the other prepared as follows: Small 
pieces are compressed into sheets and blocks of any 
desired shape under very great pressure and under 
enough heat to cause the natural gums of the cork to 
exude and act as a binder. This form of prepared cork 
is really more enduring than the natural, being stronger, 
firmer and yet possessing much elasticity. It is expen- 
sive and has not had wide use for this reason. Never- 
theless, it has been most successful in performing ser- 
vice beyond the capacity of other materials. That is, 
a clutch with cork friction surfaces will carry a greater 
load than a clutch of the same size of ordinary ma- 
terials. 

One example of this I will give, as follows: A Dodge 
friction clutch carrying 500 HP. gave much trouble on 
account of being overloaded. This clutch was strained 
up as tight as possible and it was all a man could do 
to throw it. The maple blocks used were replaced with 
compressed cork. It was then possible to loosen the ad- 
justment of the clutch to such an extent that the oper- 
ator could throw it with little effort. Following this 
change it was found that a set of cork blocks outlasted 
the maple ones five to one. 

Prof. I. N. Hollis of Harvard University has deter- 
mined the coefficient of friction of cork on metal. He 
found that the coefficient of friction for plain cast iron 
on cast iron is about 0.16; that is, where W represents 
the pressure on the surfaces and R the frictional re- 
sistance, R = 0.16 W. Similarly, for plain bronze on 
cast iron the coefficient of friction is 0.14, or R = 0.14 W. 
The coefficient of friction of the cork on the cast iron, 
however, was found to be from 0.38 to 0.87, the former, 
0.83, being the value for the heavier loads. It is ap- 
parent that the coefficient of cork on iron or steel is 
about double that of iron on iron. It is further claimed 
that the coefficient of friction for cork is not very much 
less when lubricated. Cork has much advantage in a 
moist atmosphere, being very slightly affected by mois- 
ture, as compared with maple blocks ordinarily used. 

Other tests have been made by Prof. C. M. Allen of 
the Worcester Polytechnic Institute in connection with 
loom clutches. His results show for a given dimension 
of clutch a torque for cork inserts nearly double that 
of a leather faced clutch. 

AUTOMOBIL CLUTCHES.—Soon after 1895 the evo- 
lution of the automobile or motor vehicle commenced 
in earnest. There was no difficulty in the way of oper- 
ating the vehicle with steam or electricity. Positive 
connection between motor and wheels was quite possible 
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COMPARATIVE TESTS OF LOOM CLUTCHES. 
From Average Results of Eight Positions. 
TORQUE 
-Measured in Pounds Feet-~ 
No. 1 “compo” 
No. 2 leather- 


Pressure on clutch with 


clutch pounds. cork inserts. faced clutch. 

89.5 19.50 16.95 
151.5 34.20 17.66 
213.0 48.43 23.00 
275.0 57.05 29.46 
337.0 73.33 36.09 
398.0 82.24 41.31 
96.48 47.56 


because of the flexibility of the motor. It was realized, 
however, that these were not the most desirable sources 
of power. The gas engine in its stationary forms was 
available. Starting as it does with an explosive im- 
pulse, direct connection with the wheels of a vehicle 
was entirely out of the question. Consequently, a mo- 
tor vehicle with a gas engine for prime mover was im- 
possible without some means by which the motor and 
wheels could be separated during the starting of the 
motor. 

In May, 1879, Geo. B. Selden applied for a patent on a 
road engine in the United States Patent Office. His 
application incorporated the use of a clutch interposed 
between the engine and the gearing, so as to admit of 
running the engine while the carriage remained station- 
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FIGS. 21 AND 22. LEATHER FFACED CONE CLUTCHES. 


ary. This is certainly one of the early recognitions of 
clutch importance in automobile construction. 

There is little doubt that the appearance of the motor 
vehicle as a commercial proposition was much delayed. 
by the realization of those skilled in the mechanical 
art that a good flexible clutch would be difficult to ob- 
tain for this purpose. Even at the present time the 
clutch is as much under discussion among experts in 
automobile construction as any other element of the 
automobile. Theory does not enter into automobile 
clutch construction to any great extent. References that 
I have found are contradictory. The theory has been 
worked out for automobile clutches. I found yards of 
figures and formulae in some of the German technical 
papers, also in some of the French automobile journals. 
The question in my mind is whether this is of any 
practical use in view of the uncertainty of the coeffi- 
cient of friction involved. Empirical knowledge seems 
to be all that is necessary. 

Perhaps the simplest form of clutch that will be found 
is that commonly used for small machines and in con- 
nection with the planetary system of gear change. This 
is the pressing of one disk against another, the fric- 
tional surfaces being leather, bronze or copper against 
fron or steel. This form of clutch, Fig. 17, is a very 
good one as far as it goes, the engagement being soft 
and gradual. Nevertheless, it is open to very serious 
objections. If it is so adjusted as to be soft and to 
pick up its load gradually, a small amount of oil com- 
ing between the surfaces renders it absolutely useless. 
Such a clutch when reasonably dry will drive a car up 
a grade sufficient to stall the engine. The same clutch 
with an over-dose of oil will not drive the car up a 
half per cent. grade on asphalt. This is a good illus- 
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tration of the uncertainty of figures in connection with 
clutch design, as far as frictional capacity is concerned. 

Another form of this same kind of clutch in use in a 
most successful single cylinder automobile is shown by 
Fig. 18. I have been able to get the dimensions of this 
and an idea of the axial pressure necessary, viz.: 


Maximum radius of leather frictional surface. 4/1, in. 
Minimum radius of leather frictional surface. .3'8/1¢6 In. 


Mean radius of leather frictional surface........ 48/16 in. 
Area of leather frictional surface............ 36% sq. in. 
Axial 1 1 105 fo HmWrn . . 1. 000 to 1,200 lbs. 

orse- power at 600 r. D. m.......... 5% HP. 
Capacity l Horse-power at 1,400 r. p. m........ 10 HP. 


The axial pressure in connection with such clutches 
is usually furnished by a spring disk; that is, the steel 
plate which carries the frictional surface, either leather 
or copper, is caused to operate like a diaphragm spring. 
The amount of normal surface pressure is not known in 
most cases as far as I have been able to learn. The 
above figures in this regard were furnished by the Cadil- 
lac Motor Car Company, of Detroit. The diameter of a 
clutch of this kind ordinarily used to propel a car of 
7 HP. or 8 HP. is from 5 ins. to 10 ins., the rubbing 
surfaces being about from one-half to three-quarters of 
the entire superficial area of the disk. Such elutches 
are mostly available for two-speed cars, the disk clutch 
connecting with the engine direct and running at engine 
speed, the planetary system being used only for low 
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speed and reverse work, actuated by contracting band 
clutches. 

Motor vehicles- so geared have their uses, but early 
in the development it was found that three or four 
speeds were desirable. Boxes of sliding or change gears 
were resorted to, and here the character of the clutch 
became of prime importance. To be satisfactory, an 
automobile clutch used in this manner must engage and 
disengage easily, requiring but small axial movement 
of the operating mechanism, or of the clutch itself. It 
must be entirely independent of centrifugal force, and 
able to slip for a reasonable length of time without be- 
ing destroyed. 

The matter of absolute disengagement is perhaps the 
most important. Without it the sliding gears intended 
to be operated when the clutch is free or disengaged 
cannot be unmeshed nor remeshed. The slightest drag 
or friction in the clutch means a savage clashing of 
gears when changed. This means the destruction of the 
gears and the failure of the entire system of gear 
change. The early history of the art is full of failures 
in the matter of successful construction and operation 
of the so-called sliding-gear transmission. Gears with 
the teeth worn away were the rule rather than the 
exception. This wearing was, no doubt, due to the im- 
perfect disengagement of the clutch. 

The use of a system of gear change requiring the 
clashing of moving gears cannot receive the complete 
approval of the engineering world; yet this system has 
become a success by a combination of improvements 
in clutch and materials of which the gears are made, 
and treatment of the materials. 

An important feature in the clutch is the question of 
its weight, especially as affecting its inertia. A clutch 
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having high fly-wheel effect spins to such an extent as 
to cause violent clashing of idle gears. Consequently, 
clutches are made as light as possible, and the smaller 
in diameter the better. Aluminum enters largely into 
clutch construction for this reason. 

The spinning of the clutch has been met in many 
automobiles by a so-called clutch brake -a retarding 
finger which operates in connection with the clutch dis- 
engaging lever and bears upon some portion of the 
driven member of the clutch, braking it to a standstill. 
One inventor has gone still farther in this direction and 
discngages the driven shaft both before and behind 
the gear box. This invention is such that the friction 
clutch opens first, immediately followed by the opening 
of a positive jaw clutch behind the gears and then the 
braking of this disconnected driving shaft, as just de- 
scribed. This permits the engagement of gears that are 
absolutely free and stationary. It may be well to bring 
out the fact, however, that this invention is open to 
one objection, and that is that the gears may stop in 
such a position as to make it difficult to mesh them. 

Any automobile clutch must engage smoothly and ab- 
solutely without shock to be called a success. The 
quicker it seizes without shock the better it is. Clutches 
exist that can be engaged suddenly and still not jar the 
passengers. But such a clutch is open to one very 
serious objection; that of not picking up the load quickly 


Fig. 20. Spring Arrangement. 


enough on a hill to start the car forward after a 
change of gears, before the momentum of the car is 
materially lessened. For example, in changing from 
the high gear to the next lower on a steep hill, a clutch 
that is too soft will permit the speed and momentum of 
the car to drop to such an extent that when the clutch 
finally does take hold the car is nearly at a standstill. 
This necessitates a further drop into a lower gear; one 
that wili start a car from a standstill on a hill. The 
clutch designer is, therefore, between two fires; too 
little slip on one hand and too much slip on the other. 
A degree of slip between the two must be found, and 
once found be capable of being maintained. It is doubt- 
ful if such a problem exists in connection with clutches 
anywhere else in the mechanical art. 

The customary location for an automobile clutch is 
fairly shown by Fig. 19, that, is, within the flywheel or 
at least at the rear end of the engine if the flywheel is 
at the front end. 

This figure shows the application of the multiple disk 
type with very little room between the gear box and 
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the clutch, and only an Oldham coupling to give fieri- ` 


bility. This would be too close construction (as will be 
shown later) for the application of the cone type of 
clutch, which requires so much flexibility back of the 
clutch. This Illustration gives, however, a very clear 
idea of automobile clutch location in general, and the 
numbered parts are as follows: 1, flywheel: 2, cylinder 
enclosing clutch; 3, clutch shifting collar; 4, lever oper- 
ating sliding collar; 5, engine base; 6, foot pedal; 7, 
floor boards. — 
THE CONE CLUTCH.—I will take up the simplest form 
first, namely, the cone. 
all things considered, it is the best form when properly 
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designed and mounted. It has the advantage of en- 
gaging and disengaging with very small axial motion. 
Axial pressure May be low because the normal pressure 
between frictional surfaces is multiplied by the angular- 
ity of the cone. Its weight may be very small, as the 
male member may be of aluminum. Its engagement 
is entirely independent of speed and centrifugal force. 
No liquid lubricant is needed with attending viscosity, 
drag and change due to wear and temperature. Disen- 
gagement may, therefore, be made perfect. 

Proper engagement, however, has proven to be a very 
difficult and baffling problem. I think it safe to say 
that this difficulty has caused nearly all the rejections 
that have occurred of the cone clutch. A cone clutch 
may operate almost as savagely as a positive jaw clutch. 
It may also refuse to engage, if it does not have the 
proper combination of angularity, pressure and lubrica- 
tion. It may behave well at times and very badly at 
other times. A cone clutch of given angles and dimen- 
sions, with a definite axial pressure, may be a success 
in one car and an absolute failure in another. The 
cause of this contradictory behavior may not be and 
often is not in the clutch proper; but, on the contrary, 
in the surrounding mechanism of the clutch. The cone 
clutch must be absolutely free to center itself and seat 
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Fig. 24. Clutch of Small Dimensions 
for 30-HP. Car. 


itself uniformly. A short Oldham coupling or a single 
universal joint between the clutch and the driven shaft 
of the car is not enough to permit this under all con- 
ditions. 

The weaving of the frame of the car puts cross strains 
on such a coupling, causing it to bind and causing the 
clutch to seize on one side before the other and be drawn 
suddenly into full contact. A change of angle, increased 
lubrication and a change of materials on the friction 
surface will not remove the trouble arising from this 
cause. A pair of generous, free working, universal 
joints must be provided, in order that the cone shall 
reach its seat as intended. Similarly, an engine mounted 
on a flexible sub-frame or pan support may move suffi- 
ciently to prevent the proper seating of the cone and 
cause a similar line of troubles. The male member 
must be mounted so as-to be flexible enough to follow 
such small movements. 

Experience has been a long time in teaching engineers 
that so much trouble can arise from apparently so small 
a cause; yet there are cases where misbehaving clutches 
have become well-nigh perfect clutches by the introduc- 
tion of flexible couplings. 

Leather (riveted onto an aluminum cone) usually 
forms one of the rubbing surfaces and gray cast iron 
the other. It is desirable that the leather shall be kept 
soft by neatsfoot or castor oil. Some builders boll the 
leather in tallow before applying to the clutch surface; 
others do not, but this matter is of minor importance 


compared with the mounting. With leather K in. to 
% in. thick, properly softened, engagement may be 
sufficiently mild, but an improvement is obtained by 
placing under the leather at six or eight points on the 
periphery of the cone flat or spiral springs that cause 
the leather to engage at these points a little bit before 
engaging elsewhere. 

In “La France Automobile” I find reference to an un- 
usual arrangement of springs underneath the leather of 
a cone clutch. It is shown very plainly by Fig. 20. 
It is apparent that the metal of the cone is entirely 
cut away for a short section, admitting a flat spring not 
more than an inch wide. The unusual feature is the 
use of a pair of spiral springs supporting the two ends 
of the more or less flexible flat spring. I have not seen 
this construction in use but it ought to be a particularly 
good way of accomplishing this object. 

In some instances rubber buffers have been used under 
the leather in place of springs. The other frictional 
surface bearing against the leather is, as a rule, a cast- 
iron flywheel. 

It is obvious that the construction surrounding the 
clutch must be such that by no means can an unusual 
supply of lubricant find its way to the frictional sur- 
faces of the clutch. The flywheel prevents any oil 
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Early Forms of Cone Clutch. 


Figs . 


Fig. 26. Multi-Cone Clutch. 
Fly-Wheel-.. 


Figs. 27 and 28. Modifications of Cone Clutch. 


from the engine working its way back, being provided 
with oil trap grooves for that purpose if necessary. 
From the other direction, the gear-box, for example, 
oil ordinarily does not get as far as the clutch. There 
is usually a considerable space between the clutch and 


gear box. In general, it may be stated that the cone 
clutch is as free from variations due to lubricants as 
any other. The leather surfaces gradually become dry 
and hard, requiring the application of castor or neats- 
foot oil preferably, but not very often. With proper 
usage, cone clutches with leather faces seem to last in- 
definitely. I have accurate knowledge of cars that have 
surely been driven 20,000 or 30,000 miles without re- 
placement of leather on the cone face. My own ex- 
perience is confirmatory of this. I have driven several 
cars with cone clutches and have yet to experience any 
trouble from the wearing of the leather face. I recently 
saw a clutch that had been used for about 2,500 miles 
by me that gave no evidence of wear, neither had it 
received any attention on my part, except to dose it a 
few times with neatsfoot oil. 


TABLE OF DIMENSIONS. 


THREE SUCCESSFUL MODELS OF CONE CLUTCHES. 


There is one defect in the operation of the cone clutch 
that has caused considerable trouble. The clutch neces- 
sarily requircs some end or axial motion and a slip- 
joint that will permit it. An ordinary square slip-shaft 
has been commonly used. Instances have been found 
where these square slip-shafts have jammed under load 
and seized, so as to refuse to permit of the disengage- 
ment of the clutch at critical moments. This is a very 
serious objection, and one that has not been altogether 
satisfactorily overcome. Improved materials, increased 
dimensions and better facilities for lubrication have 
cured much of the trouble. Generous feathers and 
splines have been resorted to, which present working 
surfaces that are normal to each other and which avoid 
any cam-like or wedging action which may exist with a 
square shaft bearing in a reasonably easy fitting square 
hole. Here, again, the perfect freedom introduced by 
double universal joints plays an important part, the 
square shaft being very much less apt to bind when 
perfectly free to center itself. 

There has been a considerable variety of opinion as 
to the proper cone angle. Various authorities have 
placed it all the way from 7° to 20°. The French have 
settled down on an 8° to 9° angle as being about right 
for a leather-faced cone. Several important American 
makers are using 12° to 13°, several 10° and others 8°. 

The accompanying table gives the dimensions for cone 
clutches used on three different models which are prob- 
ably as successful as any: 

The metal-to-metal cone clutch is a good one. It may 
be made smaller in diameter and with a sharper angle, 
say, 7°, without seizing. It may be used in connection 
with cepious lubrication. This form has been and is 
used only to a small extent. The dividing line between 
slipping and seizing is narrow. 

Another form of cone clutch has an aluminum male 
member of about 12° angle bearing against cast iron 
and with cork inserts in the face of the male member. 
This clutch is not easily affected by a lubricant and, in 
fact, may be run with copious lubrication. This type 
has not been widely enough used yet to give sufficient 
knowledge as to the possibility of general application 
under many varying conditions. 

Up to this time I have referred entirely to what may 
be called a direct-acting cone, one where the male part 
of the cone moves axially towards the engine. This is 
well illustrated by Fig. 21, which is about the simplest 
form of leather-faced cone clutch. Modifications of this 
are many, Fig. 22 showing a clutch of the same princi- 
ple, but in place of having one strong actuating spring 
surrounding its axis, it has three weaker spiral springs 
nearer the periphery of the male member. 

Fig. 23 is a clutch used for a 50-HP. car, with a 
cone angle of 13°, a diameter of about 16 ins., a total 
frictional area of about 128 sq. ins., and axial pressure 
of 375 lbs. resulting from spring. This cut clearly 
shows a small spiral plunger spring underneath the 
leather face to make it pick up its load more quietly 
and smoothly. This cut also shows a form of slip-joint 
back of the clutch which, although it does fairly good 
work, is not on the whole as satisfactory as the double- 
toggle universal joint. It will be noticed that the arms 
of this joint have been spread as widely as possible, 
but, at the best, the pressure and binding action is con- 
siderable. e 

In direct contrast to this clutch is the one shown in 
Fig. 24, where the diameter of the cone is very much 
less, not to exceed 10 ins. This is a clutch used in con- 
nection with a car developing 30 HP., A. L. A. M. rating, 
and one that has at times developed much higher horse- 
power on the block—as high as 36 HP. The clutch 
angle is 13° and the frictional area the first two years 
this car was built was 86 sq. ins., but this has recently 
been raised to 96 sq. ins., the spring pressure remaining 
at 400 Ibs. It will be noted at the bottom of this cut 
that there is a sketch showing the spiral spring plung- 
ers underneath the leather. 

Fig. 25 shows an early form of cone clutch used about 
1902 or 1903 for a car of about 20 HP. This has multi- 
springs for creating the proper frictional contact and a 
peculiar form of spring application, simple in the ex- 
treme. One of the early forms of toggle joint is also 
shown. This gave in its day what was considered very 
good service. 


MODIFICATIONS OF THE CONE CLUTCH.—In the 
“Commercial Motor” for October 31, 1907, p. 218, is 
shown what may be called a multi-cone clutch. This 
is seen in Fig. 26. The explanation, to be as simple 
as possible, is that when the clutch engages, the small- 
est cone seizes first, commences to revolve and subjeets 
the spiral spring between the next two clutches to tor- 
sional movement, which draws them together and brings 
the two outer cones into action; the idea being that the 
small clutch shall slip, tend to accelerate the car, that 

the medium clutch shall behave in a similar manner 
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three combined pick up the load and move the car. 
As far as I know, this has not been tried out sufficiently 
to say whether or not it is a practical success. 

I have said that theory did not enter into the clutch 
very much, but Fig. 27, on p. 861, shows the pe- 
cullarity of a simple clutch embodying the tractrix 
curve. This curve is adopted because it is of such a 
form that by the figured relation of pressures and pe- 
ripheral speed, wear ought to take place uniformly at all 
points regardless of the distance of the point from the 
center. The claim is made for it that the clearance re- 
quired to complete the engagement is very small; that 
there is no wedging action between the two members 
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Figs. 30 and 31. Modifications of Band Clutches. 


of the clutch and that 
there is no chance for it to 
bind. Also that it is sim- 
ple and particularly adapt- 
able to metal-to-metal 
clutches. It is in effect a 
flat disk clutch which will 
not wear faster near its 
outside edge than near its 
inside edge, but beyond that 
I see no gain. It would 29. Expand- 
certainly requirevery heavy ing Band. 

axial spring pressure, just 

as a fiat disk would. The matter of wear is of little 
moment, either with flat disks or cones. 

The so-called inverted cone is well illustrated in Fig. 
28. The reversed cone is contained in an extension built 
onto the flywheel. When the cone is disengaged it 
moves toward the engine, exactly reversing the action 
of the foregoing type. This clutch has its adherents, 
and it is a good one, differing very slightly, if properly 
assembled, in its efficiency from the direct acting cone. 
It may be kept free from dirt and oil much more per- 
fectly than in the other form. 

A simple formula for calculating the ordinary cone 
clutch is the following, by Chas. H. Schabinger, taken 
from ‘‘The Horseless Age’’ of October 2, 1907: 


Fig. 


PfrkR 
p. 
63,000 sin @ 
P = Assumed pressure of engaging spring in pounds; 
f = Coefficient of friction, which in ordinary prac- 
tice is about 0.25; 

r = Mean radius of the cone in inches; 
R = Revolutions of the motor per minute; 


sin @ = Sine of the angle of the clutch. 

To obtain the size of spring when the horse-power is 
known, the following formula may be used with good 
results: 

hp. 63,000 sin @ 


fr R 
the same symbols being used as in the preceding for- 
mula. It will be noted that the coefficient of friction used 
is 0.25. This is probably near enough for a properly 
lubricated leather-iron clutch. 

EXPANDING BAND CLUTCH.—The next type of 
clutch may be classified as internal expanding band or 
ring. This has had many exponents in the automobile 
art, but is open to centrifugal effects to such an extent 
that it requires considerable ingenuity to overcome trou- 
bles arising therefrom. At high engine speeds the op- 
erating levers have in many cases been so arranged as 
to lower the normal pressure between the frictional 
surfaces, resulting in a slippage and arbitrarily fixing 
a maximum limit of speed for the car on the high gear 
and of horse-power possible to develop in low gear. 

Fig. 29 shows a clutch operating on the same princi- 


ple, driving a 16-HP. car, the spring pull being 50 lbs., | 


the diameter of the clutch about 9.50 ins., and the width 
of the band 2 ins. This clutch was a particularly soft 
operating one, but did release at high engine speeds. 
It operated best with a certain definite quality and quan- 
tity of lubricant, which, if varied to any great extent, 
caused a slipping clutch or a sharply biting clutch. 


The tendency of the clutch is to unwrap and expand’ 


against the enclosing cylinder as soon as any friction is 
applied to it. The successor of this clutch is shown in 
Fig. 30, so designed as to overcome the centrifugal re- 
leasing effect of levers in the clutch shown in Fig. 29. 
The total area of the clutch is 86 sq. ins. and the two 


springs are of 125-lb. tension each. This clutch was 
a success, but was finally given up in favor of a simple 
cone. E aih l 
CONTRACTING BAND CLUTCHES.—The exponents o 
the contracting band type of clutch are few and far 
between, unless the contracting spiral be so classed, and 
perhaps it ought to be. Figs. 32 and 33 show a con- 
tracting band characteristic of one of the prominent 
French cars (Mors). A leather-lined flexible steel band 
contracts against a steel cylindrical band bolted onto 


the flywheel. Clutches of this character are seldom 
found in the automobile industry, except in two-speed 
cars. 


‘Lea ther- Faced 
Sree! Bard 


Fig. 34. Wrapping 
Band. 


About 1897 a single cylinder, 10-HP. car was equipped 
with such a clutch as shown in Fig. 34, a leather-lined 
band, very flexible in character, wrapping around the 
hub of a fiywheel and tightened with a spring pressure 
of about 50 lbs. against a wedge. In this clutch a weight 
was furnished which would throw out at high speeds 
and further tend to tighten the band about the hub of 
the flywheel. The fact that this clutch has not had any 
successors is an indication that it could not compete 
with other forms; nevertheless, it was a successful 
clutch, especially for its time. 

Fig. 31 shows a form of clutch that has had promi- 
nent adherents. It is the wrapping spiral spring, of 
either hard or soft metal. The cut indicates the spring 
in cross section wrapping on the drum. Probably the 
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Figs. 36 and 37. Types of Disk Clutches. 
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Fig. 42. V-Shaped Disks. 


greatest enemy to this clutch has been the adjustment of 
the clutching force. With too little lubrication these 
clutches grip too savagely. With too much lubrication 
they will not pick up their load rapidly enough. The 
margin is narrow and hard to control. With a viscous 
lubricant there is enough drag to make the gears clash 
badly. The disengagement is not very complete at the 
best. 

DISK CLUTCHES.—The single disk clutch is widely 
used, both here and abroad. It is so characteristic of 


a French make as to travel under the name of the 
firm—the De Dion. It is now used in this country by 
one firm for horse-powers ranging from 70 to 20, for 
pleasure and for commercial service. The clutch has 
a disk A, Fig. 35, on the driven member, B, which is 
clamped between two disks, C, on the driving member 
or flywheel. In Fig. 35 this arrangement is clearly 
shown. There are the necessary accompaniments of 
separating springs, so as to make disengagement per- 
fect, also either single or multiple springs to cause the 
proper engagement. 

Fig. 36 shows the same kind of a clutch in a slightly 
different form. The springs in this case are on the 
front side of the flywheel rather than on the rear, as 
in Fig. 35. Cork inserts are being used in this clutch 
to considerable advantage. 

Another form is the now popular multi-disk clutch; 
that is, the elaboration of the Weston clutch, to which 
I have already referred. This clutch is indicated clearly 
by Fig. 37, the alternate plates of bronze and steel at- 
tached to driving and driven parts being pressed to- 
gether by a powerful spring. 

The question of lubrication here is the all-controlling 
one and, in fact, it would seem that the principal prob- 
lem in connection with the multi-disk clutch as a type 
is the proper lubrication of it. 

I have ridden in cars equipped with such clutches 
that were extremely savage in taking hold. I have rid- 
den in others of the same make that were extremely 
slow to take hold. In a way, this may be a good thing. 
For example, a person going into a hill climbing con- 
test or race and wishing to pick up quickly would be 
perfectly willing to put up with a harsh clutch and 
lubricate accordingly. On the other hand, a car run- 
Hing about a level city, encountering few bad hills, 
would be able to lubricate excessively and still have a 
satisfactorily driven automobile. A clutch so lubricated 
would be extremely soft, and yet pick the car up fast 
enough for ordinary purposes on level roads. 

Cold and heat affect the operation of this clutch, the 
lubricant in’ summer being thicker than can be permit- 
ted in winter. As it runs in oil it takes a certain length 
of time for the oil to squeeze out when engaged and 
for the metal to come in contact with metal and really 
begin to drive the car. It will be seen from this that 
the viscosity of the lubricant is of prime importance. 

‘One form of multiple disk clutch in use in a very high 
grade car consists of steel disks rubbing against a spe- 
cial bronze rolled into sheets. The steel disks are pro- 
vided with several small tongues on the outer periphery, 
bent one side sufficiently to come in contact with the 
next steel disk, for the purpose of separating the disks 
and overcoming the drag when the clutch is disengaged. 
A small clutch brake is also provided to overcome clutch 
inertia or drag inherent in the clutch and due to vig- 
cosity of lubricant. The steel disks are put into the 
clutch as received from the rolling mill, with the hard 
black finish characteristic of carefully finished crucible 
sheet steel. This clutch is connected with the crank 
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Figs. 39 and 40. Types of Multi-Disk Clutches. 
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Figs. 46 and 47. Hydraulic Clutch. 


case so that oll feeds into it from the crank case 
through a hole drilled in the center of the crank shaft. 
Entire reliance, however, is not placed on this supply, 
a little extra oil being supplied every two or three days 
through holes provided for that purpose. 

Fig. 88 shows a nest of disks such as used in a 
well-known multi-disk clutch. The U shaped separat- 
ing springs are plainly visible. These force like disks 
apart when the spring pressure is released, overcom- 
ing the natural tendency of the oil to cause them to 
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adbere. Some disk clutches are forced apart in a 
similar manner by little spring shaped strips struck 
up from the disks themselves. 

Another form of this same type of clutch is shown in 
Fig. 39. Comparatively few disks are used as will be 
noted. On the other hand, it is apparent that the spring 
pressure is very heavy. This is a successful and well 
behaving clutch used on a popular car at the present 
time. It drags but little when the gears are changed 
and is satisfactory in that respect. 

A type of disk clutch consisting of all steel-disks 
with alternate ones faced with leather was operated 
without any oil whatsoever, the leather being softened 
and made more or less pliable like the leather on tne 
simple cone clutch. These clutches gave some trouble 
by burning up, the slip required to start smoothly being 
also sufficient to create enough heat to destroy the 
leather. This clutch was, however, extremely efficient 
in the transmission of power. For example, the one 
shown in Fig. 41, the disks of which are about 7 in. in 
diameter, was powerful enough to drive an automobile 
of 50 HP. It must be remembered that the automobile 
engine runs at high speed, say, 1,000 to 1,200 r.p.m. 
when developing anywhere near its normal rating. Some 
motors, in fact, running up as high as 1,500 to 1,800 
T. p. m. (standard rating is at 1,000 ft. per minute piston 
speed). 

It is a fact that in service, cars with disk clutches 
of this character vary more or less in the way their 
clutches behave. Clutches receive very much less at- 
tention than they ought, like everything else on the 
automobile. I think it will be admitted, even by the 
adherents of this form of clutch, that it ought to re- 
ceive more attention than the leather faced cone. Nev- 


ertheless, this is now a 
very successful type of 
clutch, largely used in 
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many high grade cars. 

In the matter of the num- 
ber of plates in the disk 
clutch there is no agree- 
ment between designers. 
Some use a very large num- 
ber of thin plates, as many 
as 50 or 60, and others use 
a very small number, as 
few as six or eight; in 
fact, it may be said that 
the single disk clutch, 
which has only two fric- 
tional surfaces, is the lower 
limit. 

One very ingenious appli- 
cation of the multiple disk 
‘lutch has been made by a manufacturing concern in 
the East (Sturtevant Mill Company, Boston) in the fact 
that the pressure on the disks is brought about by oen- 
‘rifugal force acting on weights so arranged as to press 
the tighter with increased velocity. This is shown by 


38. Multi-Disle 
Clutch. 


Fig. 


Fig. 40. One of the weights at the top of the 
section, operates against a spring which prevents 
it flying out and gripping at too low an engine 


speed. Once, however, this spring pressure is over- 
come, the disks indicated by the alternately light and 
dark spaces are pressed together. It would seem that 
this principle has one serious defect in the fact that at 
low engine speeds the gripping tendency would be small. 
It would, therefore, not be possible to develop high 
torque at low speeds, which is sometimes quite desirable. 
It is a fact, however, that it is almost impossible to 
stall an engine by applying this clutch too quickly; it 
does its own releasing so promptly and automatically. 
This principle has been elaborated in connection with 
an automatic change of gears: gear No. 1 being picked 
up at a given rate of revolutions by its set of disk 


Multi-Disk Clutch. 


Fig. 41. 


elutehes: gear No. 2 by an increased number of revo- 
lutions by a separate set of disks, and so on. In 
driving a car so equipped the changes take place without 
being perceptible except with the closest observation. 
This system is open to the objection, however, of not 
being able to spin the engine up very rapidly and con- 


nect with the low gear, in order to jump the car out of 
a hole or some unusual situation. I understand this has 
been overcome by supplying an independently operated 
lever for the foot to be used in emergencies only. 
With the automatic Sturtevant multi-disk clutch it 
has been found experimentally that, for the maximum 
slip speed usual in automobiles, 15 to 20 lbs. per sq. 
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Fig. 43. Power Chart for Hele-Shaw Clutch. 


in. pressure is safe, and that lubricated cast-iron disks 
scarcely wear out the tool marks after many thousands 
of miles use. They further state that experience has 
shown them that safe slip is merely a matter of good 
lubrication and low pressures. They have experimented 
with small cast-iron disks, running dry and with con- 
stant slip at two pounds per square inch pressure, and 
even at that they wore many weeks transmitting a 
heavy load. A modification of the multi-disk in which 
the cone and the disk are combined is attracting much 


Fig. 45. Air-Operated Clutch. 


attention. This clutch (Hele-Shaw) is fully described 
by its inventor in the Transactions of the Institute of 
Mechanical Engineers (Great Britain), July, 1903. Fig. 
38 shows a set, or pack,“ of disks from such a clutch. 
Careful scrutiny reveals a V shaped circular impression 
struck up in the end disk. 

Fig. 42 also shows the V shape of the disks very well 
indeed; in fact. the whole clutch is well shown here 
in section. I call attention to the female cone bearing 
on the male cone, when the clutch is thrown out, thereby 
checking the spinning tendency of this clutch, or, if the 
viscosity of the oil is heavy, holding it quiet during the 
changing of gears. In place of the entire surface of the 
disks bearing, only the V portions engage. This clutch 
is copiously lubricated and the V or engaging portions 
of the disks are perforated with holes so that the oil 
may circulate quickly in and out of the V grooves as 
they are engaged and disengaged. Outside the V 
portions of these plates or disks there is a comparatively 
large space between them, permitting the free circula- 
tion of ofl and consequent rapid carrying away of heat if 
the clutch slips much. 


In connection with the article referred to in the 
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Transactions of the Institute of Mechanical Engineers 
there are some very good data on power transmitted 
by various spring pressures, given in Fig. 43. Fig. 44 
shows the character of the curve depending upon horse- 
power and pressure of springs. One-thousand horsepower 
is being transmitted by one of these clutches running at 
700 or 800 r.p.m, and measuring 18 ins. in diameter 
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Fig. 44. Chart of Spring Pressures 
and Horse-Power. 
between the V’s in the disks. The following table gives 


the dimensions and number of plates used for different 
horsepowers: 


Bronze. Steel. 
25-HP., 27 plates of 6% In............ 14 outer 13 inner 
40-HP., 25 plates of 8% Inn 13 outer 12 inner 
60-HP., 21 plates of 11 in 11 outer 10 inner 


The space in length required inside of the clutch 
casing for 25 plates is 5 ins., this including the space 
for the disengaging movement and the spring pressure 
plate. 

The number of plates in this clutch is made to vary 
with the power transmitted, the diameters remaining 
the same within certain limits. The principle involved 
is that the thickness of the pack of plates shall not 
exceed the diameter of the plate. When this becomes 
necessary in order to transmit a load, the plates are 
increased in diameter, fewer of them being used. The 
clutch is necessarily heavy, but this is partially offset 
by the relatively small diameter. It has, consequently, 
little spinning tendency. 

The materials for disk clutches in general have been 
various, namely, steel on steel, steel on leather faced 
disks, steel on bronze and steel disks with cork inserts. I 
have recently been informed of a disk clutch with cork 
{inserts of natural cork that wore out in about 1,000 
miles twice in succession. This same clutch was equipped 
with compressed cork inserts previously described, which 
have driven the car some §,000 or 6,000 miles without 
perceptible wear. 

It is a fact that steel disks against steel have become 
badly heated and cut to such an extent as to make the 
clutches inoperative. Steel against bronze, however, 
does not seem to cut in this manner and the wear after 
two years’ steady use is only 0.002 in. or 0.008 in. at 
the outside edge of the disks. I have not heard of the 
original combination of Weston, that is wood against 
iron or steel, being used in connection with automobiles. 

The cone clutch stands alone in the great care neces- 
sary to so construct it as to permit it to seat itself 
absolutely concentrically. All the other types of clutches 
are for the most part free from this difficulty. But it 
will be seen from the foregoing that the simplicity of 
the cone fully offsets the extra care necessary in the 


hanging or assembling of it. 


It may seem from what I have said in regard to 
clutches in general] that it is about the worst part of an 
automobile that can be mentioned, but I hasten to cor- 
rect this impression if it exists. As a matter of fact, 
I find reference to the behavior of the clutches in the 
last Glidden tour, a tremendously severe test of some 
1,500 miles. An observer states that the clutches came 
out of this test quite as well as many parts of the run- 
ning gear. My own experience is that it is a mighty 
poor automobile clutch that cannot be neglected and can- 
not run without any attention whatsoever for 1,000 
miles, 

A pneumatic clutch has been developed which has 
not been widely used because of its cost. It is a plain 
leather-faced disk pressing a metal plate as indicated in 
Fig. 45. The clutch is located within the flywheel and 
the air is forced from the pump through a small air 
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and that when the large clutch comes into play the 
cushioning tank and from there it enters the clutch 
through the hollow crank shaft B and an air valve. The 
air deflects the leather diaphragm C, causing it to bear 
against the metal disk D which can have a slight end- 
wise motion, and forces it against the fiber disk E per- 
manently riveted to the casing F, which latter is bolted 
to the flywheel. The makers, the Northern Motor Car 
Company, Detroit, give the following in regard to the 
clutch and its air pump: 


The lubrication of the pump became a problem because 
we did not want the oll thrown into the air clutch, so 
an opening was left from the base of the pump into the 
upper part of the crank case, and this air seemed to 
be sufficiently oily to lubricate the walls of the pump 
without causing trouble in the air valves. This con- 
struction is extremely simple and cheap as far as the 
air clutch itself is concerned, but as a whole the air 
clutch is expensive, from the fact that it is necessary to 
build a very fine air pump and air valves, and conduct 
the alr through tight joints in the piping. and also drill 
out the crank shaft throughout its entire length in 
order to admit the air into the clutch, all of which costs 
much more than a good cone clutch. 


Hydraulic clutches have been used but are not popu- 


The three piers to be so constructed are to be 
built for the most part with bulkhead walls, tied 
together across the pier, and filled between with 
earth, but in places where the connecting tie is 
too long for safety in construction and main- 
tenance, piles are driven back of each wall and 
the walls held against the earth thrust by tie 
beams running back to the piles. 

The type of construction is shown in the ac- 
companying figures. Oblong stel caissons 10 
ft. long and 3 ft. wide in plan form the 
basis of the retaining wall. They are sunk 
to a hard bottom about 24 ft. below low water 
and are then filled with a 1:3:5 concrete mixed 
with as large as 12-in. embedded stones. These 
caissons, which will hereinafter be called cylin-- 
ders, are built of sheet steel in 4 ft. x 3¢-in. 
plates, stiffened every 4 ft. vertically by two 
circumferential 3 x 3 x 3-in. angles and every 
alternate 4 ft. by one angle of the same size. 


lar. Fig. 46 and 47 show one of the simpler forms. The Vertically the long sides are stiffened in the 
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SECTIONAL Pl AN AND ELEVATION OF REINFORCED-CONCRETE PIERS IN BALTIMORE HARBOR. 
(Designed and constructed by Mr. Oscar F. Lackey, Harbor Engineer.) 


Sectional 


FIG. 1. 


magnetic clutch is in use and is fairly successful. Such 
clutches are operated on the same principle ag the so- 
called ‘‘pick up magnet’’ found in so many plants. One 
complication arises in the fact that one of the parts of 
the magnet has to rotate continuously, the gears being 
always in mesh; consequently the exciting current has to 
be carried to it by a brush. These clutches do not heat 
badly, at least not badly enough to cause any trouble; 
but they seize rather savagely unless carefully con- 
trolled. A considerable current is also necessary on the 
car for the operation of the clutch. These complications 
rather interfere with extended usage. 
—————— — — ü ES 
REINFORCED - CONCRETE PIERS IN BALTIMORE 
HARBOR. f 
Since the fire of 1904, the city of Baltimore 
gradually has been replacing its docks along its 
so-called “basin” or inner harbor by more modern 
and durable structures than those which were 
destroyed or damaged by the conflagration. On 
the north shore of the basin, eight new docks 
have been planned. Of these, the westerly three 
have recently been completed, of timber con- 
struction with a masonry bulkhead protection. 
The next three, to be of reinforced concrete, are 
now under contract to the Sanford & Brooks 
Co., and the final two are being designed in the 
office of the Harbor Engineer. Piers +6, of 
the reinforced-concrete construction now under 
contract, present many new features of design.* 
As is we'l known, the harbor of Baltimore 
heretofore has been greatly polluted by the city 
sewage, but the sewage disposal system now 
under construction will clean up the waters to a 
great extent, so great, in fact, that it is expected 
that the teredo, which now cannot live in the 
harbor, will be able in future to pursue its pe- 
culiar activities in destroying timber in the 
docks. For this reason, and also to provide a 
more permanent system of piers, it was decided 
to build the new docks of reinforced concrete. 


*Solid piers with masonry walls and earth filling, at 
Baltimore, were described and illustrated in our issue 
of July 19, 1906 
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middle by a line of two similar angles on each 
inside face. The cylinders are placed 25 ft. c. to 
c. along the dock face. Connecting the cylinders 
and acting as a backing for the sheet piling, 
are lattice girders, with their long plane hori- 
zontal, made up of four 6 x 6 x %-in. angles 
double-laced with 3 x %-in. bars 14 ins. on cen- 
ters. These girders are 2 ft. 6 ins. deep. They 


extend through the steel casing of the cylinders 


into the enclosed concrete, and are for their 
entire length completely encased in a coating of 
concrete. 

Back of these lattice girders the concrete sheet 
piling is driven. ‘These sheet piles are 12 x 18 
ins. in section and are reinforced with four 34-in. 
square rods on the tension side and four %-in. 
rods on the compression side, all tied together 
by 5/16-in. round rod hooping, spaced every ver- 


tical 18 ins. These sheet piles retain the earth 
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Fig. 2. Cross-Section Showing Special Construc- 
tion of Reinforced-Concrete Piers in Baltimore 
Harbor. 


fill inside the dock, the thrust from which is 
transmitted through the lattice girders to the 
cylinders, which are in turn held back either 
to the cylinder directly opposite on the other 
side of the pier or to piling driven some 80 ft. 
back. These ties consist of reinforced-concrete 
beams 10 x 18 ins. in section and heavily rein- 
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forced with rods which run around the lattice 
girders and are tied to steel pins embedded in 
the cylinder-encased concrete. When the inside 
pile anchorage is used, the ties are connected 
to a 6-ft. anchor beam, of concrete, resting on 
two reinforced-concrete piles. The construction 
may be easily understood from the figures. It 
is probable that fenders not shown in the draw- 
ings, will be attached to the cylinders as a pro- 
tection from the shipping. 

The floor of the dock is paved with cobble- 
stone and the outer face, beyond the sheet piles, 
is carried on a reinforced-concrete slab, resting 
on the outside edge on two 15-in., 45-lbs. chan- 
nels spanning betwen the cylinders and on the 
inside on a continuous concrete column resting 
on the sheet piling. : 

To the east of the docks, Jones’ Falls empties 
Into the harbor and its banks are to be held by 
docks similar to these described, except that, 
on account of the heavy masonry facing wall— 
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now in place and to be continued—the lattice 
girder is to be replaced by a reinforced-concrete 
beam 2 ft. 2 ins. x 2 ft. 6 ins. and heavily re- 
inforced, as shown in Fig. 2. 

In view of the failure of certain timber piers 
in the harbor at Baltimore the stress condi- 
tions on these new reinforced-concrete piers 
should be of interest. The ground, as found by 
taking a number of borings, is a combination of 
sand and coarse gravel at an average of 24 ft., 
and seems to remain about the same to a depth 
of 40 ft. Assuming this ground good for 7 tons 
per sq. ft., the cylinder, with a total area of 
28.07 sq. ft., is good for 196 tons direct bearing. 
The ‘total live load on the floor area rest- 
ing on the cylinder is about 123.5 tons, which 
would allow 73 tons for any superstructure 
which may afterward be put on the dock. The 
reaction against the sheet piling is figured to be 
4,700 Ibs. per lin. ft., horizontally, to take up 
which the lattice girder is designed. The tend- 
ency of the cylinder to slip or overturn is, of 
course, resisted by the beams tied back to the 
interior piles on the opposite cylinder. The 
slab floor at the outer edge of the dock is de- 
signed to carry a load of 600 Ibs. per sq. ft. 

This work has been designed in the office of 
the Harbor Engineer of the city, Mr. Oscar F. 
Lackey, Assoc. M. Am. Soc. C. E., and the con- 
struction is being carried out under his di- 
rection. We are indebted to Mr. Lackey for the 
information and figures here presented. 


A SPILLWAY OR OVERFLOW is to be built between 
the Desplaines River and the Chicago drainage canal. 
near Willow Springs, Ill. The floods in the river every 
spring cause a fiow from the river through the old 
Ogden ditch to the Chicago River, and this is sufficient 
in many cases to reverse the normal flow of the river 
so that it discharges its sewage-laden water into Lake 
Michigan. The spillway will cause the Desplaines River 
to discharge into the drainage canal (during floods), thus 
preventing the interference with the flow of the Chicago 
River to that canal. ` 


October 1, 1908. 
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ANNUAL CONVENTION OF THE NEW ENGLAND 
WATER WORKS ASSOCIATION. 


The twenty-seventh annual convention of the 
association was held at Atlantic City, N. J., 
Sept. 23-25. Something over 200 members and 
guests were in attendance. A number of well- 
selected papers were presented, on which, as a 
whole, there was a fair amount of interesting dis- 
cussion. Little other business came before the 
association. 

At the opening session Mr. John C. Trautwine, 
Jr., of Philadelphia, outlined water purification 
at Philadelphia, by the aid of lantern slides. The 
afternoon of the same day was devoted to the 
report of the Committee on the Conservation of 
the Natural Resources of the Country, and two 
supplementary papers on the same subject. In 
the evening there was a roller-chair parade on 
the Boardwalk, followed by an officers’ reception. 
The three sessions on Thursday were devoted to 
papers and committee reports. On Friday there 
was a trolley ride in the morning, which included 
a visit to the water-works pumping station; while 
the afternoon was left open. 

The paper on “The Conservation of Water Re- 
sources,” by Mr. M. O. Leighton, Chief Hydro- 
grapher of the U. S. Geological Survey, was read 
by Mr. Horatio N. Parker, also of the Survey. 
Mr. Leighton laid stress on the necessity of con- 
sidering the water resources of the country as a 
whole, and not as related to any one of the uses 
to which they are put. Heretofore, for instance, 
navigation has generally been considered quite by 
itself, without regard to the other possible uses of 
the water of the drainage area in question. Un- 
fortunately the country has not retained public 
control of its natural waters, which exceed in 
value any of the other mineral resources of the 
United States. There is great need of more data 
on all phases of water-supply, using this term in 
its broader sense. There is also need of popular 
education, inasmuch as few people, including 
those who shape legislation, realize the value of a 
million gallons of water or a thousand horse- 
power. It is incumbent upon engineers to edu- 
cate the public in these particulars. 

Floods are primarily a waste of water and 
should not be regarded merely as possible sources 
of damage. Our uplands are good for little save 
the growing of timber and the storage of water, 
both of which enhance the value of these higher 
areas for recreation, which is the chief additional 
purpose which they serve. Once waters arg stored, 
they may be released as needed for city water- 
supply, for water-power, for navigation and for 
irrigation. 

Mr. R. S. Kellogg, of the U. S. Forest Service, 
presented a paper on “Forestry.” By way of il- 
zustrating the enormous magnitude of the lumber 
industry of the country, Mr. Kellogg stated that 
the lumber cut of the United States since 1850 
would make a boardwalk, 6 ins. thick and 100 ft. 
wide, from the earth to the moon. He further 
stated that the value of the lumber cut in Michi- 
gan since 1849 was greater than the total produc- 
tion of gold in California since that date. As to 
the future, he was optimistic, stating as his be- 
lief that there is plenty of land better adapted 
to growing timber than to any other purpose, the 
sum total of production on which could be made 
to more than meet the future needs of the coun- 
try. 

The first big thing in forestry in the United 
States was the establishment of the first Na- 
tional forest reserve, in 1891. At present we have 
nearly 160,000,000 acres of these reserves. The 
States of New York and Pennsylvania have some 
20,000 acres of State forest land. Mr. Kellogg 
called particular attention to the fact that all the 
National forest reserves yet established are lo- 
sated west of the Mississippi River, and to the 
great need of providing without further delay the 
two proposed Appalachian reserves—one in the 
White Mountains and another in the South At- 
lantle States. 

Mr. Kellogg's paper gave rise to a quite spirited 
discusssion as to the relation of forests to rainfall 
and run-off. Mr. Allen Hazen expressed the opin- 
ion that if there was anything in the claim that 
foreats do increase the run-off, it ought to be pos- 
sible to bring forward evidence to prove it. Mr. 


Hazen found while in Australia a view to the 
effect that heavily forested areas were unfavor- 
able to stream yield, and that the trees on thou- 
sands of acres had been ring-barked to kill them, 
With the hope of increasing the run-off. Mr. 
Hazen’s own examination of the data had dis- 
covered very little evidence in favor of either the 
Australian or American theory. 

Mr. Morris Knowles stated that the question 
under discussion at the moment was complicated 
and could only be answered by a long series of 
records covering the geological formation of many 
sections of the country in question, its forestation, 
rainfall, run-off, etc. 

Mr. E. W. Bemis, of Cleveland, O., said that 
whatever doubt there might be regarding the re- 
lation between forests and water-supply, there 
could be none as to the importance of forestry in 
relation to the timber supply of the country; and 
for this and other reasons, every one should up- 
hold the present Government policy as regards 
extending and protecting the forest area of the 
country. He added that the limiting conditions 
governing far-seeing forestry work is one of the 
stock arguments of some of the economists to 
prove the falsity of the economic theory of in- 
dividualism. The individual cannot deal with for- 
estry problems, since commercial returns are be- 
yond the lifetime of the individual. Incidental 
benefits of forestry work, such as those pertain- 
ing to water-supply, do not accrue to the indi- 
vidual, which is another argument in favor of 
State or National forestry work. 

A question having been asked regarding the 
economic losses due to forest fires, Mr. Kellogg 
said that reliable figures on this subject were 
not now available, but that a census will be 
taken of the forest fires of the United States 
that have occurred during the present year. He 
also said that at the United States forest re- 
serves fires are now almost wholly prevented. 

On Thursday morning a very interesting paper 
on the “History of the Haverhill Water- Works“ 
was presented by Mr. Albert L. Sawyer, of Hav- 
erhill. These works were built in 1803 by the 
Proprietors of the Haverhill Aqueduct. Mr. Saw- 
yer read some very interesting and in some cases 
amusing extracts from the early records of this 
enterprise. These extracts dealt with a century- 
o'd contract for supplying and laying wood pipe, 
and also with the bills rendered by a certain tav- 
ern proprietor for rum, flip and other drinkables 
that seem to have been an essential requirement 
for a successful meeting of the proprietors. 

The city of Haverhill acquired these private 
works in 1891 and has since operated them under 
a legislative act which has entrusted the man- 
agement of the works to a board, as independent 
as possible of the city government. The aim of 
the act was to put the works on a strictly busi- 
ness basis. According to its provisions the city 
was to pay for water used; but after five years 
the City Council, when put to for money, yielded 
to the temptation to divert water-works funds to 
other municipal purposes, as has so often oc- 
curred elsewhere. 

A novel subject was presented by Mr. R. S. Wes- 
ton, of Boston, in a brief paper on "Rubber Pipe- 
Joints.” These joints, Mr. Weston found on a 
recent trip abroad, have been used quite exten- 
sively in Germany, in connection with under- 
ground supplies, and particularly in jointing suc- 
tion pipes and also in jointing siphons. The rub- 
ber jointing material is made from the best Para 
rubber, in the form of rings, which themselves 
are butt-jointed and vulcanized. The rings are 
slipped over the spigots, and then the whole pipe 
length is forced forward into the socket by means 
of a lever, whereupon the rubber ring is flattened 
and forced home in the joint space of the spigot. 
There is no bead on the spigot. For sizes up to 
and including 14 ins., Mr. Weston showed by a 
table, based on the New England Water-Works 
Association standards for pipe joints, that rubber 
joints would be considerably cheaper than the or- 
dinary lead joint, the figures for 4-in. pipe being 
63 cts. for lead and 57 cts. for rubber, and for 
10-in. pipe $1.41 for lead and $1.08 for rubber. 
No bell holes are needed where rubber is used for 
jointing material. If the joint space were made 
less for the larger sizes, as Mr. Weston thought it 
might readily be, then the rubber would be 


cheaper than lead for the larger sizes of pipe. 
The advantages of this jointing material are that 
joints made with it are absolutely flexible, no 
calking is required, the joints resist electrolysis 
and can be made readily in wet trenches. It 
should be added that lead is packed in front of the 
rubber ring after the latter is in place. This 
jointing material has not yet been used in water- 
works practice for high pressures. Exposed to 
air, the rubber absorbs oxygen and loses its elas- 
ticity; it is therefore particularly suitable for use 
on ground-water supplies, where a layer of silt 
forms on the inside of the ring, which, with the 
carbonic acid and water, helps to protect the rub- 
ber. 

Mr. Allen Hazen remarked that he saw rubber 
joints used in Germany 15 years ago. They were 
employed on suction mains because they could be 
made air-tight, while lead could not. References 
were made by other speakers to the use of rubber 
rings in Dresser joints for natural gas mains 
under pressures of 400 to 500 lbs., and to the use 
of the same material on the compressed-air pipe 
line at Norwich, Conn. At Norwich rubber rings 
gave rise to leakage after a year, so the pipe had 
to be dug up and the clamps screwed tighter. 
After five years’ time, many more leaks oc- 
curred. It was pointed out by Mr. Weston that 
this might be expected from rubber used under 
such conditions. 

Several members told of satisfactory experience 
with the use of leadite as a jointing material. 
[See Eng. News, May 21, 1908, for an abstract of 
a similar discussion giving like satisfactory ex- 
perience, before the American Water-Works Asso- 
ciation. } l 

A lengthy paper on “Covered Reservoirs” was 
next presented by Mr. Frank L. Fuller, of Boston. 
The paper opened with extracts from various re- 
ports relating to reasons for covering reservoirs, 
chiefly the exclusion of light to prevent the 
growth of green vegetable matter. The author 
then continued by presenting a table summarizing 
particulars as to covered reservoirs in New Eng- 
land, of which about 20 have come to his atten- 
tion. He also described a number of reservoirs of 
which he had been engineer, and went at some 
length into the subject of waterproofing. In one 
case he had lined an old reservoir to prevent leak- 
age, using for this purpose a 4-in. brick wall, with 
a space of \%-in. between it and the old reservoir 
wall, this space being filled with coal-tar pitch.. 
Satisfactory results were obtained in this way. 
The first of the New England covered reservoirs 
of which he had record was constructed in 1887. 

“Meters and Water Consumption of the Hart- 
ford Water-Works” was the title of a paper read 
by Mr. Ermon M. Peck, of Hartford. In 1900 
there were only 550 meters and the water con- 
sumption was 85 gals. per capita. During the 
next three years the consumption per capita was 
reduced to 75 gals., largely by inspection, 10% of 
the services being metered in 1903. Since the last- 
named date the consumption has been gradually 
reduced, until in 1907 it was 59 ga's. At the same 
time the meters were installed, until now about 
90% of all the taps are metered. Inspection work 
has continued to the present time, however. A 
9 x 14-in. card is used for meter records, one side 
being devoted to installation and the other to 
maintenance data. These cards are filled out by a 
billing machine. 

In answer to a question from Mr. Hazen, Mr. 
Peck stated that he did not know the amount of 
water per capita drawn by manufacturing plants 
for their own use from other sources than the 
public water-supply; it was large; but had not 
been increased by the introduction of meters. 

Mr. W. H. Richards, of New London, Conn., 
sent a paper on “Meter Rates.” He opened by 
Saying that few points remained for discussion on 
an otherwise threadbare subject. Heretofore me- 


ters have been considered chiefly as a means of 


preventing waste, and have served that purpose. 
Is it not time that they be advocated on the 
ground of equity? To say that all stores, barber 
shops, etc., use the same amount of water [as is 
assumed in the case of the usual schedule for flat- 
rate charges] is absurd. The charges for water 
should be based on its cost, and the cost varies 
in different cities, as should the rates. Mr. Rich- 
ards presented a table showing the wide variation 
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in the cost of water in various cities, which varia- 
tion ranged from less than 2 to over 20 cts. per 
1,000 gals. The problem is to find a unit cost for 
each city that will cover all interest charges, 
operating expenses and maintenance risks. Before 
applying this unit rate, the cost of supplying 
water for fire protection and other municipal pur- 
poses should be deducted. The rate should include 
meter maintenance and replacement, and there 
should be a minimum charge regardless of the 
quantity used. Sliding scales, which permit the 
water consumer to obtain a lower rate by using a 
larger quantity, should give place to a schedule 
providing a certain charge for a given quantity of 
water and a lower charge for consumption above 
that quantity, and so on. 

Mr. Bemis stated that Cleveland now has per- 
haps more meters in use than any other city, the 
number being about 68,000. He agreed with the 
statements in Mr. Richards’ paper, except perhaps 
as regards the graded system of rates. This might 
be necessary in some cases in order to secure 
revenue, and there is reason in having a higher 
rate for very small consumers than for large ones 
in order to cover the cost of service in the latter 
case. A minimum rate is also justified; but he 
did not approve a continually decreasing rate for 
large consumers, since this makes it possible in 
these days for the big fish to swallow all the 
smaller ones. Making this possible, he stated, 
violated his theory of the function of government. 
The National Government does not make a lower 
rate for a large quantity of postage or internal- 
revenue stamps, nor do governments give dis- 
counts to large taxpayers. It might be advisable 
in some cases to give a special rate to large con- 
sumers who would otherwise be lost as patrons, 
but this should not be done if it discriminates 
against other consumers. Divergent views were 
expressed by several speakers on the general sub- 
ject of what may be termed retail and wholesale 
meter charges. 

Taking up another point in Mr. Richards’ paper, 
Mr. Leonard Metcalf, of Boston, said there seemed 
to him to be a tendency for municipalities to con- 
tribute less rather than more than formerly to the 
water department for water supplied for fire pro- 
tection and like purposes. Mr. Metcalf and others 
in the course of the discussion expressed them- 
selves strongly in favor of having each depart- 
ment pay for the water used. Mr. Bemis stated 
that while he was heartily in favor of this, it was 
prohibited by an Ohio statute, so that no munici- 
pality in Ohio could collect a cent for water sup- 
*plied for municipal purposes or charities. In 
Cleveland, however, the supplies of the various 
city departments are metered, and this serves to 
help keep down the waste; in metering the supply 
to a cemetery, he stated it was found that the 
occupants were using more water per capita than 
while they were alive. 

A paper entitled ‘‘The Water Service and Insur- 
ance Rates” was read by Mr. F. A. Barbour, of 
Boston. Mr. Barbour described the water-works 
improvements at St. John and at Fredericton, 
N. B., and also at Attleboro, Mass. Some ex- 
tracts from this paper are given elsewhere in 
this issue. . 

Mr. Hazen remarked, in discussing the paper, 
that within a few years the question of fire pro- 
tection would largely solve itself by improved 
methods in building construction. Meantime, we 
must take care of the thousands of wooden build- 
ings and be ready to concentrate large quantities 
of water upon them in case of fire. The more the 
cost of the fire protection of the extra service 
necessitated by such problems can be put upon 
this class of property, the sooner it will be done 
away with. 

Mr. Metcalf stated that it was a pity that city 
officers did not more generally recognize the de- 
sirability of giving needed financial support to the 
fire-protection end of water departments. 

The closing session on Thursday evening was 
devoted to reports of committees on awards for 
damages for water diversion, and awards in 
water-works valuation cases; also, to a paper on 
“Stream Flow Data” by Mr. Charles E. Chandler, 
of Norwich, Conn., and a paper on “The Adjust- 
ment of Damages for Stream Diversion by Stor- 
age Compensation” by Mr. Robert E. Horton, of 
Albany, N. Y. 


The committee on awards for water diversion 
reported that, although it had collected a consid- 
erable amount of information relating to water- 
power diversion suits, it had decided to send out 
a list of questions for the purpose of securing still 
more information, and that along uniform lines. 
These questions are as follows: 


(1) Data of valuation, sale or award. 

(2) Amount thereof, exclusive of interest ($). 

(3) Total amount, including interest and allowances 
for collateral items. 

(4) Incorporated name of both parties. 

(5) Location, town, city, county and State. 

(6) Character of privilege. 

(7) Total area of watershed taken or diverted. 

(8) Amount of watershed taken or diverted. 

(9) Amount of water taken or diverted. 

(10) Theoretical fall taken to which 
claimed. 

(11) Fall used or developed. 

(12) Hours per day during which power is used. 

(13) Character of development, product of mill, etc. 

(14) Character of watershed. 

(15) Cost of coal per 2,000 Ibs., and of electric current. 

(16) Is steam used for manufacturing or other pur- 
poses? 

(17) Is water used for any other purposes than for 
power? 

(18) Number of wheels installed. 

(19) Power of wheels. 

(20) Total steam and electric power development. 

(21) Total power required to run mill. 

(22) If supplementary steam or electricity is necessary, 
state amount. 

(23) What must be done to improve the privilege, or 
to develop undeveloped available power there 
and cost thereof. 

(24) Approximate area of mill pond. 

(25) Approximate depth to which mill 
drained. 

(26) Are there other storage reservoirs upon the 
watershed? If so, state capacity. 

(27) Character of control of the storage. 

(28) What were the controlling factors in the award? 

(29) Did the award include any allowances other 
than for the water or water-power? 


The committee has concluded that it is imprac- 
ticable to follow out the instruction of the resolu- 
tion under which it was appointed, and “to formu- 
late standard rules for computing and assessing 
damages for the diversion of water.” 

In opening his paper, Mr. Horton defined com- 
pensation in kind as follows: 


.. .regulation of the flow of a stream in such a 
manner as to compensate for water diverted, by drafts 
from storage during- dry times, in such a manner that 
the flow of the stream shall never fall below a certain 
minimum fixed by agreement or adjudication. Such 
compensation would be furnished in lieu of, or in addi- 
tion to, money damages for the diversion of water. 


right was 


pond can be 


He reviewed the few instances of such compen- 
sation in this country, and at the close submitted 


the following conclusions: 

(1) Compensation in kind should not be attempted on 
a stream where the natural low-water flow plus the 
feasible storage development will not supply more than 
the total requirement for water-supply and power. 

(2) Arbitrary rates of compensation should be avoided. 
The basis of compensation should be made so flexible 
as to admit of the best utilization of all the water of 
the stream in the most economical manner. 

(3) Legislation should be secured by which the will 
of the majority of riparian owners can be enforced in 
the matter of storage development and stream regula- 
tion, and which will prevent a minority of the riparian 
owners from either blocking a storage or compensation 
project, or from receiving benefits therefrom for which 
they do nat pay. 


— — — — — 


THE GRANITE REEF DIVERSION DAM OP THE SALT 
RIVER PROJECT OF THE U. S. RECLAMATION 
SERVICE, ARIZONA. 

By JAY D. STANNARD.” 


The accompanying illustration shows a cross- 
section of the Granite Reef diversion dam, Salt 
River Project, Arizona, where the bed rock was 
of such a depth as to make it impracticable to 
extend the foundations to it.f 

Three curtain walls were built extending across 
the stream in this section. The one under the 
upper toe of the dam is 6 ft. in width and is car- 
ried down to a depth of about 18 ft. below the 
elevation of the apron below the dam. The cur- 
tain wall under the lower toe of the dam is car- 
ried to a depth of 14 ft. below the surface of the 
apron. Through this wall were left openings 6 


*Engineer, U. S. Reclamation Service. 

+Many of our readers will remember that the Salt 
River Project includes the Roosevelt Dam; see Eng. 
News, Sept. 10, 1908, for article entitled Progress on 
the Roosevelt Dam.’’—Ed. 


ins. square, placed § ft. apart and about 6 ft. 
above the bottom of the wall. These openings 
permit the water that would collect under the 
dam to drain out under the apron. The apron of 
concrete is made on a foundation of placed bould- 
ers, having a thickness of 4% ft. The thickness of 
the apron is 1% ft. It is laid in squares of about 
10 ft. on a side. A space of about 3 ins. 
is left between the squares. This space permits 
the escape of water under the apron, which is 
prevented from finding an outlet down the stream 
by the curtain wall 12 ft. deep that is built under 
the down-stream edge of the apron. 4 
After the sluiceways were closed and water be- 
gan to rise above the dam, the increased pres- 
sure caused the water to rise in the cracks that 
were left in the apron. This flow never amounted 
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Cross-Section of the Granite Reef Diversion Dam, 
Salt River Project, Arizona. 


to more than 2 or 3 cu. ft. per sec., and so far 
as observations can now be made under flood 
conditions, has entirely stopped. 

The bed of the river in this section is composed 
of gravel and boulders that extend to a depth 
of at least 70 ft., the depth penetrated by the 
diamond drill. Water pressure, due to raisinz 
the surface of the water above the dam, will be 
readily transmitted throughout this porous ma- 
terial, and the construction of the curtain walls 
and apron will permit the water to pass through 
and reduce the pressure at these points. 

At the present writing (September, 1908) the 
bed of the stream above the dam has been silted 
up to within 9 ft. of the crest of the dam, and it is 
thought this deposit will completely cut off all 
further seepage under the dam. 


—— r— — 


THE FIRST AIRSHIP GARAGE. — In preparation for 
the time when flying will become as popular as motoring, 
the management of Briarcliff Lodge, at Briarcliff Manor, 
N. Y., 30 miles from New York City, is having plans 
prepared for the erection for an immense airship receiv- 
ing and dispatching platform on the roof of the hotel. 
The cost will be nearly $100,000. 

Details are being worked out by Guy King, a Phila- 
delphia architect, who designed Briarcliff Lodge. 
The flying machine platform will cover the entire roof, 
and will extend several feet beyond. Elevators will 
enable guests to go direct from their fiying machines to 
the lower part of the hotel. 

Extending the entire 350-ft. length of the building, and 
several feet beyond on trestle work will be a ‘‘starting 
track” with the proper slope. To one side will be 
enormous barns, in which airships may be housed. 

One of the most difficult problems was how to provide 
for receiving flying machines by night. This was finally 
solved by a special arrangement of shaded lights, which 
cannot confuse the operators. Another strong beam of 
light will be thrown directly upward to guide distant 
aviators to the place.—‘‘Philadelphia North American.” 
Sept. 25, 1908. 

— . — 


THE DAMASCUS & MECCA RAILWAY, which is 
under construction by the Turkish government, has been 
completed to Medina, and its extension to Mecca {is said 
to be assured. These are the two “holy cities” of the Mo- 
hammedans, and have been visited by very few Chris- 
tians, owing to the jealousy and opposition of the former, 
who regard all such visits as profanation. From Damas- 
cus the railway runs south to Akaba, and thence parallel 
with the Red Sea (but 100 miles from it) to Medina. 
about 800 miles. The extension will turn to the Red Sea 
port of Rabig, and thence inland again to Mecca, about 
200 miles. It is a narrow-gage line (3% ft.) built by 
Turkish troops and paid for by religious contributions 
from the people and the Sultan. Damascus has two 
Trailways to the Mediterranean ports of Haifa and Beirut, 
while another line extends northward to Aleppo. The 
projected railway from Eregli (the terminal of railways 
from Constantinople and Smyrna) to Mosul, Bagdad and 
the Persian Gulf will have a branch to Aleppo. This 
connection would complete a most important military 
communication by rail from Constantinople through 
Asiatic Turkey. The Mecca railway is said to have been 
built partly for the convenience of the vast crowds 
of pilgrims who visit the holy cities, and partly for 


military purposes. 
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A prominent engineer remarked in a private 
conversation recently that the missionary work 
for water meters had been accomplished and 
that henceforth the task is to install these 
water-saving and _ cost-proportioning devices. 
We agree with this statement, in the main, but 
of course there are exceptions to it, and doubt- 
less will be for some years to come. Only a 
few days ago the local press of Pittsburg, Pa., 
told of a trip made by city officials to Cleveland, 
O., to learn at first hand how meters work there 
and whether disease germs really lurk in their 
dark labyrinthine recesses, ready to rush out 
at any minute seeking whom they may devour. 
Doubtless the germ feature of the story was 
overdrawn, but the slowness of Pittsburg to fall 
into line and do something really effective to cut 
down its enormous water waste indicates that 
there are still darkest Africas for meter 
missionaries to invade and enlighten. 

— 9 

Save for the agitation over joining with the 
other national engineering societies in the En- 
gineering Building few if any other questions of 
such vital interest and importance as the pro- 
posed constitutional amendments on the method 
of electing new members have ever come before 
the American Society of Civil Engineers. The 
last day for voting on this proposed amendment 
will be Oct. 7. Most of the strongest arguments 
pro and con that have come to our attention may 
be found in letters and extracts from letters 
published on a succeeding page or in letters which 
appeared in our issues of Sept. 10 and 17. We 
refrain from taking sides in this discussion, fur- 
ther than to say most emphatically that the 
present method of choosing new members has 
resulted in several instances of rank injustice, 
according to our conception of a high-grade en- 
gineering society. Whether such injustice, or 
at least much injustice, is or is not inevitable 
under any plan, and if so whether lodging the 
choice entirely with the Board of Direction or 
leaving it where it is, but increasing the num- 
ber of negative votes necessary for defeating 
a candidate would be the better way, are ques- 
tions which for the present we shall leave to the 
members of the society, 


The forest fires in Maine, New York, Michigan, 
Wisconsin, Minnesota, California and Canada 
during the past two months have consumed or 
seriously damaged a considerable percentage of 
the remaining and prospective merchantable 
timber supply of the continent. Coming as these 
fires have at a time when public attention was 
being forcibly drawn to our rapidly waning tim- 
ber supply they raise the question, can nothing 
be done to prevent the recurrence of such dis- 
asters in future years? The best answer to the 
question perhaps is that on the various U. S. 
Forest Reservations a vigilant force of able 
rangers has eliminated fires and that similar 
measures would doubtless effect the same de- 
sirable end elsewhere. The difficulty outside 
the U. S. Reservations lies chiefiy in the fact 
that most of the forested areas are in private 
ownership and that there is no well-organized 
public means of either preventing the setting of 
fires or of stopping their spread when once set. 
Obviously, the national government can do little 
or nothing, except educational work, outside the 
public lands. Few of the state governments have 
made any serious attempt to prevent forest fires, 
and the private owners of forested areas, on 
whom timber fire losses primarily fall, have not 
as yet been far-sighted enough to see and act 
on the necessity for systematic flre- prevention 
work. 

We have spoken of these timber fire losses as 
falling “primarily” on the private owners of 
forested areas. The heaviest sufferers, in the 
long run, are that vast congerie of people con- 
veniently called the general public.”” The in- 
dividual members of that ubiquitous body are 
already paying twice the prices of a few years 
back for their various timber supplies. Every 
large burned area accelerates the inevitable in- 
crease in the price of all classes of forest prod- 
ucts, and the public must pay the bill. It 
therefore behooves the public to awake to the 
situation and to establish as speedily as pos- 
sible a public system of forest-fire inspection 
and prevention. ‘‘Minute men” are as urgently 
needed for this work as they were when the lib- 
erties of the people seemed threatened a cen- 
tury or more ago, ard the fire wardens of each 
town or larger district need to be as vigilant in 
their way to-day as were the guardians of lib- 
erty of old. Something to this end has been done 
for the forests of a few states, but for the most 
part it is altogether too inadequate as to men, 
money and intelligence, to say nothing of what- 
ever grounds there may be for recent assertions 
that the fire fighters in the Adirondacks have 
been laggards at their work and in some cases 
have even set fires, all to increase their pay war- 
rants on local or state treasuries. We doubt 
whether such charges of out-and-out mendacity 
are often warranted, but concerning dilatoriness 
and ill-organized and ineffective work through 
lack of proper system and direction there is, 
unfortunately, no reason to question. With the 
present widespread awakening to the necessity 
for the conservation of natural resources there is 
hope for constantly increasing protection of the 
forests from both the hands of man and the 
ravages of the elements. May the day of ade- 
quate protection be not far distant! 


— 


The observations on English roads and the 
cause of their superiority over American roads, 
printed in editorial correspondence in our last 
issue, compel attention to a sore point of Ameri- 
can road administration that is closely related to 
the question of road excellence. Our observer 
abroad spoke of 


the contrast between the macadamized roads as one sees 
them here in England and the macadamized roads in the 
United States, 

even if only the best American roads be con- 
sidered—“‘the best that we can show in New 
Jersey or New York, or Massachusetts.” It is 
to be remembered that this refers not to the new, 
unused road, but to the road in its average con- 
dition, when actively carrying traffic. The newly 
built macadam road, as we know it, is excellent, 
and calis for no criticism. The objections lie 
against the effects of traffic and maintenance. 
Our editorial correspondence spoke of the in- 


fluence of the former; a word on the effect of 
maintenance deserves to be coupled with it. 

Professor I. O. Baker, in the course of a recent 
discussion before the American Society of Civil 
Engineers,* uses some pointed phrases. He 
speaks of “the ordinarily inefficient system of 
caring for roads.” This refers to our own coun- 
try only. In England, says our foreign letter, 
these English roads can be and are swept... . On our 
American macadam roads, street cleaning, or at least 
street sweeping, is practically unknown. 

It is safe to go a step farther, and say that 
road repair, or at least proper road repair, is 
practically unknown. “Repair” here does not 
mean the restoration of ruined portions of the 
road, but current maintenance. England not only 
has regular road repair, but even the refinement 
of sweeping. Professor Baker says: 

Most ostensible road work is a positive damage 


because of worthless side ditches, and, he might 
have added, because of several additional causes. 
He says this of earth roads, it is true, but it is 
just as true of macadam roads. In fact it is 
more strongly true of macadamized roads, be- 
cause the earth road more quickly gets into an 
intolerable condition, and therefore is more 
speedily attended to. 

We spoke of earth roads in the early part of 
the present year, urging that the year’s main- 
tenance and repair work be done at the proper 
season, and in less inefficient manner that is 
customary. The improvement of earth roads is 
entirely a matter of maintenance, and here the 
activities of such road-students as Professor 
Baker, and of the engineers and road authorities 
of the Valley states, are bringing about steadily 
better conditions. At least they are forcing the 
universal recognition of the fact that to have 
carth roads at all they must be worked regularly 
and effectively. Our next need is to secure an 
equal recognition of the fact that the macadam- 
ized roads are equally in need of regular—and 
above all intelligent—maintenance. 

The macadam roads that are most often 
pointed to with pride, “the best that we can show 
in New Jersey or New York, or Massachusetts,” 
receive no greater maintenance attention than 
our worst-neglected roads. They are built well, 
but they are not maintained well; with the partial 
exception, perhaps, of the roads of one state, they 
are not maintained at all, in fact. And this, no 
doubt, is responsible for some of the difference 
between American and English roads. To 
quote again from Professor Baker: 


The system of employing a man to give his entire time 
to the road is almost a neccssity with first-class broken- 
stone roads, the maintenance of which requires intimate 
knowledge and constant attention. 


But where in our country do the macadam 
roads enjoy the benefit of this system? And 
where do they get the benefit of the “intimate 
knowledge” that is essential? 

Not that there is no money spent on road main- 
tenance. Such money is spent, although far too 
little, if we may judge from the remarks on this 
subject made in the last report of the road au- 
thorities of one of the states quoted. The trouble 
is that the money spent is practically all wasted. 
The work is under no competent. direction. 
Political officials without the slightest knowledge 
of road construction are in full control, and the 
actual work is done by equally incompetent 
hands. 

No one appears to realize that costly and 
carefully-designed stone roads are worth a pro- 
portionate amount and kind of attention to main- 
tain them, and that patronage is an inefficient 
device for the purpose. 


Proper results cannot be expected under such 
a system, or lack of system. Until the main- 
tenance of the macadam road network is put 
under able and conscientious direction the pres- 
ent conditions will continue. What form of or- 
ganization is to be selected for this direction we 
are not prepared to say, and indeed the subject 
is difficult; but it is needless to attempt to deal 
with it now, or before there is a general realiza- 
tion of the need for a changed system. The com- 
munity must come to recognize that it cannot 
afford to consign its investment of $5,000 to $8,000 
per mile to rot and neglect. 


*See “Proceedings,” Sept. 1908, pp. 998-1016. 
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LOOSE SPECIFICATIONS AND DISHONEST CONTRACTS. 


A recent call for bids on a piece of public work 
was framed in such terms that the work to be 
done by the contractor could not be estimated 
within a cost range of even one to ten. Earth 
was to be moved, an approximate amount being 
specified; but from where to where was left en- 
tirely undefined except by the words “as may 
be ordered.” There was no map or plan. The 
depths and distribution of cut and fill, whether 
the excavations would average 6 ins. or 6 ft., 
and whether the average haul would be 60 ft. 
or 1,600, were not stated, being covered by the 
same presumptuous phrase. Auxiliary work, 
such as removing structures; pavement and sod 
(“as may be ordered’’) was undefined in both 
amount and character, and was referred to only 
by such vague terms that almost anything could 
have been demanded under this head; and the 
capital part of the matter was that this mis- 
cellaneous work was required to be included in 
the price bid for moving earth, per cubic yard. 
By no possibility could anyone make an intelli- 
gent bid on the work unless he had private knowl- 
edge of what the engineer, or his department 
head, would be likely to ask for under the con- 
tract. The whole call for bids was clearly a de- 
vice for keeping away outsiders and ensuring 
that the job would go to a favored contractor. 
Under these circumstances, it is a point of but 
secondary interest that there is grave doubt 
whether the work was really needed at all. i 

This case is about the most flagrant example 
of a “fixed” letting that has ever come to our 
notice. Fortunately it aborted, as some vigorous 
protesting led to a fear of unpleasant publicity; 
the bids were rejected and the renewal of the 
call was accompanied by more tolerable specifi- 
cations. But the failure of the plot makes it no 
less shameful than if it had succeeded. 

Now we may easily find comfort in the fact 
that this was no work of the engineer. It is 
true that an engineer may have lent himself to 
the crooked purpose by passing out over his 
name the “specifications” accompanying the call 
for bids, or perhaps even by drawing up the 
meaningless description. That is possible, for 
in some localities there are, unfortunately, a 
few engineering officials who are bound hand 
and foot by their political taskmasters and lack 
the backbone to refuse their assistance in graft 
enterprises of this sort—call it “honest graft,” 
if they will, for consolation. But the actual dis- 
honesty lies upon the department head, who 
directs with absolute power and who is not re- 
quired either in law or in custom to take the 
advice or suggestion of his engineering sub- 
ordinates. Moreover, in the case cited we be- 
lieve no engineering official was concerned at 
any stage, at least by name. Thus we may, if 
pur conscience be light, absolve the engineering 
profession from any blame. 


Suppose we look at the matter more search- 
ingly, however. We know that by far the most 
specifications for construction contracts are 
drawn by engineers, and that the customs and 
practices which they have established in this 
work constitute a potent, authoritative pre- 
cedent for all specifications. Let us ask whether 
engineers have been conscientiously free from 
those things which in unscrupulous hands are 
turned to evil account. Only if this finds an 
affirmative answer can we clear ourselves fully 
from taint. 


In the present case, for example, the mischief 
lay in looseness of statement of what was re- 
quired—looseness carried to the extreme of utter 
absurdity, it is true, but still only the legitimate 
descendant of what we ordinarily describe as 
looseness of specification. Is such looseness un- 
known in contracts? Are engineers’ specifica- 


tions quite pure and clean in this respect? Or 


do we not, in fact, find rather frequent instances 
of that very fault in specifications for work of 
even the fairest character? Engineering News 
has repeatedly made a plea for the rigid elimina- 
tion of uncertainty, obscurity and arbitrariness 
from specifications. And some two or three 
years ago we took special pleasure in recording 
an important court decision which condemned a 
troublesome (though doubtless entirely honest) 


alternative requirement in the call for bids on 


a large public bridge. This particular case was 
exceptional, it is true, but only because of the 
details of the point at law. Questions left for 
subsequent determination are by no means rare 
in contracts. Indeed, complete definition, in the 
contract, of the entire work to be done, is the 
exception rather than the rule. 

But it is not everywhere admitted that loose 
or general specifying is to be condemned. We 
have heard earnest justifications for it, and any- 
one will be able to recall similar arguments, if 
indeed he does not himself support them. Such 
arguments are grounded variously on the neces- 
sity for leeway in supervising the execution of 
the work, the leeway being necessary for the 
good of all parties; on the need of haste in 
urgent work, which does not permit of thorough 
preliminary examination and complete design in 
advance of contracting; on the desirability of 
selecting one particular contractor, with whom 


the engineer is familiar and who can be relied ` 


upon for efficient execution, and on a multitude 
of similar grounds. Some few persons go much 
farther than this, and say that so long as the 
contract- letting authority knows what is a 
proper price for the work, and is sufficiently 
powerful to compel full performance in spite of 
the insufficiency of the specification, it makes no 
difference at all whether the specifications are 
precise and complete or the opposite, so that the 
extra time and labor required to make them com- 
plete are simply wasted. 

This latter argument, we need hardly say, is 
at all times indefensible, however plausible it 
may appear in one or another individual case. 
It is equivalent to the assertion that any pubtic 
official (or some specific official), by virtue of 
the confidence reposed in him by his election or 
appointment, or because of his known probity, 
or perhaps because of his large personal interests 
which make it ridiculous to suppose that he 
could be other than strictly honest in a trivial 
matter, is above the law and principle to which 
ordinary men must conform, and can disregard 
that accountability for trust which we impose 
upon other men. Assertions of this character 
are too familiar to us from public life to receive 
much credence: they are the stock defences for 
every arbitrary, unfair or oppressive act on the 
part of those who exercise delegated authority. 
Neither principle nor practice can justify them. 

The other arguments, however, are no less 
fallacious, we maintain. Each is a concession in 
some degree to the extremist argument just dis- 
cussed, and for that very reason it must fail. Over 
and above this, however, it must fail because it 
is the inevitable predecessor and parent of such 
pieces of mocking fraud as the one cited at the 
opening. No one lives who is discerning enough, 
and strong enough, to mark out a line between 
the permissible and the damnable in looseness 
of specification. 

All this applies primarily to public work con- 
tracts. There are some fundamental differences 
between specifying for private and for public 
work, and they are widely enough appreciated. 
Acts or omissions which may be praiseworthy 
in private work become criminal in public work, as 
for examp'e it may be the best possible thing for 
a private concern to let a contract without com- 
petition, to a selected contractor, whereas this 
Same thing becomes criminal when applied by a 
public official to public work. But on the other hand 
there are very many principles which hold with 
equal force for private as for public work con- 
tracts, and whose violation is just as improper 
inthe one as in the other. On a future occasion 
we hope to discuss this matter, with the object 
of determining the real differences and the points 
of agreement between the two classes of work. 
The subject of loose or open specifying, it is 
certain, will be found among those features 
which are to be shunned equally in both. In 
every contract, and in every call for bids, 
whether for individual, private corporation or 
community, the description of the work to be 
done must be exact and complete, to the end 
that there may be a fair, just and unmistakable 
basis for action between man and man. Every 
violation of this principle is an offense against 
the ethics of engineering practice. 


LETTERS TO THE EDITOR. 


Pontoon Drawbridges. 

Sir: In the article on “Pontoon or Floating Draw- 
bridges” in your issue of April 30, there is the following 
statement (on p. 476): 

The pontoon is 396 ft. long and 41 ft. wide. It is 
6 ft. 6 ins. deep for 316 ft., but for 20 ft. at each end 
the depth is 7 ft. 6 ins., the change being made in a 
distance of 20 ft. The purpose of this is to give greater 
buoyancy to check the increased submersion as the 
weight of the train comes upon the end. 

This statement would seem to be in error, as the in- 
creased submersion due to the weight of the train would 
depend only upon the shape and area of a horizontal 
section of the pontoon at the water line. 

Does not this increased depth at the ends add slightly 
to the complexity of the design and the expense of the 
bridge without any beneficial results? 


Lamar, Colo. E. A. Connell. 


[This feature of increased depth at the ends 
of the pontoon was embodied only in the first 
pontoons of the Chicago, Milwaukee & St. Paul 
Ry. bridge at Reeds Landing, and was not used 
in the pontoons used by the railway at other 
places. We are informed that it was not incor- 
porated in those of later construction for the 
reason that no benefit could be ascribed to it 
which would compensate for the slight increase 
in the complexity of the design. It may be noted, 
however, that it was embodied also in the 
pontoon of the highway drawbridge at Lacon, 
Ill.— Ed.] 

— QQ 
The Proposed Membership Amendments to the Constitu- 


tion of the American Society of Civil Engineers. 

Sir: The writer has been much interested in the let- 
ters of Mr. Whinery and Mr. Herschel? with reference to 
this subject, which is a very live topic; and since your 
columns have been onened for its discussion is glad 
to express his views with reference to the matter. 

During the past eight years as an associate member 
the writer has never had occasion to vote a negative 
ballot for membership, but {s somewhat jealous of his 
rights under the constitution, and would not hesitate to 
do so if he thought it the proper course, and that with- 
out explaining his reasons to the Board of Direction upon 
receipt of the Blue List. 

If one will examine the list of members constituting 
the Board of Direction, he will naturally find there the 
names of the chiefs and the department heads of the 
larger engineering works about the country and near 
New York, as well as the different public works depart- 
ments of the city. It naturally would be poor policy for 
any one employed on these works, under these condi- 
tions, to explain to the Board of Direction his objection; 
to a candidate, especially if employed on the same work. 
He might do personal injury both to the candidate and 
himself. It should be borne in mind that the Board of 
Direction, except in rare cases, knows little about the 
candidate except what he himself states in his applica- 
tion for membership, or from his endorsers, who are 
usually his friends; while his associates and those with 
whom he comes in contact may know much more, some 
of which may not be in his favor. 

This lack of definite knowledge on the part of the 
Board results in two things: 

(1) An improper classification of the candidate on the 
ballot slip. There have been at least some elected to 
the grade of member, whose ability to design” consisted 
in being able to sign their name at the bottom of a plan. 
(2) It results in rejections by the membership, not from 
a desire to exclude the candidate from the society, but 
because he is not deemed qualified for the grade in 
which he is passed to ballot, and there is no other course 
open to the membership. The writer knows this to be 
true in at least one case, and from conversation with 
other members he believes it true in many cases. It is 
believed that a far more equitable method of election 
would be for the members to pass, by ballot, not only 
upon the question of acceptance or rejection, but upon 
the grade to which the candidate should be elected. 


The writer does not know who the particular candidate 
was, whose rejection caused this amendment to be pre- 
sented, but is of the belief that if twenty corporate 
members conscientiously voted against him, he was 
justly excluded, at least from the grade in which he was 
passed to ballot; and if the negative ballots were not 
cast from conscientious scruples that fact is itself evi- 
dence that there are already members in the society 
without whom the general standing of the membership 
would be higher. 

The writer is not in favor of removing the restrictions 
as to membership. Yours very truly, i 

E. G. Haines, Assoc. M. Am. Soc. C. E. 

254 Jefferson Ave., Richmond Hill, N. Y., Sept. 19, 1908. 


Sir: I judge from a letter which I received to-day 
that a letter campaign has been inaugurated in favor ot 
the amendment tọ the Constitution of the American 5o- 
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cicty of Civil Engineers, which provides for the election 
of members through the Board of Direction. I have 
received a request to give my opinion regarding this 
matter and have done so in the following letter: 


Sir: I have your letter of Sept. 18 regarding the pro- 
posed amendment to the Constitution of the American 
Society of Civil Engineers, which provides for the elec- 
tion of members through the Board of Direction. I am 
nost emphatically opposed to this amendment. I firmly 
believe that it is safer for the society to leave the election 
of new members in the hands of the members themselves 
than to delegate this authority to the Board of Direc- 
tion. I mean by this to cast no reflection upon the 
Foard. I have been a member of the Board and appre- 
ciate the earnest and faithful work it does for the 
society; but I am strongly of the opinion that this mat- 
ter should be left in the hands of the corporate members. 
I believe that with almost no exception if an engineer 
bas so conducted himself that 20 members of our society 
can be found to vote against him he should not be elected 
a member of the society. It would be difficult to con- 
vince me that a spiteful person could obtain the consent 
of as many as 20 members of our socicty to vote against 
an applicant unless almost all of those members knew 
that the applicant was not fit to be a member of the 
society. 

I not only am not in favor of this amendment, but I 
am not in favor of increasing the number of negative 
votes beyond the 20 now fixed by the Constitution. There 
may be as many as 20 sneaks and back-biters in our 
organization. but I do not believe that any one or two 
men know all of them or that any one or two men could 
collect a sufficient number of such sneaks as to prevent 
an applicant, fit to be a member, from being elected. 

Because it is a little easier or a little cheaper to put 
this matter in the hands of the Board of Direction is no 
reason why the amendment should be adopted. This 
question of admission to membership in the society is by 
far the most important question which the- corporate 
members have to consider. I believe that one reason 
why the American Society of Civil Engineers has at- 
tained its present preeminent position among the similar 
orgnnizations of this country is because careful scrutiny 
is made by the membership in general of applicants for 
membership and care has been taken to prevent, as far 
as possible, dishonest persons from being elected to 
membership. 

The more safeguards we can throw around the cor- 
porate membership to make it maintain its present 
high character the better. I believe this matter of mem- 
bership to be better safeguarded in the hands of the 
corporate members. 


If you care to publish this letter I shall be glad to have 
you do so. Yours truly, 
Palmer C. Ricketts, 
President Rensselaer Polytechnic Institute. 
Troy, N. Y., Sept. 23, 1908. 


Sir: I have sent out the following letter to the members 
of the American Society of Civil Engineers, relative to the 
proposed amendment of the Constitution, pertaining to 
the election of members: 


I trust that you may see your way clear to vote for 
the proposed amendment to the Constitution of the 
American Society of Civil Engineers, which provides for 
the election of members through the Board of Direction. 

The society is so large, and the members so scattered, 
that the plan to trust with the Board of Direction the 
election of new members seems reasonable. The larger 
we become the more difficult it is to vote intelligently 
and the easier it is for individuals through personal rea- 
sons, or otherwise, to secure the necessary percentage 
of negative votes to defeat a candidate. 

The society, as you know, is not a secret association 
or a club, but a professional society, and every one 
who is able to qualify through personal character and 
professional attainments should have the right to become 
a member. 

My sole object in writing you is because of my interest 
in the welfare of the society, of which I have been a 
member for more than twenty years, and I shall be 
gratified if at any time you care to send me your views 
on matters pertaining to the society. 


Accompanying the above letter was sent the following 
letter by Mr. John F. Wallace: 


As Vice-President, President and Past President. I have 
served cight years as a member of the Board of Direc- 
tion of the American Society of Civil Eugineers and as 
a result of that experience believe that the proposed 
amendment to the Constitution providing for the elec- 
tion of members through the Board of Direction is for 
the best interests of the society and at the same time pro- 
vides all the necessary safeguarcs against the admission 
of improper persons. 

An engineer rarely acquires prominence without incur- 
ring at some time the enmity of existing members of 
the society and for this reason eminent engineers fre- 
quently hesitate to apply for admission as the efforts of 
members personally opposed to them may result in black- 
balling. An applicant whose record is colorless is often 
less liable to attack than one of the highest professional 
standing who would be an honor to the society. Action 
by the Board of Direction should insure an impartial in- 
vestigation of the standing of all candidates and produce 
results more in harmony with the spirit and dignity of 
the society. 

I hope you will pardon me for bringing the matter to 
your attention but my only motive is the welfare of 
our organization. 


To my letter many replies have been received, a very 
large proportion of which are favorable to the amend- 
ment. Extracts from some of these letters follow: 


In two instances I have been requested to cast a black 
ball. In one case by the member who had nominated 
the candidate, and looking into the matter 1 found that 
it was a case where for business reasons the nomination 
had been made, but for personal reasons it was desired 
that the candidate should not be elected. All this only 
goes to show to what use the society is being put. 

- (Signed) Chas. H. Moore.“ 


Election by the Board brings out more complete in- 
formation, the reasons for which are: (a) members, es- 
pecially those opposed to a nominee, know it is their only 
chance and (b) the timid men seem to have more confi- 
dence that information given on which only the Board 


will vote will not leak out. Hence, under the same rules 
and requirements you get a higher average to the good. 
(Signed) John Thompson. 


My views have changed somewhat and I am now in- 
clined to believe that it would be better to put the elec- 
tion in the hands of the Directors. It would intensify 
their sense of responsibility and would make them more 
careful and thorough in collecting information. Doubt- 
less it would somctimes result in holding up a candidate 
for several months during the slow process of getting in 
definite information, but that would not be a real injury 
to the candidate. It is certainly true that election by 
the society at large weakens the sense of responsibility 
on all hands and it appears to me now that it would 
he better to try the proposed plan of election by the 


Directors. 
(Signed) H. G. Prout. 


I feel very strongly that the adoption of this amend- 
ment is vital to the interests of the society. I do not 
see that any advantage is secured by the present method 
of electing members. It gives opportunities for injus- 
tice and even inhumanity, because rejection of an appli- 
cant might affect his business. The Board of Directors is 
not only representative but it is the only means the 
society has for exercising deliberative action in cases of 
such personal nature as election to membership. 

(Signed) Geo. H. Pegram. 

I quite coincide with your views and have already voted 
in favor of the change. Long experience in the Ameri- 
can Society, and also in the Canadian Society of Civil 
Engineers, as a mem er and as serving on the boards, in 
both of which bodies the election to membership has 
hitherto been by the ballots of the entire membership, 
and experience in the Institution of Civil Engineers (Eng— 
land), in which the election is by the Council, has en- 
tirely convinced me that the election by the Board of Di- 
rectors would be altogether better for the American 
Society. 

(Signed) John Kennedy. 

Hoping that you will be able to find space for this 
communication in your next issue, I am, 

Yours truly, 
Wm. L. Saunders, 
President, Ingersoll-Rand Drill Co. 


11 Broadway, New York City, Sept. 28, 1908. 


[Other letters on this subject, from Mr. Samuel 
Whinery and Mr. Clemens Herschel, were pub- 
lished in our issues of Sept. 10 and 17, respect- 
ively. Both were against the amendment. 

We have received a printed circular letter, 
evidently sent to the whole membership, pur- 
porting to have been signed by 22 members. This 
circular is against the amendment, but inasmuch 
as it was not vouched for by any letter of trans- 
mission, we will not quote the signatures. The 
letter makes an argument which is not contained 
in the other correspondence which we have re- 
ceived, as follows: 

The Board of Direction comprises 30 members. Under 
the proposed amendment a total vote of 25 will be re- 
quired for election, while three adverse votes will reject 
an applicant. District No. 1, from which at least nine 
members of the Board of Direction are chosen, comprises 
about 900 corporate members and includes a territory 
within a radius of fifty miles of the New York post-office. 
There are about 2,800 corporate members in the re- 
maining six districts. The constitution provides that 
there shall be but two directors from any district, except 
District No. 1. In addition to the six directors and 
three officers required to be elected from District No. 1, 
the other officials and Past-Presidents, who are mem- 
bers of the Board of Direction, may be residents of Dis- 
trict No. 1. It follows, therefore, that District No. 1, 
representing only one-quarter of the corporate member- 
ship, usually has from 10 to 15 members of the Board of 
Direction, and may and probably often does have a 
majority of the vote in that board. The effect of passing 
the proposed amendment will be to place the election of 
members largely in the control of District No. 1. leaving 
the up-state members and all other districts, represent- 
ing by far the larger aggregate membership, with but 
little to say regarding the election of members, even 
from their own districts, and taking away from the mem- 
bership the power which it now possesses of voting ad- 
versely on undesirable applications. If the amendment 
is adopted, the Board of Direction, as a whole, cannot 
possibly acquire the same degree of intimate knowledge 
of the qualifications of applicants from districts, other 
than No. 1. that is possessed by members in the dis- 
trict in which the applicant resides and to whom he is 
personally known, nor would the members in the dis- 
trict have any practical control of the votes of the di- 
rectors representing them. 


The ballots on this amendment close Oct. 7. 
Brief comment on the proposed amendment will 
be found in our editorial columns.—Ed.] 


í | 
The Fitchburg Cooperative High School Industrial 


Course. 

Sir: It seems to me that you have taken the wrong 
point of view in regard to the proposed high school in- 
dustrial course at Fitchburg, Mass. The purpose of this 
course, as I understand it, is not to také young men 
who would normally finish the usual four years of high 
school, and put them into a cooperative shop course. 
This seems to be your assumption. 

On the contrary, the plan intends to give a chance to 
the young man who would have to leave school for good 
and all at the age of fourteen to go into industrial life. 
As you undoubtedly know, over 90% of the public school 
children leave the grade schools when the law permits 
them to do so, which, I think, in Massachusetts is at the 
age of fourteen. These little bread winners go into the 
various industries of their towns, and thereafter they 
have absolutely no chance for further instruction, except 
where a night school is in operation. It has been found 


Work. 


by a very careful investigation that many of these chil- 
dren could go to school a little longer if some way were 
provided for them to earn a little money while they were 
doing so. This is where the cooperative system steps in. 
Do you think it is a wise policy to oppose a plan which 
will enable children to go to a high school, for, say, four 
years of half time work, when it seems to be the only 
means provided for them to get any schooling at all after 
they get into industrial life? You are taking a heavy 
burden of responsibility in opposing such a plan. 

You will note that if a scheme of this sort were not 
put in operation, more than 90% of the children in the 
United States would not get, to use your own words, 
“fresh air, sunshine and pleasure during the years of 
adolescence.” Nor would they have ‘‘memories of base- 
ball and foot-ball games, of fishing and hunting excur- 
sions, and all the rest that come from uninterrupted 
schoo] and vacation days.” 

It is all very well to theorize on what ideal conditions 
should be, but the educator must take the conditions as 
he finds them; and these conditions are, as stated above, 
that a great majority of school children go into indus- 
trial life at the age of fourteen. It will not do to say 
that these conditions should not exist and dismiss the 
whole subject. We have got to take the conditions and 
do the best we can with them, and if we can add 
a total of two or three years of high school work to 
the education of these 90%, I think you must admit that 
we have gone a good distance toward solving the prob- 
lem. 

The course outlined is not intended to take the place 
of the regular high school course. It is simply enlarg- 
ing the field of usefulness of the high school where it. is 
most needed, and for the greatest number. It would be 
well for you to read the reports of the Massachusetts In- 
dustrial Education Commission on this subject of indus- 
trial workers. 

Your reflections upon the course of studies outlined 
may, or may not, be good. I know it is a fact that the 
course published is merely tentative, just as the course 
we published here when we started our cooperative en- 
gineering courses was tentative. You will recall, if you 
will refer to my paper published in the Engineering 
News of July 9, 1908, that since we have started these 
courses, we have decided to put in six years of history 
We have made many more radical changes which 
the operation of the courses has brought about. The 
Fitchburg High School people will do the same thing. 

Any constructive criticism to the Fitchburg course 
will certainly be welcome, but a sweeping condemnation 
of the whole system, it seems to me cannot stand in the 
face of the facts established through careful investiga- 
tions. 

The problem confronting the educator of to-day may 
be summed up as follows: About 95% of the children 
in our public schools are compelled to become bread 
winners at the age of about fourteen. They go into 
industrial life; they are confined to the shops practically 
every week of the year for eight to ten hours per day. 
What system can be arranged whereby the public schools 
can offer to these children and their employers a means 
of obtaining a higher dcgree of efficiency, and a better 
preparation for citizenship? If you can suggest a better 
means than the solution suggested at Fitchburg, you owe 
it to the public to give it. If you cannot, it seems to 
me unwise for you to knock the Fitchburg plan. 

The rather sweeping slur on the American manufac- 
turer implied in your editorial seems uncalled for. The 
American manufacturer of to-day is the ‘‘older New Eng- 
land mechanic,’’ broad-minded and efficient; and the 
very fact that he enters into a plan whereby his em- 
ployee leaves him every othcr week instead of being 
with him every week, to go to the public school for 
further training, seems in itself to answer your criticism. 

Finally, the cooperative industrial course at Fitchburg 
is not intended to be a preparatory course for college. It 
must be evident, however, that for the exceptionally 
brilliant young man who ought to be trained as an en- 
gineer, it offers a means for meeting the entrance re- 
quirements of the best engineering colleges. What pos- 
sible objection there can be to this is not evident to the 
writer. Yours very truly, 

Herman Schneider, 
Dean, College of Engineering. 

University of Cincinnati, Cincinnati, O., Sept. 22, 1908. 

[In so far as the cooperative scheme bids fair 
to prolong the school life of boys who enter shops 
sooner or later we approve it and never intended 
to express any idea to the contrary. Our fear 
was and is that the Fitchburg plan will tempt 
boys and parents alike who are not compelled 
by scanty means to do so to sacrifice the broader 
studies for shop work. The 1900 U. S. Census 
figures showed that for the whole country 79% 
of all persons of from 10 to 14 years of age, 
inclusive, were in school. In Massachusetts the 
percentage was 91.2. For ages of 15 to 17 years, 
inclusive, the percentage in school was 41.8. 
The manufacturing states showed the highest 
percentages. The averages for the who'e coun- 
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try were pulled down by such states and terri- 
tories as Virginia, South Carolina, Oklahoma and 
Arizona. Moreover, only 24.3% of all persons 
in gainful occupations in 1900 were in manu- 
facturing or mechanical pursuits. 

We cannot see how the Fitchburg plan goes 
far in offering to even ‘exceptionally brilliant” 
young men “a means for meeting the entrance 
examinations of the best engineering colleges,” 
although it would, of course, be an aid to that 
end. We intended no slur on the manufacturers, 
but merely called attention to the fact that a 
large majority of them, at least, as manufac- 
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Ibs. coal per hour per shaft-HP. This makes it appear 
that the error is in a misplaced decimal-point, and that 
“13.1 1bs.” should read “1.31 Ibs.“ 


The tubular bridge of the Grand Trunk Ry. at Montreal 
(the old Victoria Bridge) was mentioned in our issue of 
Sept. 17 in connection with some English bridges of the 
same time. It should be noted, however, that there were 
essential differences in the design. In the Menai Bridge 
(England) the top and bottom elements of the tubes were 
of cellular construction. In the Victoria Bridge (Canada) 
they were single layers of plate riveted to cross beams. 
The engineer for this latter bridge was Robert Stephen- 
son. The heavy smoke in this long tube caused great 
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THE COLLAPSE DURING RECONSTRUCTION OF A SPAN 
OF THE BALTIMORE & OHIO R. R. BRIDGE ACROSS 
THE SUSQUEHANNA. 


Early on the morning of Sept. 23 the most 
northerly of the new spans under reconstruc- 
tion on the bridge of the Baltimore & Ohio R. R. 
across the Susquehanna River collapsed under 
a train of coal gondolas. The entire framework 
of the structure, including a timber and steel 


falsework, the partially erected new truss, 
the old floor system carrying the track 
and a 300-ton traveler were precipitated 
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FIG. 1. THE 380-FT. SPAN OF THE B. & O. R. R. BRIDGE ACROSS THE SUSQUEHANNA RIVER WHICH COLLAPSED SEPT, 23. 


(View taken after removal of old truss and before erection of new truss. 


turers, are naturally far more concerned with the 
economic than the cultural or broadly human- 
izing side of education.—Ed.] 
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Notes and Queries. 


In the article by Mr. W. H. Wilms in our issue of 
Sept. 17, the formula in the middle of the last column, 
p. 299, which reads 

E= E'! — O esc 4 A 
should read 
B= E — O sec % A. 


A correspondent sends us the following inquiry: 


I am seeking information as to the practicability of 
electric welding in place for concrete reinforcing bars. 
If you can refer me to any publication giving up-to-date 
information in this line I will be much obliged. The 
structure under consideration will, if built, contain about 
3,000,000 lbs. of steel. Alternating current could be 
cheaply furnished from a nearby plant. ö 

We have no knowledge of any such application of elec- 
tric welding in place in concrete reinforcement although 
there are unit frames on the market in which the rods 
are so joined. If any of our readers know of such a 
scheme, we would be very glad to hear about it. 


Our article on the performance of the new steamers 
“Mauretania” and “Lusitania,” in our issue of Sept. 10, 
p. 268, stated that 13.1 Ibs. of coal per shaft-HP. was 
the average expenditure for the main engines. This is 
questioned by a reader, who believes that the figure 13.1 
lbs. must apply to steam consumption. It is clear of 
course that the figure is in error somewhere, as 13.1 
Ibs. coal per HP.-hr. is inconsistent not only with decent 
engine-performance, but also with other figures given in 
the same article. On referring to the figures given earlier 
in the same paragraph (namely, 1,090 tons total per day, 
or 2,441,600 lbs., with 65,000 HP. average at the shaft, 
and 14.6% estimated to be consumed by the auxiliary 
services), we calculate from them a consumption of 1.34 


discomfort to passengers. To avoid this, and also to 
reduce the corrosion due to smoke, an opening was cut 
in the plating along the middle of the roof of each span. 
An angle-iron was riveted along each side of the opening 
to compensate for the loss of strength due to the removal 
of the plating. The old Victoria Bridge (tubular) and the 
new Victoria Jubilee Bridge (truss) were described and 
illustrated in our issue of Aug. 26, 1897. 


Three errors in the article Wind Stresses in Rein- 
forced-Concrete Chimneys,” by Prof. E. R. Maurer, 
printed in our issue of Sept. 10, pp. 276-277, are to be 
corrected as follows: 


sin 0 


Page 277, col. 1, the value of z, given as r , should 


sin 9 
read . 


7 — 0 
The diagram 
value of 2. 


Fig. 3 was calculated with the correct 


ö 0 06 
Page 277, col. 3, for tan p read tan? 55 


Page 276, col. 1, the value of J should be given as 
I=nAs 1 * ＋ 4 & (ri? + 13") 
= 4 4 (2n pre + r? + 19%) 

In accordance with this correction several obvious 
changes should be made in the calculations of Examples 
1 and 2. The error does not affect Case 2. 

— —— mmm 

BY- PRODUCT. PEAT-GAS PRODUCERS.— Capt. H. R. 
Sankey, R. E., M. Inst. C. E., in a recent paper before 
the British Association for the Advancement of Science, 
outlined a method that has been proposed for developing 
electric power from peat fuel in a plant containing gas 
engines, gas producers and apparatus for the recovery 
of by-products such as sulphate of ammonia, acetate of 
lime, methyl alcohol and heavy paraffine oils. The 
plant would be located on the Grand Canal, near Roberts- 
town, Ireland. The peat used will be only partially 
dried and will be about 60% water. The proposed gas 
producers are similar to those using bituminous coals 
but of larger dimensions for the same output. The by- 
products are removed from the gas in the scrubbers. 


Looking west.) 


into the river and onto the shore. Fortunately 
it was so early in the morning that no work- 
men were yet on the job and the trainmen were 
all on parts of the train which remained on the 
other spans of the bridge. The only person in- 
jured was a watchman, who happened to be on 
the span. i 

The crossing of the B. & O. R. R. over the 
Susquehanna, about one mile above its mouth 
at Havre-de-Grace, Md., is one of the oldest 
bridges on the road. Some time before 1850 there 
was built there a single-track bridge of the old 
iron and timber Howe type which was replaced 
in 1884-85 by the iron structure now under re- 
construction, a higħ-level single-track bridge, 
some 7,000 ft. long made up of a series of long 
through and deck trusses, two of which had 520- 
ft., four 480-ft. and three 380-ft. spans, and a 
2,000-ft. viaduct across the island in the middle 
of the river. The new bridge, which is now 
being erected for the railway company by the 
American Bridge Co., is a double-track struc- 
ture, much heavier than the original, but fol- 
lowing it in size and general form of spans. 
Beginning at the north* shore of the river the 
present bridge comprises a short plate-girder, a 
riveted deck truss, and another plate-girder, all 
recently completed work; a 380-ft. through, 
double-track, pin-connected truss now under re- 
construction—the span that collapsed—and be- 
yond to the south other spans in various stages 
of reconstruction. 

DESCRIPTION OF CONSTRUCTION.—As this 
crossing is on the main line of the railway 
between Washington and Philadelphia, it was 

*The river at this point runs about southeast, but in 


this article that end of the bridge toward Philadelphia 
will be called north, the end toward Baltimore, south. 


October 1, 1908. 


ENGINEERING NEWS. 


371 


necessary to carry on all the new work without 
disturbing the heavy traffic across the bridge, a 
procedure that required somewhat involved plans 
in the erection. The accompanying line cut and 
half-tones will show the method employed; the 
details in Fig. 2 are taken from sketches and 
therefore may not be absolutely correct as to 
dimensions, but the figure will serve to illustrate 
the general design. 

Referring to Fig. 1, the two masonry piers 
there shown were the supports for the old 380 
ft. through trusses and upon them the new span 
of equal length was being placed. In the open- 
ing two pi'e bents were driven, which, with the 
two frameworks immediately adjoining each pier, 
supported three plate-girder spans, made up of 
girders, afterward to be used in other parts of 
the bridge. Upon these girders, four in trans- 
verse section, the existing floor system was 
blocked up and the work of removing the old 
trusses and erecting the new was carried on. 
Fig. 2 shows a half-section through the tem- 
porary spans, illustrating the method followed. 
The timbers shown were placed on the girders 
forming two runways, which each carried one 
of the trusses of the old, one of the trusses of 
the new bridge and at the outer edge, one track 
for the large traveler used in demolition and 
erection. 

The work proceeded as follows: First, under 
each floor-beam of the old truss a crib-work was 
placed and blocked up so as to carry the load of 
the single track cgrrying the traffic across the 
bridge; then the old truss was taken down, leav- 
ing in place the old floor system of floor-beams, 
stringers and track. Then upon the runways be- 
tween the old floor-beam blockings and the trav- 
eler tracks, blocking was placed upon which 
rested the posts of the new truss, the panels of 
which were of different length than the old so 
that the panel points came at different locations, 
The new pair of trusses once erected, it was in- 
tended to shift the track to the new floor system 
without disturbing the traffic. 

The timber pile and frame towers, which had 
to carry the combined load of the temporary 
girders, the floor-system with the passing traffic, 
a 800-ton traveler and a 380-ft. double-track 
through bridge were made very heavy. The 
supporting bents, founded on timber piles figured 
at 10 tons per pile and driven to refusal at what 
the borings showed to be rock (or at least hard- 
pan), were of 12 x 12-in. timbers thoroughly 
cross-braced in both directions, as the photo- 
graphs show. The plate-girders, the largest a 
114-ft. span, 9 ft. deep, were in rows of four, in- 
terbraced into two rows, and resting on regula- 
tion pyramidal shoes bolted to steel girders con- 
necting the two bents of the timber tower. Above 
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FIG. 3. VIEW OF WRECKAGE LOOKING TOWARD SOUTH PIER. 


this the timber blocking rested, depending upon 
the weight of the superstructure for rigidity. 
The track floor system was the regulation built- 
up girder floor-beam and stringer except that 
some years ago, on account of supposed weak- 
ness in the usual riveted angle connections of 
the stringer to the floor-beam, stirrup hanger 
rods had been passed over the floor-beams and 
under the stringers, riveted to both members, to 
add to the strength of each connecting point. 
It is reported that at no time since the start 


of the work on this span have there been any 
Settlements. Daily inspection of the entire false- 
work was made, but there has been no necessity 
for shimming up, a condition according to a high 
official of the bridge company ‘‘never before no- 
ticed in any of our erecting experience in work 
of this size.” 


The traveler, which is shown in Figs. 1 and 5, 


was well guyed and braced in all directions, so 
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Fig. 2. Details of Falsework on Reconstruction of 
380-ft. Span of B. & O. Bridge Across the 
Susquehanna. 


that its swaying was hardly to be noticed even 
in a wind, which was not in evidence the morn- 
ing of the collapse. In regard to the stability 
of the structure the bridge erectors further re- 
port that a few days before the accident in driv- 
ing in the upper chord a pin which had stuck, 
at the same time that a heavy train was making 
excessive speed across the bridge, the vibration 
of the framework was quite marked, but that 
there was no evil result. 


THE COLLAPSE.—On July 13, 1908, the old 


trusses were removed and the falsework took 
the entire weight of the structure. From that 
time until Sept. 14, work was carried on at an- 
other part of the bridge, but on the latter date 
the erection of the new trusses was commenced. 
The view in Fig. 1 shows the span in the in- 
terim between the removal of the old and the 
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erection of the new spans. On account of the 
very foggy weather prevailing during the middle 
of September it was impossible to take photo- 
graphs of the work of erection so we can present 
no views showing the new trusses in place. 
However, the view in Fig. 1 shows the condi- 
tion of the work on the day of collapse except 
that at that time the new trusses had been 
erected for about 250 ft. in the middle of the 
span, leaving about 60 ft. incomplete on either 
end. The work was proceeding from the north 


toward the south (from right to left on Fig. 1) 
and the large combination timber and steel 
traveler, 104 ft. high and 72 ft. long in line of 
the bridge, was on the extreme south end of the 
span, in position to erect the last panel of the 
trusses at that end. <As has been 
accident occurred very early in the morning, so 
there were very few eye-witnesses, and the 
heavy fog increases the usual unreliability of 
the testimony of those who were on the ground. 
The best story of the accident, told by a black- 
Smith of a nearby quarry and corroborated in 
most of its details by the watchmen on the 
bridge, is as follows: About 6.30 a. m., of Sept. 
23, a foggy and calm morning, the St. Louis ex- 
press from New York passed safely over the 
bridge, going south. As soon as the way was 
clear a coal train came on the structure going 
north at the required speed of from four to seven 
miles per hour. When the locomotive and four 
cars had passed over the falsework of the 380- 
ft. span in question, the second car north of the 
south pier of that span, the car then being 
about under the north end of the traveler, was 
seen. to go through the floor of the bridge; at 
the same time was heard a puff,“ in the words 
of the observer, which might be construed to be 
the sound of escaping air from a broken air- 
pipe or valve. The car next behind then piled 
upon the car ahead and the large traveler wav- 
ered and finally toppled into the river, carrying 
with it the girders immediately under it. Then 
progressively toward the north, the other two 
girders and their timber supports were thrown 
down. Couplings on the cars at either pier 
parted, leaving six cars on the span south of 
the opening and two cars with the locomotives 
to the north. 

THE CONDITION OF THE WRECKAGE.— 
Figs. 3 and 4 show the condition of the wreck 
looking west; Fig. 3 is taken from the shore 
alongside the framework attached to the north 
pier; Fig. 4 shows the wreckage between the 
two intermediate timber bents. The most south- 
erly of the three plate-girder spans is over the 
channel of the river and the water is here so 
deep that little of the debris is visible, but that 
above water lies to the east of the line of bridge. 
A study of the wreckage shows that the frame- 
work against the south pier is not damaged ex- 
cept as it is scratched and cut by the falling 
steel and cars. The next span has fallen to the 
east and to the north, pushing with it the tim- 
ber bent, in which the south row of piles is bent 
decidedly toward the north. The next, or middle 
girder span, fell straight down but in some man- 
ner carried the third and most northerly girder 
span to the north so that it crushed into the 
framework against the north masonry pier. This 
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FIG. 4. WRECKAGE UNDER MIDDLE SPAN OF FAL SEWORK. 


framework is shown in the right-hand side of 
Fig. 4. 

The intricate nature of the twisted mass of 
debris, comprising as it does the new trusses, 
the old floor system and the timber and steel of 
the falsework, makes an examination or identifi- 
cation of the wreckage a difficult matter. The 
depth of water in the channel has prevented so 
far any exact knowledge of the position of the 
various parts of the structure under the south 
span, where the location of the fallen members 
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may be a matter of importance in deciding upon 
a cause for the accident. 

CAUSE OF THE COLLAPSE.—The accident is 
now being thoroughly investigated by both the 
bridge company and the railway and until a 
complete analysis of the strains on the timber is 
made and the position of the wreckage under 
water Known, any explanation of the collapse 
cannot be assured. Leaving aside for the mo- 
ment the question of the strength and stability 
of the bridge or its falsework, the prime factor 
governing the search for a cause is the testi- 
mony of the witnesses regarding the manner of 
the fall. If this evidence as to the succession 
of events was not distorted by the fog and the 
excitement of the moment the accident must 
have been the result of some local collapse im- 
mediately under the first car to go through the 
bridge. Fig. 2 shows a section through the floor 
system. If for any reason the car inside of the 
traveler had been thrown from the track with 
force enough to rip the stringer from the old 
floor-beam, in plunging through the opening 
thereby made it would have displaced the block- 
ing under the last post erected of the new truss 
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and thence hit the lower chord of the traveler 
on the outer track with force perhaps sufficient 
to unbalance that large framework, which in 
falling would have carried down the new truss 
and the falscwork immediately under it. The 
collapse once started, the progressive movement 
along the falsework is easily understood. 

This interpretation of the fall is upheld by 
the position of the wreckage visible under the 
southerly span. All of this, which is above 
water, lies well to the east of the line of bridge, 
while the wreckage of the northerly spans is dl- 
rectly under its origfnal position. The proba- 
-bility of the explanation would be increased if 
it were certain that the falsework girders of the 
south span were on top of the framework of 
the traveler in the bottom of the channel, for 
under this view the traveler must have fallen 
first. 

However, the testimony of eye-witnesses is 
notoriously inexact in details, and it is quite 
possible that the collapse started at the north 
end of the most southerly falsework girder span, 
which in slipping from the timber bent would 
have caused practically the same mental im- 
pression on the spectator as a car going through 
the floor. If such were the case, the failure 
might be explained by some fault in this first 
timber bent which would cause it to fail or, as 
has been suggested in some quarters, by the ma- 
liclous dynamiting of the span by an explosive 
placed under this bent. As to the latter, the 


bridge company, which maintains open shop and 
has anticipated some trouble from the union 
men, has had lights and watchmen on the bridge 
to such an extent that it is highly improbable 
that opportunity could have been taken to place 
any dynamite. Some time ago several sticks of 
dynamite, which is not used on the work, were 
found near the bridge site and this had made 
the company extra cautious. The witnesses deny 
having heard anything like the report of an ex- 
plosive, thus showing, if their testimony be ex- 
act, that the dynamite, if used, must have been 
placed under water, on the pile footings of the 
channel timber-bent, where it seems hardly prob- 
able that enough charges could be distributed 


to cause the destruction of the bent or even its 


movement to such an extent as to throw the 
falsework girders from their support. Evidence 
of explosives on the end of the falsework gir- 
ders, when they are recovered, would show that 
the charges had been placed on the timber bent 
just under the girder supports and that in the 
noise of the passing train, the explosion was not 
heard. 

As to the strength of the falsework, the infor- 
mation which at present we are able to secure 
is not sufficient for conclusive deductions. Un- 
til the official investigation, now being held by 
the railway and the bridge company, is com- 
plete, the drawings of the bridge and its false- 
work cannot be published and any statement as 
to loads and stresses can only be approximate. 
From all appearances and previous behavior the 
timber bents were amply strong enough to carry 
the load placed upon them at the time of the 
accident. It should be noted that the heavy 
traveler was at the south end of the span, so 
that the heaviest reaction from the traveler came 
at the south pier, which is now intact except for 
the scratching from the falling material. The 
load of the partially erected truss may be suffi- 
cient to bring the total reaction at the north 
pier of this short span up to the total reaction at 
the south pier. 

The work of removing the debris is now go- 
ing on and the trains of the Baltimore & Ohio 
R. R. are being carried across the Pennsylvania 
R. R. bridge about a mile down the river. A 
temporary track is being built from Aiken, the 
Station on the B. & O. at the north bank of the 
river to Perryville, the similar station on the 
Pennsylvania, so that as little extra burden as 
possible shall be placed on the latter road. At 
present the Baltimore & Ohio trains take the 
Pennsylvania tracks at Wilmington and leave 
them at Swan’s Creek, some three miles south 
of the river. 

The Chief Engineer of the Baltimore & Ohio 
R. R., who is in final charge of the work, is Mr. 
D. D. Carothers, M. Am. Soc. C. E., and the rall- 
way interests are being looked after on the 
work by Mr. W. S. Bouton, Ass’t Engineer of 
Bridges and Buildings. The details of recon- 
struction were all worked out by the American 
Bridge Co., under direction of Mr. H. F. Lof- 
land, M. Am. Soc. C. E., General Manager of 
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THE WATER SERVICE AND INSURANCE RATES.* 
By F. A. BARBOUR, M. Am. Soc. C. E. 


Some recent work involving the betterment of the 
existing water-works in several cities and towns and the 
fact that following these improvements reductions in the 
insurance rates were granted by the underwriters has 
suggested to the writer that a very brief description of 
the work done, in so far as it effected the fire service, 
and a statement of the reductions allowed might be of 
interest to this association. 

In 1905 the development of a new supply for the city 
of St. John, N. B., was undertaken, the work involving 
the extension of the then existing pipe lines from a point 
about five miles distant from the city to a more distant 
source, at an elevation 138 ft. higher than the old supply. 
The pipe lines to the city included two 24-in. cast-iron, 
one laid in 1857 the other in 1873, and a 12-in. cast-iron, 
laid in 1851. The distribution system, which was gen- 
erally of equal or greater age, some of the pipes hav- 
ing been laid as early as 1837, was fairly adequate in 
size requiring for efficient fire service additional pres- 
sure rather than enlargement of pipe diameters. 


*Abstract of a paper read before the New England 
Water Works Association, Atlantic City, N. J., Sept. 
24, 1908. 
+Tremont Building, Boston, Mass. 


The extension of the works to the new supply included 
new supply mains and a concrete dam. The total ex- 
penditure, not including a pulp mill, purchased in order 
to avoid damages for diversion of water and which 
should yield an amount in rental equal to the cost, was 
about $300,000. 

By the installation of these new works the pressure 
on the city was increased about 40 lbs., and from four 
to ten good direct fire streams—the number depending 
on the variation in surface levels—were made possible, 
while with engines from ten to twenty streams were ob- 
tained. With the old pipe lines not more than two 
direct streams were possible and th3 maximum draft 
with engines was probably not more than 2,000 gals. 
per min. 

As a result of these improvements a reduction in the 
insurance rate of 25 cts. has been granted on mercantile 
property, the total yearly amount somewhat exceeding 
$30,000, or more than double the interest cost of the 
entire improvements. l 

A few notes on the work in St. John in connection 
with the old pipe lines may be of interest. The first 
24-in. line, laid in 1857, has a thickness of about -In. 
The exterior surface shows no signs of having been 
coated; neither does it show any serious corrosion, the 
iron being good when broken to the extreme outer edge. 
About 1/16-in. of the interior surface is black and easily 
abraded. The joints were made of white pine and are 
in good condition, without leakage under the heavier 
pressure except in some places where the key-wedges 
were badly fitted. A section of this pipe, 3,600 ft. long, 
laid through marsh mud at tide level, was found to be 
badly disintegrated and was replaced. In many in- 
Stances it was possible to cut the pipe with a knife 
through a considerable portion of its thickness. The 
new cast-iron pipe was embedded and wrapped with a 
layer of clay; such sections of the old pipe as had 
been laid in this material apparently having escaped any 
disintegrating effect of the tidal mud. Pipe laid in sand 
at about the same level was not affected, and of 21 
lengths, each 9 ft. long and weighing 2,300 lbs. per 
sq. in., only one broke. 

The pipe laid in 1873 was of two classes; one %-Iin. 
thick and the other 1 in. thick. This pipe was coated 
and is in better condition than the pipe laid at the 
earlier dates. In this line four types of joints were 
employed, first a turned and bored joint, second a turned 
and bored joint made up with lead and a strap to hold 
the lead in place, third a wood-stave joint and fourth 
the ordinary lead joint. d 

The city of Fredericton, N. B., is supplied by pumping 
direct into the mains without elevated storage, the 
pumps necessarily running 24 hrs. In connection with 
the installation of a mechanical filtration plant re- 
cently constructed a clear water well 400,000 gals. ca- 
pacity was provided largely as a fire reserve and the old 
pump of 1,500 gals. per min. capacity was reinforced by 
new apparatus of double this discharge. In time of fire 
a pressure of 80 Ibs. is maintained at the station but 
the cffective pressure at the hydrant is considerably less 
owing to an inadequate distribution system 24 years old 
and much incrusted by the action of the river water on 
the pipes. 

As a result of the installation of the larger pump a 
reduction in the insurance rate has been made, equal, 
in yearly total, to about $6,000, or practically three times 
the interest on cost of the improvements chargeable to 
fire protection. 

Improvements carried out between 1904 and 1906 in- 
cluded the construction of a reinforced concrete stand- 
pipe of 1,500,000 gals. capacity, with its top 100 ft. 
higher than that of the old stand-pipe, the laying of a 
second main between the pumping station and the point 
of storage and of a larger main from this latter point 
to the center of consumption. As a result of these im- 
provements a 10% reduction of the mercantile rate of in- 
surance was allowed by the underwriters. 

The three preceding instances of reduction in the in- 
surance rates as a result of improvements of the water 
service illustrate the value accorded to increased pressure 
in a gravity system, greater pumping capacity in a direct 
pressure system and larger storage and the duplication 
of mains in a pumping system with stand-pipe. The 
amount of the reductions was determined by committees 
representing underwriting associations—in two cases as 
a result of applications made by the municipal authori- 
ties after the work was completed and in the third 
case—that of St. John, N. B.—as a reward promised be- 
fore the improvements were undertaken. It is safe to 
say that in none of these cases was there any attempt 
to estimate the value of the improvements in reducing 
the fire hazard on any definite basis derived by ex- 
perience and made applicable by records of fire losses 
relative to the character of the water service. It would 
seem, however, that the time must soon arrive when 
such logical proportioning of rates to the factors con- 
trolling fire hazards will be possible. 

As an illustration of schedule rating brief reference 
may be made to the Universal Mercantile Schedule de- 
veloped in 1893, which, in some parts of the country, 
constitutes the principal basis of rating at the present 
time. By this schedule a key-rate was to be given 
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each city and town, differing in each as was made neces- 
sary by local conditions. These key-rates were to be 
modified for individual risks in accordance with the 
Variations in construction, occupancy and other par- 
ticular hazards and as a basis for the cstablishment 
of the key-rates a standard building in a standard city, 
with gravity water-works, adequate distribution sys- 
tem, efficient fire department and other attributes, was 
conceived and for such a building in such an environ- 
ment a basic rate was adopted from which the key-rates 
of other cities might be obtained by addition made for 
certain deficiencies. This schedule was by no means 
perfect and has been criticized im several particulars, 
but for the present purpose it serves to indicate the 
possibility of schedule rating and the advantage of 
dednitely making known to each community its stand- 
ing in the rating problem, its deficiencies and the penal- 
ties exactcd and finally the improvements neccessary to 
obtain the basic rate of the ideal city. Under such a 
method definite jucentives to improved standards in the 
water service, fire department and building construc- 
tion are presented by the resulting reduction in rates 
often made possible of attainment without Increased 
ccst to the community. And beyond all this, in broader 
outlook, there is the possibility that by such coopera- 
tion of municipal authorities and underwriting associa- 
tions a long step forward would be taken toward th: 
actual conservation of property values by lessening the 
fire losses which the payments of insurance never can 
make good and which, at the present time, in this coun- 
try in amount per capita equal ten times the losses in 
Europe. 
— — — 


TESTS ON THE WATERPROOFING QUALITIES OF CLAY 
AND ALUM IN CONCRETE. 


Fo'lowing the lead set by the Board of Water 
Supply of New York City, as reported by Mr. 
Richard H. Gaines,* the Delaware & Ulster 
R. R. Co. has recently completed a series of 


tests to determine the waterproofing value of. 


alum and colloidal clay as added ingredients to 
concrete. Through the courtesy of Mr. H. W. 
McGee, Engineer of Maintenance-of-Way of the 
railway, we are enabled here to reproduce the 
results of these experiments. 

In all 174 test specimens are reported upon. 
These are divided in groups of three different 
kinds of clay, two different percentages of clay 
to cement mixture and three different percent- 
ages of alum solution, all compared with a ce- 
ment and sand mortar with no clay but with 
the varying percentages of alum solution. The 
three clays used are described as follows: No. 1, 
“Red Bridge” clay, a hard, tough, dark red clay, 
very heavy and, when dry, hard to pulverize; 
No. 2, Shandaken,“ a red clay, light in weight, 
rather easily pulverized when‘dry; No. 3, “Olive 
Branch,“ a gray clay, very heavy and easily pu!- 
verized. These clays were finely pulverized and 
screened to pass through a 2,500-mesh per sq. 
in. sieve and then thoroughly mixed with Port- 
land cement by revolving the two in a cubical 
box. Two percentages of cement to clay were 
used, a 1:7, or 12%%, and a 2:7, or 2272, mix- 
ture. The mixture was then used as the cement 
basis for the 1:3 cement sand mortar. This 
mortar was mixed with water having an alum 
solution of O, 2% and 5%, recpectively, in the 
various test pieces. 

Tension tests were made on briquettes of these 
various mixtures, ten each for the No. 1 clay, 
12424 clay mixture and eight each for the re- 
mainder. These tension values are shown in 
Table I., as averages of the eight or ten bri- 
quettes for each combination. 


TABLE I.—SHOWING TENSION TESTS ON CEMENT 
MORTAR MIXED WITH CLAY AND ALUM. 
(Ibs. per sq. in.) 


Percentage of clay. 
— — —— 


pee 
„ 


Kind of of 29% ———_—, 
clay. alum. 7 dys, 28 dys. 90 dys. 7 dys. 28 dys. 90 dys. 
No. 1. 0 200 332 417 159 222 331 

5 188 250 363 143 254 321 
214 203 279 366 201 239 318 
No. 2. J 204 283 364 202 328 384 


No clay 222 388 392 sba es 8 
5 236 399 412 sats sae PE 
2% £251 328 358 ja oes he 


The permeability tests were carried out on the 
12% clay mixture only, but on all the percent- 
ages of alum solution. The testing apparatus 
was as follows: For each test a piece of 3-in. 
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wrought iron pipe about 1 ft. long and threaded 
at the lower end to connect with the city water 
pressure (about 110 Ibs. per sq. in.) was ar- 
ranged with a gage and regulator so that any 
desired pressure could be applied. The pieces 
of pipe were bent inward slightly at the iron- 
threaded end and filled from that end up with 
the mortar in thicknesses varying from three to 
eight inches. After setting 24 hrs. in air and 
6 days under mortar the pressure was applied 
and the conditions of the exposed face of the 
concrete noted. These results are shown in the 
following table. 


TABLE II.— EFFECT OF WATER PRESSURE ON CE- 
MENT MORTAR WITH CLAY AND ALUM ADDI- 
TIONS. 

(1:3 cement = 12% clay: sand mixture.) 
Water pressure 
Thickness of in lbs. per sq. in. 


test piece — 

% Alum in inchcs. 15 25 40 
0 8 Moist Sweating Dripping 
0 6 Dry Dry Moist 
0 8 Dry Dry Dry 
215 3 Moist Sweating Dripping 
f 3 Moist Sweating Dripping 
5 6 Dry Dry Dry 


Observation of this latter table will show that 
for thicknesses above 8 ins. a 12%% mixture 
of c'ay and cement should be impermeable and 
that for somewhat smaller thicknesses an alum 
solution adds to the water tightnesses. Table 
I. shows that a 12% mixture of clay tends to 
increase the tensile strength of a mortar, but 
that a 22% clay addition and any percentage of 
alum solution will decrease the tensile strength. 
It must be noted that there are many gaps in 
the experiments and that they are somewhat 
limited in extent, so that the results are not 
conclusive, but they form an interesting basis 
for further study. 

_ O 8 — — 


A COLLISION ON THE BERLIN ELEVATED Rail- 
way, Sept. 26, resulted in the death of 20 persons and 
the injury of 19 others. The collision occurred in the 
eastern commercial district at the crossing of three 
double tracks known as the “triangle.” Two trains 
traveling in the same direction at high speed came to- 
gether at the switch owing to a misunderstanding of 
signals. Two cars of one train were thrown from the 
track. and one of these fell to the street, 36 ft. below, 
turning over as it fell. Most of those killed and in- 
jured were in this car. 

SQ 

THE AIR BRAKES FAILED TO WORK on a Third 
Avenue elevated train in New York City, Sept. 28. caus- 
ing it to run into the rear of a Bronx Park train which 
was stalled between Third and Fourth Sts. Two cars 
were derailed and 20 people injured. 

— 


A BURNING RAILWAY BRIDGE in Canada gave way 
under a freight train and six cars fell into the dry 
river bed below and were burned. Three men were 
killed. The accident occurred Sept. 27 on the Toronto, 
Hamilton & Buffalo Ry. at Mineral Springs, ten miles 
west of Hamilton, Ont. On account of the numerous 
bush fires in the vicinity. no attention was paid by the 
train crew to smoke seen near the bridge, and it was 
not until too late that its wooden supports were seen to 
be burning. 

— sr5'l. 


A HEAD-ON COLLISION on the Southwestern Traction 
Co.’s lines between Philadelphia and Chester, Pa., Sept. 
23, wrecked both the cars and seriously injured 50 pas- 
sengers. The accident is ascribed to the presence of a 
heavy fog. 

_———_—___@—___—_——_—_— 

A NUMBER OF RAILWAY ACCIDENTS have oc- 
curred during the past week. A Chicago, Burlington & 
Quincey passenger train running over the Northern Pa- 
cific Ry. collided head-on with a freight train at Young 
Point, Mont., Sept. 25. Twenty persons were killed and 
as many others injured. The two trains were scheduled 
to pass at Young Point, but the freight was delayed in 
reaching the siding, and the flagman sent out to stop 
the passenger train was unable to make himself seen in 
time to avert a collision on account of a heavy snow- 
storm. All the passengers killed were in the smoker, 
which was telescoped with the express car. 

A passenger train bound for St. Louis on the St. 
Louis & San Francisco R. R. was completely derailed 
near Carthage, Mo., Sept. 24. Two persons were killed 
and 36 injured. The locomotive left the track while 
rounding a sharp curve at high speed and plunged down 
a 50-ft. embankment into Spring River, dragging with it 
the baggage car. The smoker and a day coach rolled 
over twice but did not go into the river. 

The Chicago Limited on the Atchison, Topeka & Santa 
Fe Ry. was wrecked four miles east of St. John, Kan., 
Sept. 22. Only one person was seriously injured. One 


car, the diner, was overturned, while the locomotive and 
several other cars were derailed but remained upright. 
The accident is attributed to the weakening of the road- 
bed by recent rains. 

A westbound fast mail train on the New York Central 
Ry. ran into the rear of a West Shore passenger train 
that had been held in one of the blocks a short distance 
west of Little Falls, N. Y., Sept. 24. Four postal clerks 
were injured. The collision is ascribed to a heavy fog 
which obliterated the signals, 

— m 

A HURRICANE IN THE BAHAMAS, Sept. 11-14, de- 
stroyed an immense amount of property on ten of the 
islands, and wrecked a number of ships. Only frag- 
mentary reports have as yet been received, mainly from 
Long Island, where all the settlements are said to have 
been practically obliterated. The principal town, Clar- 
ence, has only five houses left standing. 

— — —— 

AN ACCIDENTAL EXPLOSION of dynamite near 
Tobyhanna, Pa., Sept. 27, killed five men. The accident 
occurred at the Cross Keys Cut on the Delaware, Lack- 
awanna & Western R. R. while a hole containing 18 ins. 
of dynamite was being tamped. It is said that the bod- 
ies of the victims were assembled by matching their 
clothing. 

— —ᷣ— — 

A T7. G-IN GUN EXPLODED on the French armored 
cruiser “Latouche Tréville’' at Toulon, France, Sept. 22, 
killing the entire gun crew of 13 men and completely 
wrecking the after turret. 

— «51 

A TRADING VESSEL WAS WRECKED on Coronation 
Island, near Sitka, Alaska, Sept. 22, and it is reported 
that 110 of her crew were drowned. She was a steel 
bark, known as the Star of Bengal,” and belonged to 
the Alaska Packers’ Association of San Franctsco. While 
being towed to sea by two tugs she was blown ashore and 
the tugs were obliged to cut loose to save themselves. 
The “Star of Bengal” was 263 ft. long with 40-ft. beam 
and carried a cargo of salmon. 

— . —äüͤ— 

THE U. S. CRUISER “YANKEE” struck on Spindle 
Rock, at the western entrance to Buzzard’s Bay, near 
Newport, R. I., Sept. 23. The accident occurred during 
a fog early in the morning, and the vessel was so firmly 
fixed on the rocks that the efforts of several tugs to pull 
her off were unsuccessful. It is reported that the hull 


was perforated at several points on the port side, for- 


ward, and that nine frames were broken, all in one 
compartment. The damaged section is about 8 ft. above 
the keel and 36 ft. in length. The cargo of coal and part 
of the armament have been removed to other vessels 
to facilitate her removal from the rocks. 

— nn) 

THE CHOLBRA EPIDEMIC IN RUSSIA had resulted, 
up to Sept. 27, in reports of 15,863 cases and 7,102 
deaths, of which 4,931 cases and 1,875 deaths have been 
reported as occurring in St. Petersburg, beginning Sept. 
S. Cholera also prevails to a moderate extent at Manila, 
P. 1., 14 cases and 3 deaths having been reported for 
the 24 hours ending at 8 a. m., Sept. 28. 

——______. 0MM 

ANOTHER FIRE AT CHELSBA, MASS., Sept. 21, in- 
flicted a loss of $400,000, approaching in extent that of 
April 12, 1908. Starting in mill No. 1 of the box factory 
of Atwood & McManus, the flames, driven by a stiff 
breeze, swept over several acres in the lumber district 
on the northwest edge of the city. The burned district 
immediately adjoins that affected by the fire of April 
12. It extends over the triangular area bounded by 
the Boston & Maine R. R., Everett Ave. and Carter St., 
and about 100 ft. beyond Carter St. between the railway 
tracks and Vale St. Besides the box factory, a large 
shoe factory, part of a lumber plant, a bottling plant 
and the Union Metal Co. were destroyed. Twenty families 
are reported homeless. 

The Chelsea firemen were greatly handicapped in fight- 
ing the fire by lack of apparatus. A blown-out cylinder 
head, a broken pump and a broken wheel put three 
engines out of commission and left only one Chelsea 
engine in the field. An engine which had been sent over 
from Charlestown was abandoned, due to a sudden move- 
ment of the flames, and was heavily damaged. 

— . — — 

THE DAM AT HENRY, ILL., on the Illinois River, 
was attacked with dynamite on the night of Sept. 22. 
The dynamite was placed near the connection of the 
dam with the lock wall, but fortunately no serious 
damage was done. The deed is attributed to the same 
parties who blew up the bank of the Illinois & Michl- 
gan Canal, 12 miles below Joliet, Ill., a few weeks ago. 
This was noted in our issue of Sept. 10. 

— . — 

FOREST FIRES IN THE ADIRONDACKS, under the 
influence of the strong south wind of Sept. 26 and 27, 
got beyond the control of the army of fire-fighters, and 
several small settlements and camps were burned. Long 
Lake West, a village of about 100 inhabitants, was com- 
pletely destroyed. Among the buildings burned at this 
place was a large store-house in which were stored 100 
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bbls. of kerosene and 1,500 lbs. of dynamite. The vil- 
lagers had been warned and were at a safe distance when 
the dynamite exploded. Twenty cars on the Mohawk & 
Malone R. R., a branch of the New York Central 
& Hudson River, were destroyed, and the tracks be- 
tween Nehasane and Horseshoe for a distance of about 
twelve miles were injured by the flames to such an 
extent that no trains could pass over them. In the 
northern part of Clinton Co., N. Y., several thousand 
cords of pulp wood and many mapl2 sugar groves were 
burned. For several days in New York State, 5,000 men 
were engaged in fighting the fires, and during this time 
more than 50,000 acres of timber land were burned 
over. The loss in this state will exceed $5,000,000. 
The Adirondack fires were checked by light rain Sept. 
28, and the heavy rains of the 29th have practically 
eliminated the danger of further fires in that region. 

In the northern section of New Jersey the loss from 
forest fires during the past ten days has been esti- 
mated at $100,000, borne chiefiy by Sussex and Warren 
Counties. 

In West Virginia, disastrous fires have been burning 
in the Cheat Mts. The coke ovens in the Deckers Creek 
valley and the Sabraton plant of the American Sheet & 
Tin Plate Co., employing in all about 2,000 men, were 
obliged to shut down on account of the drought. 

Foster City, Dickinson Co., Mich., is reported to have 
been destroyed, Sept. 20, with a loss of six lives. The 
mill of the Morgan Cedar & Lumber Co. was among 
the buildings burned. Reports from Calumet, Mich., 
state that 800,000 ft. of standing timber have been 
burned in the fron region. The villages of Bark River, 
Delta Co., and Homestead, Benzie Co., have been burned. 
At the last-named place the charcoal kilns and lumber 
yards of Alex. Immerman & Co. were destroyed. 

In Wisconsin, the village of North Forks, Price Co., 
was burned Sept. 21. 

Traffic on the St. Lawrence River was almost entire- 
ly discontinued, Sept. 25, on account of the dense smoke 
from forest fires. Several collieries of the Dominion Coal 
Co. were shut down on account of the cessation of 
shipments. Twenty-two ocean steamers were said to 
be delayed in the river between Montreal and Quebec 
by the fog and smoke. 

The fires throughout the country have been largely ex- 
tinguished by the recent heavy rains. 

— a 

ORVILLE AND WILBUR WRIGHT, the builders of 
the aeroplane whose recent performances and final 
wrecking at Fort Myer, Va., have been described in this 
journal, have been granted an extension of time, in 
which to present a complete machine, to June 28, 1909. 

At Le Mans, France, Sept. 28, Mr. Wilbur Wright es- 
tablished a record for flight with one passenger of 11 
min., 353 sec. 

— . ——— 

THE FREIGHT-CAR SITUATION continues to im- 
prove, and at an increasing rate. The figures for Sept. 
16 have just been published by the American Railway 
Assoclation's committee on Car Efficiency, and they show 
a greater decrease in surplus cars during the two weeks 
from Sept. 2 to Sept. 16 than during any preceding 
period since the beginning of the slump in railway busi- 
ness. The idle cars on Sept 16 numbered 173,587 (a de- 
crease of 49,045 in two weeks), of which about 59,000 
were box cars and about 69,000 coal and gondola cars. 
During the two weeks, Sept. 2-Sept. 16, the decrease in 
idle box cars was 26,000, while the decrease in idle 
cars of all other types was 23,000. Thus box cars show 
not only the largest relative but also the largest abso- 
lute Improvement. 

The present course of the improvement, if continued, 
would wipe out the car surplus in about three months, 
1. e., before the close of the year. However, the normal 
excess of autumn traffic can hardly be expected to con- 
tinue as long as this. In 1907 the increase in traffic 
began about the first of August and reached its cul- 
mination during the latter part of October. The present 
jump in cars in service is considerably sharper, and 
has already lasted as long as the upward-trending part of 
the 1907 fall period. 

— — — — 

ABOUT $70,000,000 has been expended up to the pres- 
ent on the New York extension of the Pennsylvania 
R. R., including four tunnels under the East River be- 
tween Long Island City and Manhattan, two double-track 
rock tunnels across Manhattan, the immense terminal 
station on Seventh Ave., two single-track tunnels under 
the Hudson River, two single-track rock tunnels through 
Bergen Hill, and the connecting line from the west portal 
of these tunnels to the Pennsylvania’s main line a 
mile east of Newark. The completion of the project 
will require some $20,000,000 more, and will take until 
well along in 1910. 


— 

AN INJUNCTION against the discharge of sewage into 
the Delaware River by the city of Phillipsburg, N. J., has 
been applied for in behalf of the New Jersey State Board 
of Health, as successor to the State Sewerage Commis- 
sion. The city did not obey an order of the Commission 
to stop discharging crude sewage into the river by Oct. 
1, 1907 


PERSONALS. 


Mr. Charles H. Turner, Jun. Am. Soc. M. E., has en- 
tered the service of the Standard Steel Car Co., Butler, 
Pa., as a designer. 


Mr. H. O. Cole, Assoc. M. Am. Soc. C. E., has been 
appointed Assistant Engineer in charge of office engi- 
neering on the Pacific Division of the Panama Canal. 


Mr. J. Henry Sirich, Jr., Assoc. Am. Soc. M. E., for- 
merly Turbine Engineer with the Westinghouse Machine 
Co., has joined the power department of the Bethle- 
hem Steel Co. 


Mr. W. E. Elam, Jun. Am. Soc. C. E., Engineer of 
the New Orleans Levee Board, has resigned that posi- 
tion and will be succeeded by Mr. Sidney F. Lewis, M. 
Am. Soc. C. E. 


Mr. John R. Morgan, M. Am. Soc. M. E., formerly 
Mechanical Engineer of the Morgan Engineering Co., 
has become General Manager of the Calumet Engineer- 
ing Works at Harvey, III. 


Mr. E. A. McFarland, Chief Engineer of the Gila 
Valley, Globe & Northern Ry., has resigned. He wiil 
be succeeded by Mr. R. L. Drane, who graduated at the 
University of Arizona in 1903. 


Mr. Carleton A. Read, M. Am. Soc. M. H, formerly 
Professor of Mechanical Engineering at New Hampshire 
College, has been appointed Professor of Steam Engi- 
necring at Worcester Polytechnic Institute. 


Mr. C. N. Gould, Professor of Geology at the University 
of California, has been made Director of the Geological 
Survey of Oklahoma, of which Governor C. N. Haskell 
is President. Field studies of the oll fields have already 
been taken up. 


Mr. E J. Govern, M. Am. Soc. C. E., formerly Super- 
intendent of Erection of the McClintic-Marshall Const. 
Co., Pittsburg, Pa., has opened a consulting and con- 
structing-engineering office in the Granite Building, 
Rochester, N. Y. 


Mr. F. P. Gutelius, Assistant Chief Engineer of the 
Canadian Pacific Ry., has been appointed General Super- 
intendent of the Lake Superior division, succeeding Mr. 
F. P. Brady, who has resigned. Mr. J. G. Sullivan, 
Manager of Construction, will succeed Mr. Gutelius as 
Assistant Chief Engineer at Montreal. 


Mr. Edmund M. Blake, of the firm of Blake & Symonds, 
Consulting Civil Engineers, 8 Beacon St., Boston, has 
been engaged by J. G. White & Co., Incorporated, of New 
York, to represent them in southern Idaho in connection 
with the management of the Idaho Irrigation Co., Ltd. 
The firm of Blake & Symonds will be maintained for the 
present at Boston. 


Mr. W. G. Chace, Secretary of the Toronto Section of 
the American Institute of Electrical Engineers, has re- 
tired from that position, owing to his approaching de- 
parture for Winnipeg, Man. Mr. Chace was presented by 
the members with a handsome club bag, at the meeting 
of Sept. 19, in recognition of his interest in the work 
of the Section throughout the past two years. 


Obituary. 
Mr. M. McIntyre, of Detroit, Mich., has been appointed 
Superintendent of the San Francisco, Vallejo & Napa 
Valley Ry. 


Mr. W. J. Hoskin, Master Mechanic of the Chicago 
Great Western Ry., has been appointed Master Mechanic 
of the Chicago & Alton R. R., at Bloomington, III. 


Mr. William J. Wilgus, M. Am. Soc. ©. E., has re- 
signed his position as Consulting Engineer of the New 
York Public Service Commission for the First District. 
Mr. Wilgus was retained to assist the commission in solv- 
ing the problem of the Eleventh Ave. track removal, 
New York City. 


Leslie Carter, formerly President of the South Side 
Elevated R. R. Co. of Chicago, died in that city Sept. 
25. Mr. Carter was born at Galena, Ill., in 1851, and 
graduated at Yale in 1873. From 1895 until the period 
of his last illness he was President of the Calumet & 
Chicago Canal & Dock Co. 


Samuel H. Smith, at one time City Engineer of San 
Francisco, died at his home in that city Sept. 14 after 
an illness of several months. Mr. Smith was born at 
Washington, D. C., in 1855 and was educated at the 
University of Virginia. He went to California in 1878, 
having previously been engaged in river and harbor 
engineering in the East. 


James Isaac Haycroft, Assoc. M. Am. Soc. C. E., of 
whose death at his home in Woollahra, New South 
Wales, Australia, April 11, a belated notice has just 
been received, died from hemorrhage of the brain after 
a two weeks’ illness. Mr. Haycroft was born at Cork, 
Ireland, in 1853, and graduated at Queens College, Ire- 
land, in 1882, as Master of Engineering. 


Albert M. Bullard, Assoc. Am. Inst. E. E., died Sept. 
19 at the Loomis Sanatorium in Liberty, N. Y. Mr. 
Bullard received his technical training at the Massa- 
chusetts Institute of Technology. He has been suc- 
cessively associated with the Thompson-Houston Co., at 
Lynn, Mass., the Chicago Telephone Co. and the Western 


Electric Co., and was best known for his work in the 
development of the electric welding process and the 
telephone. 


William A. H. Allen, a retired chief engineer of the 
U. S. Navy, died at his home in Swarthmore, Pa., Sept. 
23. Mr. Allen was born in New York. He was appointed 
a third assistant engineer from Pennsylvania in 1863 
and was promoted through the successive grades until, 
in 1874, he became a passed assistant engineer. He was 
retired in June, 1890, for incapacity resulting from in- 
cident of service, and his rank was changed to chief 
engineer in June, 1906. 


— — 


ENGINEERING SOCIETIES. 


COMING MEETINGS. 


ILLUMINATING ENGINEERING SOCIETY. 

Oct. 6-7. Annual convention at Philadelphia, Pa. Secy., 
Van Rensselaer Lansingh, Engineering Societies’ 
Building, 33 West 39th St., New York City. 

AMERICAN STREET AND INTERURBAN RAILWAY 
ASSOCIATION. 
Oct. 12-16. Annual convention at Atlantic City, N. J. 
8 B. V. Swensen, 20 West 39th St., New Tork 
ty. 
RAILWAY SIGNAL ASSOCIATION. 
Oct. 13-15. Annual meeting at Washington, D. C. 


Secy., C. C. Rosenberg, 12 North Linden St., Beth- 
lehem, Pa. 


ASSOCIATION OF RAILWAY SUPHRINTENDENTS OF 
BRIDGES AND BUILDINGS. 

Oct. 20-22. Annual convention at Washington, D. C. 

eg S. F. Patterson, Bosten & Maine Ry., Concord, 


AMERICAN. SOCIETY OF MUNICIPAL IMPROVE- 
Oct. 20-23. Annual meeting at Atlantic City, N. J. 
8 A. P. Folwell, 239 West 89th St., New York 
y. 
AMERICAN GAS INSTITUTE. 
Oct. Ai 23. Annual meeting at New York City. Asst. 
Sec W. Bissell, 29 West 39th 6t., New York City. 
AMERICAN ELECTROCHEMICAL SOCIETY. 
Oct. 30-31. Fall meeting at New are City. Secy., 
Dr. J. W. Richards, Bethlehem, 
ROADMAS T HRS AND MAINTENANCE: OF-WAY ASSO- 
CIATION OF AMERICA. 
Nov. 10-12. Annual meeting at Milwaukee, Wis. 
Secy., W. E. Emery, West Chicago, IIL 
AMERICAN RAILWAY ASSOCIATION. 
Nov. 18. Annual meeting at Chicago, Ml. Secy., W. 
F. Allen, 24 Park Pl., New York City. 
SOCIETY OF NAVAL ARCHITECTS AND MARINE EN- 
GINEERS. 
Nov. 19-20. Annual meeting at New York City. 
W. J. Baxter, 29 West 39th St., 
AMERICAN 
Dec. 15-17. 
Secy., 


0 0 


Secy., 
New York City. 
INSTITUTE OF ARCHITECTS. 

Annual convention at Washington, D. C. 
Glenn Brown, “The Octagon,” Washington, 


WESTERN SOCIETY OF ENGINEERS.—At a meet- 
ing of the electrical section, held in the society’s rooms 
at Chicago on Sept. 25, Mr. F. A. Sager described the 
electric traction equipment for the St. Clair tunnel of 
the Grand Trunk Ry. The tunnel passes under the 
St. Clair River, between Sarnia, Ont., and Port Huron, 
Mich. It is 6,032 ft. long, and the length of line equipped | 
for electric traction is nearly four miles. This includes 
the approaches (with grades of 1% and 2%) and the con- 
nections with the passenger terminals and freight yards 
on either side. The tunnel has a single track, but the 
approaches are mainly double-track. The tunnel was 
originally operated by tank locomotives of the 0-10-0 
class, but considerable trouble was caused by gas from 
the engines, and in some cases trainmen were suffocated 
when trains were stalled in the tunnel. To eliminate this 
danger, and to improve the efficiency and economy of 
operation with heavy traffic, it was decided to introduce 
electric traction. 

The railway company engaged Mr. B. J. Arnold, of 
Chicago, as consulting engineer to investigate the mat- 
ter. He reported in favor of the alternating-current 
system, but alternative plans were prepared for both this 
and direct-current. Bids were invited and a contract 
for the work complete was awarded to the Westinghouse 
Co. for a single-phase alternating-current equipment. 
The overhead wire conductor system is used, the wire 
being suspended from catenary cables hung between steel 
bridges at the wider parts of the line. The power-house 
is at Port Huron, and the generating plant consists of 
two Westinghouse-Parsons turbo-generator units. This 
plant also supplies current for the pumps which drain 
the tunnel and for the electric lighting of the tunnel, 
buildings, stations, yards, etc. An interesting feature 
is the method of handling the peak load by means of 
large water storage in the boilers and an automatically 
regulated forced draft. The locomotives are six-wheeled 
machines, but are normally operated in pairs, each pair 
forming a single unit. They have 62-in. driving wheels 
and weight about 65 tons. Each axle has a 250-HP. 
motor. The specified requirement was the hauling of a 
1,000-ton train over the entire electric section in 15 
minutes, but a 930-ton train has been handled in 11 
minutes. The electric traction system has been in 
operation for a few months. 

The paper was illustrated by numerous lantern slides 
of drawings and photographs. There was very little dis- 
cussion, and this turned mainly on the possible ad- 
vantages of using storage batteries to take care of the 
peak of the load when, as in this case, the peak is uni- 
formly high. 
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A TRAVELER FOR VIADUCT ERECTION. 
By L. L. JEWEL,* Assoc. M. Am. Soc. C. E. 


A steel traveler of rather unusual size and 
type, designed primarily for the erection of 
heavy single track viaducts, and operated en- 
tirely by electricity, is being used by the Mc- 
Clintic-Marshall Construction Co. 

A brief description of the work for which the 
traveler was originally planned will perhaps be 


appropriate. Among the bridges furnished and 
erected by this company on the Virginia 
Ry. are eleven single-track viaducts, vary- 
ing in height from 50 to 150 ft, and 
aggregating approximately 12,000 lin. ft. of 
structure. With two 
exceptions, which con- 
tain one and six riveted 
deck trusses, respect- 
ively, all the work is 


deck plate-girder con- 
struction and practically 
all of it is the ordinary 
60-ft. spans with 30-ft. 
towers. One 90-ft. span 
with 28-ton girders was 
encountered, the erec- 
tion of which is shown in 
an accompanying half- 
tone. The loading used 
in the design was 
Cooper's E-60 giving 
about 13-ton girders for 
the 60-ft. spans. The 
total tonnage involved 
was about 10,000 tons. 


The work as a whole 
was divided into two 
groups, a considerable 
distance apart, but cov- 
ering little ground in- 
dividually. The material 
for each group was ship- 
ped and stored at a con- 
venient storage yard and from there run to the 
Various bridge sites as track laying progressed 
and the bridges were needed. As it was new 
construction there was no traffic to interfere with 
the erection operations. 

In general the traveler is a steel tower carry- 
ing long trussed cantilever arms both front and 
rear. The bottom chords of these cantilever arms 
are arranged to carry a crane runway on which 
may be operated one or more traveling cranes. 
The general appearance is well shown by the 
accompanying drawing and half-tone. The tower 
is 40 ft. high by 60 ft. long and is 9 ft. wide, 
c. to c. of columns. This width enables the trav- 
eler track to be laid on an ordinary floor deck 
and at the same time will allow material trucks 
to pass through, running on a standard gage 
track. 

The front cantilever arm projects 100 ft. from 
the tower and the rear arm extends backward 
60 ft., giving a total length of 220 ft. to the 


„Manager of Erection, McClintic-Marshall Construction 


Co., Pittsburg, Pa. 


traveler. The distance from top of track rail 
to top of crane rail is 18 ft. 6 ins. This height will 
allow ordinary cars loaded with bridge material 
to be run under the rear arm and the steel han- 
dled with the cranes from car to final position. 
The total weight of the traveler and equipment 
is about 100 tons. 

The sills are made up of two 15-in. channels, 
placed back to back and laced together top and 
bottom. Eight extra heavy double flanged cast- 
iron wheels carry the traveler. These wheels 
are mounted in cast-iron journals with babbited 
bearings, two being placed tandem on 4-ft. cen- 
ters under each of the four corner posts, giving 
a wheel base of 64 ft. to the tower. 


15-TON TRAVELER WORKING ON VIADUCT ON THE VIRGINIAN RAILWAY. 


The columns of the front bent are of box 
section, made of two 10-in. channels laced to- 
gether on the inner face and with a 15 x -in. 
cover plate on the outer face. The columns of 
the rear and intermediate bents are of two 10 in. 
channels laced together. The corner columns are 
framed into the sills with plate and angle brack- 
ets about 5 ft. long in order to guarantee an 
equal distribution of the load over the two wheels 
at each of these points. A shelf is also built 
onto the outer face of the corner columns ar- 
ranged to carry an ordinary Chicago“ boom 
seat and 12 x 12-in. x 40-ft. timber booms are 
rigged on the front bent. These booms are used 
to steady the traveler while moving and to guy 
it when handling extra heavy loads. In ordinary 
service, however, such guying has been proven 
unnecessary. They may also be used to handle 
loads, working on one side while the opposite 
boom is used to guy. 

The bents of the tower are braced transversely 
for their top half, with struts made of four 
light angles laced together and 2-in. diameter 
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diagonal rods. The rods are used in two lengths, 
giving a slope of about 45°. The bottom half of 
the bents, below the crane runway, is left en- 
tirely clear to allow the free passage’ of cranes 
and material. Transverse stiffness is secured by 
trussing all six vertical columns on their outside 
faces so as to give a depth of about 5 ft. at their 
middle. 

All longitudinal diagonals in the tower are rods 
of varying sizes, depending on their position, 
the Jeaviest being the tie from the top of the 
front cantilever arm which is a pair of 25-in. 
square rods. To provide for torsion due to ec- 
centric loads on the front arm, two additional 
2½ In. square rods are passed from side to 
side of the traveler in 
this same plane. The 
longitudinal struts at the 
top of the tower are 
made of two 9-in. chan- 
nels placed back to back 
and laced top and bot- 
tom. This top plane of 
the tower is divided into 
four panels by latticed 
angle struts and braced 
laterally with 1%4-in. 
dia. rods. 


The crane girders are 2 
ft. 4 ins. deep, back to 
back of angles. They are 
connected to the inner 
faces of the tower col- 
umns and are extended 
front and rear as the 
bottom chord of the 
cantilever arms. The 
bottom flange angle on 
the inner side is invert- 
ed to form a shelf and 
carries a 50-lb. rail for 
the crane carriages. The 
gage is 7 ft. 4% ins. 
A system of stiff lateral 
bracing is used continuously from end to end of 
the traveler between the top flanges of these 
crane girders. 

The struts of this system are made of two light 
channels resting on top of the crane girders and 
extending about 2 ft. over the girders at each 
side. From the ends of these struts, angle 
knee braces extend down to the bottom flange 
of the girders to hold the crane runway to true 
gage. These struts also serve as floor beams for 
carrying a timber deck in tower and walkways 
over the arms. 

All tension members of the cantilever arms are 
ordinary rods and eyebars. The inclined posts 
are made of two light channels placed back to 
back and laced on both sides. No diagonal brac- 
ing is used in the top chords, but the panel points 
are connected with a transverse strut made of 
two light channels laced together. In actual 
practice, this, with the continuous bracing in 
the plane of the bottom chords, has proved am- 
ple to give the desired rigidity to these arms. 

The crane in the front cantilever arm is of 15 
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tons capacity and travels the full length of this 
arm. The crane bridge is suspended from the 
carriage proper and lengthened to give a trans- 
verse trolley travel of 14 ft., which is suff- 
eient to take care of any curve ordinarily encoun- 
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tower when in use, by 1%4-in. square rods 
with several links and hooks at their ends. 
These were dropped down from the traveler sills 
and hooked under the inside lower edges of the 
main girders. They were adjusted simply by a 


of action by these bureaus, as well as by the 
Geological Survey, but it appears a somewhat 
natural reflection that none of these would ordi- 
narily be regarded as an eminent source of au- 
thority on navigation problems, for the simple 
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the rear arm. 

A double drum electric hoisting engine with 
four independent winch heads is installed on the 
deck of the traveler. It is used to pull the trav- 
eier ahead and to handle the booms on the side. 
Runner lines from the engine passing through 
blocks hung from the canti'ever arms are also 
used for assembling bents on the ground when 
desirable and for filling in the longitudinal brac- 
ing of the towers. Holes are provided at inter- 
vals all along the top flanges of the crane girders 
by means of which timbers for carrying such 
runner lines may be bolted whenever desired. 

The power for engine and cranes is supplied by 
a portable plant mounted in a specially built steel 
box car. A 50-KW. direct connected generator is 
driven by a 60-HP. vertical engine. The feed 
wires which are wound upon an ordinary reel, 
lead to a spool on the rear of the traveler and 
are simply reeled out as required by the traveler 
moving over the bridge. A small steam driven 
feed water pump and a 300-gal. storage tank 
completes the equipment for the power plant. 

A separate compressed air plant is used in 
connection with the traveler. It is also mounted 
in a box car and is entirely independent, being 
equipped with boiler, feed water pump and tank, 
air compressor and receiver. This makes it pos- 
sible to move ahead to the next bridge with the 
traveler as soon as the erection is complete, 
without waiting until all riveting, boring of ties, 
etc., Is completed. | 

In the first bridge erected a 90-ft. span was 
erected without difficulty, by the use of both 
cranes as shown in the accompanying half-tone. 
The material for the forward bent was run out 
and lowered to the ground underneath the front 
arm. The bent was assembled complete so it 
could be “tripped” up to its correct position 
where it was held by runners from the engine on 
the traveler deck. The girders were then handled 
with the front crane and a 10-ton hoist, the 
former carrying 18 tons of the load. 


The best record made by the traveler to date 
was on the Terrysville viaduct of the Virginian 
Ry., near Tola, Va. The viaduct is 1,140 ft. 
long and about 60 ft. high over a good part of 
the length. It contains 928 tons and was erected 
in 12% working days of eight hours, an average 
of 91.2 lin. ft. per day. This included placing the 
permanent deck, except guard rails and final 
bolting down. The rails for traveler were laid 
fiat on the permanent cross-ties without a con- 
tinuous longitudinal support. Four I-beams were 
always used, however, under each front wheel 
in addition to the regular crossties. The traveler 
was always anchored at all four corners of the 


fitness, however, to handle the work for which 
it was designed, quickly and economically, and 
where the magnitude of the work in view would 
justify the first cost, the type is worth consid- 
eration. 


— . 


PROPOSED RESERVOIR SYSTEM IN OHIO RIVER BA SIN.“ 
By H. C. NEWCOMER. 


These remarks may well be introduced by 
quoting from a French engineer, Mr. A. Troté, 
of the Ponts et Chaussées. In a paper prepared 
for the Eleventh International Congress of Nav- 
igation, meeting at St. Petersburg in July, 1908, 
on the subject of “Protection of low-lying lands 
against invasion by water,” he says of reservoirs: 


This system seems very seductive at first glance, but 
its application raises serious difficulties. 


He regards reservoirs, indeed, as being gener-. 


ally impracticable for such use, except in so far 
as incidental benefit may be derived from their 
occasional construction for municipal and indus- 
trial purposes. Similar views are given in a 
most interesting discussion of the question by 
Major Chittenden, in his paper on “Reservoir 
Sites in Wyoming and Colorado,” published in 
1898 and referred to by Mr. Leighton. Everyone 
desiring to investigate the subject should read 
this paper. 

The attractive features and undoubtedly real 
benefits attending the use of reservoirs have 


naturally aroused the attention of engineers on 


frequent occasions, and will doubtless always 
appeal to the popular imagination, as well as to 
the various interests that expect to derive bene- 
fit therefrom at the public expense. It may 
even be true, as indicated by Mr. Mitchell, of the 
Geological Survey, in the “Review of Reviews” 
for May, 1908, that a majority of the members of 
the former Inland Waterways Commission were 
in favor of the reservoir system of improving 
our navigable rivers. This, however, would be 
subject to the observation that the commission 
had only one river engineer among its members. 
It had equal representation from the Reclama- 
tion Service, the Forest Service, the Bureau of 
Soils, and the Bureau of Corporations, Every- 
one will surely admit the very able and distin- 
guished service rendered in their respective flelds 
ap GTi ial AN IP DA APSE 8 
[On the recent paper by Mr. M. O. Leighton, Assoc. M. 
Am. Soc. C. E., Chief Hydrographer U. 8. Geological 
Survey. The paper was submitted by Mr. Leighton to 
the Inland Waterways Commission, and was abstracted 
at length in our issue of May 7, 1908. In our issue of 
June 11, 1908, there appeared an extended, adversely 
critical discussion of the paper by Capt. W. D. Connor, 
Corps of Engineers, and an answer thereto by Mr. 
Leighton; also a favorable discussion by Mr. A. H. Hor- 


ton, Assoc. M. . Soc. C. B.—Ed. 
Major, Corps of Engineers, U. S. Army, Pittsburg, Pa. 


reason that they have not been accustomed to 
dealing with such matters. 

In discussing Mr. Leighton’s most interesting 
paper, it may be well to dwell a moment on 
his declaration of fundamental principles that 
should govern the improvement of navigation. 
These may appear plausible enough at first 
sight, but a little consideration tends to the con- 
clusion that they are @ priori in character, evolved 
from his inner consciousness, so to speak, rather 
than from an extensive acquaintance with the 
practical conditions that confront the river en- 
gineer. Mr. Leighton admits, for instance, that 
complete control of a river by reservoirs is 
probably impracticable. This naturally raises the 
question as to the degree of control that is neces- 
sary for navigation purposes. Of course, if nav- 
igation is to help bear the burden of numerous 
other problems, such as flood protection, water 
pollution, water supply for municipal and indus- 
trial purposes, power development, forest pres- 
ervation, and go on, the extent of this control may 
be considerably enlarged. On the other hand, 
deliberate examination of these various prob- 


_lems may lead to the conclusion that each can 


be best solved by more or less direct treatment 
adapted to its special ends, and that the control 
over river flow that can reasonably be supplied 
for navigation interests is of a different charac- 
ter from that suggested by Mr. Leighton. He 
admits, indeed, that locks and dams will be 
required anyhow on the Ohio River. In fact, he 
recently stated before the Flood Commission of 
the Pittsburg Chamber of Commerce that there 
need be no conflict between the reservoir and 
canalization plans, and that canalization will un- 
doubtedly be necessary to secure the desired 
depth of 9 ft. Furthermore, he said that if the 
situation should arise where only a limited sum 
of money could be applied to the improvement 
of navigation, requiring a choice between the 
canalization and reservoir work, that river in- 
terests would do wisely to choose canalization. 
In other words, this is necessary, while reser- 
voirs would only furnish valuable assistance, so 
far as navigation is concerned. But this seems 
to very largely surrender his position that reser- 
voirs occupy a place of commanding importance 
in any logical or well-considered plan for the 
improvement of navigation. 

The mere fact that river improvement works 
have been under consideration for many years, 
both here and in Europe, and in no case have 
entirely artificial reservoirs on an extensive scale 
been adopted in the interests of navigation, would 
lead one to infer that such a system is generally 
impracticable. It is true that Messrs. Leighton 
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TABLE SHOWING DAILY RAINFALL, IN INCHES, 
MARCH 10 TO 14, 1907, INCLUSIVE, AT 16 U. 8. 
AND 35 STATE WEATHER BURHAU STATIONS, 
INDICATED ON MAP BY ITALIC NUMERALS 
WITHIN CIRCLES. 


(Corresponding numerals, together with names of statioa, 
used here also.) 


March, 1907 
10. 11. 


No. Name. 123 18- I4 
%% a nen e 
P 50 0 „ A DO p 
3. Saegerstown, Pa.......... 43 & . 
es le a er ee 18 04 10 34 46 
C skews asenna 26 02 .04 62 384 
8. Parker’s Landing, Pa..... 8 a OE D TA 
2 C r 
8. Springdale, Pa........... 18 «cD 2th 3.67 100 
S- Devin Tal. Dam. ox 2.55055 14 14 10 1.40 97 
DO. Peers. Phi csc awcs vex. aa 14 ..06: 1.82 ..86 
I. . ˙ . 11 „eee 
, . 04 64 01 1.24 1.44 
13. C 47 00 10 1.49 1.41 
o ˙——— cased -40 00 50 1.30 1.25 
15. Saltsburg, Pa............ 16 28 .04 1.28 94 
D K ˙ inak 00 -00 20. 108 sis 
1d. Grantevillé, FO. <osicaccas 80 .00 .05 2.50 95 
18. Confluence, Pa........... cco <a “sas, Bee 4.00 
Sek: Teer. Park. OG. ow ccs uaa 40 0 © 2.60 438 
. W. Va ciers 0 . 0 .04 1.00 50 
A 1.30 0 -22 1.84 .95 
22. Rowlesburg, W. Va....... .24 70 04 1.46 1.12 
. 0 O 2.5 5 
ak Tene: W. Vis ascicceexs 1.20 .0 42 .32 44 
1 W: Vhsccaaiwas 1.34 .0 95 90 45 
n Wie scascc-c „ 
IS 46 22 6 .58 1.12 
28 Lost Creek, W. Va. 78 0 52 1.04 .38 
c eces,s 79 0 33 1.40 .80 
30. Fairmont, W. va. Bo. 1 -06 1:80 1.22 
31. Mannington, W. Va....... J ˙· san 142 27 
32. Morgantown, W. Va..... 90 0 .15 1.70 1.40 
33. Greensboro, Pa........... 20 .40 .O8 1.34 1.90 
Dr 57 0 20 2.20 1.34 
3. California, Ff... 60 .8 18 1.81 1.46 
SB Dam No 4. PRs cis ccwes 18 .33 .40 1.40 2.20 
37. W. Newtown, Pa......... 16 .20 20 1.00 1.84 
Sey SPW. AAA 50 0 .08 1.47 1.62 
nne 40 0 ay. 240 “ane 
a. ‘Greve: Clty. Piiiasccgaswse .09 .0 11 53 41 
41. Ellwood Je., Pa.. 12 <18 12 1:360 T4 
42. N. Cumberland, W. Va.... 15 0 10 85 75 
43. *Wellsburg, W. Va. 40 0 2 2.00 1.25 
44. “Wheeling, W. Va......... 16 04 -04 1.00 1.20 
o nds tess 45. .0 10 1.70 2.00 
46. Moundsville, W. Va..... 50 .0 OR 2:28 See 
N. Aleppo, c K o a ²³·—-m 2s 24 3585 
48. N. Martinsville, W. Va... 55 0 32 261. -2.45 
49. Smithfield, W. Va........ 64 12 52 1.20 1.85 
50. *Glenville, W. V aaa. Be ... .& .10 1.05 
r 70 0 .85 1.10 10 


*Indicates stations just outside of left margin of map. 


and Horton, in their paper on “The Relation of 
the Southern Appalachian Mountains to Inland 
Water Navigation,’ state that this method of 
channel improvement has been extensively used 
in Russia and France, but I can find no warrant 
for this assertion beyond the reservoir system at 
the headwaters of the Volga River, where a 
region of many natural lakes has been adapted 
to reservoir purposes in a similar manner, but 
on a smaller scale, than at the headwaters of 
the Mississippi. It appears, also, that reservoirs 
have been proposed, but not built, for increasing 
the low-water discharge of the Oder in Ger- 
many and of the Loire in France. 

In this same paper, speaking of the Mononga- 
hela River, Messrs. Leighton and Horton say: 


The Monongahela system of locks and dams was con- 
structed, so far as public records show, without any 
suitable investigation of the possibilities of maintaining 
navigable stage in the river by conservation of flood 
waters. The idea that it might be possible to maintain 
navigable stage during low-water seasons by saving 
some of the water wasted during spring floods appears 
not to have been considered. The dams were constructed 
in the face of the knowledge that maintenance charges 
would be heavy and would continue generation after gen- 
eration. The fact that they might be used for power 
development if sufficient summer flow were provided and 
so become self-supporting seems not to have made a 
strong impression. If this possibility had been taken 
into account it would not have been necessary to con- 
struct as many locks and dams as now exist along the 
river. The entire system up to Morgantown might have 
been abolished, as can be shown by information at hand. 


And again, speaking of the Youghiogheny: 


There is presented here a condition identical with that 
on the Monongahela before canalization, but here there 
is the added advantage that the proposed Youghiogheny 
system is a new one and no mistake need be made. 


It is possible that these gentlemen may already 
be inclined to modify these statements. In any 
case it is certain that fuller knowledge of the 
conditions would make them hesitate to dis- 
credit the work done on the Monongahela River. 

There are numerous disadvantages connected 
with the reservoir plan that might be discussed 
at length, such as the probable lack of available 
reservoir sites sufficiently distributed, the per- 
manent withdrawal from other uses of large 
areas of bottom land of exceptional fertility, the 
disastrous results of possible failure of dams, the 
unsanitary conditions attending large fluctuations 

of water level in reservoirs, the disorganization 
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(At weather-bureau station 20 the capacity (C) of reservoir No. 16 should read: 4,912 Instead of 1,912.) 


FIG. 1. DRAINAGE AREAS OF THE ALLEGHENY AND MONONGAHELA RIVERS, SHOWING POR- 
TIONS UNDER PARTIAL OR COMPLETE FLOOD CONTROL BY PROPOSED RESERVOIR 
SYSTEM. 

(Prepared under the direction of M H. C. N , Co E a U. S. i 
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by Mr. M. O. Leighton are shown solid black and theirtributary drainage areas by horizontally ruled areas. 

The serial numbers in Mr. Leighton's list are given near the respective dams. Italic numerals within circles 


indicate the 16 U. S. and 35 State weather bureau stations for which rainfall records for M 
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of public road systems and obstruction of local 
communications, the conflict between methods 
of control for flood prevention and industrial and 
navigation purposes, the inevitable impairment 
of reservoir capacity by sedimentation, and so 
on. Such features would all have to be taken 
into consideration, of course, in passing judgment 
on the system as a whole. Some of them would 
doubtless assume proportions of grave import- 
ance. 
FLOOD PROTECTION. 


It can doubtless be shown, also, that the ad- 
vantages connected with the proposed system 
are neither so certain in character nor so great 
in value as claimed by Mr. Leighton. 

Taking the question of flood prevention, for 
instance, there is good reason for doubting his 
assumption that the flood discharge at any point 
would be lessened in the same or even a greater 
proportion than the percentage of tributary 
drainage area that is controlled by reservoirs. It 
is obvious, of course, that where this drainage 
area is of great extent and most of it is under 
no control whatever, it is possible to have a flood 
from the uncontrolled area. Great storms, how- 
ever, are generally widespread and it is hardly 
probable that any would occur that would not 
involve some of the reservoirs; still it is almost 
invariably the case that the flood-producing 
storm is not uniformly distributed over the 
drainage area. It may be concentrated mainly 
on the unprotected region, in which case it is 
obvious that the proportion of runoff held back 
will be less than that assumed by Mr. Leighton. 


This is well illustrated by the conditions that ob- 


tained during the flood of January, 1907, on the 
Ohio River. This flood attained exceptional mag- 
nitude at Cincinnati but barely passed the danger 
line at Pittsburg, Wheeling and Parkersburg. 
Moreover, it reached its highest stage at all these 
places at nearly the same time, thus indicating a 
practically simultaneous arrival of storm dis- 
charge from various portions of the drainage area 
at corresponding points along the river, with 
only a moderate runoff on the upper river and 
one of extraordinary amount at Cincinnati. The 
upper river in this case did not contribute largely 
to the flood height at Cincinnati, and it is evi- 
dently wrong to assume that the upper river 
reservoirs would have very materially assisted 
in reducing it. 


The character of the flood-producing storms in 
the Ohio basin further emphasizes this consid- 
eration of the relative inefficiency of reservoirs 
at the headwaters of the river for controlling 
floods on its lower reaches. These storms, for- 
tunately, all sweep over the basin from the 
southwest so that rainfall on the lower river 
has some time to run off before its discharge 
is augmented by that from above. 


PITTSBURG FLOOD OF 1907. 


The accompanying map, Fig. 1, shows the drain- 
age areas of the Allegheny and Monongahela 
rivers, the shaded areas indicating the portions 
under complete or partial control by the pro- 
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RESERVOIR COSTS ACCORDING TO CAPACITY, AS ESTIMATED BY M. O. LEIGHTON. 


posed reservoirs. There is also shown the dis- 
tribution of the rainfall of March 13 and 14, 
1907, which caused the unprecedented flood stage 
at Pittsburg on March 15. A careful examination 
of the conditions indicates that the portion of 
this total rainfall that would have been con- 
trolled by the reservoirs is practically the same 
as the proportion of controlled area. It is worthy 
of note, however, that a part of this rainfall on 
the southern portion of the Monongahela basin, 
where the reservoir control is most complete, 
could not have reached Pittsburg on March 15. 
Making allowance for this feature, the proportion 
of control over the rainfall producing the ex- 
treme flood stage would be correspondingly re- 
duced. The comparatively local origin of this 
great Pittsburg flood stage is indicated by the 
fact that the flood heights attained on the Alle- 
gheny above Springdale and on the Mononga- 
hela above Brownsvllle were considerably under 
former records. It seems reasonable, there- 
fore, to conclude that the flood control at Pitts- 
burg would have been less than Mr. Leighton 
estimates. 

Foreign professional opinion does not appear to 
favor reservoir systems for flood control, though 
individual reservoirs have been built, and others 
are projected, partly for this purpose. 

In the Annales des Ponts et Chaussées” for 
1881, Vol. II., appears an article by Mr. L. Gros 
on the “Insufficiency of Reservoirs for Diminish- 
ing the Danger of Floods,” written in response 
to renewed agitation of the subject in France. 
He reviews briefly the grounds upon which the 
French government rejected this plan of flood 
protection. Again, in Vol. LXVII., Proc. Inst. 
C. E., 1882, there are two papers on “Conserv- 
ancy of Rivers” in England. In the discussion 
Mr. E. Malézleux gives the French official views 
opposed to the reservoir plan. Also, Mr. H. de 
Lagréné says: 

The authors were right in rejecting large impounding 
reservoirs, as in order to be of use they would have to 
be placed low down in valleys where the land was gen- 
erally most valuable and their construction would be 
costly. 

The fifth question for consideration by the 
Eleventh International Congress of Navigation, 
as indicated above, is the “Protection of Low 
Lying Lands Against Invasion by Water.” In 
none of the papers presented, that I have seen, 
are reservoirs advocated for this purpose. 

It may be well in this connection to mention 
a feature of flood damages that is sometimes 
overlooked. The banks of the Ohio have for 
ages been subject to overflow. Occupation of 
the riparian lands has developed with full knowl- 
edge of this fact on the part of all concerned. 
Property exposed to damage has been deliber- 
ately placed there, and the acceptance of this 
risk has doubtless in many cases been fully justi- 
fled. If fiood damages amount to the enormous 
sums stated, protection of this property would 
correspondingly increase its value. The question 
arises whether the national treasury is properly 
chargeable with the cost of furnishing the pro- 
tection. 


— — — e = =. 


POWER DEVELOPMENT. 

Again, it is doubtless true that there is a great 
future for water-power development, but it is 
not clear how the general government can de- 
rive any such revenue from this source, as Mr. 
Leighton estimates. The type of expressions 
used in current discussions, such as “indicated 
horsepower” of various rivers, power developed 
by reservoirs and Government dams,” may con- 
vey a wrong impression to the popular mind, as 
indicating something ready for use by power 
customers, especially as the estimate of its value 
approximates to the rate at which power is be- 
ing actually delivered on a 10-hour basis by 
comparatively small power installations. of 
course, it is obvious to the engineer that power 
plants, transmission lines, etc., are necessary to 
make the so-called power available. In the 
proposed system it is not expected to develop 
power at the reservoir sites, on account of the 
extreme fluctuations in head of water, and 80 
there would simply be the flow of the streams, 
more or less regulated, for which a charge 
would be made in the general case. Now it is a 
question to whom this flow belongs. It certainly 
does not belong to tha general Government, 
whose authority in this respect is limited to the 
exercise of such control as is required in the 
interests of navigation. In all navigable rivers 
the beds of the streams belong to the respective 
States and it would seem that the ownership 
of the flow of water should be found in the 
same quarter, though riparian proprietors wil! 
doubtless claim the right to its free use. On this 
theory the State should be entitled to make an 
annual charge for the flow and this should be 
one of the conditions to be imposed in all cases 
where it grants a charter for power develop- 
ment, though I am not aware of any instance in 
the United States where this has ever been done. 
This charge should, of course, be subject to 
periodical revision to meet the changing condi- 
tions of industrial development. 

Water-power leases have been issued by the 
Province of Ontario, with rentals varying from 
25 cts. to $1 per HP. per annum, based on 
the quantity of power developed. The highest 
rate applies only to powers in the vicinity of an 
active market for energy. These are very differ- 
ent figures from the $20 rate used by Mr. 
Leighton. Of course, it is impossible to deter- 
mine such a matter in advance, but it would at 
least seem very rash as a financial proposition 
to count on more than $5 per HP. as an an- 
nual rental charge for the stream flow. This 
position might be further supported by refer- 
ences to existing conditions of power develop- 
ment, but it will probably be conceded by engi- 
neers familiar with such matters. 

COST OF RESERVOIR SYSTEM. 

Notwithstanding all these considerations, how- 
ever, that tend to lessen the estimates of value 
of benefits to be derived from the system, there 
can be no question that there are such benefits 
of great importance, and the system should be 
built if it can be done at a reasonable cost. 
This is the vital feature of the problem and the 
one that generally condemns the system as be- 
ing impracticable from a financial standpoint. 
It is proposed, therefore, to give some considera- 
tion to Mr. Leighton’s estimate of cost. It is 
proper to observe that Mr. Leighton himself does 
not regard this estimate as very reliable. The 
main purpose of his paper was to develop other 
possibilities of the system. It is believed, how- 
ever, that a little more extended consideration 
of this very important branch of the subject 
would have convinced him that his treatment of 
it is not sound, and would have modified his 
opinion that it affords a fairly reasonable in- 
dication of the probable cost. 

Table I. gives a summary of all the reservoirs 
in the Ohio basin, listed by Mr. Leighton, classi- 
fied according to capacity, with estimates of 
cost by his scale. Several equivalents of the 


unit costs used by him are given for the con- 


venience of those who are not accustomed to use 
the unit of a cubic foot per second per year. It 
will be observed that this table includes three 
more reservoirs than Mr. Leighton’s summary, 
and gives a somewhat greater total cost. 


* 
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TABLE I.—SUMMARY OF PROPOSED RESERVOIR SYSTEM. 


Unit costs. Kͤʃvr» 


Per No. of. 
cent. reser- 
Number Capacities, Aggregate of voirs Per cu. ft. Per 
of millions of capacity total derived per sec. Per acre million 
Blass reservoirs. cu. ft. of class. capacity. from. per year. ft. Cu. ft. Total cost. 
peer 1 100- 500 420 0.02 21 $36,495 $50.30 $1,157.00 $485, 
bee 1 500- 1,000 900 0.04 12 20,775 28.70 658.00 592,200 
3 ene 53 1,000-10,000 243,162 11.3 35 7,047 9.73 223.00 54, 225, 128 
„ 15 10, 000-20, 000 240, 795 11.2 8 1.664 2. 30 52. 80 12,713,996 
355 over 20,000 1,663,472 77.4 3 1.210 1.67 38. 30 63,710,977 
108 2,148,749 $61.30 $131,728,219 


Fig. 2 represents graphically the scale of costs. 
it gives the entire cost for individual reservoirs, 
according to capacity. Attention is invited to the 
higher mean total cost of reservoir for those of 
1,000 to 10,000 capacity as compared with those 
of far greater capacity, ranging from 10,000 to 
20,000 million cu. ft. While it is true that, other 
things being equal, the unit cost will be less for 
the greater capacity, this startling result of less 
total cost for the greater capacity indicates some- 
thing radically wrong. 

Table II. gives information concerning pro- 
posed reservoirs in the Allegheny basin and Table 
IIL concerning those in the Monongahela basin, 
including the individual estimates of cost and 
other data given by Mr. Leighton. An examina- 
tion of these tables will disclose some peculiar re- 
sults, such as that already noted in connection 
with Fig. 1. For instance, No. 10 on the Monon- 
zahela with a dam about twice as high, and cov- 
ering 50 per cent. more ground, costs about half 
as much as No. 9. 

Referring to Table I. it will be noted that 88 
of the total capacity of the entire system is found 
in the reservoirs containing more than 10,000 
million cu. ft., and 77% of the total in those of 
more than 20,000 million cu. ft. As the unit costs 
seemed extremely low for these larger works, in- 
formation was sought concerning the reservoirs 
that were considered in determining them. Mr. 
leighton very kindly furnished the list of them, 
which is given in Table IV., with some data con- 
cerning them. 

It will be noted that there are only nine instead 
uf eleven as indicated in Mr. Leighton’s table, the 
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TABLE I.—RESERVOIRS IN ALLEGHENY BASIN. 


Area of Height Acres Million 
Order control, of dam sub- cu. ft. 
on list sq. mi. ft. merged. capacity. Cost. 
eee 275 38 24,000 17,590 $928,752 
oe 27 13,400 1.740 388,020 
3. 5 . 86 75 4,700 5,677 1,265,971 
1 46 100 ee 2,990 666,770 
Dasena 30 700 1,950 434,850 
6. .. 370 231 5,300 22,100 $46,430 
7 . 48 118 1.390 2.720 606,560 
5 80 149 2,260 5,120 1,141,760 
0 5 436 210 6,920 23,850 914,455 
1 58 98 2.200 3,180 709,140 
ae 200 110 7,800 12,415 655,512 
53 52 122 1,300 2, 637,780 
— — : 66 150 1.620 3,900 7 
70,890 106,092 $10,065,700 
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TABLE III. RRSERVOIRS IN MONONGAHELA 
BASIN. 


Manachee Meadows and Little Colorado reser- 
voirs having been duplicated through some over- 
sight, thus reducing somewhat the resulting unit 
cost that he obtained for reservoirs between 
10,000 and 20,000 million cu. ft. It will be noted, 
also, that only one has been built and two others 
are under construction. 

It would seem that a most casual inspection of 
this table is sufficient to convince anyone that 
these reservoirs, mainly located in the arid re- 
gions of the West, do not 
afford a fair criterion 
for estimating costs of 
reserviors in the Ohio 
River basin. The Upper 
Mississippi River System, 
developed from large 
natural lakes in a region 
sparsely settled at the 


Miles. 
2 3 


time, is obviously not a 
comparable case. Yet, as 
indicated above, these 


reservoirs were used as 
a standard for computing 
the cost of fully 88% of 
the total capacity of the 
proposed system. 

It was considered de- 
sirable to test Mr. Leigh- 
ton’s estimate by a 
brief investigation of the 
conditions that obtain at 
some of his proposed 
reservoir sites, and ac- 
cordingly those were se- 
lected in the Mononga- 
hela basin that have ca- 
pacities of over 10,000 
million cu. ft. There are 
six of these, comprising 
one-third of the total 
number and containing 
over two-thirds of the 
total reservoir capacity. 
Referring to Table III., 
it will be seen that they 
are Nos. 7, 8, 10, 11, 12 
and 14, located respect- 
ively on the West 
Fork River, Buckhannon 
River, Cheat River, 
Tygart River, Ten-Mile 


Freemans burg 
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10 H Ba ea of dam aD cu. Ae River. 
- mi. ft. š ty. . : 
8 250 100 merged. capacity. | Cost Captain E. M. Adams, 
5 405 101 2,100 2,400 535,200 Corps of Engineers, has 
5 5 2, 24, IG. 3. 
4 5 80 155 3,600 6.200 1,382,600 visited all these sites and FIG. 3 
5 180 115 1,300 2,600 579,800 has made a report from 
e 92 4,500 5,900 1,315,700 . a 
ES 380 109 15900 24.700 946.0 which the following quo 
1 138 77 13,300 18,800 992, tations are derived: 
10 107 4.300 8,100 1,806,300 In order to judge of the accuracy of Mr. Leighton’s 
„ 440 200 _ 6,600 800 911,540 estimate of the cost of the above reservoirs, I have vis- 
5 330 142 10,000 19,100 1,008,480 ited each site, and have collected such data as are, in 
13. 1 55 10 a 15.200 802, the absence of detailed survey, available. 
14. . „140 serce 3,690 822,870 As to the proposed dams: In general it may be said 
3 zo 200 4,220 20.270 778.341 that the sites selected by Mr. Leighton appear to be 
1. 62 83 3,200 4,603 1,026,469 favorable for the construction of dams. None, however, 
Maass 1 64 3,930 4,912 1,095,376 of these open valleys present the uniquely favorable 
oo 11 70 1.100 1.065 237.495 conditions which are found at certain sites indicated by 
shee 60 760 900 2, Mr. Leighton as criterions of cost. 
2.801 —_-—- —— At all sites herein discussed, rock foundation and abut- 
j 82,010 173,340 $17,306,881 ments appear to be within reach; whether rock is actu- 
TABLE IV.—RESERVOIRS OF MORE THAN 10,000 MILLION CUBIC FEET CAPACITY USED BY MR. 
LEIGHTON AS BASIS OF ESTIMATE OF COST. 
— Dam — Capacity Cost per 
ita 3 yee ae ca preter Mion million 
ation. y on top, ft. cu. cu. ft. Present sta 
0 Serial E a Arizona Masonry 142 25 10,500 $117.32 Projected. * 
pees Carn cadows 55 California R Rock ail 85 400 10,800 13.95 s 
White Rock 8550 3 evada oncrete rubble 11 25 11,760 38.05 Under construction. 
e - New Mexico Masonry 80 eas 13,070 91.96 Projected. 
Little Colorado Arizona Earth and ewe 
roc ll Ke 15,400 22.16 ae 
Upper Narrows Mojave River, California Masonry .. . 17.000 101.47 “ 
Salt River about 
R VG A 808 pari A 284 680 70800 5988 Under construction. 
—[—b 2 22 Brats rizon ‘Roc ee ; : Projected. 
pper Miss. River System... Minnesota essees f 93,500 7.35 Bole 
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ally within reach, and whether it is of character to 
withstand the strains to which it will be subjected by 
Mr. Leighton's dams, can be ascertained by detailed and 
thorough examination. 

In view of the enormous industrial interests which will 
be menaced by the construction of the proposed reser- 
voirs, it is unlikely that the inhabitants of Western 
Pennsylvania will permit any form of construction less 
permanent and secure than that provided by masonry 
dams of approved type. 

In estimating the cost of the proposed dams, I have 
therefore assumed that in each case the dam will be 
of masonry, of gravity section. (Triangular profile de- 
signed by Wegmann, Practical Profile No. 1, Trans. Am. 
Soc., June, 1907.) In the absence of detailed survey, I 
have assumed that good and sufficient foundation will 
be found within 25 ft. of the low-water level. 


Captain Adams made two estimates for the 
dams, based on different unit costs for thelr ma- 
sonry contents. The estimates given below are 
obtained by using a rate of $8 per cu. yd. This 
may at first seem too high a figure, but it should 
be noted that it is intended to cover all items of 
construction, such as excavation and the exten- 
sive controlling works, with their gates and 
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PROPOSED WEST FORK RESERVOIR, MONONGAHELA 


BASIN, WEST VIRGINIA. 


(Traced from topographical map, U. 8. Geological Survey, furnished by M. 
O. Leighton. 


Shaded area indicates reservoir.) 


operating machinery. If any one thinks a differ- 
ent unit cost should be used, he can readily 
modify the estimate accordingly. 


As to the incident damages: The significance of this 
feature in the Monongahela basin is shown by the fact 
that in certain cases entailed damages will exceed cost 
of dam. 

In estimating damages to towns, I give a fair valua- 
tion to improved real estate and to industrial enterprises. 
In certain localities, notably Weston, Buckhannon, and 
Elkins, present sales are based upon fictitious values; 
the values herein assigned are conservatively low. In 
any case, these values may be expected to increase 
rather than decrease. 

Damages due to inundation of coal deposits and farm 
lands are estimated upon the basis of present terms of 
transfer. The value of the coal lands will decrease as 
areas are mined out; but it may be noted that the 
construction of a reservoir over an undermined site be- 
comes hazardous and costly, if not impracticable, 

Damages due to inundation of railroads and roads are 
estimated upon the mileage submerged only; but it is 
probable that the United States would also have to pay 
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the entire cost of relocation, 
indeterminate. 

In the following. 
arately: 


which, at present, is 


each reservoir is considered sep- 


WEST FORK RESERVOIR. 
Dam: 
Estimated length: 


1,386 ft.: 
200 ft 


Estimated height above low water, 115 ft. 

Probable ese cease hese tise 

The proposed reservoir lies in the West 

Virginia coal fields. Inhabitants state that 
the Pittsburg vein lies at a depth of 200 
ft. below the river. No operations have been 
conducted in this vein. The mines now open 
are operating in an apparently thin vein 
which lies above the proposed reservoir 
level. In the absence of definite published 
information as to geologic conditions it is 
‘impossible to state damages to mining inter- 
ests. But it may be said that bottom land, 
including mineral rights, is selling at $100 
per acre. When mining operations are ex- 
tended south to Clarksburg, this price may 
be expected to rise rapidly. 

The proposed reservoir will submerge: 

(1) Towns: 

Weston, county seat of Lewis Co.; popula- 
tion, 7,000; site of West Virginia Hospital 
for Insane, cost $1,500,000; County Court- 
house: 7 churches; large school; 4 banks; 
3 hotels; foundry and machine shops; 
flour, saw and planing mills; round- 
house and repair shops; glass, brick, 
and carriage factories; streets paved 
and Hghted by electricity; damages....... 

Lost Creek, population, 200; damage....... 

Jane Lew; population, 1,000; damage 

West Milford; population, 450; damage..... 

Goodhope, Lightbarn, Gaston, Homer, Ber- 
lin, Rockford, etc.; damage, small. 

(2) Farming land: \ 
9,000 acres at $100 ·ů »ũiiuiuuU˙Lͤ U P —P 4 
6,200 acres at Fk•oboo cece eens EA 

(3) Railroads: 
B. & O. R. R., Richwood branch from 

Clarksburg; submerged, 22 miles; dam- 


„ „ 66 %%% %% „„ „ „ „6 „„ „„ 


crest, base, 


$1,903,720 


124,000 


eseneovreeosveseas 8S 8 Bees 


83,200 


Total ascertained damages $6,287,200 
BUCKHANNON RIVER RESERVOIR. 
I believe that Mr. Leighton has overstated 
the capacity of this reservoir. (Area should 
apparently be about 5,000 acres instead of 


6 5 5 „„ „„ „„ „„ „ „„ „66 „„ 


13,00.) 
Dam: 
Estimated length; crest, 475 ft.; base, 
90 ft. 
Estimated height above low water, 80 ft. 
Probable oss $377,088 
The proposed reservoir lies outside of the 
West Virginia coal fields; no damage to min- 
ing interests is anticipated. 
The proposed reservoir will submerge: 
(1) Towns: 
Buckhannon, county seat of Upshur Co.; 
population, 4,500; court-house; opera 
house; pressed and window glass fac- 
tories: woolen, flour and planing mills; 
tannery; brick yards; West Virginia 
Wesleyan College; damages 1,550,000 
N e FCC 15, 
(2) Farming land: 
4,400 acres at S Sꝓꝶe .. 352,000 
500 acres at 2 . 10.000 
(3) Railroads: 
B. & O. R. R.: Tygart 1 1155 1 
ens branches; submerged, 15 miles, dam- 
BSS T 375, 000 
(4) Roads; earth: 
30 miles; damage ececeeeeree 24,000 
Total ascertained damages $2,326,000 
CHEAT RIVER RESERVOIR. 
Dam: 
Estimated length; crest, 1,900 ft.; base, 
250 ft. 
Estimated height above low water, 200 ft. 
Probable coũi6tt censececrs $5,634,368 
The proposed reservoir lies outside of the 
West Virginia coal fields; no damages to 
mining interests are anticipated. 
The proposed reservoir will submerge: 
(1) Towns: 
Parsons; county seat of Tucker Co.; popu- 
lation, 1,700; court-house; opera house; 
pulp, planing and grist mills; damages.. 550,000 
St. George; population, 400; damages ...... 50,000 
2) Farming land: 
i 5,360 acres at $90 ũ )) 482,400 
1,340 acres at 20. 26,800 
(3) Railroads: 
Western Maryland R. R., main line, from 
Belington and Elkins to the east; sub- 
merged, 5 miles; damages 125,000 
(4) Roads; earth: 
Submerged, 23 miles; damage ............-- 18,400 
Total ascertained damages $1,052,600 
TYGART RIVER RESERVOIR. 
Dam: 
Estimated length; crest, 1,200 ft.; base. 
200 ft. 
Estimated height above low water, 145 ft. 
Probable coe. $2,383,040 
The proposed reservoir lies outside of the 
West Virginia coal fields; no damage to 
mining interests is anticipated. 
The proposed reservoir will submerge: 
(1) Towns: 
Elkins; county seat of Randolph Co.; popu- 
lation, 6,500; 2 machine shops; tannery; 
ice plant; large brewery; schools; opera 
house; paved streets; 2 hotels; many brick 
buildings; brick kilns; Western Maryland 
roundhouse and repair shops; damages.. 8,500,000 
(2) Farming land: 
3,000 acres at SS̃m md. V 240,000 
4,500 acres at 20000 e 90,000 


(3) Railroads: 
Main line of Western Maryland R. R. from 
Belington to the east and branches south 


toward Beverly; submerged, 9 miles; 
damages. e 888 225,000 
(4) Roads; earth: 
16.5 miles; damage ......... 3 ree 13,200 
Total ascertained damages . $4,068,200 
8 TEN-MILE CREEK RESERVOIR. 
am: 
Estimated length; crest, 1,680 ft.; base, 
150 ft. i 
Estimated height above low water, 180 ft. 
Probable cot V $4,454,744 
The proposed reservoir will overlie the coal 
of the Pittsburg vein in which, in this val- 
ley, operations have just begun. 
Damages; mineral rights of 6,400 acres at 
$1,500) oesi sentias Jõͤ˙1Ü 8 ee 9,600,000 
The proposed reservoir will submerge: 
(1) Towns: 
Clarksville; 600 Inhabitants; damages...... 60,000 
Zollarsville; 200 inhabitants; damages.... 20,000 
Bissell; 100 inhabitants; damages insigni- 
ficant. 
Ten-Mile; 100 inhabitants; damages; insig- 
nificant. 
(2) Farming land: 
1,280 acres at S ue EE g 102,400 
5,120 acres at 1 8 canara 51.200 
(3) Industrial properties: 
At Besco; one coal mine operating in 
Pittsburg vein; coal washer; 100 coke 
ovens, new; 2 brick kilns; one fan; one 
hoisting plant; one natural gas pump- 
ing station; damages ......... eee ee 200,000 
At Zollarsville; one coal mine operating 
in Pittsburg vein; one coal washer and 
coke ovens now in course of construction; 
one hoisting plant; two natural gas 
pumping stations; damages ........... ssa 120,000 
(4) Railroads: 
Spur of P. R. R. running from Millsboro 
to Besco; submerged, .5 mile; damages.. 7,500 
Spur of P. R. R. running from Cokeburg 
to mine near Zollarsville; submerged, 3 
miles; damages SOR 45,000 
(5) Roads: 
30 miles; the greater part are ordinary 
earth roads; some are macadam; dam- 
JJ ² x ia aa a aa 27,600 
(8) Gas wells: 
Value problematic. 
Total ascertained damages $10,233, 700 
5 YOUGHIOGHENY RIVER RESERVOIR. 
am: . 
Estimated length; crest, 2,580 ft.; base, 
640 ft. 
Estimated height above low water, 240 ft. 
Probable cost E E $11,782,784 
The proposed reservoir will submerge: 
(1) Towns: 
Watsondale; Standard Oil pumping plant; 
damag sessir se arino aese 8 PRANI 60,000 
Selbysport; damage ......... cece cece cece eee 20,000 
Friendsville; damaggggne?e‘ ; 100, 000 
Kendall; large sawmill plant; coal mine 
not in operation; damage N 120,000 
(2) Farm land: . 
2,100 acres at 600d 8 126,000 
2 % actes at. ,., issie niina ,000 
(3) Railroads: 
Branch of B. & O. R. R. running from 
Confluence to Kendall; submerged, 11 
miles; damn ᷣ 88 165,000 
(4) Roads; ordinary earth: 
19 miles; damage 8 15,200 
Total ascertained damages ............. 5650, 700 


The results of the examinatlon are summarized 
in Table V. 
TABLE V.—RESERVOIRS OF MORE THAN 10, 000 


MILLION CUBIC FEET CAPACITY PROPOSED IN 
MONONGAHELA RIVER BASIN. 


Capacity Minimum 
million probable Lelghton's 
Name. cu. ft. cost. estimate. 
West Fork River ... 24,700 8,190,920 $946,010 
Buckhannon River.. 18,800 2,703,088 ; 
Cheat River ......... 23,800 6.686.968 911.540 
Tygart River 9,100 6,451,240 1,008,480 
Ten-Mile Creek ..... 15,200 14,688,444 802,560 
Youghiogheny River. 20,270 12,433,484 776.341 
Pr ceeeeess 121,870 $51,154,144 $5,437,571 
Per million cu. ft.......... $419.74 $44.62 


As stated before, any one who thinks the unit 
prices used should be modified can readily cal- 
culate the result of any desired change. It is 
not expected that any reasonable modification 
would very materially affect the conclusion, 
which seems to be warranted, that Mr. Leigh- 
ton’s estimates are utterly inadequate. Any one 
familiar with the cost of property usually paid 
by the Government under condemnation pro- 
ceedings would hesitate very much to class the 
damages as insignificant, as Captain Adams has 
done, for some villages submerged, and would 
be inclined to allow liberal increase in many of 
the damages estimated. Moreover, it should be 
noted that the damages listed relate only to the 
submerged areas. It is certain that the value 
of adjoining property will be extensively af- 
fected. This is obvious from a brief inspection 
of the accompanying map (Fig. 3) showing one 
of the larger reservoir sites on which one can 
note some of the difficulties in the way of trans- 


portation that will be imposed on the adjacent 
region by the existence of a reservoir varying 
a hundred feet or so in elevation of water sur- 
face. 

Assuming for the sake of illustration that the 
unit cost found for these six large reservoirs 
($419,74 per million cu. ft.) may be applied to 
other portions of the system, we find totals, as 
follows: 


For Monongahela River Basin ........ e... 672, 787, 731 
For Allegheny River Basen . ; „006 
For Ohio River Baan 901,915,905 


It is of some interest to note in this connection 
that this higher unit cost obtained by the above 
rough approximation is still below the figures 
given by Mr. Troté in the paper mentioned. For 
large reservoirs under advantageous conditions, 
excluding natural lakes, he considers unit costs 
ranging from $546 to $819 per million cu. ft. 
(10 to 15 centimes per c. m.) as being very low. 
In view of these figures and the reported cost of 
about $1,800 per million cu. ft. for the new Cro- 
ton Reservoir, and about $1,600 for the Ashokan 
Reservoir, it would seem that a unit cost of $30 
per acre foot or about $690 per million cu. ft. 
would hardly be excessive for a preliminary esti- 
mate of the proposed Ohio River system. This 
would increase the above totals more than 50%. 
In any case, it is feared that the enormous cost 
of the project will probably render it impracti- 
cable, however alluring it may have seemed on 
first consideration. It appears doubtful, there- 
fore, whether such a plan can be prosecuted on 
a scale of sufficient magnitude to satisfy the 
pressing needs either of navigation or of flood 
protection on large rivers. On the other hand, 
it seems reasonable to expect that the growing 
demand for water-power development and for 
water supply systems will lead to the construc- 
tion of reservoirs in increasing numbers, so that 
in the course of time their aggregate capacity 
on any particular drainage area may come to 
have an appreciable influence on stream flow. 

— . — — 

THE OHIO RIVER is at an exceptionally low stage of 
water, owing to the long drought. It was reported on 
Oct. 2 that navigation had ceased between Pittsburg and 
Cincinnati, the depth of water being insufficient for even 
light-draft vessels. The reports stated that in conse- 
quence the U. S. Lighthouse Inspector had given orders 
not to light any of the 235 lights between these points, 
which condition had not existed for 12 years. A few 
light-draft steamers were still running between Cincin- 
nati and Louisville, but were Hable to be tied up. On 
Oct. 2 the official report stated that the water level at 
Cincinnati was 1 ft. above the lowest stage on record 
and was still falling. 


a 


THE MASSACHUSETTS GAS AND ELECTRIC COM- 
mission in a recent report on the rates of the Boston 
Edison Illuminating Co. summarized in the Electrical 
Review,” Sept. 24, has disapproved the so-called 
“maximum demand” system of fixing the charges for 
service. This commission holds that it is impracticable 
to attempt to determine the cost of supplying each cus- 
tomer or to proportion the charges so that the cus- 
tomer pays a just share of the cost and profit in furnish- 
ing him with service. The company has in the past 
divided its expenses into fixed and operating costs much 
after a general practice. The first class contained all 
expenses that do not vary with the demand for current 
and included dividends and cost of general management. 
The running expenses have been proportioned among the 
consumers according to the output shown on the operat- 
ing records. The fixed charges were figured per unit of 
maximum demand on the station as shown by the oper- 
ating records. As the sum of the maximum demands of 
the customers was greater than the resultant maximum 
demand on the station, diversity factors’’ were intro- 
duced to reduce the customer’s maximum demand in pro- 
portioning his share of fixed charges. The company 
held that the cost of service to small customers was 
greater proportionately than to large customers and a 
system of sliding-scale discounts was arranged to re- 
lieve the larger customer. The Commission held that 
while ‘‘diversity factors” were essential, in any scheme 
of proportioning the fixed charges to the demand of 
customers, they were impracticable to obtain as it was 
necessary to first divide the company’s fixed charges ac- 
cording to the proportions of different classes of busi- 
ness, such as lighting or power. The Commission em- 
phasized the need for a simple and easily understood 
system of charging and recommended a reduction of the 
existing rates. The reduction was accepted by the com- 
pany but the incorrectness of its charge system was not 
admitted. 
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THE IMPROVEMENT OF THE OHIO RIVER FOR 
NAVIGATION. 


The Ohio River and its tributaries form one of 
the most extensive and impoitant systems of 
inland navigation in this country. The aggre- 
gate length now made available for navigation 
is nearly 2,000 miles, of which the Ohio River 
represents 967 miles. The improvement of the 
river for the purpose of facilitating navigation 
has been in progress since 1824, and the works 
have been on an increasingly large scale as the 
growth of traffic has increased the requirements. 
The earlier improvements were for the purpose 
of maintaining a minimum navigable depth of 
3 ft. In 1875, a 6-ft. depth was adopted, and in 
1905 this was again increased to 9 ft. The ex- 
penditures for the general improvements made 
by the government from 1827 to June 30, 1908, 
aggregated about $6,863,000. This is for work 
on the open river, exclusive of dams and 
locks and also exclusive of $3,906,000 for the 
canal and works at the Falls of the Ohio. 
The works still required to secure and maintain 
a 9ft. stage of water from Pittsburg to the 
mouth of the river at Cairo are estimated to cost 
$63,731,500. All the improvements have been 
carried out according to the plans of and under 
the direction of the Corps of Engineers of the 
U. S. Army. l 

A great amount of engineering work has been 
done on the Ohio River, and the work is still in 
progress. The most extensive work, however, is 
that recommended recently by a board of engi- 
neers, and which provides for continuing the im- 
provement throughout the entire length of the 
river at a cost of over $63,000,000, as noted 
above. In view of the importance of the Ohio 
River as a commercial route, and in view also 
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of the present movement in favor of developing 
inland navigation, it will be of interest to pre- 
sent some particulars as to the characteristics, 
the trafic and the improvement works upon this 
river. Much of our information is taken from 
the annual reports of the Chief of Engineers, 
and from a report made by a special board of 
engineers which was presented to Congress early 
in 1908. It has been pointed out in the annual 
reports above mentioned that commerce and 
navigation could not derive the full benefit of 
the improvements until all these are completed, 
as the available draft for vessels is limited by 
places where the depth is less than that provided 
at places where improvements have been made. 
Continuous work on a definite scheme of im- 
provement for the entire river is necessary 
therefore to produce the desired results. 

The Ohio River has a length of 967 miles from 
its commencement (formed by the junction of 
the Allegheny and Monongahela rivers) at Pitts- 
burg, Pa., to its mouth at Cairo, Ill., where it 
flows into the Mississippi River. With its tribu- 
taries it drains an area of about 210,000 sq. 
miles, having & population of about 12,000,000. Its 
discharge is constantly varying. The highest 
stages are usually from the beginning of Febru- 
ary to the end of April, and the lowest stages 
from the beginning of August to the end of Oc- 
tober. Throughout the year there are occasional 
floods of short duration. The discharge at the 
head of the river is about 1,600 cu. ft. per sec. 
at low water, with a maximum flood discharge 


of about 440,000 cu. ft. per sec. Navigation is 
stopped not only by low water, but also by ice; 
stoppages from this cause average 10 to 12 days 
each year. There are several ice harbors for 
the protection of shipping, but the loss of vessels 
due to the ice is sometimes very great. The 
river is crossed by 27 bridges, and 15 of these 
were reported in 1903 as being obstructions to 
navigation, Owing to insufficient length of the 
channel spans. 

The slope of the surface of the river at low 
water diminishes gradually from an average of 
11.4 ins. per mile between the Davis Island dam 
and Wheeling (85.3 miles), to 3.7 ins. per mile 
between Paducah and Cairo (67 miles). The 
total fall is 424 ft., of which 26 ft. are at the 
Falls of the Ohio, near Louisville, Ky. 

The river has a succession of natural pools 
formed by bars. Most of these bars are of sand 
and gravel, but some are of solid rock or hard- 
pan, as at Beaver, Pa., and Grand Chain (near 
the mouth of the river). The Falls of the Ohio, 
at Louisville, are formed by an irregular mass of 


around the Falls of the Ohio. This canal was 
opened in 1830. The United States government 
was one of the original stockholders in this com- 
pany, and increased its holdings until in 1855 
it owned all the stock, with the exception of five 
shares held by directors to qualify them for 
office. The directors continued to manage the 
canal until 1874, when the five shares were pur- 
chased by the government, which then assumed 
control. Between 1868 and 1873 the government 
had made appropriations for increasing the navi- 
gable depth, and appropriations for further im- 
provements have been made since 1874. The 
canal, with its approaches, is about three miles 
long. It has a double-lift lock, with two cham- 
bers 80 x 310 ft., giving a combined lift of 26% 
ft. at low water. The old triple-lift lock built in 
1825 is now occupied by a bear-trap weir. The 
plans of the board of engineers noted below 


` provide for enlarging the canal and building an 


additional lock, 85 x 600 ft. The river is not 
entirely closed by the dams, but there is an open 
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limestone. They are dangerous for navigation N | 

except at very high water, and formerly were Hoe 
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MAP OF THE OHIO RIVER, SHOWING THE APPROXIMATE LOCATION OF THE LOCKS AND DAMS REQUIRED TO 


MAINTAIN A MINIMUM NAVIGABLE DEPTH OF 9 FT. 


Dams Nos. 1 to 5 and No. 41 are completed. Appropriations have been R for Nos. 7, 8, 11, 13, 18, 19, 26 
-) 


and 37 and for improvements of No. 


Green, Wabash, Cumberland and Tennessee riv- 
ers. On all of these the government has under- 
taken improvement works. According to a paper 
presented by Mr. J. W. Arras before the Engi- 
neers Society of Western Pennsylvania, there 
are 68 dams on these streams (12 being movable 
dams), and these afford a total of 958 miles of 
slackwater navigation. Other locks and dams 
are under construction, and on the Tennessee 
River there is a canal 18 miles long, with 11 
locks. 

As shown by the annual reports of the Chief of 
Engineers, U. S. A., the open channel improve- 
ment of the Ohio River was commenced by the 
general government in 1827, when low-water nav- 
igation over many of the bars and shoals was 
impossible for commercial purposes. The work 
has included dredging and rock excavation at 
bars and shoals, the removal of snags and rocks 
from the channel, the construction of low dikes 
and wing dams to concentrate and direct the flow 
of water in improved channels, and the pro- 
tection of banks and construction of levees. 

A survey of the Ohio River below Louisville (and 
down the Mississippi to its mouth) was made 
in 1821 by the U. S. Engineers. In 1824 an ap- 
propriation of $75,0U0 was made for the improve- 
ment of certain sand bars and the removal of 
snags. In 1825 the construction of the first dike 
was commenced, this being at Henderson, Ky. 

In 1825 the State of Kentucky granted a char- 
ter to a company for the construction of the 
Louisville & Portland Canal, to pass navigation 


channel (the Indiana Chute) which is navigable 
In both directions at high water, when the falls 
are drowned out. 

In 1830, work was begun on the removal of 
rocks at Grand Chain. In 1831 and 1832 dikes 
were constructed at certain points. The first 
permanent work above the falls was the dam 
at Brown’s Island, 60 miles below Pittsburg. 
This was built in 1836. Appropriations for im- 
provement work were made regularly from 1826 
to 1844, but from 1845 to 1866 only two small 
appropriations were made. Upon the resump- 
tion of appropriations in 1866 the improvement 
by works of contraction was recommenced. The 
general project provided for the regulation of 
depth by two methods: (1) closing side chan- 
nels or chutes at islands by means of dams; (2) 
narrowing the main channel by dikes projecting 
from the bank in order to concentrate the cur- 
rent so as to remove the bars. These methods 
are still in use for practically the entire length 
of the river. They are supplemented by the re- 
moval of obstructions and the dredging of chan- 
nels through bars and shoals. 

The improvement of the channel by such reg- 
ulating works as the dikes and cut-off dams 


would be sufficient to maintain a minimum navi- 


gable depth of 3 ft. But at an early date it was 
recognized that a 6-ft. depth would be necessary 
to provide for the coal fleets which form the 
greater part of the traffic. It would be im- 
practicable to obtain this depth by any system 
of open-river regulation. 


382 


* 


ENGINEERING NEWS. 


Vol. 60. No. 15. 


Investigation showed that the best system of 
improvement, therefore, would be the construc- 
tion of a series of dams and locks, at least in the 
upper part of the river. The first proposition 
for such a system was made in 1870 by the late 
Wm. Milnor Roberts, M. Am. Soc. C. E. This 
is the system now being carried out. The use 
of movable dams has been adopted in order to 
provide free or open navigation in the river at 
high water for the fleets of coal barges. The 
locks are used only at low-water stages. Up to 
1907 five dams had been completed and nine au- 
thorized, leaving 40 more to be provided for 
extending the 9ft. channel throughout the entire 
length of the river. 

In 1872, the Chief of Engineers, U. S. A., ap- 
pointed a board of engineers to report upon cer- 
tain plans for movable hydraulic gates for locks 
and chutes. In 1874, Major Wm. E. Merrill, 
U. S. A., who was then in charge of the Ohio 
River improvements, proposed a plan for secur- 
ing a minimum navigable depth of 6 ft. from 
Pittsburg to Wheeling (about 90 miles). This 
was adopted by Congress in 1875, but not without 
considerable opposition on the part of the naviga- 
tion interests, who failed to realize the benefits 
that would result to them. The plan provided 
for 13 movable dams, with locks for use when 
the dams were raised. It was notable for its 
recommendation of the Chanoine or wicket type 
of movable dams, which had been used previously 
in France. Major Merrill, however, introduced a 
number of improvements upon the French design. 
In 1875 he further expressed himself in favor 
of extending the movable dam system throughout 
the river, at least as far the falls at Louisville. 
He was not sure of the advisability of applying 
the system to the lower part of the river, but con- 
sidered that even there it was better than a sys- 
tem of permanent dams. Either permanent or 
movable dams, however, would be required to 
secure a depth of 6 or 7 ft. at low water. 

In 1875 the River and Harbor Act appropriated 
$100,000 for “the construction of a movable dam, 
or a dam with adjustable gates, for the purpose 
of testing substantially the best method of per- 
manently improving the navigation of the Ohio 
River and its tributaries.” This provided for a 
practical test of the system proposed by Major 
Merrill. The dam was built at Davis Island 
(4.7 miles below Pittsburg), under the direction 
of Major Merrill, and was put in service in 
October, 1885. This was the first movable dam 
with Chanoine wickets in this country, and 
proved so successful that the same type of dam 
has been adopted for most of the movable dams 
on the Ohio River and its tributaries. The dam 
proper, across the navigable channel, is in all 
cases supplemented by movable weirs (generally 
of the Chanoine or bear-trap types) for regulat- 
ing the level of water in the pool above the dam. 
The locks provide for navigation when the dams 
ure raised. They have rolling gates of the type 
designed by Major Merrill. 

The River and Harbor Act of 1881 directed the 
appointment of a board of engineer officers to 
report upon the improvement of the river below 
Pittsburg by means of movable dams. This 
board recommended four dams below the Davis 
Island dam (No. 1.). The plan was adopted, but 
the number was afterwards increased to five; 
dam No. 6 to be just below the mouth of the 
Beaver River. The first appropriations were 
made in 1890, and four of these dams are com- 
pleted, Nos. 3, 4 and 5 having been finished in 
1907-1908. 

In 1896, an act was passed for a survey of the 
Ohio River from Pittsburg to Marietta, O., and 
calling for a report on the number of movable 
dams required to provide a minimum navigable 
depth of 6 ft. between these points. In 1898, 
Col. (then Major) Wm. H. Bixby, submitted a 
definite plan for improving the river from dam 
No. 6 (below Beaver, Pa.) to dam No. 18 (be- 
low Marietta, O.), at an estimated cost of $850,- 
000 for each dam. This plan was adopted, and 
appropriations have been made for several of the 
dams. 

In 1599, an act similar to the above was passed 
in regard to that section of the river between 
Marietta and the Big Miami River (about 12 


miles below Cincinnati). In 1902, Col. (then 
Major) Bixby presented a report locating dams 
Nos. 19 to 38 inclusive; No. 38 was to be about 
503 miles below Pittsburg. These were all to 
be movable dams with locks, costing from 
$950,000 to $1,000,000 each, the total estimated 
cost for the 25 dams and locks being $19,950,000. 
This plan, somewhat modified and with the num- 
ber of dams reduced to 18, was sanctioned by 
Congress. Appropriations for some of these have 
already been made. The lowest one, No. 37 (be- 
low Cincinnati), is one of the most important. 
It will be’ the longest movable dam in the world. 
This is now under construction. 

The improvement works being well under way, 
their important relation to the river traffic be- 
came evident. The question of enlarging the 
scope of the project by increasing the channel 
depth then began to be considered. A depth of 
6 ft. had been adopted in 1875 for the first 
section of the upper river to be improved 
by means of dams. The River and Har- 
bor Act of 1902 provided for an investigation 
as to the increase of depth below Dam No. 1 
(Davis Island). A board of engineers recom-- 
mended that in order to meet the demands of 
traffic a depth of 9 ft. should be provided from 
Dam No. 1 to No. 7. This recommendation was 
approved, and the River and Harbor Act of 
1,00 included appropriations to secure the in- 
creased depth by modifications in the locks and 
dams Nos. 2 to 6 (both inclusive). Further ap- 
propriations for this purpose were made by the 
Sundry Civil Act of 1906. The proposed Lake 
Erie and Ohio Canal (for which Congress has 
granted a charter to a private company) is to 
have a depth of 12 ft. Should this be built the 
depth of the river channel may be increased to 
12 ft. from Pittsburg to the Beaver River (the 
lower end of the canal). 

As a natural sequence of the system of im- 
provement thus adopted for the upper part of 
the river (Pittsburg to Cincinnati, 480 miles), the 
extension of the improvement throughout the 
entire length of the river began to be considered. 
The River and Harbor Act of 1905, therefore, 
directed the appointment of a board of engineers 
to report upon: (1) the canalization of the river 
and the cost of the works necessary to secure 
depths of 6 ft. and 9 ft.; (2) the possibility of 
providing for the demands of traffic without ad- 
ditional locks and dams; (3) the possibility of 
maintaining an increased depth by dredging 
from the Green River (about 18 miles above 
Henderson, Ky.) to the mouth of the Ohio at 
Cairo, Ill. The board, as appointed, was com- 
posed of the following officers of the Corps of 
Engineers, U. S. Army: Lieut.-Col. D. W. Lock- 
wood, Lieut.-Col. E. H. Ruffner, Lieut.-Col. C. B. 
Sears, Major George A. Zinn and Major Wm. L. 
Sibert. 

The report of the board was made in Decem- 
ber, 1906, and recommended the construction of 
works for a 9-ft. channel throughout the river. 
This report was referred (as provided by law) 
to the Board of Engineers for Rivers and Har- 
bors for review. This latter board, after a per- 
sonal inspection of the river and holding a public 
hearing at Pittsburg, made its report in October, 
1907. This board coincided in the conclusions 
presented by the special board, and recommended 
the improvements as proposed by that board. 
In January, 1908, the report was finally trans- 
mitted to the Secretary of War by Gen. Mac- 
Kenzie, then Chief of Engineers, U. S. A., who 
endorsed its conclusions very emphatically. 

The two minor points noted above (Nos. 2 and 
3) may first be disposed of. As to any other 
system of improvement than that now in force, 
the board reported that the probable demands of 
traffic (present and prospective) cannot be pro- 
vided for by any other plan of improvement not 
having locks and dams, or having a less num- 
ber of such works than those proposed in the 
report. 

As to dredging below the mouth of the Green 
River, the board reported that a 6-ft. depth can 
be maintained, but that a ft. depth cannot thus 
be maintained economically. The dredging 
plant for the 6-ft. project would require eight 
large hydraulic @redges at $200,000 each, with 


$27,000 per annum for maintenance and opera- 
tion. As the life cannot be taken at over 20 
years, 0% of first cost must be allowed for de- 
preciation, making the total annual cost $296,000. 
For the 9-ft. project, 20 dredges, at $250,000 each, 
would be required. The total annual cost for 
maintenance would be $600,000, and to this must 
be added 5% of first cost for deterioration, mak- 
ing a total annual cost of $850,000. These 
amounts represent a capitalization of $7,400,0uvU 
and- $21,250,000, respectively, at 4% per annum. 
The first cost of canalizing this part of the river 
by dredging is estimated at $12,268,000 for the 
6-ft. and $13,852,000 for the 9-ft. project. The 
annual outlay for operation and maintenance 
would be $90,000 and $105,000, respectively. The 
serious objections to any dredging project for 
maintaining the desired depths are the lack of 
permanency and the immense plant needed to ob- 
tain quick results at critical times. All of this 
plant Hes idle (at great expense) for the greater 
part of the year, and much of it may be idle for 
several years, owing to the eccentricities of the 
low-water stages. 

As to the main question of the canalization of 
the river, the board reported that a 6ft. navi- 
gable depth at low water can be established in 
the Ohio River from Pittsburg to Calro by means 
of 45 movable dams with locks (including those 
already built). A 9-ft. depth can be established 
by means of 54 dams and locks. The estimated 
cost is $50,962,266 for the 6-ft. project, and 
$63,731,488 for the 9-ft. project. These amounts 
are in addition to funds hitherto appropriated 
and authorized. All the money necessary for 
a 9-ft. depth from Pittsburg to Beaver has been 
appropriated already, as noted above, The an- 
nual cost of maintenance is estimated at $15,000 
for each lock and dam, making $810,000 per 
annum for the 9-ft. project. The reviewing board, 
however, considered that this maintenance cost 
is too low, and should be increased to $1,000,000 
per year in order to provide for necessary dredg-- 
ing in the pools. The recommendation made by 
both boards and by Gen. MacKenzie, U. S. A 
(while Chief of Engineers), is for the 9-ft. project. 
A list of the dams is given in the accompany- 
ing table, and their approximate location is 
shown by the accompanying cut. As Congress 
has already authorized works to secure a 9ft. 
channel at certain points, it is not likely to re- 
vert to the shallower 6-ft. channel. In regard 
to the cost, the Chief of Engineers makes the 
following remarks: 


The estimated cost in both cases is materially increased 
by the necessity of making provision for the present 
unique method of coal transportation on the Ohio River, 
a method which has been developed by long experience, 
which has cut down the cost of transportation to a figure 
unprecedented in the history of commerce, and which is 
apparently so well grounded on sound economical con- 
siderations that it cannot and should not be disturbed. 


Up to Aug. 1, 1908, of the 41 dams from Pitts- 
burg, Pa., to Louisville, Ky., inclusive, which 
are involved in the maintenance of a ft. stage, 
six dams had been completed, eight were under 
construction, and the site for another purchased. 
No funds have yet been appropriated for the 
three dams required between No. 37 (12 miles 
below Cincinnati) and No. 41 (at Louisville), but 
the Louisville dam is now being rebuilt in ac— 
cordance with the present project for a 9-ft. 
stage. No provision has been made by Congress 
for dams between Louisville, Ky., and Cairo, 
Ill, although (as noted above) the Board of 
Engineers charged with the examination of the 
Ohio River, has reported in favor of extending 
the canalization of the stream so as to give a 
9-ft. stage to its mouth. If this project is car- 
ried out it will involve the ultimate construction 
of 54 dams, as follows: 41 from Pittsburg, Pa., 
to Louisville, Ky., inclusive; 13 from Louisville, 
Ky., to Cairo, III. The total cost of these H 
dams is estimated at about $64,000,000. 

From a study of the gage records it is esti- 
mated that movable dams for a 9-ft. depth of 
water would have to be operated about 14 times 
a year in the stretch between Pittsburg and 
Wheeling, six times a year at Cincinnati, and 
five or six times a year below Louisville. The 
estimate includes both complete and partial 
movements. The storage effect of the dams as 
the improvement of the river proceeds down 
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stream from any point will, it is thought, control 
to some extent the moderate rise and prolong 
the length of the naturally navigable stages of 
the river below. 

The question of traffic was considered at some 
length by the special board, which estimated the 
present amount at about 13,000,000 tons per an- 
num. The board of review, however, called at- 
tention to the frequent duplications (the same 
shipment being reported once as shipped at a 
certain point and again as received at another 
point). After a careful consideration of the re- 
turns, this latter board put the amount at 
9,350,000 tons. The great proportion of the 
traffic moves down-stream, but in view of the 
facilities which canalization will offer to up- 
Stream navigation, it is estimated that the im- 
provement would result in a very large future 
commerce in both directions. This would include 
commodities which (from their low value and 
large bulk) cannot be handled to advantage un- 
less such cheap facilities are offered as those due 
to water transportation. An extensive commerce 
in iron and steel products and other manufac- 
tures is predicted. The cost per ton-mile for 
coal is estimated at 0.0653 ct. for the 6-ft. 
project and 0.0447 ct. for the 9 ft. project. Thus 
the cost of transportation of coal from Pitts- 
burg to Cairo would be 63.14 cts. and 43.25 cts. 
per ton for the 6-ft. and 9-ft. projects, respec- 
tively. 

In connection with the river improvement 
works, it will be of interest to consider the com- 
mercial side of the project. The river traffic is 
carried on by packet boats and towboats. The 
former are steamboats carrying passengers and 
freight; they accommodate local traffic by hand- 
ling small shipments and making frequent land- 
ings. For large quantities of freight, a towing 
steamer with barges is employed. For this lat- 
ter service stern-wheel steamers are considered 
the most suitable. They have from three to five 
balanced rudders, 20 to 30 ft. long. When the 
wheel is reversed a strong current is deflected 
against the rudders, thus facilitating steering, 
whether the boat is still moving or not. Accord- 
ing to the report of the special board of engi- 
neers already mentioned, a stern-wheel steamer 
of about 1,000 HP., will leave Pittsburg (on suit- 
able stages of water) with about 12 coal boats 
and 3 barges. After passing the Bellaire Bridge 
(% miles), 5 more coal boats will be added, mak- 
ing a total cargo of about 18,500 tons for the 20 
boats. The steamer will take its tow to Louis- 
vile (passing through the canal). From Louis- 
ville to New Orleans larger steamers are used, 
and a boat of the most powerful class will tow 
from 30 to 60 boats, each loaded with about 
1,000 tons of coal or other similar commodities. 

The board estimates that freight in less than 
carload lots would be delivered in less time by 
water than by rail. The packet steamers aver- 
age about 120 miles per day (including stops) 
when navigable depths are always available. A 
towboat with barges will make the trip from 
Pittsburg to Cincinnati (468 miles) in four or 
five days, to Louisville (598 miles) in five or six 
days, and to New Orleans (2,020 miles) in 16 
to 18 days. It is remarked that the decrease in 
navigation in recent years is due largely to the 
unreliability of the stage of water. Under such 
conditions there has been little inducement for 
the proper development of wharves and freight- 
handling facilities or machinery at river ports. 
As to the cost of transportation, the board esti- 
mates that a transportation company having as 
much as 38,500,000 tons of low-grade freight to 
transport from Pittsburg or other Ohio River 
points to New Orleans, could carry coal on a 
ft. stage of water at a price not over 0.5 mill 
per ton-mile (including the return of the empty 
craft). This is on the supposition that the 
freight is offered in 1,000-ton lots and with suffi- 
cient regularity to keep the plant moving except 
during extreme floods and for a few weeks each 
year when ice may interfere. The price includes 
maintenance and 5% interest on investment, and 
is about 12%% of the average railway rate on 
similar commodities. 

About 90% of the freight is coal, which is 
loaded in barges drawing from 5% ft. to 8% ft. 


TABL OF LOCKS AND DAMS FOR A 9-FT. 
Elev. above sea level. 
Distance ~m 
from Upper pool Lower 


NAVIGABLE CHANNEL IN THE OHIO RIVER. 


Dam Pittsburg, surface, lock sill, - Appropriat ions l 
No miles ft. ft. Made. Required. Location of dan. 
o 4.7 703.0 690.3 (Dam completed) Davis Island 
o 9.0 699.9 2.6 t: Merriman Bar 
3 10.9 1 674.9 H Sewickley, Pa. 
A 18. 6 684.1 667.2 as Economy, Pa. 
„C 23.9 676.8 659.3 i l Freedom, Pa. 
ö§ö—⁸: 8 608.3 FFF 570,000 Beaver Rlver 
E 36.9 6862.0 614.7 23, 000 1.004, 800 Georgetown, W. Va. 
Be cand eile ok 46.1 655.7 637.3 400,000 746,595 Near E. LIVerpool, O. 
. 55.6 649.3 6830 ‘nesen 1,100,000 New Cumberland, W. Va. 
FCC 63.5 641.9 22.0 Seeks 1,240,000 Brown's Island 
Tones seeks 76.3 633.5 615.1 460,000 693,093 Welisburg, W. Va. 
F 87.0 626.2 3.8 . 1,320,000 2144 miles above Wheeling 
Bice dia aks ES 95.8 617.8 601. 0 4112: 398,000 Bellaire, O. 
Ta E 114.0 610.9 Oo! =“ heehee 1,100,000 Near Fish Creek Island 
FCC 120.0 602.2 583. 14 1,200,000 New Martinsville, W. Va. 
16 146.4 394.4 5 1,200,000 Near Petticoat Ripple. 
C 167.4 580. 6 Cie ee 1,240,000 Below Carpenter's Bar 
JC 179.3 378.4 561.2 655,000 177.000 8 miles below Muskingum River. 
E00 eas 191.4 572.5 303.5 25.000 25,000 Below Little Hocking River 
LO cronies: Se aaa 201.4 564.5 545.ͥobo 1.280.000 Below Big Hocking River 
7 213. 8 556.0 539.0 5 „200, 000 Portland, O. 
22 . . 220.0 550.0 320G nr ere 1,200,000 Ravenswood, W. Va. 
„! 229.6 543.6 52353 maners 1,200,000 Millwood, W. Va. 
24 .241.5 535.5 517.5 1.200.000 6 miles below Letart's Falls 
272 ˙ 0.0 528.5 508.) 1. 150,000 4 miles above Pt. Pleasant 
or! 274.0 519.5 502.5 135.000 65, 000 9 miles below Kanawha River 
RC 288.5 513. . 1.240, 000 Below Little Guyandot River 
VV 309.0 507.1 487.5 1,240,000 4 miles below Guyandot River 
FFF 320.1 498.5 479.5 240,000 4 miles below Big Sandy River 
V 330.0 490.5 h 1,280,000 Jeannette shoals 
FFF ede ee 355.6 453.0 464.5 ...... 1,320,000 3 miles below Scioto River 
F 38.4 479.5 457.0 1,380,000 Rome, O. 
ahs eden ee) Se 3901.6 468.0 400.0 „240.000 Manchester, O. 
C 431.0 461.0 444.Ui900 1,440,000 Wellsburg, Ky. 
NFF 449.8 455.0 438.t e 1.440, 000 New Richmond, O. 
EEEE 460.0 449.0 430.1 1,440,000 8 miles above Cincinnati, O. 
„„ RNAS 181.3 441.1 22 50.000 900,000 13 miles below Cincinnati 
S 503.3 433.3 41.  ...... 1,240,000 14 miles below Big Miami River 
N 528.0 426.0 407. 1,450,000 Florence, Ind. 
V 552.8 418.0 401.0 Peta 1,620,000 Near Madison, Ind. 
JJC 604.0 412.0 372.0 75, 000 1,760,000 Louisville, Ky. 
33 624.5 383.0 365.6 nesese 1,369,000 3 miles above West Polnt, Ky. 
= o Seer EE E 652.5 376.6 359.2 1,480,000 New Amsterdam, Ind. 
„„ 660.3 370.2 352.8 1.280. 000 Leavenworth, Ind. 
F 700.1 363.8 344.4 s 1,550,000 Holt’s bar 
1 748.5 355.4 336.0 1,720,000 4 miles above Owensboro, Ky. 
1705003 772.0 347.0 i 1,720,000 Newburg, Ind. 
FFV 804.3 338.0 rte | Sn a‘’ť’ 1,810,000 25 miles below Green River 
S ss wee 830.6 329.0 309.0 1,640,000 8 miles below Mt. Vernon, Ind. 
Po 859.2 320.0 301.qob0oo 1,480,000 19 miles below Wabash River 
75 876.8 312.0 292.0 1,584,000 Near Shawneetown, III. 
o 912.5 303.0 283.0 2,248,000 3 miles below Cumberland River 
. 947.0 294.0 276.0 eee 2,800,000 Grand Chain, 23 mi. below Tennessee River 
„ Pans: See 962. 287.0 267.0 anana ; 2,260,000 Mound City, IN. 
Telephone lina sciricncsiries Ble ae eee eek eus Die 310,000 

Tot! i o Para 363,731,488 


At low water the barges are stored in certain 
pools until a rise of the river affords sufficient 
depth of water over the shoals. The barges are 
then taken down the river by steamers, each of 
which has a large fleet or “tow.” This method 
of transportation affords a cheaper means of 
handling freight than usually obtains on canals 
and improved rivers. In fact, it is stated that 
coal has been shipped from Pittsburg to New 
Orleans at a rate less than 0.04 mill per ton- 
mile. The project for improvement by locks and 
dams for a 9-ft. channel depth is designed to 
interfere as little as possible with this method 
of transportation. Each dam has a wide pass 
for navigation; this can be lowered when the 
river rises, so as to leave free passage for coal 
fleets. The locks wili allow the smaller fleets to 
pass unbroken when the dam is raised. It is 
estimated that 20,000 tons can be locked through 
from one pool to another in 1% hours. 

The improvement could be made at less cost 
by the use of fixed dams and smaller locks. But 
it is considered that this saving would not be 
justified, as it would be a great hindrance to the 
most important traffic and would destroy the 
economy in transportation which has been ob- 
tained by the method of handling coal in large 
fleets. On the other hand, it has been suggested 
that with improved navigation the necessity for 
these large single fleets (made large to get the 
greatest possible movement at a favorable stage) 
will be diminished, and that there will be a ten- 
dency to more frequent movement of moderate 
fleets, both down-stream and up-stream. 

In conclusion, we give the following quotation 
from the letter written in January, 1908, by Gen. 
A. MacKenzie (then Chief of Engineers, U.S. A.) 
in transmitting to the Secretary of War the re- 
ports made by the two boards in 1906 and 1907 
relative to the Improvement of the Ohio River: 

There is no hope for success in the development of 
such a commerce as is predicated for the Ohio River 
by any other method of improvement than the one pro- 
posed. It is possible that a further study of the situa- 
tion and a thorough revision of the project might reveal 
the possibility of reducing the number of locks and 
dams slightly and giving higher lifts to the latter, thus 
accomplishing better results at slightly decreased cost. 


But I entertain no doubt whatever that the development 
of a large future commerce, seeking the river in prefer- 
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ence to other methods on account of the increased con- 
venience and diminished cost of freight movement, de- 
pends absolutely upon a method of improvement which 
will have a tendency to remove or minimize the present 
vastly different conditions between up-stream and down- 
stream traffic. The unprofitableness of the up-stream 
movement has always been a drag upon the down-stream 
movement, whereas every increment of the up-stream 
traffic on a profitable basis will have a tendency to de- 
crease the cost and increase the amount of down-stream 
traffic. The greatest disparity of conditions between the 
down-stream and up-stream freight movement resides 
in the current, which hampers both, though not equally. 

The pronounced advantage of lake over river trans- 
portation is very largely the result of the absence of 
current in the former. It follows that a scheme of im- 
provement of the Ohio River promising success must 
present as one of its features a diminution of current, 
which cannot be attained in any appreciable degree by any 
open-channel method. 
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TWO NOTEWORTHY IDAHO IRRIGATION PROJECTS 
are reported by J. G. White & Co., 43 Exchange Place, 
New York City. Of one the company states that it has 
begun surveys 


for Mr. F. H. Buhl, of Sharon, Pa., for the reclamation 
of about 700,000 acres of arid land in southern Idaho. 
The project is practically an extension of the noted Twin 
Falls development. Water supply for the proposed ex- 
tension will be obtained from Snake River. The lands 
lie to the west of the Twin Falls tract beyond Salmon 
River and in part beyond Bruneau River. The surveys 
in progress include reservoir sites, the enlargement of the 
present Twin Falls Canal, which was developed by Mr. 
Buhl, to a capacity sufficient to carry the increased 
water supply, an extension of the main canals to cover 
the lands of the project including a siphon to carry 
the water supply across Salmon River Canyon, which 
is about 1,650 ft. wide and whose bed is 500 ft. below 
the level of the proposed canal. Five surveying parties 
are already in the field at work on the various parts 
of the project. 


Of the other project the company says that it has begun 


to construct for the Idaho Irrigation Co., Limited, a com- 
plete irrigation system for about 150,000 acres of land 
situated in southern Idaho. The water supply for this 
project will be obtained from Big Wood and Little Wood 
rivers. The lands to be irrigated are in the vicinity of 
Shoshone, Richfield and Gooding. The irrigation system 
will consist of a storage dam, four diversion dams, four 
main channels, each leading to one of the tracts of land 
into which the project is divided and the complete sys- 
tem of distribution and drainage ditches necessary for 
the irrigation of these lands. The storage dam, which 
will form a reservoir of more than 150,000 acre-feet ca- 
pacity, is to be built in the channel of Big Wood River, 
in a lava canyon and is to be about 115 ft. high, of 
rock-fill type, wlth concrete core. The diversion dams, 
two of which will be in the channel of Big Wood River 
and two in the channel of Little Wood River, are rela- 
tively small structures of sufficient height to raise the 
water to the level of the canals. The aggregate length 
of the main canals will be more than 75 miles, varying 
in capacity in proportion to the areas of the tracts to be 
irrigated. The largest canal will have a capacity of 
about 760 sec.-ft. Distributing canals and ditches will 
be built over the entire area to reach every quarter 
section of land. 
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BRAKE TESTS OF HYDRAULIC TURBINES. 
By G. HVERETT QUICK,’ E. B. 


Efficiency in the utilization of water-power is 
coming to receive more careful attention, on the 
part of manufacturers and users of water-wheels, 
as the cost of fuel rises and therefore the value 
of power increases. The large modern installa- 
tions have had the benefit of later engineering 
knowledge in the design and setting of the 
wheels, and develop high efficiencies. Many of 
the small and medium-sized plants, however, are 
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exceedingly inefficient. The low efficiency may 
sometimes be an inherent fault in the design, 
but in many instances tests have shown that the 
efficiency could be very materially improved by 
a change in the setting, in speed or in some other 
detail. For example, where wheels are set in 
pairs it is often found that they are set too close 
and the discharges interfere with each other, 
causing a loss in efficiency. 

Most manufacturers of wheels, not having suit- 
able facilities for testing, have made a practice 
of having this done by the Holyoke Water 
Power Co. at its testing flume at Holyoke, Mass., 
which, for years, has done most of the commer- 
cial water-wheel testing in this country. For 
comparative purposes and under similar condi- 
tions these tests fully meet their purpose, and 
the results have greatly aided in the development 
of the modern wheel. Obviously, no matter how 
well a wheel may show up in this test, it may 
give poorer results under the normal conditions 
of installation; as previously suggested that de- 
pends on what the special conditions are. In con- 
sequence many owners of hydraulic plants which 
are troubled with insufficient water during cer- 
tain periods of the year or high water charges 
have found it desirable to learn whether maxi- 
mum power or best efficiency is being obtained 
with their equipment. 

The necessary test for determining this re- 
quires equipment for accurately measuring the 
quantity of water, the head under which it oper- 
ates, and the power developed. 

Several good methods for obtaining the quan- 
tity of water are in common use. Which to se- 
lect depends upon the specific conditions. A cur- 
rent-meter is ordinarily used ín the head-race 
and gives very satisfactory results if the meter 
is carefully calibrated and the head-race is of 
reasonably uniform cross-section. When this de- 
vice cannot be used, recourse is often had to a 
standard measuring weir constructed in the tail- 
race. This subject is treated fully in text-books 
on Hydraulics. In general it may be said that 


the measurement of flow presents no special dif- . 


culties. The same thing is true of the measure- 
ment of head, including the draft-tube vacuum. 
On the other hand, accurate measurement of 
power developed is likely to prove a troublesome 
problem, especially in the case of large units, 500 
to 1,000-HP. and larger. 


JJ; v0 ee a 
*Consulting and Testing Engineer, Syracuse, N. Y. 


The best known and least expensive form of 
dynamometer for absorbing and measuring me- 
chanical power is the Prony brake. This type 
of brake is used exclusively at the Holyoke test- 
ing flume; it gives satisfactory results within 
their capacity limits (300-HP. maximum). Those 


who have attempted to use a single Prony brake 
for absorbing greater power realize the difficulty 
involved in removing the heat generated and in 
minimizing the other inherent disadvantages of 
this form of brake, so evident with high amounts 
of power. 


Side Elevation. 


ALDEN BRAKE, ORDINARY TYPE. 


Where the water-wheel drives an electric gen- 
erator it becomes a very easy matter to deter- 
mine the efficiency of the combined unit. How- 
ever, unless the efficiency characteristics of the 
generator are accurately known, the performance 
of the water-wheel cannot be separated from that 
of the unit with sufficient precision. 


The need of a suitable absorption dynamometer 
for high powers has resulted in the develop- 
ment of the Alden brake to meet these require- 
ments. The ordinary Alden brake has a single 
friction disk; by building it with a number of 
disks and friction plates in a single casing it is 
made capable of absorbing a very much higher 
power, and in this form 
it proves very suitable 
for tests of large hydrau- 
lic turbines. 

The ordinary or single- 
disk Alden brake is 
shown in Fig. 1. The 
rotating member is a 
smooth circular cast- 
iron disk A with radial 
grooves, rigidly keyed to 
the shaft; the shaft of 
the brake is coupled to 
the shaft which trans- 
mits the power to be 
absorbed. A stationary 
casing B having its 
bearings upon the hub of 
the revolving disk, com- 
pletely encloses the lat- 
ter. Two thin flexible 
copper plates C are at- 
tached to the casing at 
both hub and rim, form- 
ing water-tight compart- 
ments with it. Through 
a system of piping water is admitted to these 
chambers under variable pressure and the con- 
sequent variation in pressure and friction be- 
tween A and C changes the load. Flexible pipe 
connections allow a circulation of oll between the 
friction members to reduce the wear and per- 
mit smooth operation. The water supply not 
only furnishes pressure but by its circulation re- 
moves the heat generated. A supply furnished 
at variable pressure is maintained constant in- 
side the brake by means of an automatic regu- 
lating valve at the inlet. The friction of the 
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FIG. 2. 


disk tends to force the casing to rotate with it, 
and the force required to prevent this rotation 
is a measure of the power absorbed. The latter 
is computed from the speed of rotation in revo- 
lutions per minute N, the horizontal lever arm 
L, and the unbalanced weight W at the end of 
that arm: H P = .0001904 L N W. The casing 
is kept from rotating beyond prescribed limits 
by the stops S. 

As the formula just given shows, the power 
capacity can be increased, for given speed of 
revolution, only by increasing the torque L W. 
Increasing the pressure between the plates and 
disk (raising the water-pressure) or increasing 
the area of the disk by using a larger disk, will 
accomplish this object. There are practical 
limits in both these directions, however, and to 
adapt the brake to higher powers it was found 
necessary to group several disks in parallel. 
Each added disk requires an additional narrow 
water compartment, but this does not increase 
the size of the casing very materially. Doubling 
or tripling the capacity by adding disks adds 
but little to the size of the brake. Fig. 2 shows 
a four-disk brake. 

With small single-disk brakes the influence of 
the weight of the brake on the bearings is 
negligible. The entire counterbalancing weight 
is suspended from the end of the lever arm L, 
Fig. 1, without trouble from bearing friction or 
bending of the shaft. With the greater weight 
of the multiplex brake, however, it has been 
found advisable to arrange a lever system which 
will relieve the shaft of the duty of carrying the 
brake. Fig. 8 illustrates such an arrangement. 
Instead of a single weight-arm as in Fig. 1, this 
arrangement has two arms, L and M, which are 
pulled in opposite direction by weights at W 
and X, the latter acting through a cross-lever F 
suspended from the hanger-rod O. With such an 
arrangement a very perfect balance may be se- 
cured, by proper adjustment of lever-arms and 
weights. In some recent tests of wheels develop- 
ing over 2,000 HP. (Fig. 4) the entire weight of 
brake and shaft (about 6 tons) was so nicely 
counterbalanced that the nearest required run- 
ning bearing was that of a water-wheel about 
7 ft. distant from the brake. The levers are 
usually so designed so that at 100 r. p. m. a one- 
pound weight on the outside arm or ten-pound 
weight on the inside arm indicates 1 HP. 

The largest dynamometer built at the present 
time consists of four 60-in. disks and has a 
capacity of about 3,000 HP. at 200 r. p. m. The 
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MULTIPLE-DISK BRAKE OF ALDEN TYPE. 


capacity is limited by the amount of heat that 
can be transmitted through the copper plates; 
the temperature range, the quantity of cooling 
water and the quality of lubricating oil regulate 
this. For a test of several hours’ duration a 
system of forced lubrication using a cheap grade 
of cylinder oil and admitting the oll at the peri- 
phery is essential for the smooth operation of 
large units. Gravity lubrication, where the cen- 


-trifugal force carries the oll from the hub along 


the radial grooves in the disk to the periphery 
gives satisfactory results with small units, 


October 8, 1908. 


ENGINEERING NEWS. 


385 


The largest power ever absorbed at one time 
by the large brakes mentioned was 4,100 HP., 
developed by a pair of turbines under a head of 
110 ft. at a speed of 225 r. p. m. On either side 
of the turbine a brake was mounted in place 
of the pulp-mill grinders which regularly used 
the power. Fig. 4 shows one of them partially 
installed with oil and water-pipe connections. 

The work required to make such tests is com- 
paratively small when the amount of power is 
considered. Two units of approximately 4,000 
HP. were tested in a little less than three days. 


Q 


FIG. 3. BALANCED LOADING LEVERS FOR FRICTION BRAKE. 


The amount of labor involved in setting the brake 
kor such a test varies widely, depending on local 
conditions. If the brake can take the place of 
and run in the same bearing as the driven ma- 
chine, such as electric generator, grinder, etc., 
the work is greatly simplified. As the oil and 
water must be supplied under pressure, some 
form of pressure pump is ordinarily required. 

Some idea of the normal operating conditions 
found in practice may be gained from the fact 
that in tests made by Prof. Chas. M. Allen, of 
the Worcester Polytechnic Institute, on a pair 
of large wheels it was found that 30% to 410% 
greater power and efficiency were obtained by 
merely reducing the average running speed. 
Normal speed had been so high that the wheels 
did not even “run away” when the entire load 
was removed. Too high a speed seems to be a 
prevailing defect in hydraulic plants. 

When the wheels receive a fair setting and the 
speed is properly chosen the efficlency curve will 
very closely conform to that obtained at the 
Holyoke fiume when the wheels were new. By 
a “fair setting” is meant one which allows the 
water to approach the vanes at a low velocity, 
has a shaft no larger than necessary, the draft- 
tube air-tight and designed to meet any special 
conditions, and the wheels (if in pairs and cen- 
ter discharging) set sufficiently far apart to avoid 
interference of the two bodies of discharge water. 


— eee 

A NEW PULSATOR JIG for the concentration of ores 
has been developed from a principle discovered by Prof. 
Robt. H. Richards of the Massachusetts Institute of Tech- 
nology. So effective is the application of this principle 
that a Richards jig with a capacity of 90 tons per day, 
compared with an equivalent jig of the ordinary type, is 
seen to have but 1/20 the weight and to require only 
1/200 the screen area and 1/5 the horse-power. The 
method of concentration is, in its general features, merely 
a modification of the Herz system in common use. Its 
novelty lies in the absence of plungers and eccentrics. 
It employs, instead, for producing the pulsations of the 
water stream required for the separation of the mineral 
“pulp,” a rotating valve of peculiar design. The pulsa- 
tions imparted by this valve are characterized by an ab- 
sence of the inert period, or suction, typical of the 
ordinary method. To this feature is attributed the com- 
paratively enormous capacity of the new jig, it being 
claimed that the reverse impulse of the water in the 
common type cauges a blinding of the screen and tends 
to undo the work of the upward stroke. The rotary 
valve is operated at about 200 pulsations per min. A de- 
scription of this jig and of the Richards classifier, em- 
ploying the same sort of pulsations, was published in 
“The Engineering and Mining Journal” of Sept. 26. 


STEAM CARS AND SPECIAL LOCOMOTIVES FOR RAIL- 
WAYS OF LIGHT TRAFFIC. 


Light railways and local secondary railways 
are extensively used in Europe, and consider- 
able attention is given to the methods of hand- 
ling the light traffic in such a way as to com- 
bine economy with a sufficient service. The 
ordinary arrangement of a locomotive and 


train of cars is so expensive that only a minimum 
service can be operated, and this does not tend 
to develop traffic. 


The use of steam motor cars 
and other types of spe- 
cial equipment is there- 
fore very general. A 
report on this subject 
was presented at the 
recent congress (at 
Munich) of the Inter- 
national Street Railway 
and Light Railway 

- Union, by Mr. Herman 
R. Von Littrow, Chief of 
Motive Power of the 
Austrian State Railways. 
From this report we 


take the particulars 
given below. 

The traffic require- 
ments of small towns and 
districts call for fairly 
frequent service and 
fair speeds, but the 


earnings are not sufficient 
to pay the cost of oper- 
ation of ordinary trains. 
Where mixed trains are 
used, the service is in- 
conveniently slow, and attempts to operate fast 
passenger trains with locomotives designed for 
slow mixed trains have not been satisfactory. 
With the introduction of steam motor cars there 
has been effected a combination of good service 
and speed with low cost of equipment and oper- 
ation. Only in a few cases have unfavorable 
results been reported. 

The principal difficulties Incident to the steam 
motor cars are as follows: 

1. The small size of the boilers (to reduce 
weight) and their high power and evaporation. 
Theoretically, such a boiler should be of ad- 
vantage, owing to the readiness for increasing 
the steam capacity at steep grades. In prac- 
tice, however, the small 
boiler requires so much 
attention that it. cannot 
be left to the engine- 
man. Even with a fire- 
man, however, the results 
are not satisfactory. 
The small tubes become 
scaled and fouled, and 
the cost of repairs is 
high. This difficulty is 
not found with the steam 
cars of English railways, 
as they have usually 
boilers of ample size and 
capacity. 

2. It is difficult to keep 
the car clean, as it 
must go to the shops 
when the engine requires 
repair or cleaning, and 
is then soiled by smoke 
and dirt. 

3. The engine and 
boiler require much more 
frequent repair than the 
car body, and the latter 
is out of service there- 
fore for a greater time 
than it should be. 

4. The engineman must give increased at- 
tention to watching the track when the machine 
is running reversed. If operating levers are 
placed so that he can control the machine from 
the rear end, a fireman is necessary. In some 
cases, the conductor can operate the whistle 
and brake from the front end when running re- 
versed. But this is not satisfactory, as he has 


to attend to the tickets, mails, parcels, etc. The 
Northern Ry. of France has overcome this dif- 
culty by putting the engine room at the middle 
of the machine, and setting the car body slightly 
off the center line, so as to give the engineman 
an unobstructed view in either direction. It is 
not desirable to separate the engineman and the 
fireman. If the machine must be turned at each 
end of its trip, the traffic will be hampered at 
the busiest times, as on market days and holi- 
days. l 

5. The greatest difficulty is that of affecting 
an economical arrangement of trains made up 
with motor cars and trail cars, which trains may 
be necessary at times of heavy traffic. The ar- 
rangement usually involves a large crew. 

The adoption of steam cars has been hindered 
to some extent by the publication of unduly 
favorable statements of the cost of operation by 
persons interested in their introduction. In many 
cases an average for monthly or annual cost 
is based upon the results obtained with an ex- 
perimental machine used for a short time on 
a line having favorable conditions, and no al- 
lowance is made for the repairs which would 
be required for the machine if kept in con- 
tinuous service. A railway company adopting 
a steam car service on the basis of such esti- 
mates may find its equipment insufficient to 
maintain this service when some of the cars are 
under repair. 


All attempts to retain the advantages and to 
eliminate the disadvantages of steam cars have 
been in the direction of separating the power 
equipment from the car proper. This gives 
practically a light locomotive which may be oper- 
ated by one man. The Adams (1849), Weissen- 
born, Brunner and Rowan machines were of 
this class. The second was in service for many 
years at Paris, on a line having a loop terminal. 
It gave entirely satisfactory results. The Rowan 
cars were in use on the Gross-Lichterfelde Ry. 
from 1889 to 1905. In both these cases, the 
machines were abandoned only when electric 
traction was introduced. Most of the steam 
cars of English railways are built on this same 
principle. This separable or detachable ar- 
rangement eliminates many of the difficulties 
already noted as incident to the combined or 
self-contained system. 

Another type of steam car has the baggage 
compartment on the same frame with the loco- 
motive, the passenger car being separable. This 


FIG. 4. VIEW OF 60-IN. FOUR-DISK BRAKE. 
(Connected with a pair of turbines of 2,000 HP. at 225 r. p. m.) 


type has been used for some of the private rail- 
ways in Hungary (Elbel and Golsdorf cars), the 
Belgian and Italian state railways (Belpaire 
cars), the Hanover state railways (Von Borries 
cars), and the French and Hungarian state rail- 
ways. In this type of machine nearly all the 
objections noted above are obviated. If the bag- 
gage compartment is made somewhat narrow 
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(or put to one side of the center line), the en- 
gineman can see ahead even when the engine 
is running backward. Trains can be made up 
conveniently and handled by a small crew. In 
spite of these advantages, however, the ma- 
chines of this class are disappearing. 

The present tendency is to employ small loco- 
motives which are entirely independent of the 
car or train. Several machines built by Krauss 
& Co. in 1879 and 1880 are still in use, and give 
a lower weight per passenger than any other 
similar machines. In 1880, Mr. Lentz, of the 
Hohenzollern Works, designed engines of this 
class, but having cylinders placed between the 
axles in order to give a steadier and smoother 
motion on the rails. No fireman is required. 
Experiments made with different types of steam 
cars on the Austrian state railways, led the 
mechanical engineer, Mr. Golsdorf, to design a 
new type of light locomotive. This burns liquid 
fuel on the Holden system, and dispenses with 
the use of a fireman, thus cutting the wages 
expense in half. Some of the Golsdorf engines, 
however, burn lignite; these are on lines where 
the enginemen refused to operate machines 
without the assistance of firemen. A modified 
design for hauling fast local trains on main lines 
burns coal and is handled by two men; only one 
axle is driven, there being no coupling rods. 
As a result of the satisfactory performance of 
the liquid-fuel engines with one man, the Aus- 
trian state railways have converted some old 
tank locomotives to this system, on plans pre- 
pared by Mr. Von Littrow, the author of the 
paper from which we take our Information. 

An auxiliary local train service on main lines 
is sometimes operated by steam cars. In 1884, 
the Netherlands state railways introduced spe- 
cial light trains or “tramway trains“ for this 
class of service, the cars being of the type used 
on street railways (or tramways) and hauled 
by light locomotives. In 1887, also, the North- 
ern Ry. of France adopted a similar system, 
utilizing old passenger engines which were too 
light for the main-line trains. These light local 
trains stopped at all stations and at road cross- 
ings. In this way, the railway company pre- 
vented the construction of a system of local or 
interurban lines which would have been in com- 
petition with it. 

Mr. Von Littrow closes his report by stating 
that the experiments with steam cars of the 
self-contained and separable systems on the 
Austrian and Hungarian state railways have 
resulted in favor of the latter system, using 
special light locomotives. He points out, how- 
ever, that the results are not conclusive, since 
the conditions of operation on these lines were 
not those of the ordinary light or local railway. 

In conclusion we may note that a number of 
steam cars of different types, used on American 
and foreign railways, have been described in 
our columns. l 
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CEMENT CONTRACT FOR THE ISTHMIAN CANAL.— 
The Isthmian Canal Commission asked for bids for fur- 
nishing about 4,500,000 bbls. of Portland cement, for use 
in the locks at Gatun, Pedro Miguel, and Miraflores. Of 
this amount, approximately one-half will be used at 
Gatun, one-sixth at Pedro Miguel, and one-third at Mira- 
flores. Bids were opened on June 1. A large number of 
tenders were made, offering cement of American and 
foreign manufacture. The lowest bid was that of the 
Atlas Portland Cement Co. The prices were $1.19 per 
barrel in wood, and $1.60 per barrel in double bags of 
Osnaburg duck, these prices being for delivery at Jersey 
City or Hoboken, and a rebate of 8% cts. being allowed 
for each bag returned in good condition. The company 
also offered to deliver at the works at Northampton, Pa., 
the cement packed in bags or barrels, to be furnished 
by the Commission, at 65 cts. per bbl. Award has been 
authorized to the Atlas Portland Cement Co., reserving 
to the Commission the right to elect the method of de- 
livery under certain conditions to be specified in the 
contract. The delivery is to be at a minimum rate of 
2.000 bbls. and a maximum of 10,000 bbls. per day, and 
will begin between May 1 and Oct. 1, 1909, upon 90 days’ 
notice to be given by the Commission. 

The cement for the spillway in Gatun Dam will be 
furnished under this contract, but the delivery will begin 
December 1, 1908, and continue at the rate of 500 bbls. 
per day, this date not affecting the date of beginning 
deliveries of the main amount under the contract. It 
is expected that about 80,000 bbls. will be needed for the 
spillway.—‘The Canal Record.” 


A LARGE CONCRETE SEWER CONSTRUCTED WITH 
ADJUSTABLE METAL FORMS. 
By JOHN M. BRUCE,“ Assoc. Am. Soc. C. E. 


An excellent example of novel methods in con- 
crete form work as well as of economical hand- 
ling of men and materials is furnished by a large 
sewer contract now being executed by James 
Pilkington in Bronx Borough, New York City. 
The contract covers about 7,100 lin. ft. of rein- 
forced-concrete outfall sewer, of horseshoe section 
varying in size from 6 ft. by 5 ft. 11 ins. to 11 
ft. 6 ins. by 7 ft. 3 ins. 

The sewer discharges into the East River on 
the bulkhead line at the foot of Truxton St. Its 
upper end consists of two branches (see Fig. 1) 
joining in Leggett Ave. at Whitlock Ave., just 
north of the Harlem Division of the New York, 
New Haven & Hartford R. R. One of the 
branches begins at the intersection of East 156th 
St. and Tinton Ave., and extends down Bast 
156th St. and Leggett Ave. to the junction; the 
other begins at Longwood Ave. and Southern 
Boulevard, and extends along Longwood and 
Whitlock Aves. to the junction. From this point 
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Fig. 1. Diagram of Contractor’s Plant, Truxton St. 
Outfall Sewer and Branches, Bronx Borough, 


New York City. 


the outfall sewer extends southerly, crossing 
under the railway and then going along Leggett 
Ave, and Truxton St. to the outfall. The main 
sewer is 11 ft. wide by 7 ft. 2 ins. high for the 
upper 1,685 ft., increased to 11 ft. 6 ins. by 7 ft. 
3 ins. for the lower 1,015 ft. of length. The 
branches are 6 ft. by 5 ft. 11 ins. for the East 
156th St. branch (2,800 ft. long) and 6 ft. 3 ins. 
by 6 ft. 1%ins. for the Whitlock Ave. branch 
(1,580 ft. long). 

The crossing of the main sewer under the rail- 
way right-of-way was built by the railway com- 
pany and does not form part of the present 
contract. Fhe 11-ft. sewer terminates at the south- 
erly edge of the right-of-way; the crossing as 
well as a short length (about 100 ft.) between 
Its northerly edge and the junction of the two 
branches is of the same size (6 ft. 3 ins. by 6 
ft. 1% ins.) as the Whitlock Ave. sewer. 

This series of sewers is cut in two parts by the 
railway right-of-way, which is not bridged at Leg- 
gett Ave. (a bridge here fs now under construc- 
tion by the railway company) but can be crossed 
by overhead bridges on East 156th St. and on 
Longwood Ave. The contractor began work on 
both sides of the railway, working southward 
on the outfall portion and north and east on the 
Whitlock Ave. branch. The East 156th St. 
branch is soon to be begun, working north from 
the junction at Whitlock Ave. The arrange- 
ments for handling materials to and from the 
work were determined by this division of the 
work and by the location of the bridges over 
the railway. 

EXCAVATION.—Most of the main sewer is 
through a soft and slippery clay. This is being 
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47 West 34th St., New York City. 


excavated with a l-yd. orange- peel bucket, 
which is taking out an average of 700 cu. yds 
a day (including time lost in moving plant). 
This section is nearly all sheet piled, with 4 x 
10-in. plank. The contractor is required to 
leave the sheeting in place, as well as to lay a 
fiooring of similar material, on piles, under the 
sewer. The foundation piles, about 12,000 in 
all, are driven with a 4,000-lb. steam hammer 
fitted with sliding extension leads so that the 
hammer, mounted with its engine on a bull- 
wheel and running on skids laid along either side 
of the sewer, loses no time in driving home the 
piles to the bottom of the sewer, 25 to 30 ft. 
below the base of the driver. 

„ For driving the sheeting an interesting rig is 
used. A light two-drum hoist engine, one drum 
of which operates simultaneously two 800-lb. 
hammers, is set on a platform supported by skids 
like those of the large pile-driver. These two 
hammers are placed one on either side of the 
sewer and each drives two sheet-piles at once. 
and as they operate simultaneously, four sheet- 
piles are driven in one operation. The other 
drum of the engine is used for moving the plant 
along the line of the sewer and for the derrick 
that hoists the sheeting into place. 

About midway of this main sewer was found 
about 2,000 yds. of good quality rock. This lat- 
ter is being put through a crusher set alongside 
the trench, with its hopper immediately over a 
narrow-gage railway, which takes the crushed 
material to the main storage bins and mixer. 

The excavation for the Whitlock Ave. sewer 
hus been almost entirely through rock. Two 
Lidgerwood cableways are used in taking out 
the material. They dump directly into carts on 
the bridges at 156th St. and Longwood Ave., re- 
spectively. The loaded carts cross the bridges 
and go southeast a quarter mile to a dump. 
Thence they proceed to the main storage hop- 
pers on Leggett Ave. and take back to hoppers 
at receiving stations a load of sand or stone, 
whenever there is any to be hauled. The round 
trip is about 3,000 ft. There are 12 of these carts, 
and they have been averaging 50 cu. yds. of 
stone and earth per day. 

The section on Longwood Ave. has been ex- 
cavated with a 2-ton steam shovel which the 
contractor intends to use on a large part of the 
East 156th St. branch sewer excavation, soon to 
be started. i 

There has been no moving of earth from the 
bank of the sewer along Truxton or Leggett 
Sts. because the contract calls for filling up to 
street grade, which is 6 to 10 ft. above the 
natural ground surface, and it may even be 
necessary to bring in some material to complete 
this part of the contract. 


SUPPLY OF MATERIALS.—Al] of the sand 
and stone, with the exception of the crushed 
rock, above referred to, comes by barge to the 
dock at the foot of Truxton St. The barges are 
unloaded by clam-shell directly into cars on an 
industrial railway laid along the line of the 
main sewer, and these carry it to the main 
storage bins, located just south of the New 
Haven railroad crossing, as shown in Fig. 1. 
A small overhead hopper on the dock (capacity 
about 80 cu. yds.) permits the unloading to pro- 
ceed even when all the cars are full. From the 
main bins the aggregates are delivered to dis- 
tant sections of the job by team, as previously 
described. The main sewer is supplied with con- 
crete from a mixer alongside the bins by the 
cars of the industrial railway. ‘Through the 
use of these overhead storage bins, with the 
main mixer alongside, and the separate storage 
bins over the mixers on the other sections, much 
handling of aggregates is eliminated. 

- The main storage and mixing plant is shown 
by the photograph Fig. 2. Immediately in front 
of the bins is seen the traveling mixing plant. 
supplying the main sewer in Leggett Ave. and 
Truxton St. Material is delivered to the mixer 
direct from the side-dump industrial cars, 
which carry l-cu. yd. buckets, each of which 
is divided so as to hold a correct proportion of 
sand and stone for a 1:2:4 mixture. These 
buckets are filled from the bins by a clam-shell 
operated from the bridge abutment in the back- 
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ground. The cement (Giant) is, of course, de- 
livered to the mixer in its original bags. The 
mixer is mounted on rails and the mixer engine 
is used also for moving it along the track as 
the work progresses. This plant offers a very 
simple and ingenious solution of the vexing prob- 
lem of handling mixtures on sewer work, where 


of the sewer. 
poses: first, 


These bands serve three pur- 
they furnish a bottom member to 


the assemblage of outer sheet and corrugated 
sheet, and thus make a Warren truss possessing 
great bending strength; second, they permit the 
forms to be adjusted to any required curve; and 
third, they give a means of lapping consecutive 


tric washers also on the bolts of the fish-plates 
which are used in joining the sections. 

The lower section on either side is connected 
to the main part of the assembled form by hinge 
instead of by fish-plate, as Fig. 4 shows. By 
Swinging the lower sections inward and upward 
the entire form can be lowered so as to enable 


FIG. 2. MAIN STORAGE BINS AND TRAVELING MIXER AT UPPER END OF MAIN SEWER, LEGGETT AVE., SOUTH OF N. V., N. H. & H. R. R. 


usually very little actual mixing can be done 
without moving the plant. 

REINFORCEMENT.—The sewer is a heavily 
reinforced-concrete shell, 9 ins. thick at the 
crown and 12 ins. thick at the center of the 
floor. The disposition of the reinforcement on 
all parts of the work is identical. There are 
two layers of circumferential rods, stazgered. 
These are %-in. twisted steel rods 10 ins. on 
centers; the two layers are 5 ins. apart radially. 
The reinforcement of the invert is similar. At 
the junction of the sides with the invert there 
are short rods 4 ft. long, extending 2 ft. into 
the invert and lapping the arch reinforcement 
by a similar distance, one for each circumferen- 
tial rod. Longitudinal rods, %-in., 12 ins. apart, 
are wired to the inner layer. 

The specifications called for the wiring together 
of all reinforcements at the laps. It would 
seem to the writer from observation of the 
progress of work on these sewers that the ad- 
vantage of continuous reinforcement secured by 
this practice is more than offset by the evil effect 
of the impossibility of keeping voids out of the 
concrete at this point. 

CONCRETING.—The chief feature of the con- 
crete work, and one. of the principal novelties 
of the whole contract, is the use of “Duralite” 
metal forms (see Eng. News Jan. 30. 1908, p. 
116) for the inside of the sewer. These were 
rented by the contractor from the Duralite Co., 
42 Broadway, New York City. Fig. 3 shows 
them in sectional form as furnished and also as 
erected in a complete arch form. 

Two sets of forms are used, one for the large 
and one for the small sewer, although one set 
could be adjusted to either curve. This is done 
only because Mr. Pilkington is building both 
sections at once. The forms for the large sec- 
tion, shown in Fig. 3, are made of 16-gage sheet 
steel with 3-in. corrugations, and the units for 
the smaller sections are made of 18-gage steel 
and 2-in. corrugations. 

These forms are made up of standard units 
S ft. long and 23 ins. wide. The exact circum- 
ferential width is secured from these units by 
the addition of wooden strips on the bottom 
edges of the lowermost pieces (Fig. 3). The 
outer surface of the form consists of a plain 
steel sheet, to which is riveted an inside cor- 
rugated sheet to give the required stiffness and 
eliminate any necessity for interior centering or 
bracing. On the under side of the corrugated 
sheets are attached by adjustable means a num- 
ber of flat bands, varying in number from three 
to five per 8-ft. section, according to the size 


sections, so as to ensure perfect alinement with- 
out any extra labor. 

The curve adjustment is secured as follows: 
The bands are attached to the sheet by T-headed 
bolts, whose nuts bear on washers having the 
hole eccentric to the outer circumference, which 
latter fits into a circular counterbore in the 
band. The units, which are shipped to the job 
flat (saving much freight and handling cost) 
are bent to the required curvature over a tem- 
plate, on the job, by workmen sent with them 
for the purpose. After being bent over the 
template, they are held rigidly to this shape by 
setting up the bolts, with proper position of the 
several eccentric washers. They then require 
no further adjustment until it is desired to 
change their radius once more. Still further 
range of adjustment is secured by using eccen- 


it to pass through the next form ahead. For the 
purpose of alining the successive sections of 
completed form, the band at one end of each 
section is set so as to project one inch 
beyond the form, while the band at the other end 
is set an inch back of the end. This produces a 
l-in. lapping of successive sections so that when 
a section is set against one already erected it 
comes naturally into exact alinement. When so 
set, clamps are sprung over the adjoining end 
bands, which holds the new section rigidly in 
place. f 

It will be seen that a form of any size or shape 
can be made up from these standard units, the 
only limitation being that as the diameter of the 
sewer increases, thicker steel and deeper cor- 
rugations are necessary in order to give the re- 
quired strength. The manufacturers furnish the 


PIG. 3; 


“DURALITE” ADJUSTABLE METAL FORMS FOR INSIDE MOLDS OF 


ARCH, TRUXTON ST. OUTFALL SEWER. 
(The separate sections lying at the left are bottom sections for the arch form; regular sections do 


not have the wooden strip and are fitted for a fished joint instead of for hinging. 
in the corrugations consists only of short blocks at the ends, protecting the en 


The wooden filling 
against battering.) 
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forms with corrugations 2, 3, 4 or 5 ins. deep, 
of 18 to 12-gage steel, for diameters from 3 to 
20 ft. These forms make it possible to con- 
duct the concreting as a continuous operation, 
an important advantage as concerns both 
economy and quality of work. They also give 
a remarkably smooth surface finish, difficult to 
obtain with other than metal forms. 

On this work the forms are left in place two 
days after the concrete is placed. The average 
progress per day is 24 ft., and a sufficient num- 
ber of forms for three such lengths is therefore 
required. The rearmost 8-ft. section is struck by 
drawing in the hinged lower edge pieces and is 
lowered down upon a curved support frame 
(see Fig. 4). It is then able to pass forward 
through the forms in place, to the front end 
of the erected forms, where it is raised again 
and, by swinging the edge pieces outward, is set 


FIG. 4. FRONT VIEW OF “DURALITE” FORM PASSING FORWARD 
THROUGH ERECTED FORMS, 6-FT. SEWER. 


in place ready for the concrete. This operation 
takes 4 men 30 mins. per 8 ft. section, or 1% 
hrs. for 24 ft. At an average cost of 25 cts. 
per hour for the labor, which is slightly higher 
than its cost on the job in question, the labor 
cost for shifting is $1.50, to which must be 
added 50 cts. as the outside cost for the labor 
of sectioning and greasing the forms between 
each use. The cost for labor is thus $2, and as 
the 24-ft. length has about 456 sq. ft. of sur- 
face, the unit cost of moving forms is 8% cts. 
per lin. ft. of sewer, or 0.44 ct. per sq. ft. of 
surface. 

These forms, in the writer’s opinion, embody 
the chief desiderata of forms for concrete work. 
as follows: (1) Non-absorbent forms make the 
best cencrete; this form, being made entirely of 
steel, is necessarily non-absorbent. (2) Cer- 
tainty of correct alinement; owing to the 
method of assemblage and the lapped end-joints, 
this Is very fully secured. (3) Smoothness of 
the concrete surface; this is naturally attained 
through the use of smooth and greased steel 
forms. (4) Facility of applying heat by sala- 
manders, for winter work; with steel forms 
there is no danger from fire. (5) Repair and 
maintenance cost low; the figures obtained 
from about a dozen jobs on which these forms 
were used indicate that maintenance cost fs so 


low as to be really negligible. (6) Cost of mov- 
ing and setting low; the figures given above 
show the very low cost on the Pilkington work. (7) 
Lightness; the weight per square foot of these 
forms for a 6-ft. sewer is about 4 lbs. per sq. 
ft., while wooden forms of equal strength would 
weigh at least 16 Ibs. per sq. ft. (8) Unob- 
structed bore; this feature is of high import- 
ance, since it gives a free path for men, ma- 
terial and forms. It is almost essential to con- 
tinuous operation. 

These forms are not used on the curved por- 
tions of the sewer, except where the change of 
angle is so gradual that it can be taken up by 
l-in. offsetting at the outer edge of the joint 
between the 8ft. lengths of form. The other 


curves are concreted over wooden inner forms. 
House connections (tile) enter the sewer all 
along its length. On 


most of the cross streets 
there are existing sewers 
which must be con- 
nected up; these are gen- 
erally tile sewers. The 
connection is made sim- 
ply by setting into the 
outside form planking a 
tile trimmed at its inner 
end to the curve of the 


inside form, and con- 
creting this tile into 
place. The same method 


is used for setting inlets 
for the discharge pipe of 
catch-basins. 


is concreted without 
forms, but is spaded 
roughly to section, screed- 
ed true, and floated with 
a %-in. finish coat. It Is 
allowed to set 3 or 4 
days before the arch 
work is begun. The out- 
side forms for the arch 
are of plank, braced by 
studding held from the 
sides of the trench. The 
concrete is used quite 
wet; its consistency de- 
termines the required 
height of outside form. 
The top is left open, of 
course, and is screeded 
to the required outline. 


The top of the invert 
where the arch will foot 
is left very rough, for 
making a good joint. The 
4-ft. joint-lengths of re- 
inforcing rod, already 
mentioned, further 

strengthen the joint. No 
trouble has been experienced in getting a good 
bond between arch and invert concrete. 

The concrete for most of the work is moved 
from mixer to work in side-dump cars running 
on the narrow-gage track alongside the trench. 
Chutes are set at the head of the work, dis- 
charging the concrete directly into place in the 
forms; the cars dump into the chutes, without 
shoveling or other intermediate handling. 

9 — 

COST OF ELECTRIC COOKING.—In the London ‘‘Elec- 
trical Engineering,. Sept. 17, is an article in which re- 
sults are given of practical electric cooking in the Ox- 
ford St. branch of the Fleming restaurants of London. 
All the chops, steaks, poached eggs, etc., are cooked by 
electricity. The toasters and grills are bulit with the 
heating elements and a reflector above the food and with 
an asbestos pad above the reflector. The use of this 
type of grill has been much more satisfactory than the 
older kinds with the heat applied beneath. The cook- 
ing apparatus comprised a warming oven, a 1.8-KW. 
grill, a 600-watt egg poacher, a 5-gal. boiler, a small 
grill or toaster and a hot plate. The total consumption 
for eight days was 313 KW.-hrs., or an average of 39.1 
KW.-hbrs. With power at 2% cts. per KW.-hr. (1444.) 
the daily cost was about 88 cts. This is an average of 
about two cents per hour for each appliance used. 
Actually the cost of running the egg-poacher, hot plate, 
etc., was about 1.5 cts. per hour each, and for the large 
grill, capable of cooking 12 chops or steaks at once, the 
cost per hour was about three cents. 


The invert of the sewer 


IRON-SLAG BLOCK FOR STREET PAVING. 


During the past summer the Borough of 
Brooklyn, N. Y., received bids for the paving of 
several of its streets with lron-slag block, and as 
certain interests took occasion to fight the let- 
ting of the contracts, this little-known paving 
material received considerable publicity. As a 
good many municipal engineers are unacquainted 
with the block, a short account of its use and 
qualities seems proper. ; 

Iron-slag blocks—by this meaning the poured 
molten blocks and not crushed slag mixed with 
lime or cement, a distinction which will be made 
later—have been used in small quantities in 
Europe, especially in England, and some 15 or 
20 years ago were introduced into several cities 
in this country and in Canada. In the great 
majority of these pavements the block was im- 
ported from England, a certain furnace in that 
country and a few on the continent being the 
only ones turning out the product, although a 
plant in Pennsylvania manufactured the block 
for a short time about twenty years ago. These 
pavements on this side of the ocean have now 
been down a long enough time to demonstrate their 
wearing qualities. The general opinion of the 
city engineers who have had them under ob- 
servation is that in but few qualities is the 
material superior to the asphalt or brick granite 
which it is meant to supplant, while in many it 
seems to be inferior. Information on the sub- 
ject is rather hard to procure, but that here 
recorded is largely the result of correspondence 
and interviews with the few engineers who are 
in a position to give testimony on the subject. 

So far as can be learned, the iron-slag block 
has not been made for commercial purposes in 
this country, except by the Pennsylvania plant 
noted above, which was in business but a short 
time. Several plants in England are producing 
the block according to the following scheme: 


In the Cleveland district some blocks are produced by 
the following process: Slag of suitable quality is run 
from the furnace into a ladle-car, from which it is 
poured into cast-iron molds secured to the periphery of a 
horizontal wheel. Each mold has a hinged bottom, and 
as the wheel is slowly rotated the bottoms of the mold 
are released in succession. The blocks, which are solid 
on the surface, but molten inside, are dropped on to a 
bed of granulated slag, and quickly removed and stacked 
in an annealing oven, and allowed to anneal without any 
additional heat. In about eight hours the oven is opened 
and the blocks withdrawn, when they are ready for use 
If the blocks were merely cast and not annealed they 
would soon crumble to pieces from the action of internal 
stresses.“ 

An engineer who recently took steps to ascer- 
tain the attitude of the various American blast 
furnace operators on the subject of manufactur- 
ing iron-slag blocks reports that whi'e many 
are willing to provide the slag for this purpose 
and to aid independent companies in the manu- 
facture, few show any inclination to undertake 
the manufacture themselves. In confirmation of 
this report, one of the largest steel companies in 
the United States informs us that it has investi- 
gated the paving-block as a means of utilizing 
its slag, but has found it impracticable. It writes 
as follows: 


About two years ago we made some investigation of 
the question of manufacturing paving blocks from molten 
slag and we found that our slags are too siliclous and 
too low in alumina, just the reverse of the slags pro- 
duced abroad, to manufacture a block that would have the 
strength required for paving purposes. It would seem 
that in the annealing to which they are subjected, there 
are, in slags made of Lake Superior ores, no elements 
to influence the hardening process, while the ores used 
ia Europe appear to produce slags which show great 
strength and density after annealing. A representative 
of one of the Buropean firms which had to do with the 
manufacture of these blocks in the Newcastle district 
of England, spent a few days here a couple of years 
ago and returned to England with a number of samples 
of our slags, but nothing came of the idea he had of 
establishing a plant in this country. 


The molten slag hlock is to be distinguished 
from the pressed slag block, such as was de- 
scribed in Engineering News, June 25, 1908, p. 
701, in an article on the “Utilization of Blast- 
Furnace Slag.” These latter blocks are made by 
mixing granulated slag with lime or cement 
and pressing them into blocks. Their compres- 
sive value is very small and they are entirely 


*From the Metallurgy 6f Iron and Steel, by Thomas 
Turner, p. 180. 
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unsuited for the severe service required of a 
paving-block. 

In size the blocks are 8 x 4 x 3% ins., laid 
with the 4-in. sides vertical, and the 8 x 3%-in. 
wearing surface has %-in. chamfered edges. 
They are heavier than asphalt or granite blocks, 
of a whitish exterior and bluish interior and are 
extremely hard. They are likely to contain 
blow-holes which, when near the surface, seri- 
ously impair the wearing qualities. These are 
all apparent properties, evident on casual ex- 
amination. No laboratory experiments of 
any extent are available, so that the usual paving 
material test figures cannot be given. One 
engineer reports, however, that compression 
tests on a limited number of specimens averaged 
13,000 Ibs. per sq. in. Specifications of the block 
are extremely limited in describing its physical 
properties, as the following extract from a 
specification of the Brooklyn Bureau of High- 
ways will show: 

The blocks shall be iron-slag block of the following 
dimensions: 8 ins. long, 4 ins. deep and 3% ins. wide. 
The edges of the upper face of the blocks shall be cham- 
fered. They shall be hard, durable and uniform in 
quality and dimension. All blocks must have good, 
fat, even beds and upper surfaces, with vertical sides. 
Blocks must be sound and perfect in all respects, free 
from cracks, hollows and other defects. In appearance 


the blocks shall show an opaque, stone-like surface, and 
below the outer skin a blue porcelain color. 


The remainder of this specification contains 
directions as to methods of laying, and is quite 
brief. Similar specifications have recently been 
issued for the paving of the Queens approach 
to the Blackwell’s Island Bridge in New York 
City. 

The paving is generally laid in the same man- 
ner as asphalt or granite blocks, on a concrete 
base, with either cement or asphalt joints. The 
latter are preferably used, since the cement 
joints make so solid and unyielding a plane that 
the pavement is very noisy, more so than as- 
phalt or granite, on account of the metallic 
nature of the slag. 

These blocks have been laid on this continent in 
New York, Quebec, Baltimore, Philadelphia, 
Toronto, Richmond and Montreal, and for these 
cities we are able to present more or less brief 
accounts of the behavior of the paving. 


NEW YORK.—tThe principal streets laid with 
the block are Nevins and Livingston Sts. (be- 
tween the street railway tracks) in the Borough 
of Brooklyn. These are streets on which the 
traffic can hardly be called heavy, but the block, 
now in service about three years, has flaked 
badly on the surface, but otherwise presents a 
fairly good wearing surface. 
foundation, on which a granite block pavement 
had rested, was utilized as the base in thls work 
and any deficiencies in the pavement, such as 
irregularities of surface, may be ascribed to 
this unsatisfactory foundation. The consulting 
engineer of the department says: ; 

The block, if homogeneous, has a useful place in our 
pavement problems, giving a smooth pavement which 
would be exceptionally hard anà durable under all con- 
ditions of traffic. 

The department of this borough thinks so 
favorably of the paving that it recently ad- 
vertised for bids for five sections of street, 
totaling 11,665 sq. yds., all near the Bush ter- 
minals, where there is considerable trucking. 
There were from six to seven bidders on each 
contract, the low bidders naming $2.75 per sq. 
yd. for the iron-slag block, about the same as 
current prices for asphalt block in the same 
locality, and about 25 cts. per sq. yd. more than 
for granite block. On account of various poli- 
tical complications the awarding of the contract 
has been withheld. l 

In the Borough of the Bronx one short street 
was laid last year and at the present time one 
street is being laid, but the engineers there are 
not particularly well impressed with the ma- 
terial. In the first place, they say the blocks 
are quite irregular in shape and size so that 
special care has to be taken in laying the sand 
base on the concrete foundations. On account 
of the hard and brittle nature of the block It 
is impossible to cut it to regular shape and fit 
on the job. Once in, the pavement is very slip- 
pery, and chips to an irregular surface, so that 
teams generally avoid it if possible. 


An old concrete 


recognized combination, 


QUEBEC.—For the small amount laid there 
have been no specifications issued. The pave- 
ments, which have been in service about ten 
years have proved satisfactory. They are 
less noisy and more easily cleaned than the 
granite block. The cost, with curbing, on a 6- 
in. concrete base, was $4.25 per sq. yd.; on a 
12-in. concrete base, $5.15 per sq. yd. In com- 
paring this with the Brooklyn figures it must 
be remembered that the latter do not include 
either base or curb. 

BALTIMORE.—The city engineer does not 
favor the iron-slag blocks, so they have not been 
used in the main pavements, but the street- 
railway company has used them in the paving 
between the rails and 2 ft. outside thereof, 
which is required of the company by law. The 
engineer-of-way of the railway company writes 
concerning this pavement as follows: 

While we have used this type of improved paving in 
our tracks, at the same time we have not gone into this 
style of paving extensively. We have found that slag 
block can stand up under heavy traffic admirably, and 
have therefore had occasion to use it principally on those 
streets where such conditions prevail. We have used 
it mostly on streets which were formerly paved with 
sheet asphalt, and as our experience has shown us that 
sheet asphalt under such traffic conditions, is most un- 
satisfactory and expensive paving to maintain, we have 
therefore made a permanent disposition of these exten- 
sive repairs by the above-mentioned substitution, in 
which we use the same concrete base for the new paving 
that was used in connection with the sheet asphalt. 

If Belgian block (the most satisfactory paving for 
street car tracks) had been substituted in place of slag 
block, almost the entire concrete foundation of the 
original paving would have had to be removed in order 
to permit of the use of same, while with the slag 
block, merely the top surface of the sheet asphalt had to 
be removed. Our attention was directed to these 
blocks by a local concern, which imports slag block from 
England, and upon trial, we have gotten the very satis- 
factory results outlined above. 

I seriously doubt the advisability of using this type of 
paving in laying a new pavement in the street, as slag 
block is very expensive, besides being extremely noisy 
under heavy traffic, and it is not generally as satisfac- 
tory as Belgian block, as on the latter pavement, the 
horses are better able to maintain their footing in in- 
clement weather than on streets where the former is 
used. 

PHILADELPHIA.—About nine miles of streets 
were paved with iron-slag block about ten years 
ago, but on account of the extensive chipping 
of the edges and the unsightly appearance of 
the heavily traveled streets, the material was 
soon abandoned. No iron-slag pavements have 
been laid in ten years. 


TORONTO.—Iron-slag is here used in some 
crossings and occasionaly in the railway track 
Space, as in Baltimore, but on account of the 
slippery nature of the surface, the engineers do 
not recommend it. 

MONTREAL.—The blocks have been laid here 
probably more extensively than in any other 
city, but there is very little information con- 
cerning their behavior to be had from the offi- 
cials except that they have been in use for some 
16 years and that they are “hard, durable, with 
an even top, and give every satisfaction.” As 
in several other places the main use has been in 
the street railway space. 


COST. 

Aside from engineering consideration the 
question of cost and production of the iron- 
slag block is most important. As has been said, 
the block is to-day made only in England, to any 
extent which would make it commercially avail- 
able, and further to unify the production, the 
English companies are under a more-or-less 
which has a single 
selling agency in this country through which alone 
the block may be bought. All of the reports 
from the various cities agree on a cost price of 
from $50 to $55 per thousand, for a product which 
is selling in England for $12 per thousand and 
which can be bought in a Canadian city by the 
city government for $34 per thousand. This high 
price is undoubtedly a result of the monopolistic 
nature of the product and doubtless deters 
many engineers from specifying the block not 
only on account of the extra expense but also 
because of the provision in many city charters 
against prescribing monopolistic products. In- 


deed, in the Brooklyn contracts cited above the 
bids were rejected or at least disregarded on 


account of an injunction granted on this very 
ground. 
Oe 


STANDARDS FOR GAS AND ELECTRIC SERVICE: ESTAB- 
LISHED BY THE WISCONSIN RAILROAD COMMISSION. 


The Public Utilities Law of Wisconsin, passed 
in 1907, required the Railroad Commission to 
ascertain and fix standard conditions for the sup- 
ply of any public utility product and to prescribe 
and establish reasonable regulations for the ex- 
amination, testing and measuring of such prod- 
ucts or service. Standards for gas and electric 
service in the State were establishea July 24, 
1908, and have been published in pamphlet form 
with explanatory notes. 


In order to properly perform the duties im- 
posed on the Commission a number of experts 
were added to its engineering staff, under the 
immediate supervision of Mr. W. D. Pence, M. 
Am. Soc. C. E., Chief Engineer of the Commis- 
sion, and Mr. C. F. Burgess, M. Am. Inst. E. E. 
The investigations and inquiries previous to fix- 
ing the standards, covered considerable ground, 
general and special, local and foreign. 

GAS SERVICE.—The regulations imposed have 
been formulated to secure a service uniformly as 
good as that furnished by companies having the 
best management. It is proposed that the gas 
Companies themselves shall conduct nearly all 
tests and take care of complaints. Therefore each 
Company is required to have an approved equip- 
ment of standard measuring and testing appa- 
ratus. The Commission’s inspectors are to co- 
operate in maintaining these equipments in 
Proper condition by comparison with the Com- 
mission’s standard apparatus. At the present 
time, exact specifications of methods of measur- 
ing and testing the product furnished have not 
been prescribed. The regulations for gas service 
have been formulated in the following divisions: 
(1) accuracy of meters, (2) heating value, (3) 
pressure, (4) purity of gas. The rules follow: 


RULE 1. A meter may be considered as correct if, 
when passing gas at the rate of 6 cu. ft. per hour per 
light capacity, it shows, in comparison with a standard 
Sas prover, an error which is not greater than 2%. 

RULE 2. No gas company shall allow a gas meter to 
remain in service for a period longer than three years 
without checking it for accuracy and readjusting it if 
found to be inaccurate. 

RULE 8. Each company shall keep a record of tests 
made on meters before installation and upon receiving 
them from the services. 

RULE 4. Each gas company shall provide itself with 
equipment necessary for testing meters, such equipment 
to consist of a standard meter prover with suitable ac- 
cessories. 

RULE 5. Each gas company shall make a test of the 
accuracy of a meter upon request of a consumer, pro- 
vided such consumer does not make a request for test 
more frequently than once In six months. A report giv- 
ing the results of such tests shall be made to the con-: 
sumer, and a complete record of such tests shall be kept 
on file in the office of the company. 

RULE 6. Upon formal application of any consumer to 
the Railroad Commission a test shall be made upon the 
consumer’s meter by an inspector employed by the Rail- 
road Commission, such test to be made as soon as prac- 
ticable after receipt of the application. For such test a 
fee of $2 shall be paid by the consumer making appli- 
cation for the test if the meter is found to be slow or 
correct within the allowable limits, and by the company 
owning the meter if the meter is found to be fast beyond 
the allowable limit. 

RULE 7. Meter dials shall read directly in cubic feet 
of gas and bills rendered periodically by the company 
shall designate the readings of the meter at the begin- 
ning and end of the time for which the bill is rendered, 
and give the dates at which the readings were taken. 

RULE 8. The company furnishing gas which, within 
a one mile radius from the distribution center, gives a 
monthly average total heating value of not less than 600 
B. T. U., with a minimum which shall never fall below 
550 B. T. U., may be considered as giving adequate ser- 
vice as far as the heating value of the gas is concerned. 

RULD 9. Each gas company, whose output exceeds 
20,000,000 cu. ft. per year, shall equip itself with 
a standard calorimeter outfit, with which periodic tests 
upon the gas shall be made. A record of these tests 
shall be made and kept open for public inspection. 

RULE 10. Gas pressure, as measured at meter inlets, 
shall never be less than 1% ins. nor more than 6 ins. 
of water pressure; and the daily variation of pressure 
at the inlet of any one meter on the system shall never 
be greater than 100% of the minimum pressure. 

RULE 11. Each company shall make frequent measure- 
ments of the pressure and pressure variations, and these 
shall be kept on record and open for public inspection. 

RULE 12. In no case shall the gas contain more than 
thirty grains of total sulphur per 100 cu. ft., and not 
more than a trace of sulphur as sulphuretted hydrogen. 

RULE 13. Each company shall keep a record of com- 
plaints which shall include the name and address of the 
consumer, the date, the nature of the complaint, and the 
remedy. A classified summary of these records shall be 
submitted to the Commission on or before the twenty- 
eighth day of each month for the preceding month. 


- The Commission finds that only seme 10% of 
the total gas consumption is by open-flame burn- 
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ers and where a candle-power standard would be 
useful. In prescribing the heat-value standard 
(Rule 8) the Commission has departed front 
a rather common practice of allowing a “net heat- 
ing value,” i. e., the total B.T.U. developed less 
the B.T.U. in latent heat of the water formed by 
combustion. The ‘total-value standard” is an 
attempt to standardize the gas without consid- 
eration of the devices in which it is to be used. 

The determination of the total amount of sul- 
phur in gas, the Commission holds, requires more 
skill and apparatus than a smíl company can be 
expected to command and it is probable that 
these concerns will depend on occasional tests by 
. the Commission’s inspectors. Large companies 
are expected to make such tests at least weekly. 
No restriction has been placed on the amount of 
ammonia in gas. 

ELECTRIC SERVICE.—The Commission states 
that the rules governing electric service have 
been made as few and as simple as possible as it 
is believed that this industry is unsettled and 
unstable on account of continual and rapid de 
velopments. Adequate service has been consid- 
ered in three ways: (1) accuracy of meters, (2) 
regulation of pressure, (3) efficiency of devices 
for utilizing supply. The rules follow: 


RULE 14. No electric meter which registers upon ‘‘no- 
load” shall be placed in service or allowed to remain in 
service. 

RULE 15. No electric meter shall be placed in service 
or allowed to remain in service which has an error of 
registration in excess of 4% on light load, half load, or 
full load. 

RULE 16. Each electric service meter shall be tested 
and adjusted for accuracy at the time of its installation. 

RULE 17. Each electric service meter shall be tested 
at least once each year; the test to be made by compar- 
ing the meter while connected in its place of service with 
suitable standards, on light load, half load, and full 
load rate of operation. 

RULE 18. A complete record shall be kept of all tests 
made on electric meters. 

RULBD 19. Each company supplying electrical energy 
shall provide itself with suitable equipment for the test- 
ing of meters, and shall employ such methods as are ap- 
proved by the Railroad Commission. 

RULE 20. Each company supplying electrical energy 
shall make a test of the accuracy of a meter upon re- 
quest of a consumer, provided such consumer does not 
make request for tests more frequently than once in six 
months. A report giving the results of such tests shall 
be made to the consumer, and a complete record of the 
same shall be kept on file in the office of the company. 

RULE 21. Upon formal application of any consumer to 
the Railroad Commission, a test shall be made upon the 
consumer’s meter by an inspector employed by the Rall- 
road Commission, such test to be made as soon as prac- 
ticable after the receipt of the application. For such 
test a fee of $2 shall be paid by the consumer making 
application for the test if the meter is found to be slow 
or correct within the allowable limit, and by the com- 
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San Jose Potosi Dam, Mexico, Under 
Construction. 


pany owning the meter if the meter is found to be fast 
beyond the allowable limit. 

RULE 22. Each company supplying electrical energy 
shall maintain a record of all interruptions of service 
upon the entire system or major divisions of its sys- 
tems, and include in such record, time, duration, and 
cause of each interruption. 

RULE 23. Each company supplying electrical energy 
on constant potential systems shall adopt and maintain 
a standard average value of voltage as measured at any 
consumer's cut-out, which shall remain constant from 
day to day, and vary during any one day by an amount 
not more than 6% of the minimum value. 


Fig. 1. 


RULE 24. Each company supplying electrical energy. 


for incandescent illumination shall adopt and maintain 
some method of procedure which will insure periodic in- 


spection of incandescent lamps to which current is sup- 
plied and under which the company will render its con- 
sumers assistance in securing incandescent lamps best 
adapted to the operation of the system. Each company 
shall submit to the Railroad Commission of Wisconsin 
the details of such method of procedure as it may adopt. 

RULE 23. Each company supplying electrical energy 
for incandescent Illumination shall specifically inform 
each of its consumers as to the conditions under whicb 
efficient illuminating service may be secured from its 
system. 

The report is signed by B. H. Meyer, Halford 
Erickson and John H. Roemer, Commissioners, is 
dated July 24, 1908, and the regulations become 
effective three months from that date. 


A NOVEL HIGH-SPEED DRILL. 

The drill shown in the accompanying figure 
was designed to meet the need of a high-speed 
tool that was less expensive than the standard 
type. The form evolved was not only cheaper 
but also stronger than that replaced on account 
of retaining the original forging nearly intact 


weakness, The reservoir has a capacity of 7,526,- 
000 cu. m. (nearly 2,000,000,000 gal.), covering 
an area of 185 acres, and receiving the runoff 
from 67.5 sq. mi. of mountain drainage area. 

The dam is of the gravity type, of rough rubble 
masonry, slightly curved up-stream, with a 
radius of 2,000 m. (6,562 ft.). It has a maxi- 
mum height of 151 ft. from the lowest founda- 
tions to the top, or 110 ft. from the stream bed. 
The extreme length on the crest, covering the 
spillway channels at each end, is 592 ft. The 
maximum thickness at the base is 128 ft. and 
about 15 ft. at the top, which is 6.5 ft. above 
the spillway level. 

The profile is evidently that of the Crugnola 
type, with a vertical curve near the base on the 
up-stream side, and also above the center on the 
down-stream face. It is built of uncoursed rub- 
ble masonry, with no stone larger than two men 
can conveniently carry, and mostly of one-man 


A HIGH-SPEED DRILL WITH A CORKSCREW SHANK. 
(Designed by G. E. Hackett, Jun. Am. Soc. M. E.) 


and by eliminating temperature stresses through 
having a uniform scction from point to tang. 
The drill is formed from a rectangular bar or 
blank of high-speed steel and only the body is 
tempered. Proper clearance at the rear of the 
spiral edges is obtained by slight grinding. The 
soft shank is ground to fit a Morse-taper socket 
as do the more common drills. The tang fits the 
sockets in the familiar way, but there is much 
greater freedom from slipping of the taper fit 
of the shank under heavy loads. The tendency 
to untwist binds the shank in the socket and 
nearly eliminates the possibility of twisting off 
the tang as is often done with the ordinary drill 
and the simple taper fit. Incidentally there is 
a highly desirable freedom of a scoring of the 
sockets through breaking the shanks or tang. 
This design was made by Mr. G. E. Hackett, 
Jun. Am. Soc. M. E.. while a mechanical engineer 
with the Central R. R. of New Jersey. This 
form has been found entirely successful at these 
shops. The first cost is about half way between 
that of common and high-speed steel drills in 
the standard shapes. The drill is being made in 
various sizes by the Hackett High-Speed Drill 
Co., 90 West St., New York City. 


—— ~~ — 


THE SAN JOSE DAM, MEXICO. 
By JAMES D. SCHUYLER,* M. Am. Soc. C. E. 


The city of San Luis Potosi, Mexico, will be 
supplied with domestic water from a storage res- 
ervoir recently completed in the vicinity, on the 
San Juan River, as soon as the distributing pipe 
system, now under construction, is finished. This 
reservoir is formed by a notable masonry dam 
called the “Presa de San Jose,” or San Jose Dam, 
which was designed in 1896 by a Mexican engi- 
neer, Senor Sebastian Reyes. The accompanying 
photographs were taken by Mr. Samuel Storrow, 
M. Am. Soc. C. E., in November, 1901, at the 
time of the visit of the American Institute of 
Mining Engineers, who also kindly supplied most 
of the notes from which the following account of 
the work has been prepared. 

As no description of this dam has ever been 
published, as far as I am aware, the readers 
of the Engineering News will be interested in 
learning something further of the works and 
achievements of their modest professional breth- 
ren across the Mexican border. The writer is 
indebted to the kindness of Senor Luis C. Cuevas, 
a civil engineer of San Luis Potosi, for copies 
of the drawings, from which the dimensions have 
been scaled. Senor Cuevas states that the reser- 
voir has been filled several times, and has proven 
the dam to be entirely watertight, withstanding 
the strains of water pressure, without evidence of 


Consulting Engineer, Los Angel es, Cal. 


stone. Like practically all other masonry dams 
in Mexico, the construction has been made with- 
out Portland cement, using only the native lime 
of the country. Fortunately this has hydraulic 
properties, as a rule, and some of it is very ex- 
cellent in quality. In this case the lime was 
burned on the ground and put into the work im- 
mediately without curing. The dam has a spill- 
way channel at each end, the one on the left 
bank being 95 ft. wide at the dam, tapering to 
o2 ft. at the lower end, a distance of 120 ft. from 
the up-stream face of the dam. The other one 
is 86 ft. wide at the upper end, 36 ft. at the 
lower. Both are 6.56 ft. tn depth. 

The dam is provided with two gate towers, or 
buttresses, on the down-stream face, near the, 
center. These are of unusual design and pecul- 


Fig. 2. One of the Gate Towers of the San Jose 
Potosi Dam, Mexico. 


iarly elaborate and ornate in character, present-— 
ing striking architectural effects. They are mas- 
sive and of generous dimensions. 

The dam was built by a private company at a 
cost of $400,000, Mexican silver, and is intended 
not only to provide water for the domestic service 
of the city, but also to irrigate 6,500 acres of 


fertile land in the valley adjacent to the city. 


The city of San Luis Potosi is a stockholder in 


the company. 
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Good engineering and good common sense are 
marked characteristics of the conclusions and 
recommendations of the Fifth Report of the 
Royal Commission on Sewage Disposal, given 
in condensed form elsewhere in this issue. If 
these ideas are made effective, as presumably 
they will be, British municipalities will be en- 
abled to shape their sewage disposal plans in 
accordance with local conditions rather than 
with highly arbitrary rules based chiefly on tra- 
ditions which antedate nearly the whole of our 
present scientific Knowledge of sewage treat- 
ment. 

Among the notable conclusions thus far 
reached by the Commission are these: The 
choice between land treatment and so-called 
artificial treatment is one of local conditions and 
relative costs, rather than character of effluent 
obtainable by the two methods; there is still a 
place for chemical treatment, as a preliminary 
to oxidation, and it is even suggested that six 
hours of chemical precipitation with lime might 
sometimes be advantageously applied to septic 
tank effluents; stand-by or storage tanks are 
preferable to storm-water filters to care for that 
portion of the storm-water flow of combined 
sewers that may need treatment, but the volume 
of storm water that may be passed direct to 
the stream by means of overflows in branch 
sewers and that should have some degree of 
treatment should be settled in accordance with 
local conditions; a strong central authority should 
lay down various general conditions to govern 
Sewage treatment, but between the central au- 
thority and the municipalities there should be 
interposed either river boards or the county 
councils, these district authorities to have super- 
visory powers, subject to appeal to the central 
authority; the general conditions laid down by 
the central authority should be subject to modi- 
fication to meet district or local conditions. 

— 0M . 

So far as American and British conditions are 
similar, most of the conclusions of the Royal 
Commission are in accord with the best Ameri- 
can practice—both on sewage works and state 
control or central supervision of their design. 
As regards central supervision, the parallel must 
of course be drawn between the government of 


England and that of our several states. Our 
commonwealths, or the proper representatives of 
such of them as have taken action, approve or 
amend plans for sewage disposal works in ac- 
cordance with local conditions. Our state au- 
thorities have no set rules which they apply 
everywhere with an iron hand, like the present 
rule of the Local Government Board that all 
Sewage of combined systems, up to three times 
the dry-weather flow, must have full treatment 
and an additional volume up to six times the 
dry-weather flow partial treatment on special 
areas. 

The nearest approach to the arbitrariness of 
the Local Government Board is by the Massachu- 
setts State Board of Health. While it has never 
promulgated set rules and has always given a 
large measure of consideration to local condi- 
tions, when passing on plans submitted to it, 
yet by one means or another it has virtually 
barred out of the State the newer methods of 
sewage treatment and the mechanical filtration 
of water. It was largely due to the more direct 
and specific but scarcely less arbitrary action 
of the Local Government Board in not accepting 
the newer methods of sewage treatment as a 
substitute or partial substitute for land treat- 
ment that the Royal Commission on Sewage 
Disposal was created. But we hasten to notice 
an immense difference between these two central 
authorities: The stand of the Local Government 
Board on this and other matters has been of 
the bureaucratic and circumlocution-office type, 
while the Massachusetts State Board of Health 
has for twenty years required the adoption of 
no method of sewage or water purification which 
it has not itself found, after extended investi- 
gation, to give high-grade scientific results. The 


Massachusetts Board, more particularly as re- 


eards sewage, has conducted elaborate studies 
of the newer methods of purification (avoiding 
only or chiefly patented or proprietary processes). 
The chief criticism that can be brought against 
it, perhaps, is that it has been ultra-conservative 
as to the newer methods, but even in this it has 
had the justification that geologic and other con- 
ditions in Massachusetts are particularly favor- 
able to what for this discussion may be termed 
the slow-sand filtration of both sewage and 
water. And yet after all that can be said in 
support of the attitude of the Massachusetts 
State Board of Health many will believe that it 
has done much to stifle originality and progress 
in both water and sewage purification within 
its jurisdiction, except as both those qualities 
have been developed under its own direction at 
the Lawrence Experiment Station. 

This throttling of originality is the great 
danger in all central supervisory control, either 
by municipalities or private corporations. Itis far 
from being a sufficient argument against cen- 
tral control, but it is one that must be reckoned 
with and guarded against. 


ee 


In the few cases where the arbitration of dis- 
putes between capital and labor has been offered 
by the United States federal government it has 
been the action of a high official who, from the 
nature of his office, held such a position in the 
community that he could command the respect 
of both sides of the quarrel. Though not illegal 
it was not specially authorized by any law; in- 
deed, the constitutional limitations of federal 
jurisdiction throw grave doubts on the possibility 
of such a law. In some of the states, however, 
boards of arbitration have been constituted with 
powers to offer their services as mediators in 
labor disputes. In England this matter of offi- 
cial arbitration has gone even further. There, 
under a law known as the Conciliation Act of 
1896, the Board of Trade was given power in 
trade disputes to appoint a conciliator and, at 
the request of both parties, to select an arbi- 
trator to settle the misunderstanding. Under 
this law the results have been very gratifying. 
In 1905, the Board of Trade intervened in 14 
cases and settled them all; in 1906, it intervened 
in 20 cases and settled 16, and in 1907 it adjusted 
32 out of the 39 disputes in which it was called. 
Up to September of this year 35 out of 47 cases 
had been settled, and some of the remainder are 
still under advisement. 


Satisfactory as the workings of the law have 
been, the President of the Board of Trade, Mr. 
Winston Churchill, has recently issued an order 
changing the system of arbitration to some de- 
gree, in the hope that the new method will 
overcome the minor difficulties of the past. 
Under this new scheme the single arbitrator is 
to be supplanted by a standing Court of Arbi- 
tration, the make-up of which is described in the 
governmental memorandum ag follows: 

The Court, which will sit whenever required, will be 
composed of three (or five) membcrs, according to the 
wishes of the parties, with fees and expenses to members 
of the Court, and to the chairman during sittings. The 
Court will be nominated by the Board of Trade from 
three panels. The first panel—of chairmen—will com- 
prise persons of eminence and tmpartiality. The second 
will be formed of persons who, while preserving an im- 
partial mind in regard to the particular dispute, are, 
nevertheless, drawn from the “employer class.” The 
third panel will be formed of persons similarly drawn 
from the class or workmen and trade unionists. It is 
hoped that this composition will remove from the Court 
the reproach which workmen have sometimes brought 
against individual conciliators and arbitrators that, 
however fair they mean to be, they do not intimately 
understand the position of the manual laborer. It is 
believed that by the appointment of two arbltrators se- 
lected from the employers’ panel and two from the work- 
men’s panel in difficult cases, thus constituting a Court 
of five instead of three persons, the decisions of the 
Court would be rendered more authoritative, especially 
to the workmen, who, according to the Information of 
the Board of Trade, are more ready to submit to the 
judgment of two of their representatives than of one. 
As the personnel of the Court would be constantly 
varied, there would be no danger of the Court itself be- 
coming unpopular with either class in consequence of 
any particular decision; there would be no difficulty 
in choosing members quite unconnected with the case in 
dispute, and no inconvenient labor would be imposed 
upon any one who consented to serve on the panels. 
Lastly, in order that the peculiar conditions of any 
trade may be fully explained to the Court, technical 
assessors may be appointed by the Board of Trade at the 
request of the Court or of the parties to assist in the 
deliberations, but without any right to vote. 

About a year ago we noted a praiseworthy 
agreement between associations of English manu- 
facturers and workmen, in which special pro- 
vision was made for arbitration in case of any 
radical disagreement in policy or principle. With 
the impartial, or at least evenly balanced, court 
provided by the latest order of the Board of 
Trade this apparent intention of both capital 
and labor to adjust their differences fairly has 
been greatly aided. There may prove difficulties 
in the detail of appointments and administration 
of the Court, but its future progress will be worth 
watching. 

— 51ꝛ2 ä—äk᷑ 

The construction of a hundred reservoirs to 
prevent floods, aid navigation and create water 
power on the Ohio River and its tributaries was 
discussed at length in a recent paper by Mr. M. 
O. Leighton, Chief Hydrographer of the U. S. 
Geological Survey, reprinted in our issue of 
May 7, 1908. Several communications critici- 
zing Mr. Leighton’s paper have already been re- 
ceived and published in our columns, and in the 
present number we present to our readers the 
most valuable discussion of the paper which we 
have yet received, the author being Major H. C. 
Newcomer, Corps of Engineers, U. S. A. 

There has been considerable delay in prepar- 
ing Major Newcomer’s paper for publication, and 
by chance this delay makes it possible to present 
in the same issue a review of the history, pres- 
ent status and prospects of the improvement of 
the Ohio River for navigation purposes, which 
has been chiefly by providing dams and locks or 
slack-water navigation. 

A careful reading of the articles, which we 
publish side by side and a re-reading of Mr. 
Leighton’s paper, it seems to us, will suggest 
several lines of thought to any of our readers 
interested in the best possible means of conser- 
vation and utilization of the great river sys- 
tems of the United States. The chief object of 
Mr. Leighton's paper was to arouse just such 
critical analysis and further investigation of its 
subject matter as Major Newcomer presents 
elsewhere in this issue. Mr. Leighton's main 
thesis was that the possibilities of extensive 
water storage on the headwaters of our great 
rivers (using the Ohio for specific illustration) 
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are worthy of serious consideration as possible 
means of flood prevention and aids to navigation. 
Major Newcomer admits this, at least to the 
extent of discussing some of Mr. Leighton's 
arguments at length and of having somewhat 
detailed studies and estimates made of storage 
costs in the Ohio drainage basin. But in both 
his d priori arguments and in his conclusions 
drawn from special studies, Major Newcomer 
is as much against storage as Mr. Leighton was 
in favor of it, particularly storage to benefit navi- 
gation. 

Major Newcomer makes a strong presentation 
of the difficulties that stand in the way of reser- 
voir river control, particularly the cost obstacle, 
but we think his arguments increase rather than 
decrease the force of Mr. Leighton’s thesis for 
a thorough-going study of the whole subject. 

What we should like to impress on our readers 
is the need for the broadest possible consideration 
of everything pertaining to the water resources 
of each of the great drainage systems of the 
United States, beginning with those presenting 
the most urgent problems, but keeping con- 
stantly in mind the best possible means of con- 
serving and utilizing to their utmost all the 
water resources of the country, as rapidly as 
needed. 

River improvement and utilization has or 
should now become more than a mere matter of 
dredging, levee building and dam building, in 
the interests of navigation or navigation and 
flood protection. Other possibilities of river- 
flow control ought to be given full and fair con- 
sideration, and other ways of utilizing water 
than in moving boats should receive such atten- 
tion as the peculiar needs and possibilities of 
each stream demands. 

That the broader views of river improvement 
and control disclose physical, financial and gov- 
ernmental difficulties is no reason for throwing 
up the hands. No, not if the full utilization and 
control of our natural waters should finally de- 
mand, as it bids fair to do, either a combination 
or the cooperation of national, state and mu- 
nicipal agencies. 

That some change is demanded to serve the 
needs of navigation alone is evident from the 
little progress that has been made on the Ohio 
River improvements in the eighty years’ work 
Which is reviewed in the article that follows 
Major Newcomer's contribution in this issue. 
In nearly a century of time, the friends of Ohio 
River navigation have wrung from Congress and 
there has been expended only some $10,600,000, 
while $63,000,000 is estimated as necessary to 
secure 9 ft. of water from Pittsburg to the 
mouth of the Ohio. Of the $10,600,000 expended 
up to June 30, 1907, $3,900,000 was for the canal 
and accessories at the Falls of the Ohio. 

Does any one doubt but that more money 
might have been secured in the past and far 
more in the future if, instead of navigation 
alone, there was placed before Congress and the 


legislatures of the Ohio Valley states, the mu- 


nicipal governments of Pittsburg, Louisville, 
Cincinnati, etc., and before their respective con- 
stituents, a well-considered plan of water stor- 
age, power development, flood prevention and 
navigation improvement? We are well aware 
of the difficulties involved in such a compre- 
hensive scheme for either the Ohio or any other 
of our great river basins, but no difficulty has 
yet been suggested that seems formidable enough 
to warrant vetoing the careful and comprehen- 
sive studies advocated by Mr. Leighton. 


— — — — 


THE STATUS OF THE IRON-SLAG BLOCK FOR STREET 
PAVING PURPOSES. 

The iron-slag block for street-paving has had 
small notice in the literature of the subject and 
except for a half-dozen citles in this country and 
in Canada, where it has been used in the past 
to a considerable extent, it is generally un- 
known or unfamiliar to the municipal engineers 
on this side of the ocean. Inthe last few months, 
however, in one at least of the large cities, there 
has been displayed a renewed interest in the 
material which warrants an investigation of its 
virtues and defects for the large portion of the 
profession which is unacquainted with its prop- 


erties. From such an investigation, particularly 
from such discussions of the behavior of the 
block as recounted by various engineers on an- 
other page of this issue, to what extent is the 
engineer, to whom this block is a novelty, justi- 
fied in specifying it? 

In reading these accounts from the various 
cities it should be recognized that any new ma- 
terial must be greatly superior to the one in 
use in order to overcome the prejudices in favor 
of the latter. That it is just as good will not 
serve. In this respect the iron-slag b'ock fails. 
In most of the cities where it has been used in 
the past its advantages were not so marked as 
to make it a very pronounced rival of the granite 
and brick which it is intended to supersede, or at 
least to alternate with; as a rule, its use has 
not so impressed the engineers who have had 
experience with it that they continue to specify 
it in their work. 

Taking up now the virtues and defects as 
noted in the reports. The praise of its good 
qualities is very faint, although it is evident 
that it has many of the advantages of the clay 
paving-brick. It is hard and fairly durable, 
non-absorbent and easy to clean; when properly 
laid it has an even surface, thus promoting ease 
of traction; it can be laid on all grades and 
there jis little dust or mud from it. On the other 
hand, it has many deficiencies not so evident in 
brick paving. It soon acquires a very slippery 
surface, it is hard to lay on account of the in- 
equalities in shape and size, it has a marked 
tendency to flake on the surface, leaving an un- 
sightly and unsafe street and the possibility 
of interior blow-holes suggests a weak spot in the 
wearing plane. The noise-deadening properties, 
being largely a matter of base and joints, are 
subject to argument. 
Observation in service, the best criterion by 
which worth can be judged. But for complete 
information as to its comparative wearing quali- 
ties laboratory tests are likewise useful, and of 
these the iron-slag block has none. Those who 
advocate its use would do well to institute such 
tests according to the same methods in vogue 
for other paving block so that some comparison 
can be made and so that the now absent basis 
for specification can be had. 

All of the above points for and against the 
block are purely physical, but quite as import- 
ant in the opposition to it Is the present status 
of its manufacture. Not only is it the product 
of a foreign country, thus prefining an increased 
cost due to the import duties and difficulties in 
shipment, but it is practically a monopoly prod- 
uct of one firm. Some years ago the blocks were 
made in this country, but the factory has long 
since gone out of business; on the continent of 
Europe there are said to be several firms en- 
gaged in this business, but they are not equipped 
for export deliveries. To-day the production is 
so localized that contractors who require a con- 
siderable number of these blocks for paving pur- 
poses, after instituting extensive searches 
throughout this country and abroad for the ma- 
terial, find that the consolidated English firms 
are the only ones in the market and that blocks 
bought from them have to be procured through 
one agency in this country, which controls the 
price and delivery. Such a condition is dis- 
couraging to private specifying of the block, and 
in governmental work, even when such specifi- 
cation does not violate the usual anti-monopoly 
clauses in the city charter, {t subjects the city 
engineers to unpleasant charges or suggestions. 
Until the American blast furnaces see their way 
clear to manufacture the iron-slag block, a pro- 
cedure that would seem well worthy their 
serious study, the average engineer will prob- 
ab'y not devote much of his energy toward in- 
vestigating its properties. 

Meanwhile, from the available reports, it will 
be noticed that a considerable amount of the 
paving laid with these blocks has been in the 
space between and adjoining railway tracks 
which the street railway company is usually re- 
quired to lay and to maintain. This space is 
usually subjected to very heavy travel, espe- 
cially when the street is narrow and the paving 
exterior to the tracks is poor asphalt or rough 
blocks, as in Baltimore. It is admitted that the 


These are all matters of 


iron-slag block is very hard and durable, so that 
it acts admirably under the heavy traffic and 
the difficulties in laying, the slipperiness and the 
surface flaking become secondary to the neces- 
sity for a hard base. It is here, then, that the 
future possibilities of the block seem most 
bright. 

In connection with the investigation of the 
block noted on another page, an oft-repeated 
plea in these columns is recalled—the ap- 
peal for definite specifications. The portion of 
the specification printed in the article is a par- 
ticularly brilliant example of the indefinite word- 
ing that may be the cause of much trouble be- 
tween the contractor and engineer and the object 
of suspicious criticism by the muck-raker. For 
glittering generalities it is a model. It is con- 
ceivable that a product may reach such a stand- 
ard that it can be specified by name only, but 
even in the most standardized material this is 
not done. How much less should it be done in 
the case of the iron-slag block, concerning the 
qua'ities and behavior of which so. little is 
known. Under the specifications as written, a 
pressed iron-slag block might pass a complacent 
engineer, and certainly the weaker block pos- 
sible with the high silica slags of Pennsylvania 
would have to be accepted. The probable ex- 
cuse for the specification is that but little is 
known of the qualities of the block, but before 
installing some hundreds of thousands of them 
it seems on'y reasonable that the engineers make 
some effort to discover and outline the qualities 
that are desirable. A monopoly product speci- 
fied by name only certainly should arouse sus- 
picion. 


LETTERS TO THE EDITOR. 


Effect of Tile Drainage of Adjacent Land on Flashy 


Streams. 

Sir: Referring to the description of field methods used 
in the ‘‘Topographic Mapping of Bottom Lands in Illi- 
nois,” in your paper under date of Sept. 24, p. 333, I 
beg to take exception to the undue prominence that is 
given to tile-draining as a factor in the flashy features 


of Illinois streams. The popular impression is that all 


tiling has a tendency to rush the water into the large 
waterways at a constantly increasing rate. While there 
doubtless are cases where complete tile drainage in- 
creased the flow of streams during flood season, there 
are certain features pertaining to lands which have been 
thoroughly drained to a depth of several feet which 
tend to regulate the supply of water flowing into our 
rivers. j 

The writer has in mind a certain 50-acre tract which 
was tiled about 25 years ago. Before tiling, the tract 
was too wet for cultivation except in very dry years, 
though there was practically no flow from this tract 
(into the stream which ran along one edge) during the 
larger part of the year. Since the tile was placed, the 
flow has ceased only three or four times during seasons 
of extreme drought and that for only a few weeks at 
most. The thorough subdrainage given by this tile 
makes available a considerable storage reservoir into 
which immense quantities of water are absorbed before 
excessive surface flow takes place. 

The flashy condition of streams fed by tiled lands fol- 
lows in each instance after the placing of tile, but it is 
very probable that the principai cause is to be found in 
the changed surface conditions rather than in the sub- 
drainage. 

The necessity of thorough exploration by lines run at 
frequent intervals, as emphasized by the article referred 
to, is of especial importance in river bottom surveys, 
and there is nothing (less than a Louisiana cane brake) 
which is more discouraging to the fleld party than get- 
ting a line through jungles of willow ‘‘horse’’ weeds, 
drift and other miscellaneous bric-a-brac found in our 
lllinois river bottoms. The inability of the average 
topographer, or even an experienced chief-of-party, to 
keep a well-balanced impression of distances and pro- 
portions when working in such country makes it neces- 
sary to run lines at frequent intervals in order to insure 
against missing topographic features of importance. 

Yours very truly, A. M. Shaw, 

Assoc. M. Am. Soc. C. E. 
Sept. 25, 1908. 
— OO — — 


British and American Macadam Roads. 


Sir: I have read with interest the article in your last 
issue on the comparative wearing qualities of English 
and American macadam roads. 

Your correspondent has apparently failed to give any 
credit to the broad tires which are used on all classes 
of vehicles in England and which are undoubtedly much 
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less severe on the wearing surface than the narrow tires 
used in this country. 

Although signs are posted on all New York state roads, 
recommending the use of broad tires, there has not been, 
as far as I bave been able to notice, any increase as 
yet in the width of tires. It is obvious that the public 
will not purchase vehicles with broad tires at increased 
cost unless laws are enacted and rigidly enforced lim- 
iting the weight to be carried on tire per unit of width. 

It would be interesting to have your correspondent ad- 
vise us as to what proportion of the English roads are 
built of telford as compared with macadam. Is it not 
possible that the better wearing qualities of their roads 
are due to the fact that they are built of telford? The 
large stones which compose the foundation of a telford 
road, form a permanent foundation which cannot be dis- 
turbed, while the small stones which form the foundation 
course of macadam roads in this country are soon 
forced down into the underlying soil, particularly in the 
ruts and in sandy soll such as is found in the neigh- 
borhood where I have had occasion to observe state 
roads which have been built but a short time, but which 
are already badly rutted. It is very much to be re- 
gretted that now that this country has entered upon an 
era of road building, that the class of work which is now 
being done, in this state at least, is second or third rate 
when compared with the magnificent roads which are to 
be found in such a poor country as Norway. 

We can well afford the best type of construction, but 
we have apparently yet to learn by our own experience, 
that it is the cheapest in the end. 

Very truly yours, 
Howard W. Starr. 
Schenectady, N. Y., Sept. 30, 1908. 


— 1³“mw ——4 
Colloidal Clay for Waterproofing Concrete. 


Sir: I have read with interest the results you pub- 
lish in the issue of Oct. 1, 1908, p. 373, of a series of 
tests by Mr. H. W. McGee, Engineer of Maintenance of 
Way of the Ulster & Delaware Ry., to determine the 
waterproofing value of alum and clay as ingredients of 
concrete. Without desire to comment on these experi- 
ments, it is necessary that attention be called to an error 
in the original paper on ‘‘Waterproofing Concrete,” com- 
municated by me to the American Society of Civil Engi- 
neers, July 30, 1907, and published in Engineering News, 
Sept. 26, 1907, p. 344. In the hurried preparation of the 
paper as a portion of discussion for the Transactions of 
the Society, it was stated that watertight concrete may 
be obtained by ‘‘replacing from 5 to 10% of the cement 
with an equal quantity of dried and finely ground 
colloidal clay, intimately mixed with the cement.” In- 
stead of this, I meant to state that watertight concrete 
could be obtained by replacing from 5 to 10% hy weight 
of sand with an equal quantity of finely ground colloidal 

- clay, intimately mixed with the cement. While Mr. 
McGee’s tests throw some light on the effect of replac- 
ing cement with clay, his results cannot be considered as 
comparable with ours, since in the experiments con- 
ducted here, given proportions of sand alone were re- 
placed by clay. 

Recent laboratory tests here with properly selected and 
prepared clay have fully confirmed our published results 
of a year ago, with uniformly increased strength and 
practical impermeability under ordinary pressures, both 
in mortars and concretes. In fact, apart from the water- 
proofing effect, the increases in tensile and compressive 
strengths have been such as to apparently justify the 
recommendation of additions of clay for strength alone. 
Continued experiments with alum and other salt solu- 
tions have given results that were variable and inconclu- 
sive. Yours very truly, 

Richard H. Gaines, 
Chemist, Board of Water Supply, City of New York. 
New York, Oct. 1, 1908. 


— ß 


Stress -Calculatlon in Relnforced- Concrete Chimneys. 


Slr—In your issue of Sept. 10, 1908, Prof. E. R. 
Maurer gives a method of designing reinforced-concrete 
chimneys in which there appears to be an error. 

Near the bottom of the first column on page 276 the 
value of I for a cylindrical steel shell of radius r is 
given as one-fourth of the area by the square of the 
radius. This should be one-half of the area by the 
square of the radius. This factor M occurs again in the 
formula just below and is used in the numerical exam- 
ple, so that it does not appear to be a typographical 
error. It might be said in extenuation that in the 
numerical example the result is affected only about 2% 
by this error. I have not traced its effect in the dia- 
gram for steel areas. It is a good reason for neglect- 
ing entirely this fictitious thin cylinder of equivalent 
concrete area, represented by the steel reinforcement, in 
finding the stress on the concrete, that an error of 50% 
in that portion of the formula scarcely ‘affects the re- 
sults. There is another and a more petra reason that 
I shall mention presently. 

Prof. Maurer says of Case 2, where chere would be 
tension on the concrete, Practical rational formulas 


11 Front St., 


for unit stresses for this case cannot be deduced.” I 
take issue with him in this. It is both practical and 
rational to find the moment of stability of the plain 
concrete chimney, assumed to take no tension, and then 
add a ring of reinforcing rods that will take the sur- 
plus of wind moment over and above this moment of 
stability. Furthermore, the mathematical work is ex- 
tremely simple. This is the method published by me in 
“Concrete Engineering’ in 1907 and reprinted in my 
book Concrete.“ 

Absolute accuracy of stress determinations in rein- 
forced concrcte is neither possible nor desirable, and 
intricate mathematical processes do not spell either 
safety or certainty. The poor practical designer has a 
right to be considered; and a complex formula or dia- 
gram, the derivation of which he may not understand, 
is apt to be the source of far more errors in actual 
designs than a formula that on the face of it is approxi- 
mate (and thus in entire accord with knowledge of 
stresses in the premises), but whose derivation is simple 
and direct and easily checked. 

Prof. Maurer has used a very high compressive unit 
on concrete, namely, 500 Ibs. per sq. in. This would 
not be high for short blocks, or for hooped columns, 
or as extreme fiber stress on reinforced-concrete beams 
where the compression is on one side only. But some 
recent column failures where the unit was found to be 
not much over this (in columns with longitudinal rods 
embcdded in them) ought to serve as a warning against 
the use of any such units. The use of longitudinal rods 
in compression members, according to tests made at the 
Illinois Experiment Station, may reduce the ultimate 
strength below the plain concrete member by nearly one- 
quarter. This is a small fact of enormous importance, 
and it has been almost totally overlooked by engineers 
and book writers. It is neither correct nor economical 
to use rods in compression in concrete. 

As I have pointed out before, theoretical, 
rational methods of locating the neutral axis of rein- 
forced-concrete members can have absolutely no value 
so long as they ignore the effect of the shrinkage of 
concrete, and attempts to make theoretical allowance for 
this shrinkage would be worse than useless. Direct 
measurement shows that in beams the neutral axis is 
close to the middle of the depth of concrete. Why not 
assume its location at the middle in all cases until tests 
prove it to be located elsewhere? 

Yours very truly, 
Edward Godfrey. 

Monongahela Bank Building, Pittsburg, Pa., Sept. 11, 
1908. 


Sir: In reply to the communication from Mr. Godfrey 
regarding my recent article on Wind Stresses in Rein- 
forced Concrete Chimneys,’’ I wish to state: 

An error exists in the article as pointed out by Mr. 
Godfrey, and I thank him for his notice of it. Contrary 
to his surmise, the error does not affect the diagram 
(Fig. 3), which is the important feature, nor anything 
else in Case 2. 

The fact that in Example 1 a 50% change in amount of 
steel affects the result by only 2% merely suggests that 
in similar circumstances (in upper sections of a chimney) 
the stress in the concrete is not affected much by the 
steel, and that the stress may be satisfactorily computed 
by leaving the steel out of account. One who has com- 
puted a few chimneys knows that upper sections need not 
be investigated for stress and that the main function of 
the vertical steel there is to prevent cracks in the con- 
crete which might arise from causes other than wind 
pressure. Why then did I present formulas for upper 
sections? For the inexperienced—to make the discussion 
cover all cases for him. I hoped that the experienced 
would find practical interest in the diagram. 

I have examined Mr. Godfrey’s method for determining 
the tension in the steel and the compression in the con- 
crete, but am not convinced that it should be described 
as rational. As I read and reread his explanation, all 
the assumptions made did not seem reasonable, the joint 
effect of the approximations involved was not apparent 
and each time, when I reached the end, I wondered 
“where I was at?’ Now the derivation of a rational 
formula does not leave one in that frame of mind, I 
think. Here is one peculiar phase of his method. In an 
example, he determines, with a working stress of 

12,500 lbs. per sq. in., that 31 -In. rods are required to 
reinforce the base section of the chimney of given dimen- 
sions for an assumed wind pressure, and then he com- 
putes the greatest unit compression at the section to be 
313 lbs. per sq. in. for that same wind pressure. Had he 
used 10,000 for the steel, the number of rods would 
have been 39, but the compression in the concrete would 
still have been 313. In other words, the greatest unit- 
stress in the concrete at any section does not depend on 
the amount of steel there, provided only that the amount 
is deemed sufficient; any excess has no effect on the con- 
crete stress. This idea does not appeal to me as àa 
rational one. 

I wish to modify the claim that my diagram is rational, 
for, strictly speaking, it is not. It is based on assump- 
tions known to be approximations. But, inasmuch as 


or so-called 


the diagram is derived logically from very widely ac- 
cepted assumptions concerning reinforccd-concrete beams, 
I was led to call the diagram rational, and I intended 
to convey the idea that practical formulas for the stresses 
in steel and concrete could not be derived logically from 
these same assumptions. 

The question of importance to those intcrested tn the 
design of reinforced-concrete chimneys is not, after all, 
whether either of the methods under consideration 18 
strictly rational, but which is the more valid if they 
disagree materially—and they do so disagree. For in- 
stance, in Example 3 of my article, it is found that the 
unit-stresses in the concrete and steel are respectively 
399 and 7,600, whereas Mr. Godfrey’s method gives 351 
and 12,500; and in Example 4 my diagram shows that 
1.9% of steel is sufficient to keep the concrete stress 
within the specified limit (500), whereas Mr. Godfrey's 
method shows that no amount of steel will keep the con- 
crete stress down to this limit and that it cannot be 
made less than 560. For any given reinforced chimney 
section, given superincumbent weight and given wind 
moment, Mr. Godfrey's method gives a higher stress in 
the tensile steel than mine, and the difference may be 
large; it gives the concrete stresses higher in some cases 
and lower in some, than mine, and the differences may 
be large. 

As already stated, my diagram is based on assumptions 
involved in the most widely used theory of flexure for 
reinforced concrete. These are essentially: that prac- 
tically, for working loads, plane sections of a beam re- 
main plane during bending; that there is a constant 
modulus of elasticity for concrete in compression; that 
there is no tension in the concrete near sections of max- 
imum moment; and that steel and concrete work to- 
gether, that is, adhere perfectly. 

While the derivation of my diagram may be described 
as complex, I do not believe that the diagram itself is so, 
as claimed. I know of no scheme that yields a solution 
of the problem under consideration as readily as it does. 

My use of 500 Ibs. per sq. in. for concrete should not 
be construed as recommending this figure as a working 
stress for indiscriminate use. I believe it a safe value 
for first-class work and concrete. Supposing it to be 
generally true that embedded steel reduces the ultimate 
compressive strength of concrete 25%, as it appears to 
have done in a single one of the accepted tests referred to 
(the average reduction was 16%) even then an ample 
margin of safety may be provided (by the use of good 
concrete and work), the working stress being that criti- 
cized. It is worth noting here that Mr. Sanford E. 
Thompson in his report on ‘‘Failures of Reinforced-Con- 
crete Chimneys'“ “ suggests a working stress of 600 lbs. 
per sq. in. for concrete whose ultimate strength at 28 
days reaches 2,500. 

Of course embedded steel cannot be worked so effectively 
in compression as in tension, but that is no reason for 
neglecting entirely the stress in compressive steel as Mr. 
Godfrey does in his method. In the Illinois tests, Talbot 
states that per unit area the steel took about 13 times 
as much load as the concrete at the small loads and 
about 26 times as much at the ultimate. I used 15 as the 
ratio for all working stresses in the construction of 
my diagram. 

I do not feel it incumbent on me to defend the common 
theory (as I would call it) for locating the neutral axis, 
the theory being so widely accepted. I may state, how- 
ever, that direct measurements for locating the neutral 
axis, as they have been made, do not controvert the 
theory. These measurements merely locate the average 
position of the neutral axis for the gage length; where 
the incipient crack is, there the axis is higher. To be 
sure, the actual neutral axis is close to the middle of the 
beam as claimed, but it is also close to the theoretical 
axis, and generally closer, I believe. My space and time 
do not permit a full comparison of these two small dis- 
tances drawn from actual tests. 

One series of tests, however, I have at hand, and it 
bears ali the ear-marks of being reliable; it is reported 
in Mörsch, pp. 102 et seq. (3d ed.). The series consisted 
of 9 beams, 3 with 0.4%, 3 with 1.0% and 3 with 1.9% 
of steel. Mörsch averaged the measurements for each set 
of three beams and pictures the positions of the average 
neutral axis for various stages of loading. At the load 
producing first cracks, the average neutral axis is, in 
each set, between the middle of the beam and the theo- 
retical axis but nearer the latter. Calling the distance 
between the mid-axis and the theoretical axis 100, then 
the distances from the determined average neutral axis 
to the others are, respectively, as follows (at the load 
mentioned): 

73 and 27 for the 0.4% set, 
85 and 15 for the 1.0% set, and 
60 and 40 for the 1.9% set. 


In the last set the distance called 100 is itself small 
compared to the depth of the beam, and the figures 60 
and 40 may be in error 5 or 10 units. 

Yours truly, 
E. R. Maurer. 
Oct. 3, 1908. 


News, Jan. 9, 1908. 


Madison, Wis., 


*For abstract see Eng. 
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Stream Motors in the Mississippi. 

Sir: In looking through Vol. 49 of Engineering News 
a few days ago, I came across the letter by Col. Sylvester 
Stewart on cheap power from river, in which he advo- 
cated the current motor and especially the screw in a 
current motor as superior to floats or paddles in deriving 
power from a flowing stream. Col. Stewart, in his article, 
speaks of Memphis as a good place for the use of such 
a power system. 

To-day, in the ‘‘Atlantic Monthly” for September, 1908, 
page 381, I found, in an article on the Mississippi River, 
some figures as to the velocity of the Mississippi near 
Helena, Ark., at high and low water, that make it 
possible to estimate the total power of the river accord- 
ing to the formulas in the editorial note in the issue 
with Col. Stewart's article. Thinking they might be of 
interest I have taken the trouble to send you the result 
of calculations on those data. 

The article on the Mississippi River gives the velocity 
at low water as 2.19 ft. per sec., the gage being 1.5 ft. 
and the area of the cross-section 51,100 sq. ft.; also the 
velocity at high water 6.71 ft. per sec., gage 50.4 ft., 
cross-section 210,000 sq. ft. 

Now, by the rule in the editorial note mentioned, the 
‘theoretical HP. per sq. ft. of the flowing water is 

HP. = 0.0018 vs 
where v is the velocity in ft. per sec. 

For a velocity of 2.19 this would be 0.0189 HP. per sq. 
ft. and for the whole cross-section of the stream at this 
stage, 51,100 sq. ft., the theoretical figure would be 965 
HP. Similarly, for a velocity of 6.71 the theoretical 
power would be 114,000 HP. In neither case would it be 
praeticable to use every square foot of area of cross- 
section of the river, and even if it were the above figures 
should each be divided by three to allow for the low 
efficiency attainable, giving 322 HP. and 38,000 HP., 
respectively, for the whole power of the stream at high 
water and low water. 

But, as some approach to practicability, suppose it is 
possible to build and put to work 100 wheels each of 
30-ft. diameter, and suppose we take the mean of the 
two velocities given, which is 4.45, as the velocity for 
the average stage of the river, let us see what power 
that would yield. From the difference of the cross-sec- 
tional areas 158,900 sq. ft. and the difference of the 
gage readings 48.9 ft. we see that the average width of 
cross-section is 3,250 ft., so that the 100 wheels 30 ft. 
in diameter would fill the space from bank to bank, with 
a little for clearance. If the channel be assumed rec- 
tangular the width, 3,250 ft., divided into the low water 
area would give the depth, 15.7 ft., at low water, or 
64.6 ft. at high water, the average of which is 40.1 ft. 
So at half-way between high and low water the wheels 
of 30-ft. diameter would lack 10 ft. of touching the 
bottom. 

These 100 wheels 80 ft. in diameter would have an 
area of 70,000 sq. ft. and each sq. ft. at a velocity of 
4.45 ft. per sec. would develop 0.159 HP., theoretically, 
or 11,200 HP. for all the wheels which at an efficiency 
of % would give, say, 4,000 HP. 

Now, if 4,000 HP. could be so derived, would it pay to 
develop it? Each wheel would at this rate yield 40 HP. 
and that at $20 per HP. per year (power for 24 hrs. per 
day) would be worth $800 per year. This is 4% interest 
on $20,000, so if each wheel could be put in far less than 
$20,000 it would pay if the scheme proved operatively 
successful. 

Would 4,000 HP. be a large amount of power to develop 
at one point? It would be if a number of these plants 
could be placed on the river at intervals of a few miles, 
as Col. Stewart suggests. Compared to modern electric 
power houses, 4,000 HP. is not very large, for in Memphis 
at this day the power supply house doubtless has a ca- 
pacity several times this. But 4,000 HP. is not a trifle if 
it could be developed by this method. 

Respectfully, John Wilkes. 
Civil Engineer. 

2 Berry Block, Nashville, Tenn., Sept. 5, 1908. 

[Our correspondent seems to forget that in 
developing for average water level instead of 
low, in times of low water the screws will 
be half out of the water and of little use. It 
would seem that advance in stream motors 
could, at present, be assisted best by having 
inventions such as the Stewart motor examined 
and tested by well-Known hydraulic engineers. 
Surely on the strength of such reports, if favor- 
ab'e, a service trial could be made. No little 
trouble may be expected in anchoring the motor 
without interfering with the stream and in 
transmitting the power to shore.—Ed.] 
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Notes and Queries. 


In the article, in dur issue of Sept. 24, describing the 
collapse of the B. & O. R. R. bridge across the Susque- 
hanna River, we said that the first bridge at this point 
was a Howe truss structure built some time before 1850. 
This statement was in error. The Howe truss bridge re- 


ferred to was on the line of the Pennsylvania R. R., 
about one mile down-stream. The first B. & O. bridge 
was the series of iron trusses built in 1884-85. The 
traveler on the present reconstruction weighed 300,000 
lbs., not 300 tons as stated. 
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A LARGE STEEL-PILE COFFERDAM FOR A SHIP LOCK 
AT BUFPALO N. Y. 


In connection with the improvements to the 
harbor of Buffalo, N. Y., a large ship lock is 
being built under the direction of the U. S. En- 
gineer Corps. This lock is in Black Rock Har- 
bor, which is the name given to the side channel 
of the Niagara River between Squaw Island and 
the main shore. The lock will be of concrete, 70 
ft. wide in the clear inside, and 817 ft. long 
over all. As the site is in water from 3 to 15 ft. 
deep, it is being enclosed by a cofferdam which 
is carried up 5 ft. above the water level. This 
cofferdam is 947 ft. long, 260 ft. wide at one end 
and 245 ft. at the other. The change of width 
is made in order to maintain a 50-ft. channel be- 
tween the cofferdam and the harbor line. The 
plan and section in Fig. 1 show very clearly the 
arrangement of the cofferdam and the lock. 

The construction of the cofferdam is of in- 
terest owing to the use of steel piling through- 
out, this piling being of 
a pattern used here for 
the first time. For each 
wall there are two lines 
of piling 30 ft. apart. 
These are connected at 
intervals by transverse 
bulkheads which form 
pockets 30 x 30 ft. The 


piling is driven through De = 
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sand, gravel and clay to 
bed rock. The material 
within the pockets is not 
removed, but as soon as 
each pocket is com- 
pleted it is filled with 
clay. When the coffer- 
dam is completed, the en- 
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cross-section that a toe 
of undisturbed material Owe 
will be left along each 
side. Above this, the in- 
ner row of sheet piling 
is supported only by 
the transverse bulkheads 
which tie it to the outer row at 30 ft. intervals. 
For such an arrangement it was necessary that 
the interlocked joints of the steel piles should 
combine flexibility and strength; the former to 
allow of properly closing each pocket and the 
latter to hold the inner row of piling in position. 
It was therefore decided to conduct a series of 
experiments with various forms of steel sheet 
piling, and a new type of pile produced recently 
by the Lackawanna Steel Co., of Buffalo and 
New York, was found to best meet the require- 
ments. This pile is described farther below. 

As used in the cofferdam, the sheet-piles are 
from 41 ft. to 50 ft. long. The water is from 3 
ft. to 15 ft. deep, and the piles are driven 
through an average of 30 ft. of fine sand, clay, 
gravel and hardpan, with occasional boulders. 
The average depth to rock is 40.7 ft. 
ing is done by two floating pile drivers, with 
Vulcan steam hammers. The leaders are 52 ft. 
long, and reach to within 8 ft. of the water. 
Each driver is mounted on a barge 20 x 50 ft., 
and is equipped with a double-drum, double- 
cylinder hoisting engine (8% x 10 ins.), a jetting 
pump 9 x 5% x 10 ins., and an 11-in. air pump. 
One machine has a -ton hammer and the other 
a 3\4-ton hammer. 

Both pile drivers make very favorable progress 
on the work, although the smaller hammer drives 
more piles than the other, and with better re- 
sults. With both machines working 8-hour 
shifts, the average work is 450 piles per week. 
No difficulty is experienced in closing the pock- 
ets, as a spacer (which is a short pile) is driven 


FIG. 1. 
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STEEL-PILE COFFERDAM FOR SHIP LOCK AT BLACK ROCK 


The driv- 


on each side of the last corner driven. After the 
corner pile has been driven home, the two spacers 
are removed and regular piles driven in their 
places. Fig. 2 is a view taken from one of the 
pile drivers and showing the east wall of the 
cofferdam. 

The MacArthur Brothers Co., of Chicago, has 
the contract for the lock, and is now at work 
on the cofferdam. Mr. J. N. Beisel is their super- 
intendent on the work. The contract for driving 
the sheet-piling has been let to the D. E. Horton 
Construction Co., of Buffalo, N. Y. 


THE LACKAWANNA STEEL CO. SHEET 
PILING. 

The steel sheet piles used for this cofferdam 
are a new product, having been put on the 
market only during the current year. They are 
integral rolled sections, without riveting or other 
assemblage to form the interlock, and the edges 
are so shaped that a complete hinge joint is 
formed between adjacent piles. This joint has an 
arc of motion of 44° (22° to either side), which 
means that a right angle could be turned in the 
course of four successive piles. This satisfactory 
degree of flexibility is coupled with a relatively 
high resistance to pulling apart. The manufac- 
turers report that a series of tests on their 12%- 
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MacArthur Brothers Co., Chicago, Contractors. 


in. piling showed the average tensile resistance 
of the joint to be 9,700 lbs. per lin. in. 

As shown by Fig. 3, the pile may be described 
as an I-beam whose flanges are bent away from 
the web to form something more than a semi- 
circumference, one horn of the crescent, however, 
being thickened into a heavy hooklike section. 
This hook is engaged by the hook of the adjoin- 
ing pile, while the other horn of the crescent 
extends around the back of the hook and holds 
it in engagement. The joint can be disengaged 
only by withdrawing one pile longitudinally. 
The contact surface in the joint, however, is 
limited to three points (or lines), so that there 
is a minimum of friction in driving or withdraw- 
ing. 

The two flanges of the pile have their hook sec- 
tions on the same side of the web. In a line of 
piling, therefore, alternate piles will have the 
hook side facing in while the intermediateBones 
have the hook side in. 

These piles are rolled at present in widths of 
12% ins. and 7 ins., the former width being made 
in two thicknesses. The following are the di- 
mensions and weights: 


Weight. Web Joint 
Width Lbs. per Lbs. per sq. Thickness, Thickness, 
c. toc. joint. lin. ft. ft. of wall. ins. ins. 
120 42.5 40.0 84% 
12 87. 187 35.0 38%. 
7 11.5 19.7 5 15%. 


They are rolled in 60-ft. lengths, but may, of 
course, be furnished cut to any desired length 
less than this. 

Special piles are made for turning sharp cor- 
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ners and for joining a wall at right angles to the 
middle of another. These are illustrated in our 
drawing. As there shown, the corner section 
consists of two halves of the ordinary pile, joined 
by a steel angle to which the two webs are 
riveted. The T-sections are made in a similar 
way, a half section being riveted at right angles 
to the face of a full section by two steel angles. 
In addition, tapered sections for easier adjust- 
ment in long lines of piling are made up as stock 
material. These are 20% ins. wide at the top 
and 12%, ins. wide at the bottom. They are made 


Fig. 2. Portion of the East Wall of the Steel-Pile 
Cofferdam for Ship Lock at Buffalo, N. Y. 


by slitting a section lengthwise into two halves 
and riveting them to a tapered plate running full 
length of the pile. 

Making the joints of these piles watertight is 
said to offer no special difficulty. In an experi- 
mentai cofferdam which was put down before the 
new form of piling was placed on the market, it 
was found that the soil worked into the joints 
during driving sufficiently to make the cofferdam 
practically watertight. Where the piles are 
driven in water, or where complete tightness is 
not secured at first, any method of packing may 
be used to make the joints tight, the form of the 
joint affording ample room for this purpose. 

In the large cofferdam for the Buffalo ship 
lock, described above, there are about 6,870 lin. 
ft. of piling, and the piles are 44 to 50 ft. long. 
The total weight of the piling approximates 7,000 


tons. 
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CONCLUSIONS AND RECOMMENDATIONS OF THE FIFTH 
REPORT OF THE BRITISH ROYAL COMMISSION ON 
SEWAGE DISPOSAL. 


Ten years ago the late Queen Victoria created 
a Royal Commission on Sewage Disposal, thus 
adding another to the various commissions of 
similar name and object that had been brought 
into existence during the half century of her 
reign. No little impatience has been expressed, 
as the years have passed, because the Commis- 
sion did not make a final and conclusive report. 
Four interim reports were issued in the six 
years up to 1904 and now, after four more years 
another report,* still not final, has appeared. 
But while the present report is not final it con- 
tains a number of quite specific conclusions and 
recommendations. Some of these are given here- 
with, and for them we are indebted to our Lon- 
don contemporary, “The Surveyor”: 

It is practicable to purify the sewage of towns to any 
degree required, either by land treatment or by artificial 
filters, and there is no essential difference between the 


*Fifth Report of the Commissioners Appointed to In- 
quire and Report what Methods of Treating and Disposing 
of Sewage (including any Liquid from any Factory or 
Manufacturing Process) may properly be Adopted: 
Methods of Treating and ee of Sewage. 
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two processes. The main questions, therefore, to be 
considered in the case of a town proposing to adopt a 
system of sewage purification are, first, what degree of 
purification is required in the circumstances of that 
town, and of the river, or stream into which its liquid 
refuse is to be discharged; and, secondly, how the degree 
of purification required can, in the particular case, be 
most economically obtained. 

REMOVAL OF SUSPENDED MATTERS.—We find that 
it is generally desirable to remove from the sewage, by a 
preliminary process, a considerable proportion of the 
grit and suspended matters before attempting to purify 
the sewage on land or filters. 

SEDIMENTATION TANKS.—Two to three hours quies- 
cence is usually sufficient to produce a tank liquor fairly 
free from suspended solids, but owing to the fact that 
some sewages contain a larger proportion than others 
of solids that settle very slowly, no general rule can be 
laid down as to the necessary period of quiescence. 
With this form of treatment the deposit in the tanks 
should be frequently removed. The amount of settle- 
ment effected does not depend alone upon the period of 
flow, but upon a number of other factors. If the tank 
liquor is to be treated upon filters of fine material, the 
period of flow should generally be from 10 to 15 hours. 
The tanks should be cleaned out at least once a week. 

SEPTIC TAN KS. — All the organic solids present in sew- 
age are not digcsted by septic tanks, the actual amount 
of digestion varying with the character of the sewage, 
the size of the tanks relative to the volume treated, and 
the frequency of cleansing. With a domestic sewage, and 
tanks worked at a 24-hr. rate, the digestion is about 25%. 
The liquor issuing from septic tanks is bacteriologically 
almost as impure as the sewage entering the tanks. Do- 
mestic sewage which has been passed through a septic 
tank is not more easily oxidized in its passage through 
fillers than domestic scwage which has been subjected 
to chemical precipitation or simple sedimentation. 

No definite rulcs can be laid down as to how long a 
septic tank should be run without cleaning. In the case 
of small sewage works (serving populations of, say, 100 
to 10,000 persons), the tanks should generally be allowed 
to run, without cleaning, so long as the suspended mat- 
ter in the tank liquor shows no signs of affecting the 
filters injuriously. For larger works it would generally 
be advisable to run off small quantities of sludge at short 
intervals of time. 

The rate of flow through a septic tank is a matter in 
which the needs of each place require special considera- 
tion, but at few places should the sewage be allowed to 
take longer than 24 or less 12 hours to flow through 
the tank. ' 

In no case should less than two tanks be provided, and 
they should be arranged so that, if necessary, one tank 
can be used alone. As regards digestion of sludge and 
quality of tank liquor, a closed tank possesses no ad- 
vantages over an open tank. There is less risk of nui- 
sance if the tank and the feed channels to the filters are 
covered in. By passing septic tank liquor through tanks 
of a size sufficient to hold about one-quarter of the 
day’s flow, with the addition of from 2 to 3 grains 
of lime per gallon to the liquor, the suspended solids in 
the liquor are materially reduced, a considerably larger 
quantity of the liquor can be treated per cube yard of 
filter, and the offensive character of the liquor is largely 
destroyed. 

CHEMICAL PRECIPITATION.—In the case of sewages 
which contain certain trade waste, and strong sewages 
from water-closet towns, it is generally desirable to 
subject the sewage to some form of chemical treatment 
before attempting to oxidize the organic matter contained 
in it. In most cases careful chemical precipitation ma- 
terially aids the deposition of the suspended solids, and 
facilitates subsequent filtration. No general rule can be 
stated with regard to the capacity of precipitation tanks. 
With continuous flow, an eight hours’ rate is usually 
sufficient to produce a fairly good tank liquor from a 
domestic sewage of average strength. If sewage is al- 
lowed to remain quiescent in the tank, two hours’ set- 
tlement would usually suffice. 

RELATIVE COST OF DIFFERENT TANK TREAT- 
MENTS.—In the absence of special circumstances fav- 
oring a particular plan, it would appear that there is 
very little difference in annual cost between the various 
methods of tank treatment when taken in conjunction 
with the cost of subsequent filtration through percolating 
filters, assuming that the kind of filter adopted in each 
case is that which is best adapted to the particular 
tank treatment provided. 


FILTERS.—Within ordinary limits, the depth of a 
contact bed makes, practically, no difference in its effi- 
ciency per cube yard. We think that it would be gen- 
erally inadvisable to construct contact beds of a greater 
depth than 6 ft. or of a less depth than 2 ft. 6 ins. 
For practical purposes and assuming good distribution, 
the same purification will be obtained from a given 
quantity of coarse material, whether it is arranged in 
the form of a deep or of a shallow percolating filter, if 
the volume of sewage liquor treated per cube yard be 
the same in each case. 

With regard to percolating filters of fine material, if 


the liquid to be purified were absolutely free from sus- 
pended and colloidal solids, and if thorough aeration 
could be maintained, the statement just made for filters 
of coarse material might possibly hold good for filters of 
fine materials also. In practice, however, these conditions 
can scarcely be maintained with large rates of flow, and 
we think that the greatest efficiency can be got out of a 
given quantity of fine material by arranging it in the 
form of a shallow filter rather than of a deep filter. 
But we are not in a position to make an exact quantita- 
tive statement as to the difference in efficiency of the 
two forms. 

The amount of sewage which can be purified per cube 
yard of contact bed or of percolating filter varies—within 
practical limits—nearly inversely as the strength of the 
liquor treated. This statement is based on the assump- 
tion that the size of the material of which the filter is 
composed is, in each case, suitable to the character of 
the liquor treated, and that the material is arranged at 
the proper depth to secure maximum efficiency. 

Taking into account the gradual loss of capacity of 
contact beds, a cubic yard of material arranged in the 
form of a percolating filter will generally treat about 
twice as much tank liquor as a cubic yard of material 
in a contact bed. In the case of sewage containing sub- 
stances which have an inhibitory effect upon the activity 
of micro-organisms, the working power per cube yard 
of filter of either type may be more nearly equal. This 
point, however, is not clearly established. 

Percolating filters are better adapted to variations of 
flow than contact beds. Bffluents from percolating filters 
are usually much better aerated than effluents from con- 
tact beds, and, apart from suspended solids, are of a 
more uniform character. On emptying a contact bed, 
the first flush is usually much more impure than the 
average effluent from the bed. The risk of nuisance 
from smell is greater with percolating filters than with 
contact beds. With percolating filters there is apt to be 
nuisance from flies, especially with filters constructed of 
coarse filtering material. In the warmer months of the 
year such filters swarm with members of the Psychodidae, 
which, though appearing to breed and develop in the fil- 
ters, may usually be seen in large numbers on the walls 
of houses, or buildings close to or on the works. 

TREATMENT OF SEWAGE ON LAND.—There is no 
essential distinction between effluents from land and ef- 
fluents from artificially constructed filters. Effluents 
from those soils which are particularly well adapted for 
the purification of sewage contain only a very small 
quantity of unoxidized organic matter, and are usually 
of a higher class than effluents from artificial filters as 
at present constructed and used. Effluents from soils 
which are not well adapted for the purification of sew- 
age may often be very impure. 

EFFECT OF TRADE EFFLUENTS ON SEWAGB 
PURIFICATION.—AIll the trade effluents of which we 
have had experience interfere with or retard processes 
of purification to some extent, but we are not aware of 
any case where the admixture of trade refuse makes it 
impracticable to purify the sewage upon land or by 
means of artificial processes, although in certain ex- 
treme cases special processes of preliminary treatment 
may be necessary. 

NUISANCE FROM SMELL.—All sewage works are 
liable, at times, to give off unpleasant smells; they 
should, therefore, be situated away from dwelling-houses, 


Fig. 3. Lackawanna Interlocking Steel Sheet Piling. 
(Lackawanna Steel Co., New York, Makers.) 


wherever this is practicable. The nuisance is apt to be 
considerably greater where the sewage contains brewery 
refuse in any quantity; but, on the other hand, the 
presence of some trade effluents—such, e. g., as iron salts 
or tarry matters—tends to render the process of purifica- 
tion less offensive. The extent of the risk of nuisance 
depends, however, not only on the character of the sew- 
age, but also on the method of treatment adopted. 
GENERAL OBSERVATIONS BEARING ON CHOICB 
OF A METHOD OF SEWAGE TREATMENT.—The selec- 
tion of a method of sewage disposal should depend pri- 
marily on local conditions. If a sufficient quantity of 
good land, to which the sewage can gravitate, can be 
purchased for about £100 [$500] an acre, land treatment 
would usually be the cheapest method to adopt. In 
cases where only clay land is available, it would gen- 
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erally be cheaper and more satisfactory to provide arti- 
ficial filters. Given conditions favorable to each process, 
there is little difference as regards cost between any of 
the different forms of tank treatment when these are 
considered along with the cost of subsequent filtration. 
Single contact will, generally, only yield a good effiuent 
where the sewage to be treated is weak, and then only 
after good preliminary treatment. For the purification 
of partially settled weak sewage, and for well, as also 
for partially, settled sewage of average strength, if the 
case is one in which a good effluent is required, double 
contact is necessary, while if a strong sewage has to 
be treated, triple contact is necessary, unless the pre- 
liminary treatment is exceptionally good. In nearly every 
case a greater rate of filtration per cube yard can be 
adopted if the material is arranged in the form of a per- 
colating filter than if it is used in contact beds. In 
many cases the rate of filtration through percolating 
filters may be double or nearly double what it could be 
with contact beds. Where the liquor to be treated con- 
tains much suspended matter, it is usually advisable 
to construct filters, whether contact or percolating, 
with coarse filtering material. Where the preliminary 
treatment has effectively removed the greater part of 
the suspended matter it is best to use fine material in 
the filters. 

STORM OVERFLOWS ON BRANCH SEWERS.— Storm 
overflows on branch sewers should be used sparingly, 
and should usually be set so as not to come into opera- 
tion until the flow in the branch sewer is several times 
the maximum normal dry-weather flow in the sewer. 
No general rule can be laid down as to the increase in 
flow which should occur: in the branch sewers before 
sewage is allowed to pass away by the overflow un- 
treated. The Rivers Board, or in districts where there 
is no Rivers Board, the county council, should have 
power to require the local authority to alter any storm 
overflows which, in their opinion, permit of an exces- 
sive amount of unpurified sewage to flow over them. The 
local authority should have the right to appeal to the 
central authority in any case in which they consider that 
the requirement of the Rivers Board is unreasonable 
or impracticable of fulfilment. The general principle 
should be to prevent such an amount of unpurified sew- 
age from passing over the overflow as would cause 
nuisance. 

TREATMENT OF STORM WATER SEWAGE AT THE 
WORKS.—As a general rule, special stand-by tanks 
(two or more) should be provided at the works, and 
kept empty for the purpose of receiving the excess of 
storm water which cannot properly be passed through 
the ordinary tanks. As regards the amount which may 
be properly passed through the ordinary tanks, our ex- 
perience shows that in storm times the rate of flow 
through these tanks may usually be increased to about 
three times the normal dry-weather rate without serious 
disadvantage. The overflow at the works should be 
made from these special tanks, and should be arranged 
so that it will not come into operation until the tanks are 
full. Special filters which are only used in times of 
storm are not usually efficient, and should not be pro- 
vided. Any extra quantity of sewage arriving at the 
works in storms, which has to be filtered, should be 
treated on the ordinary filters, which should be made 
sufficiently large for the. purpose. 

As regards the size of the stand-by tanks, the amount 
of storm water sewage to be filtered, and the arrange- 
ments generally for dealing with the storm sewage at 
the outfall works, the Rivers Board or the county council 
in areas in which no Rivers Boards have been estab- 
lished, should have similar power to that which we have 
proposed in regard to overflows on branch sewers, and 
the local authority should have a similar right of appeal 
to the central authority. In most cases it will probably 
suffice to provide stand-by tanks capable of holding one- 
quarter of the dally dry-weather flow, and it will not be 
necessary to provide for filtering more than three times 
the normal dry-weather flow. Under the arrangements 
which we recommend no storm sewage arriving at the 
outfall works would be discharged without some settle- 
ment. 

STANDARDS FOR SEWAGD EFFLUENTS.—Our terms 
of reference require us to have regard to the ‘‘economical 
and efficient” discharge of the duties of local authorities, 
and in view of the importance of not requiring a local 
authority to incur any further expenditure on sewage 
disposal than the circumstances of its area require, we 
feel strongly that the law should be altered so as to allow 
loca) circumstances to be taken into account. We recom- 
mend that the central authority should determine the 
nature of the tests which are to be applied for the pur- 
pose of standards, and that it should be made the duty 
of the Rivers Board, or of the county council in areas not 
under the jurisdiction of a Rivers Board, to determine, 
from time to time, subject to appeal to the central au- 
thority, what standards should be adopted. In the first 
instance it would be convenient that the central au- 
thority should prescribe one standard for all non-tidal 
waters, in place of the existing statutory provisions. It 
would then rest with the Rivers Board or county coun- 
cil to fix, subject to appeal to the central authority, 
a higher or lower standard in any case ig which they 


. solids should be removed, 


were of opinion that the circumstances required or jus- 
tified a different standard. 

We further recommend that no action should be allowed 
to be brought in respect of damage alleged to be due to 
the discharge of an effluent which complies with the 
standard fixed for the water into which it is dis- 
charged, but that in such cases complaint should be 
made to the central authority, and, if a prima-facie 
case is made out, that authority should ascertain 
whether the complaint is well founded, and should be 
empowered to fix a different standard if the circum- 
stances are shown to require it. In cases where it is 
alleged that the effluent does not comply with the statu- 
tory standard, and that damage is caused by the dis- 
charge of such effluent, action should be brought in the 
ordinary courts. But any questions arising as to whether 
the effluent complies with the statutory standard, or as 
to whether the damage has been caused by the discharge 
of the effluent in respect of which complaint is made, 
should be referred by the court to the central authority 
for determination. The costs of such determination 
should be borne by the parties to the action in such pro- 
portions as the court may determine. Power should be 
conferred on the central authority to suspend, from time 
to time, the operation of any standard, to allow time for 
the construction of works, or for any other reason which, 
in their opinion, justified such suspension. 

TESTS FOR SEWAGE EFFLUENTS IN RELATION 
TO STANDARDS.—According to our present knowledge, 
an effluent can best be judged by ascertaining, first, the 
amount of suspended solids which it contains, and, 
second, the rate at which the effluent, after the removal 
of the suspended solids, takes up oxygen from water. In 
applying this test it is important that the suspended 
and estimated separately. 
For the guidance of local authorities we may provision- 
ally state that an effluent would generally be satisfac- 
tory if it complied with the following conditions: 

(1) That it should not contain more than 3 parts 
per 100,000 of suspended matter; and 

(2) That, after being filtered through filter paper, 
it should not absorb more than: 

(a) 0.5 part by weight per 100,000 of dissolved or at- 
mospheric oxygen in 24 hours; (b) 1.0 part in 48 hours; 
or (c) 1.5 parts in five days. 


THE CENTRAL AUTHORITY. 

To secure the economical and efficient discharge of the 
dutics of local authorities and others in regard to pol- 
lution, and adequately to protect the public health and 
the amenities of rivers, the statutory provisions in regard 
to these matters must be of an elastic character. The 
conditions of different cases vary to such an extent that 
the necessary control cannot, in our opinion, be provided 
by any direct enactment which could be enforced by the 
ordinary courts. Throughout our reports this fact has 
been fully recognized, and we have proposed, in regard 
to many matters, that ultimate control should be vested 
in an adequately equipped central administrative author- 
ity, and that, as far as practicable, the local Rivers 
Board should, in accordance with regulations framed by 
the central department, act as a first tribunal. 

Among the more important questions which have to be 
dealt with under the new conditions of administration 
which we are contemplating are the following: 


(1) Disputes between local authorities and manufac- 
turers as to the terms and conditions on which trade ef- 
fluents shall be admitted into sewers. 

(2) The control of shell-fish layings so as to prevent 
the taking of shell-fish for human consumption from 
positions in which they are liable to risk of dangerous 
contamination. 

(3) The protection of water supplies from pollution. 

(4) The collection of information as to the water sup- 
plies available in various parts of the country. 

(5) The collection of information as to the need of 
water in various parts of the country. 

(6) The settlement of standards for different reaches 
of water. 

(7) Conferring powers on local authorities, in suitable 
cases, to provide separate systems of sewers for surface 
water and to enforce the provision of separate drains. 

(8) The settlement of questions as to the extra amount 
of sewage which a local authority should be required to 
treat during storms. 

There are also numerous questions in regard to the 
purification of polluting liquids which, in the interests 
of the public, have still to be worked out, and it is 
essential that the central authority should be properly 
equipped for undertaking such special investigations as 
they may from time to time find necessary, and for col- 
lecting and collating the work done by others. Since 
the date of our appointment considerable developments 
have taken place in regard to the disposal of sewage, and 
there is every reason to think that further changes will 
occur in the future. Unless the central department keep 
in close touch with all such changes, and from time to 
time report on them, it is not possible for local authori- 
ties throughout the country fully to utilize the results 
of valuable work which is being done at many places, 
and hence to perform their duties in the most economical 
as well as efficient manner, 


mission 


For the benefit of such of our readers as may 
not know, it may be stated that at present the 
Local Government Board has control over loan 
expenditures for sewage disposal in England and 
Wales, while a few special commissions have regu- 
lative control of the discharge of sewage into a 
half dozen or so streams. The Local Government 
Board, has, in effect, adopted arbitrary rules gov- 
erning the character of sewage disposal works 
built under its sanction and has, for the most 
part, enforced the rules with but little regard 
for local conditions. Judging from the present 
and from one of the earlier reports of the Com- 
it favors (1) an independent central 
body, devoted wholly to sewage disposal or to 
this and certain aspects of public water sup- 
plies; (2) an increase in the number and enlarge- 
ment of the powers of the river boards; (3) that 
the latter should have executive control and 
primary jurisdiction over sewage disposal in 
their respective localities, in accordance with 
general rules laid down by the central authority, 
and subject to appeal to the central authority. 
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PERSONAL GLIMPSES OF THE LIFE AND WORK OF 
LORD KELVIN.* 


By Prof. SILVANUS P. THOMPSON, D.Sc., F.R.S., Past 
President, Inst. E. E. 


On Dec. 17, 1907, aged 83 years, died William Thom- 
son, Baron Kelvin, of Largs, President, for the third 
time, of the Institution of Electrical Engineers. 

Adcquately to sct forth the life and work of a man 
who so early won and who for so long maintained a 
foremost place in the ranks of science were a task that 
is frankly impossible. The greatness of a man of such 
commanding abilities and such profound influence cannot 
rightly be gaged by his contemporaries, however inti- 
mately they may have known him. We of the present 
day are so essentially products of our generation, and 
have been brought up in modes of thought so largely 
molded by him, that we cannot adequately realize how 
much of that which is familiar and commonplace to us 
is due to his genius. But if by the very circumstance 
that we have lived so near to aim we are debarred from 
rightly estimating his greatness, we at least have the 
advantage over posterity that we have been able to 
speak with him face to face, to learn at first hand his 
modes of thought, to sit at his feet as students or 
disciples, to marvel at his strokes of genius achieved 
before our very eyes, to learn to love him for his single- 
hearted enthusiasm, for his kindliness of soul, his unaf- 
fected simplicity of life. 

William Thomson was born on June 26, 1824, in Bel- 
fast, being the second son and fourth child of James and 
Margaret Thomson. James Thomson, who was at that 
time Professor of Mathematics in the Royal Academic 
Institute of Belfast, was the son of a small farmer at 
Ballynahinch, in County Down, where his ancestors had 
settled about the year 1641 when they migrated from 
the lowlands of Scotland. James Thomson had early 
shown a taste for mathematical studies, and by study of 
books had mastered the art of making sun dials. He had 
then been sent to a small school in the district to learn 
classics and mathematics, rising while still a youth to 
the position of assistant teacher. 

He was in many ways a remarkable man. He made 
several original contributions to mathematics, and pro- 
duced several sound text-books, including one on the 
Differential and Integral Calculus. After his removal to 
Glasgow he still kept the education of his sons in his 
own hands, and so it happened that in 1834 William 
Thomson, when in his eleventh year, matriculated as a 
student in the University without ever having been at 
school. He early made his mark by his progress in 
mathematics and physical science, and in 1810 produced 
an essay, On the Figure of the Earth,” which won him 
the University Medal. He also read Greek plays and 
moral philosophy, and to the end of his life he was in 
the habit of bringing out quotations from the classic 
authors. His fifth year as a student at Glasgow, 1839-40. 
was notable for the impulse toward physics which he re- 
ceived from the lectures of Professor J. P. Nichol and 
from those of David Thomson (a relation of Faraday), 
who temporarily took the classes in natural philosophy 
during the illness of Professor Mcikleham. In this year 
William Thomson had systematically studied the Mé- 
canique Analytique’’ of Lagrange and the “Mécanique 
Celeste’ of Laplace, both mathematical works of a high 
order, and had made the acquaintance—a notable event 
in his career—of that remarkable book, Fourier's 
“Théorie de la Chaleur.” On May Ist he borrowed it 
from the College Library. In a fortnight he had read it 
completely through. The effect of reading Fouricr dom- 
inated his whole career thenceforward. He left Glasgow 
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University after six years of study, without even taking 
his degree, and on April 6, 1841, entered as a student at 
St. Peter's College, Cambridge. Here he speedily made 
his mark, and continued to contribute to the “Cambridge 
and Dublin Mathematical Journal,“ papers inspired by 
his study of the higher mathematics and by his love for 
physics. 

Here was an undergraduate of seventeen handling 
methods of difficult integration readily and with mastery, 
at an age when most mathematical students are being 
assiduously drilled in so-called geometrical conics and 
other dull and foolish devices for calculus-dodging. Of 
Thomson's Cambridge career so much has been written 
of late that lt may be very briefly touched here. How 
be went up for his Tripos in 1845; how he came out 
Second Wrangler only, being beaten by the rapid Park- 
inson; how he beat Parkinson in the Smith's Prize 
competition; how he rowed for his college to save Peter- 
house from being bumped by Caius; how he rowed for 
Cambridge in the University race of 1844; how he won 
the Colquohoun silver sculls; how he helped to found the 
Cambridge University Musical Society, and played the 
French horn in the little orchestra. 

On leaving Cambridge, with a College Fellowship of 
400 a year to maintain him, Thomson went to Paris 
and worked in the laboratory of Regnault at the Col- 
lège de France. He was here four months. There was 
no arrangement for systematic Instruction, and Thom- 
son's principal occupation was to work the air-pump to 
make a vacuum in one of two large glass globes which 
Regnault was weighing against one another in some de- 
terminations of the densities of gases. He made here the 
acquaintance of Biot and of Sturm and Foucault, of 
whom he spoke in terms of admiration. 

Thomson was now 21 years old, but had already es- 
tablished for himself a growing reputation for his mas- 
tery of mathematical physics. He had published about 
a dozen original papers, and had gained experience in 
three universities. In 1846 the Chair of Natural Phil- 
osophy at Glasgow became vacant by the death of Pro- 
fessor Meikleham, and Thomson, at the age of 22, was 
chosen to fill it. His father, Prof. James Thomson—he 
died in 1849—still held the Chair of Mathematics, Prof. 
Thomas Thomson held that of Chemistry, while Prof. 
Allen Thomson occupied the Chair of Anatomy. William 
Thomson was the youngest of the five Professor Thom- 
sons then holding office in Glasgow. 

This Professorship he continued to hold till he resigned 
it in 1809 after continuous service of 53 years. The old 
college buildings where he lectured and worked for 24 
years were ill-adapted for any laboratory facilities, yet 
he contrived to organize a physics laboratory—the first 
of its kind in Great Britain—in some disused rooms in a 
dark corner of one of the quadrangles, and enlisted the 
voluntary service of a number of keen students in his 
early experimental researches on the electrodynamic and 
thermoelectric properties of matter. In the lecture 
theater his manifest enthusiasms won for him the love 
and respect of all students, even those who were hope- 
lessly unable to follow his frequent flights into the more 
abstruse realms of mathematical physics. 

The next few years were times of strenuous work, 
fruitful in results. By the end of 1850, when he was 26 
years of age, he had published no fewer than fifty 
original papers, mostly highly mathematical in character, 
and several of them in French. Among these researches 
there is a remarkable group which originated in his at- 
tendance in 1847 at the meeting of the British Associa- 
tion. Here was the commencement of his friendship 
with Joule. Joule, a Manchester brewer, and Honorary 
Secretary of the Manchester Literary and Philosophical 
Society, had for several years been pursuing his re- 
searches on the relations between heat, electricity, and 
mechanical work. But at that date, when there was as 
yet no doctrine of Conservation of Energy, when scien- 
tiie men were not accustomed to distinguish either in 
language or in fact between force and work, when 
“caloric’’ was classed with light and sound among the 
“Imponderables,’’ Joule’s work was listened to with 
impatience, and his teachings fell upon deaf ears. Was 
he not an amateur, dabbling in science, and carried 
away with strange notions? For the Oxford meeting, 
too, Joule had prepared a paper. Its title was, On the 
Mechanical Equivalent of Heat, as Determined from the 
Heat Evolved by the Agitation of Liquids.’’ It was rel- 
egated to an unimportant place, and would have received 
as little notice as its predecessors but for Thomson's 
intervention. 

Thomson, in fact, though he at first had some diffi- 
culty in grasping the significance of the matter, threw 
himself heart and soul into the new and strange doc- 
trines that heat and work were mutually convertible, 
and for the next six or eight years, partly in cooperation 
with Joule, partly independently, he set his unique 
powers of mind to unravel those mutual relations. 

Thomson's mind was essentially metrical. He was 
never satisfied with any phenomenon until it should have 
been brought into the stage where numerical accuracy 
could be determined. He must measure, he must weigh, 
in order that he might go on to calculate. It was in 
this spirit that Thomson approached the subject of the 
transformation of beat, i 


Joule had laid down on certain lines the equivalence 
of heat and work, and had even measured the numerical 
value of the cquivalent. In 1824, Carnot had discussed 
the proportion in which hcat is convertible into work, 
and had introduced the very valuable notion of submit- 
ting a body to a reversible cycle of operations such that 
after having experienced a certain number of transforma- 
tions it is brought back identically to its primitive 
physical state as to density, temperature, and molecular 
constitution. Those who were investigating the subject 
at this time, among them Clapeyron, Clausius, and Ran- 
kine, noted that since the steam received into the cylin- 
der must be hotter than that expclled from it, the de- 
gree to which the transformation is successful must de- 
pend on the respective temperatures. Carnot, indecd, 
proved that the ratio of the work done by a perfect 
engine to the heat received from the source depends on 
the tempcratures of source and condenser only. Rankine 
went further in pointing out that this function was 
greater as the temperature in question was lower. 

Here Thomson's exact mind seized upon the missing 
essential. Temperatures had hitherto been measured 
by arbitrary scales based on the expansion of quicksilver, 
or of air or other gas; and the quicksilver thermometer 
scale did not agree precisely with that of the air ther- 
mometer. He was not satisfied with arbitrary scales. 
He had this in hand even before his first meeting with 
Joule, and in June, 1848, communicated to the Cambridge 
Philosophical Society a paper “On an Absolute Ther- 
mometric Scale founded on Carnot's Theory of the Motive 
Power of Heat, and Calculated from Regnault's Observa- 
tions.’ In this paper he set himself to answer the 
question: Is there any principle on which an absolute 
thermometric scale can be founded? He arrived at the 
answer that such a scale is obtained in terms of Carnot’s 
thcory, each degree being determined by the performance 
of equal quantities of work in letting one unit of heat be 
transformed in being let down through that difference of 
temperature. This indicates as the absolute zero of 
temperature the point which would be marked as—273° 
on the air- thermometer scale. 

Thomson continued to work at the subject. He ex- 
perimentced on the heat developed by compression of air. 
He verificd the singular prediction of his brother, Pro- 
fessor James Thomson, of the lowering by pressure of 
the melting-point of ice. He gave a thermodynamic 
explanation of the non-scalding property of steam {issuing 
from a high-pressure boiler. He formulated, in the 
years 1851 to 1854, with scientific precision, in a long 
communication to the Royal Society of Edinburgh, the 
two great laws of thermodynamics—(1) the law of equiv- 
alcnce discovered by Joule, and (2) the law of trans- 
formation, which he generously attributed to Carnot 
and Clausius. Clausius, indeed, had done little more 
than put into mathcmatical language the equation of 
the Carnot cycle, corrected by the arbitrary substitution 
of the reciprocal of the absolute temperature; but Thom- 
son never was grudging of the fame of independent 
discoverers. He gave a demonstration of the second 
law, founding it upon the axiom that it is impossible, 
by means of inanimate material agency, to derive me- 
chanical effect from any portion of matter by cooling it 
below the temperature of, the coldest of the surround- 
ing objects. Further, by a most ingenious use of the 
integrating factor to solve the differential equation for 
the quantity of heat needed to alter the volume and 
temperature of unit mass of the working substance, he 
gave precise mathematical proof of the theorem that 
the efficiency of the perfect engine working between 
given temperatures is inversely proportional to the ab- 
solute temperature. In collaboration with Joule, he 
worked at the “Thermal Effects of Fluids in Motion,” 
the results appearing between the years 1852 and 1862 In 
a series of four papers in the Philosophical Transac- 
tions,“ and four others in the ‘‘Proceedings’’ of the 
Royal Society. Thus were the foundations of thermo- 
dynamics laid. This brilliant development and general- 
ization of the subject (which had grown with startling 
rapidity from the moment when Helmholtz denied per- 
petual motion and Thomson grasped the conception of 
the absolute zero) did not content Thomson. He must 
follow its applications to human needs and to the cosmic 
consequences it involved. And so he not only suggested 
the proccss of refrigeration by the sudden expansion of 
compressed cooled air, but propounded the doctrine of 
the dissipation of energy. 

In 1852, at the age of 28, Willlam Thomson married 
Margaret Crum, and resigned his Cambridge Fellow- 
ship. The happiness of his life was, however, shad- 
owed by his wife’s precarious health, necessitating resi- 
dence abroad at various times. In the summer of 1805 
they stayed at Kreutznach, from which place Thomson 
wrote to Helmholtz inviting him to come to England tn 
September to attend the British Association meeting 
at Glasgow. Accordingly, on July 29th, Helmholtz left 
Königsberg for Kreutznach to make the acquaintance 
of Thomson before his journey to England. On Aug. 6 
he wrote to Frau Helmholtz that Thomson had made a 
deep impression on him. 

I expected to find the man, who is one of the first 


-mathematical physicists of Europe, somewhat older than 


myself, and was not a little astonished when a very 


juvenile and exceedingly fair youth, who looked quite 
girlish, came forward. He had taken a room for me 
close by, and made me fetch my things from the hotel 
and put up there. He is at Kreutznach for his wife's 
health. She appeared for a short time in the evening, 
and is a charming and intellectual lady, but is in very 


bad health. He far exceeds all the great men of sci- 
ence with whom I have made personal acquaint- 
ance, in intelligence, and lucidity, and mobility of 


thought, so that I felt quite wooden beside him some- 
times. 

A year later Helmholtz again met the Thomsons at 
Schwalbach. Writing to his father, he described Thom- 
son as certainly one of the first mathematical physicists 
of the day, with powers of rapid invention such as I 
have seen in no other man.” In 1860, after the death of 
Mrs. Helmholtz, the great German philosopher again 
visited Britain, staying with the Thomsons for some 
weeks in the island of Arran. In 1863 Helmholtz, who 
in the meantime had married again, came to England 
and visited the chief universities, and in writing to his 
wife gives an amusing picture of his doings. 

My journey to Glasgow went off very well. The 
Thomsons have lately moved to live in the University 
Buildings [the old college]; formerly they spent more 
time in the country. I have seen a quantity of new and 
most ingenious apparatus and experiments of W. Thom- 
son, which made the two days very interesting. He 
thinks so rapidly, however, that one has to get at the 
necessary information about the make of the instruments, 
etc., by a long string of questions, which he shies at. 
How his students understand him, without keeping him 
as strictly to the subject as I ventured to do, is a puzzle 
to me; still, there were numbers of students in the 
laboratory hard at work, and apparently quite under- 
standing what they were about. Thomson’s experiments, 
however, did for my new hat. He had thrown a heavy 
metal disk into very rapid rotation, and it was revolving 
on a point. In order to show me how rigid it became on 
rotation, he hit it with an iron hammer, but the disk 
resented this, and it flew off in one direction, and the fron 
foot on which it was revolving in another, carrying my 
hat away with it and ripping it up. 


But we are anticipating. Hitherto Thomson’s work 
had been mainly in pure science; but toward the end of 
the fifties, while still in the midst of thermodynamic 
studies, events were progressing which drew him with 
irresistible force toward the practical applications that 
made him famous. Indeed, it could hardly be otherwise, 
seeing that he was master in whatever he touched. Early 
in 1853 he had communicated to the Glasgow Philosophi- 
cal Soclety a paper “On Transient Electric Currents,’ 
in which he investigated mathematically the discharge 
of a Leyden jar through circuits possessing self-induc- 
tion as well as resistance. Faraday and Riess had ob- 
served that in certain cases the gases produced by the 
discharge of sparks through water consisted of mixed 
oxygen and hydrogen, and Helmholtz had conjectured 
that in such cases the spark was oscillatory. Thomson 
determined to test mathematically what was the motion 
of electricity at any instant after making contact in a 
circuit under given conditions. He founded his solu- 
tion on the equation of energy, ingeniously building up 
the differential equation and then finding the integral. 
The result was very remarkable. He discovered that a 
critical relation occurred if the capacity in the circuit 
was equal to four times the coefficient of self-induction 
divided by the square of the resistance. If the capacity 
was less than this the discharge was oscillatory, pass- 
ing through a series of alternate maxima and minima 
before dying out. If the capacity was greater than this 
the discharge was non-oscillatory, the charge dying out 
without reversing. This beautiful bit of mathematical 
analysis, which passed almost unnoticed at the time, laid 
the foundation of the theory of electric oscillations sub- 
sequently studied by Oberbeck, Schiller, Hertz, and 
Lodge, and forms the basis of wireless telegraphy. 

The “Proceedings of the Royal Society” for 1854 con- 
tain the investigation of cables under the title, “On the 
Theory of the Electric Telegraph.” Faraday had pre- 
dicted that there would be retardation of signals in 
cables owing to the coating of gutta-percha acting like 
the glass of a Leyden jar. Forming the required differ- 
ential equation, and applying Fourier’s integration of it, 
Thomson drew the conclusion that the time required for 
the current at the distant end to reach a stated fraction 
of its steady value would be proportional both to the re- 
istance and to the capacity; and as both of these are 
proportional to the length of the cable, the retardation 
would be proportional to the square of the length. This 
is the famous lay of squares about which so much dispute 
arose. This was followed by a further research, ‘‘On 
Peristaltic Induction of Electric Currents,” communi- 
cated to the British Association in 1855, and afterward 
in more complete mathematical form to the Royal 
Society. 

Submarine telegraphy was in the air.” John and 
Jacob Brett had pioneered the project for a Dover-Calals 
cable; and in 1851 Crampton successfully united England 
and France. In 1853 Holyhead and Howth were con- 
nected by Mr. (later Sir) Charles Bright. And these were 
followed by the Dover-Ostend and longer cables. At- 
lantic telegraphy became the dream of the telegraph en- 
gineer. Cyrus W. Field, in 1856, negotiated a cable 
across the Gulf of St. Lawrence, thus connecting New- 
foundland to the American continent. The Atlantic Tele- 
graph Company was formed, with capital mostly sub- 
scribed in England, to promote the great enterprise tq 


398 


ENGINEERING NEWS. 


Vol. 60. No. 15. 


join Ireland to Newfoundland. Field, Brett, Bright, 
Statham, and Wildman Whitehouse were the chief pro- 
moters. Bright was engineer, Whitehouse (a retired 
medical man) electrician. In a pamphlet issued by tho 
company, in July, 1857, narrating the preliminary pro- 
ceedings, the names of John Pender, of Manchester, 
and Professor Thomson, of 2, The College, Glasgow,” 
are included in the list of the directors; and the state- 
ment is made that ‘‘the scientific world is particularly 
indebted to Profcssor W. Thomson, of Glasgow, for the 
attention he has given to the theoretical investigation 
of the conditions under which electrical currents move in 
long insulated wires, and Mr. Whitehouse has had the 
advantage of this gentleman's presence at his experi- 
ments, and counsel, upon several occasions, as well as 
the gratification resulting from his countenance and co- 
Operation as one of the directors of the company.” 

This is one side of the matter. The other side is that 
Mr. Whitehouse had at the British Association meeting 
of 1856 read a paper challenging the law of squares, 
and declaring that if it was true Atlantic telegraphy was 
hopeless. He professed to refute it by experiments, the 
true significance of which was disposed of by Thomson 
in two letters in “The Athenz#um.’’ Thomson here 
pointed out that success lay primarily in adequate sec- 
tion of conductor, and hinted at a remedy (deduced 
from Fourier’s equations) which he later embodied in the 
curb signal transmitter, namely, that the coefficient 
of the simple harmonic term in the expression for the 
electrical potential shall vanish. In December, 1856, 
he described to the Royal Society his plan for receiving 
Messages, namely, a sort of Helmholtz tangent galvano- 
meter, with copper damper to the suspended needle, the 
deflections being observed by watching through a reading 
telescope the image of a scale reflected from the polished 
side of the magnet or from a small mirror carried by 
it. As we all know, he abandoned this subjective method 
for the objective plan in which a spot of light from a 
lamp is reflected by the mirror upon a scale. There is 
a pretty story—which is believed to be true—that the 
idea of thus using the mirror arose from noticing the 
reflection of light from the monocle which, being short- 
sighted, he wore hung round his neck with a ribbon. 

The story of the Atlantic cable, of the failure of 1857, 
of the bricf success of 1858, has so often been told that it 
need not be emphasized here. Thomson, after the failure 
of the first attempt, was called upon to take a more 
active part. He had discovered to his surprise that the 
conductivity of copper was greatly affected by its purity. 
So he organized a system of testing conductivity at the 
factory where the additional lengths were being made, 
and was put in charge of the test-room on board the 
“Agamemnon” in 1858. Whitehouse was unable to join 
the expedition, and Thomson, at the request of the di- 
rectors, undertook the post of electrician in charge, 
without any recompense, though the tax on his time and 
energies was very great. 

Sir Charles Bright has given us the following little 
silhouette of Thomson: 

As for the Professor he was a thorough good 
comrade, good all round, and would have taken his “turn 
at the wheel“ [of the paying-out brake] if others had 
broken down. He was aiso a good partner at whist when 
work wasn’t on; though sometimes, when momentarily 
immersed in cogibundity of cogitation, by scientific ab- 
straction, he would look up from his cards and ask, 
“Wha played what?” 

After various disheartening mishaps, success crowned 
their efforts. Throughout the voyage Thomson's mirror 
galvanometer had been used for the continuity tests and 
for signaling to shore, with a battery of seventy-five 
Daniell’s cells. The continuity was reported perfeet, 
and the insulation had improved on submersion. On 
Aug. 5 the cable was handed over to Mr. Whitehouse 
and reported to be in perfect condition. Whitehouse at 
once abandoned the Thomson mirror instruments and 
began working with his own patented apparatus, using 
heavy relays and a special transmitter with induction 
coils. He sent in no report to the directors for a week, 
while he made ineffectual attempts with bigger induc- 
tion coils to get his apparatus to work. After more 
than a week the reficcting galvanometer and ordinary 
Daniell cells were resumed, and then clear messages 
were interchanged and international congratulations. 
News of peace with China and of the end of the Indian 
Mutiny was transmitted; but the insulation was found 
to be giving way, and on Oct. 20, after 732 messages 
had been conveyed, the cable spoke no more. It had 
been destroyed by Whitehouse’s bungling use of induc- 
tion colls—some 5 ft. long—working at some 2,000 volts. 

Of the part played by Thomson in the next eight 
years, in preparation for the cables of 1865 and 1866, 
there is not time to speak. Suffice it to say that 
throughout the preparations, the preliminary trials, the 
interrupted voyage of 1865, when 1,000 miles were lost, 
the successful voyage of 1866, when the new cable was 
laid and the lost one recovered from the ocean and 
completed, Thomson was the ruling spirit whose advice 
was eagerly sought and followed. On his return he was 
knighted for the part he had played so well. He had 
in the meantime made further improvements in con- 
junction with Cromwell Varley. In 1867 he patented the 
siphon recorder, and in conjunction with Fleeming 


Jenkin, the curb-transmitter. He was consulted on 
practically every submarine cable project from that 
time forth. 

Thomson’s activities during the sixties were immense. 
Beside all this telegraphic work he was incessant in 
research. When, in 1861, Sir Charles Bright and Mr. 
Latimer Clark proposed the names of ohm, volt, and 
farad for the practical units based on the centimeter- 
gramme-second absolute system, Sir William Thomson 
gave a cordial support; and on his initiative was formed 
the famous Committee of Electrical Standards of the 
British Association, which year by year has done sọ 
much to carry to perfection the standards and the 
methods of electrical measurement. He was largely re- 
sponsible for the international adoption of the system 
of units by his advocacy of them at the Paris Congress 
in 1881. and in subsequent congresses. He was an un- 
compromising advocate of the metric system, and lost 
no opportunity of denouncing the ‘‘absurd, ridiculous, 
time-wasting, brain-destroying British system of weigbts 
and measures.“ As early as 1851 he had begun to use 
the absolute system, stimulated thereto by the earlier 
work of Gauss and Weber. The fact that terrestrial 
gravity varies at different regions of the earth’s sur- 
face by as much as ½ of 1%, compelled the use 
of absolute methods where any greater accuracy 
than this is required. “For myself,” he said, what 
seems the shortest and surest way to reach the phil- 
osophy of measurement—an understanding of what we 
mean by measurement, and which is essential to the 
intelligent practice of the mere art of measuring- is to 
cut off all connection with the earth.“ And so he im- 
agined a traveller with no watch, or tuning fork, or 
measuring rod, wandering through the universe trying 
to recover his centimeter of length and his second of 
time, and reconstructing thereupon his units and stand- 
ards from the wave-length of the yellow light of sodium- 
and the value of v, the velocity of light, from experi- 
ments on the oscillations in the discharge of a Leyden 
jar! Some here remember how we listened amazed to 
this characteristic and bewilldering excursus. 

Among the activities of these fruitful years was a 
long research on the electrodynamic qualities of metals, 
thermoelectric, thermoelastic, and thermomagnetic. He 
worked hard also at the mathematical theory of mag- 
netism. Faraday's work on diamagnetism had appeared 
while Thomson was a student at Cambridge. It estab- 
lished the fact that magne‘ic forces were not mere 
actions at a distance betwecn supposed poles, but ac- 
tions dependent on the surrounding medium; and Thom- 
son set himself to investigate the matter mathemati- 
cally. Faraday and Fourier had been the heroes of 
Thomson's youthful enthusiasm; and, while the older 
mathematicians shook their heads at Faraday’s heretical 
notion of curved lines of force, Thomson had, in 1849 
and 1850, developed a new theory with all the elegance 
of a mathematical disciple of Poisson and Laplace, dis- 
cussing solenoidal and lamellar distributions by aid of 
the hydrodynamic equation of continuity. To Thomson 
we owe the terms “permeability” and ‘‘susceptibility,”’ 
so familiar in the consideration of the magnetic prop- 
erties of iron and steel. He continued to add to and 
revise this work through the sixties and seventies. 

In 1859-60 Thomson was studying atmospheric elec- 
tricity, writing on it in Nichol’s ‘Cyclopedia,’ and lec- 
turing on it at the Royal Institution. For this study 
he invented the water-dropping collector, and vastly im- 
proved the electrometer, which developed into elaborate 
forms of the quadrant instrument and other types. 

In the winter of 1860-61 Thomson met with a severe 
accident. He fell on the ice when engaged at Largs in 
the pastime of curling, and broke the neck of his thigh. 
For several months he had to lie on his back; and it was 
at this time that he adopted the famous green note- 
books, which ever afterwards were the companions of 
his days. The accident left him with a slight limp for 
the rest of his life. 

An admirable pen picture of Lord Kelvin as he was 
in the sixties, moving among his students and incessant 
in his researches, has been given in The Times” of Jan. 
8, 1908, by Professor Ayrton, who was then working at 
Glasgow. In these years Thomson was also writing on 
the secular cooling of the earth, and investigating the 
changes of form during rotation of elastic spherical 
shells. And, as if this were not enough to have in 
hand, he embarked with his friend Prof. Tait on the 
preparation of a text-book of Natural Philosophy. There 
was at that date no satisfactory work to put into the 
hands of students, and he must supply the need. Thom- 
son had told Helmholtz of his purpose, and in 1862 
Helmholtz wrote him: 

Your undertaking to write a text-book of Natural Phil- 
osophy is very praiseworthy, but will be exceedingly 
tedious. At the same time I hope it will suggest ideas 
to you for much valuable work. It is in writing a book 


like that that one best appreciates the gaps still left 
in science. 


The first volume of Thomson and Tait’s ‘‘Treatise on 
Natural Philosophy’ was published in 1867, the second 
only in 1874; when it appeared that Helmholtz's hopes 
were just. For in approaching the subject of elasticity 


the gaps still left were found to be such that whole 


new mathematical researches were necessary beforęą 
Volume II. could be finished. Thomson's contributions 
to the theory of elasticity are no less important than 
those he made to other branches of physics. In 1867 
he communicated to the Royal Society of Edinburgh 
his famous paper “On Vortex Atoms.” Helmholtz had 
published a mathematical paper on the hydrodynamic 
equations of vortex motion, proving that closed vortices 
could not be produced in a liquid perfectly devoid of 
internal friction. ‘Thomson seized on this idea. If no 
such vortex could be artificially produced, then if such 
existed it could not be destroyed. But being in motion 
and having the inertia of rotation, it would have elastic 
and other properties. He showed that vortex-rings (like 
smoke-rings in air) in a perfect medium are stable, and 
that in many respects they possess the qualities essen- 
tial to the properties of material atoms—permanence, 
elasticity, and power to act on one another through the 
medium at a dtstance. The different kinds of atoms 
known to the chemist as elements were to be regarded 
as vortices of different degrees of complexity. Though 
he seemed at the end of his life to doubt whether the 
vortex-atom hypothesis was adequate to explain all the 
properties of matter, the conception remains to all times 
a witness to his extraordinary powers of mind. 

In 1870 Lady Thomson, whose health had been failing 
for several years, died. In the same year the Univer- 
sity of Glasgow was removed from the site it had occu- 
pied for over four centuries to the new and splendid 
buildings on Gilmore Hill, overlooking the Kelvin River. 
Sir William Thomson had a house here in the terrace 
assigned for the residences of the professors, adjoining 
his laboratory and lecture-room. From his youth he 
had been fond of the sea, and had early owned boats 
of his own on the Clyde. For many years his sailing 
yacht, the “Lalla Rookh,” was conspicuous, and he wag 
an accomplished navigator. His experiences in cable- 
laying had taught him much, and in return he was 
now to teach science in navigation. First he reformed 
the mariners’ compass, lightening the moving parts to 
avoid protracted oscillations, and to facilitate the cor- 
rection of the quadrantal and other errors arising from 
the magnetism of the ship’s hull. At first the Ad- 
miralty would have none of it. Even the Astronomer 
Royal condemned it. But the compass is now all but 
universally adopted both in the navy and in the mer- 
cantile marine. 

Dissatisfied with the clumsy appliances used in sound- 
ing, when the ship had to be stopped before the sound- 
ing line could be let down, he devised the now well- 
known apparatus for taking flying soundings by using a 
line of steel plano wire. He had great faith in navigat- 
ing by use of sounding line, and once told me—apropos of 
a recent wreck near the Lizard, which he declared would 
have been impossible had soundings been regularly 
taken—how, in a time of continuous fog, he brought his 
yacht all the way across the Bay of Biscay into the 
Solent trusting to soundings only. He was vastly in- 
terested in the question of the tides, not merely as a 
sailor, but because of the interest attending their math- 
ematical treatment in connection with the problems of 
the rotation of spheroids, the harmonic analysis of their 
complicated periods by Fourier's methods, and their 
relation to hydrodynamic problems generally. Wave 
problems always had a fascination for him, and the 
work of the mathematicians Poisson and Cauchy on the 
propagation of wave-motion were familiar studies. In 
his lectures he used to say, “The great struggie of 
1815'’—and then paused, while his students, thinking of 
Waterloo, began to applaud—‘‘was not that fought out 
on the plains of Belgium, but—who was to rule the 
waves, Cauchy or Poisson?” In 1871 Helmholtz went 
with Sir William Thomson on the yacht “Lalla Rookh’’ 
to the races at Inverary, and on some longer excursions 
to the Hebrides. Together they studied the theory of 
waves, which he loved,” says Helmholtz, “to treat as 
a race between us.” Returning they visited many 
friends. “It was all very friendly,” wrote Helmholtz, 
“and unconstrained. Thomson presumed so much on his 
intimacy with them that he always carried his math- 
ematical note-book about with him, and would begin 
to calculate in the midst of the company if anything 
occurred to him, which was treated’ with a certain awe 
by the party.’’ He possessed indeed the faculty of de- 
tachment, and would settle quietly down with his green 
book almost unconscious of things going on around him. 
On calm days he and Helmholtz experimented on the 
rate at which the smallest ripples on the surface of the 
water were propagated. Almost the last publications 
of Lord Kelvin were a series of papers on ‘‘Deep Sea 
Ship Waves,” communicated between 1904 and 1907 to 
the Royal Society of Edinburgh. 

In 1874 Sir William Thomson married Miss Frances 
Anne Blandy, of Madeira, whom he had met on cable- 
laying expeditions. Lady Kelvin, who survives him, 
became the centre of his home in Glasgow and the in- 
separable companion of all his later travels. He built 
at Netherhall, near Largs, a beautiful mansion in the 
Scottish baronial style; and though he latterly had a 
London house in Eaton Place, Netherhall was the home 
to which he retired when he withdrew from active work 
in the University of Glasgow. 
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Among the matters that cannot be omitted in any 
notice of his life was Lord Kelvin’s controversy with 
the geologists. He had from three independent lines 
of argument inferred that the age of the earth could 
not be infinite, and that the time demanded by the geol- 
ogists and biologists for the development of life must 
be finite. He himself estimated it at about a hundred 
million of years at the most. In vain did the natural- 
ists, headed by Huxley, protest. He stuck to his propo- 
sitions with unrelaxing tenacity but unwavering courtesy. 
“Gentler knight never broke lance,” was Huxley's dic- 
tum of his opponent. His position was never really 
shaken, though the later researches of Perry, and the 
discovery by Strutt of the degree to which the constit- 
uent rocks of the earth contain radioactive matter, the 
disgregation of which generates internal heat, may so 
far modify the estimate as to increase somewhat the 
figure which he assigned. 

With the advent of electric lighting at the end of the 
seventies Thomson's attention was naturally attracted 
to this branch of the practical applications of science. 
He never had any prejudice against the utilization of 
science for practical ends. He wrote once: 


There cannot be a greater mistake than that of look- 
ing superciliously upon practical applications of science. 
The life and soul of science is its practical application; 
and just as the great advances in mathematics have 
been made through the desire of discovering the solu- 
tion of problems which were of a highly practical kind 
in mathematical science, so in physical science many of 
the greatest advances that have been made from the 
beginning of the world to the present time have been 
made in the earnest desire to turn the knowledge of the 
properties of matter to some purpose useful to mankind. 


And so he scorned not to devise instruments and ap- 
pliances for commercial use. His electrometers, his 
galvanometers, his siphon-recorders, and his compasses 
had been made by James White, optician, of Glasgow. In 
this firm he became a partner, taking the keenest com- 
mercial] interest in its operations, and frequenting the 
factory to superintend the construction of apparatus. 
New measuring instruments were required. He set him- 
self to devise them, designing potential galvanometers, 
ampere gages, and a whole series of standard electric 
balances for electrical engineers. 

Lord Kelvin's patented inventions were very numer- 
ous. Without counting in those since 1900, taken 
mostly in the name of Kelvin and James White, they 
number 56. He was interested even in devising such 
details as fuses and the suspension pulleys with differ- 
ential gearing by which incandescent lamps can be 
raised or lowered. 

He gave evidence before a Parliamentary Committee 
on Electric Lighting, and discussed the theory of the 
electric transmission of power, pointing out the ad- 
vantage of high voltages. The introduction into Eng- 
land in 1881 of the Faure accumulator excited him 
greatly. In his presidential address to the mathematical 
aad physical section of the British Association at York 
that year he spoke of this and of the possibility of uti- 
lising the powers of Niagara. He also read two papers, 
in one of which he showed mathematically that in a 
shunt dynamo best economy of working was attained 
when the resistance of the outer circuit was a geometric 
mean between the resistances of the armature and of 
the shunt. In the other he laid down the famous law 
of the economy of copper lines for the transmission of 
power. 

Helmholtz, visiting him again in 1884, found him ab- 
sorbed in regulators and measuring apparatus for elec- 
tric lighting and electric railways. ‘‘On the whole,” 
Helmholtz wrote, “I have an impression that Sir Wil- 
liam might do better than apply his eminent sagacity 
to industrial undertakings; his Instruments appear to 
me too subtle to be put into the hands of uninstructed 
workmen and officials . He is simultaneously re- 
volving deep theoretical projects in his mind, but has 
no leisure to work them out quietly; 
goes, I am not much better off!’ But he shortly added, 
“I did Thomson an injustice in supposing him to be 
wholly immersed in technical work; he was full of spec- 
ulations as to the original properties of bodies, some of 
which were very difficult to follow; and, as you know, 
he will not stop for meals or any other consideration.” 
And indeed Thomson had weighty things in his mind. 
He was revolving over the speculations which later in 
the same year he was to pour out in such marvelous 
abundance in his famous twenty lectures in Baltimore, 
“On Molecular Dynamics and the Wave Theory of 
Light.“ These lectures, delivered to twenty-six hearers, 
mostly accomplished teachers and professors, were re- 
ported verbatim at the time, and reprinted by him with 
many revisions and additions in 1904. Of this ex- 
traordinary work, done at the age of sixty, it is diffi- 
cult to speak. Day after day he led the twenty-six ‘‘co- 
efficients” who sat at his feet, through the mazes of 
the solid-elasti¢ theory and the spring-shell molecule, 
newly invented in order to give a conception how the 
molecules of matter are related to the ether through 
which light-waves are propagated. All his life he had 
teen endeavoring to discover a rational mechanical ex- 
planation for the most recondite phenomena—the mys- 
teries of magnetism, the marvels of electricity, the 


as far as that 


difficulties of crystallography, the contradictory prop- 
erties of ether, the anomalies of optics. While Thomson 
had been seeking to explain electricity and magnetism 
and light dynamically, or as mechanical properties, if 
not of matter, at least of ether, Maxwell (the most em- 
inent of his many disciples) had boldly propounded the 
electromagnetic theory of light, and had drawn all the 
younger men after him in acceptance of the generaliza- 
tion that the waves of light were essentially electro- 
magnetic displacements in the ether. Thomson had 
never accepted Maxwell’s theory. It is true that in 1888 
he gave a nominal adhesion, and in the preface which, 
in 1893, he wrote to Hertz’s “Electric Waves,” he him- 
self uses the phrase the electromagnetic theory of 
light, or the undulatory theory of magnetic disturb- 
ance.” But later he withdrew his adhesion, preferring 
to think of things in his own way. 

One characteristic of all Lord Kelvin’s teaching was 
his peculiar fondness for illustrating recondite notions 
by models. Possibly he derived this habit from Fara- 
day; but he pushed its use far beyond anything prior. 
He built up chains of spinning gyrostats to show how 
the rigidity derived from the inertia of rotation might 
iliustrate the property of elasticity. The vortex-atom 
presented a dynamical picture of an ideal material sys- 
tem. He strung together little balls and beads with 
sticks and elastic bands to demonstrate crystalline dy- 
namics. 


This use of models is indeed to be found in the work 
of every follower of Faraday. Where Poisson or La- 
place saw a mathematical formula, Kelvin with true 
physical imagination discerned a reality which could be 
roughly simulated in the concrete. And throughout all 
his mathematics his grip of the physical reality never 
left him. According to the standard that Kelvin set 
before him, it is not sufficient to apply pure analysis 
to obtain a solution that can be computed. Every 
equation, ‘‘every line of the mathematical process must 
have a physical meaning, every step in the process 
must be associated with some intuition, the whole ar- 
gument must be capable of being conducted in con- 
crete physical terms” In other words, Lord Kelvin, 
being a highly accomplished mathematician, used his 
mathematical equipment with supreme ability as a tool; 
he remained its master and did not become its slave. 


Once Lord Kelvin astonished the audience at the 
Royal Institution by a discourse on ‘‘Isoperimetrical 
Problems,” endeavoring to give a popular account of 
the mathematical process of determining a maximum or 
minimum, which he illustrated by Dido’s task of cut- 
ting an ox-hide into strips so as to enclose the largest 
piece of ground; by Horatious Cocles’s prize of the 
largest plot that a team of oxen could plough in a day; 
and by the problem of running the shortest railway line 
between two given points over uneven country. On 
another occasion he entertained the Royal Society with 
a discourse on the “Homogeneous Partitioning of Space,” 
in which the fundamental packing of atoms was geomet- 
rically treated, affording incidentally the theory of the 
designing of wall-paper patterns. 

To the last Lord Kelvin took an intense interest in 
the most recent discoveries. Electrons—or ‘‘electrions,’’ 
as he called them—were continually under discussion. 
He objected, however, in toto to the notion that the 
atom was capable of division or disintegration. 

After taking part in the British Association meeting 
of 1907 at Leicester, where he entered with surprising 
activity into the discussions of radioactivity and kin- 
dred questions, he went to Aix-les-Bains for change. 
He had barely reached home at Largs in September 
when Lady Kelvin was struck down with a paralytic 
seizure. Lord Kelvin’s misery at her helpless condition 
was intense. He had himself suffered for fifteen years 
from recurrent attacks of facial neuralgia, aud in 1906 
underwent a severe operation. Under these afflictions 
he had visibly aged, and the illness of Lady Kelvin 
found him little able physically to sustain the anguish 
of the stroke. He wandered distractedly about the cor- 
ridors of his house unable at last to concentrate his 
mind on work in hand. A chill seized him, and after 
about a fortnight of prostration he sank slowly and 
quietly away. 

He was buried in Westminster Abbey, with national 
honors, on Dec. 23, 1907. 

Kindly-hearted, lovable, modest to a degree almost 
unbelievable, he carried through life the most intense 
love of truth and an {insatiable desire for the advance- 
ment of natural knowledge. Accurate and minute meas- 
urement was for him as honorable a mode of advancing 
knowledge as the most brilliant or recondite speculation. 
At both ends of the scale his pre-eminence in the quest 
for truth was unchallenged. If he could himself at 
the end of his long career describe his own efforts as 
“failure,” it was because of the immensely high ideal 
which he set before him. I know, he said on the day 
of his jubilee, no more of electric and magnetic force, 
or of the relation between ether, electricity, and pon- 
derable matter, or of chemical affinity, than I knew 
and tried to teach to my students in my first session.” 
Yet which of us has not learned much of these things 
because of his work? We of this institution may well 


be proud of him—proud that he was one of our first 
members, that he was thrice our President, and that as 
our President he died. We shall not look upon his like 
again. 

es aE 


A RATIONAL DESIGN OF A TOOL-HARDENING ROOM. 
By E. F. LAKE 

The Standard Tool Co., of Cleveland, Ohio, has recently 
built and put into operation an improved plant, as il- 
lustrated in thia article, for the purpose of heat-treating 
the twist drills, taps, reamers, milling cutters and vari- 
ous special tools which it manufactures. 7 

The principles on which this room is designed show 
a great deal of forethought and study and a thorough 
knowledge of the requirements necessary to produce con- 
ditions under which work can be turned out with abso- 
lutely uniform results and those that can be repeated 
from day to day or from year to year. Every detail in 
the construction has been worked out to aid the operators 
in their work, not only in making the temperatures easy 
to judge, but also in taking away the excess heat and 
foul gases, so that the physical conditions under which 
the operators work may be pleasant and healthful. 

In designing this room, the superintendent and his 
assistants kept two requisites prominently before them. 
One was to make the operation of the furnaccs such 
that the temperatures at which the work was hardened 
and tempered could be standardized and uniform results 
could be obtained for a given class of work even though 
months elapse between duplicate orders; the other was to 
make the conditions under which the men have to work 
as pleasant as possible. 

While this thoughtfulness might be considered as 
merely philanthropic by some, it was done more in the 
spirit of justice and gives back practical results to the 
company, for they are able to obtain a more intelligent 
class of men and consequently more skill, judgment and 
ability is shown in the work than would be the case if 
an undesirable or unhealthy atmosphere was the every- 
day condition of the room. 

VENTILATING ARRANGEMENT.—In the center of 
the room a sheet-steel chamber incloses the furnaces 
and their necessary pipes. This is raised a few inches 
off the floor so that the cool air which comes in through 
the windows and naturally settles to the floor will pass 
into the chamber and up through a number of large 
ventilators in the roof. This insures a continuous cir- 
culation of fresh, cool air. The ventilators are located 
directly above the furnace chamber and between the 
three stringers running the length of the room, the cen- 
ter one of which acts as a support for the rafters. They 
are darkened in the same way as the windows, so that 
light will not penetrate the room and bother the opera- 
tors in judging colors. 

The 22 double windows which are provided on both sides 
of the room are fitted with iron shutters, opening in- 
side and these are built in such a manner that they 
baffle all the light, but admit the full volume of fresh 
air that can pass through the windows when opened ta 
their fullest capacity. 

This scheme was adopted for the purpose of giving 
the operators a uniform light, throughout the day, in 
which to judge the color of the steel when heated. The 
light is virtually the same during the entire day re- 
gardless of the conditions of light outside the build- 
ing. 

What light is needed is supplied by incandescent lamps 
inside the long sheet-metal hoods hanging in front of 
the furnaces. These lamps merely throw a spot of light 
to the floor and can be moved where they are needed. 

FURNACES.—The furnaces are located inside the steel 
chamber, 10 ft. apart, with a big door in front of each 
so the operator can go in and adjust them when neces- 
sary. Over each furnace is a hood with a branch pipe 
running up to a main pipe. The main pipe is connected 
to a fan which sucks the gases and fumes away from the 
furnaces and blows them into the atmosphere through a 
chimney which extends above the building. 

Both the muffle and radiating type of furnaces are 
used to heat the metal in. Baths using lead, common 
salt, metallic salts, potash and other materials are also | 
used. The fuel used for heating in all of these furnaces 
is natural gas, as a good supply is always obtainable in 
Cleveland. Two gas mains run through the center of 
the furnace chamber and are connected to each furnace. 
One of these acts as a reserve for use in case of any 
sudden call. The pipe lines running through this cham- 
ber which deliver gas, air or water to the furnaces and 
baths and the one taking the heat and bad alr away are 
each painted different colors, with a wide contrast, such 
as gray, red, green, etc., so that the line can be easily 
followed in case adjustments or repairs are necessary. 

In the large doors in front of the furnace chimber 
are openings, directly in front of each furnace opening, 
through which the work is inserted. These openings 
are provided with two sliding shutters and the shutters 
are provided with a small square opening 80 the work 
can be seen with the minimum amount of heat coming 
out into the room to affect the operators. 

*Condensed from an article in the ‘‘American Machin- 
ist,“ Sept. 3, 1908. 
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Another opening provided with shutters is near the 
bottom of the door through which the fuel gas of the 
furnace can be lighted. 

The only heat, therefore, to which the operators are 
exposed is that which comes through the small openings 
regulated by shutters, and, as the furnaces for harden- 
ing high-speed steels require a temperature so much 
higher than the others, an electric fan is placed on a 
bench in front of them to blow the heat coming through 
the shutters away from the operators. 

CONTROL OF TEMPERATURE.—The temperature of 
the furnaces are controlled by the operators, but these 
are not left entirely to their judgment, by colors, as 
each lot of work is accompanied by a chart which is 
furnished by the foreman of the department. 

This chart gives: (1) The correct temperature for the 
furnace, (2) the length of times that the work should be 
subjected to this temperature, ©) the materials to be 
used for the quenching bath, (4) the temperature at 
which the bath should be maintained, (5) the furnace 
or bath in which the hardened tools should be drawn 
and the temperature of the same, (6) the kind of steel 
and class of work to be hardened; also any other neces- 
sary information. The time, date, etc., are filled in by 
the operator and these charts are filed for future refer- 
ence and stand as a record by which other work, of a 
similar nature, can be done at any future time. 

A thermo-electric couple is attached to each furnace, 
which is numbered, and these couples are connected by 
wire to a clerk’s room which is partitioned off by wire 
screen in one corner of the hardening room. 

The apparatus in this room consists of an electric 
pyrometer, a switchboard In front of it and a recording 
board above it. At stated intervals the clerk connects 
the pyrometer to the thermo-electric couple, in the fur- 
nace, by the switchboard, which is numbered from 1 to 
30 to correspond to the numbers on the furnaces. This 
gives the temperature of the furnace connected up and if 
it corresponds to the temperature given on the hardener's 
chart, described above, nothing is done; but if this tem- 
perature varics from that by 5° or more the clerk turns 
the crank under the number on the indicating board 
that corresponds to the number on the furnace and raises 
or lowers the pointer to indicate the number of degrees 
that the temperature is above or below the standard set. 
Each line on this board represents 5° and the central 
line is the standard, or what the furnace should register. 

This pointer on the indicator board is connected by 
wire and pulleys to another indicator at the furnace, 
so that the furnace operator can see at a glance how 
the temperature of the furnace must be regulated. 

This system makes one pyrometer do for all the fur- 
naces and serves for a check on the hardener. By hav- 
ing a clerk whose special business it is te look after this, 


the hardener is not interrupted in his work to get 


pyrometer readings. The clerk also keeps a record of 
the actions of the furnace so that the conditions under 
which a given batch of tools is hardened and tempered 
can always be looked up. 


QUENCHING BATHS.—The baths for cooling are lo- 
cated just outside the furnace chamber and close beside 
the operator. Various materials, such as salt water, 
glycerin, fish oil, condensed steam, etc., are used for 
the quenching baths. 

The water to supply these baths is forced through a 
main pipe, running through the center of the furnace 
chamber, by a pump located just outside the room. 
From this main it is distributed to the baths. An alr 
pipe also runs to each bath and cool air is forced 
through a perforated coil in the bottom of each bath. 
This keeps the liquid agitated, and the heat generated 
by quenching the hot metal is radiated out through the 
top. This kecps them always cool, and at frequent 
intervals a thermometer, which is used in each bath, 
is pulled out and read to see that the desired tem- 
perature is being maintained. 

In conjunction with this the solutions (other than plain 
water) composing some baths are given a circulation by 
placing a tank above the bath and pumping the liquid 
into this, then allowing it to flow by gravity into the 
bath. By this method a bath of large volume can be 
obtained without the use of an unnecessarily large 
quenching tank to use up the floor space, and a circula- 
tion is obtaincd which aids greatly in maintaining an 
even temperature in the bath. 

The plain water-quenching baths are given their cir- 
eulation by the ordinary piping system. Many of the 
quenching baths, such as the oils, are water-jacketed 
by placing one tank inside of another. The outside 
tank, in these, is filled with water which is given a cir- 
culation, and the inner tank contains the quenching 
liquid, which is cooled by air blown through a coil in 
the bottom as described above. 


POWER FOR HARDENING ROOM.—The power equip- 
ment for the complete apparatus of the hardening room 
is located just outside of the hardening room and all 
of the noise, rattle and vibration of the machinery is 
kept away from the furnace operators, as there are no 
moving parts inside the room. 

This equipment consists of an exhaust-air blower for 
sucking the heat and bad air away from the furnaces 


through the hoods which cover them and the pipes, and 
delivering it outside the building, an air compressor 
for giving the air a circulation through the coils in the 
bottom of the quenching baths, a water pump for giving 
the necessary water circulation to the various baths 
and tanks and a dynamo for supplying the room with 
electricity. à 

EE T—— a 
A SEPTIC TANK AND FILTER BED USED FOR RESI- 

DENCES IN THE PHILIPPINE ISLANDS. 
By GEO. H. GUERDRUM.“ 


I desire to submit herewith, as a subject of 
possible interest to the readers of Engincering 
News, a drawing of a septic tank which has 
been developed by this office during the past 
decade, in the Philippine Islands, for the dis- 
posal of house wastes. It will be noted that 
the construction is extremely simple, yet the 
action of the micro-organisms is so complete that 
nearly all solid matter is effectually reduced to 
liquid form, rendering the removal of sludge 
from these vaults necessary at only compara- 
tively infrequent intervals; sometimes not oftener 
than once in from three to five years. 

It will be seen that the contents of the flush 
closets enter the septic tank through the main 
soil pipe, which for the sake of economy is 
generally also made to 
serve as a vent pipe. 


SULPHUR DIOXIDE AS AN AGENT IN FIGHTING MINE- 


FIRES.“ 
By WALTER O. SNELLING,{ M. Am. Inst. M. E. 


In combating mine-fires the use of carbon dioxide as 
a means of producing an atmosphere in which combus- 
tion cannot be sustained, has been many times suggested 
and frequently tried, generally with a fair degree of suc- 
cess. The carbon dioxide is produced by acting on lime- 
stone with dilute sulphuric acid, large wooden boxes 
being used to hold the limestone, and arranged in such 
& manner that one box may be cleaned and refilled with 
blocks of limestone while another is being used in gen- 
erating the carbon dioxide. The gas is led by means 
of pipes of large diameter to the location of the fire, tight 
brattices having been previously put up as close to the 
fire as possible on every side, so as to limit the space 
to be filled with the gas to the smallest possible volume. 
The cost of producing carbon dioxide has been, however, 
a decided draw-back to the use of this method, and the 
danger of producing carbon monoxide by the reduction 
of the carbon dioxide by heated carbon, and consequently 
bringing about an explosion, has also tended to prevent 
the application of this method. 

The use of sulphur dioxide tn combating mine-fires | 
has not, I believe, been previously suggested or tried, 
and yet the method presents such decided advantages 
over the use of carbon dioxide that it seems proper to 
suggest the advisability of considering it as a cheap, con- 
venient, and safe means of fighting stubborn mine-fires. 


7 7 2 1 
The custom of submerg- 0 10 0 
ing this pipe to secure a 
A C 
more thorough top scum j 8 1 
has not been adhered to, „„ TE 
as it was found that 5 


the slight amount of air 
which followed the sew- 
age into the tank is 
more of a help than a 
hindrance to aerobic 
bacterial action in the 
septic chamber. 

From the septic tank 
the contents, partly 
purified, pass through 
the sumberged iron pipe 
on to the filter beds. 
These are what may be 
called double absorbing 
filter beds, as there is 
a concrete baffle in the 
center, with a final dis- 
charge pipe for as much of the purified efflucnt 
as is not absorbed by the surrounding ground. 
In Manila, except in special cases and in out- 
lying districts, all wells and cisterns have been 
closed, so that the ground may with safety be 
allowed to absorb as much of the effluent as it 
will, with the safeguard in this case of a final 
discharge pipe to prevent the tank from flooding 
itself. This discharge pipe may be led to the 
nearest natural drain or street gutter. Three 
manholes are provided for entrance into each 
chamber for the purpose of cleaning. The two 
openings are for the purpose of securing a free 
circulation of air over the entire surface. 

The tank is designed for a private house of 
from 15 to 20 persons. It may be built of either 
cut stone or brick laid in cement mortar or of 
concrete, with a reinforced-concrete three-cen- 
tered arched top. 

This type of vault has done much to lower the 
death rate of Manila during the past few years, 
and has been a useful temporary expedient for 
the disposal of sewage, pending the construction 
of a sanitary or separate sewer system for the 
city. Upon the completion of this sewer system, 
which is now only a question of months, these 
tanks will have served their purpose, as the 
house drainage will then be allowed to discharge 
directly into the sewers and the sewage disposal 
will be handled by the municipality. 

In view of the still all-too-prevalent custom of 
many of the smaller cities and towns of the 
United States of constructing their water-works 
systems many years in advance of adequate 
sewerage facilities, this design is submitted as 
a possible means of Individual house-sewage 
purification before it is allowed to enter the 
streams and waterways of the vicinity. 


*Chief, Division of Sanitary Engineering, Bureau of 
Health for the Philippine Islands. 
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SEPTIC TANK AND FILTER BED FOR RESIDENCE, PHILIPPINE ISLANDS. 


COST, PREPARATION, ETC.—One ton of brimstone, 
costing from $20 to $30, will produce about 25,000 cu. ft. 
of sulphur dioxide gas, and allowing for all sources of 
loss it is probable that sulphur dioxide gas can be pro- 
duced for about $1,300 per 1,000,000 cu. ft. For carbon 
dioxide gas, produced by the action of sulphuric acid on 
limestone, a good estimate would be $4,000 per 1,000,000 
cu. ft., provided that sulphuric acid and limestone could 
be obtained at a small cost. Even under these favorable 
conditions it will be seen that carbon dioxide is about 
three times as costly as sulphur dioxide, and under 
ordinary conditions the advantages on the side of sulphur 
dioxide would be much more marked. 

EFFICIENCY.—Sulphur dioxide is more efficient than 
carbon dioxide in putting out fire. No combustible ma- 
terial can possibly burn in an atmosphere containing 
any considerable quantity of sulphur dioxide. Sulphur 
dioxide is very heavy, being almost twice as heavy as 
carbon dioxide (1 cu. ft. weighing 81 grams, while 1 cu. 
ft. of carbon dioxide weighs 56 grams), and this heavier 
weight of the sulphur dioxide is an element which leads 
to increased efficiency, since the readiness with which the 
air present in the interstices of a pile of burning coal 
will be displaced by any inert gas is dependent upon the 
density of the gas. Another important effect of the 
greater density of sulphur dioxide is that its cooling 
effect upon a bed of incandescent coal is greater, volume 
for volume, than would be the case with a less dense 
gas. 


SAFETY.—None of the dangers incident to the use of 
carbon dioxide are present with sulphur dioxide. No 
explosive lower oxides can be produced by the reduction 
of sulphur dioxide. Still more important, the danger 
always present when using carbon dioxide, of men get- 
ting into the gas without knowing of its presence, and 
suffocating, is absent when sulphur dioxide is used, 
since its strong odor gives instant warning when but a 
small fraction of 1% of the gas is present in the air. 

OTHER ADVANTAGES.—Any leakage of carbon dioxide 
from a mine can only with great difficulty be detected. 
Any leakage of sulphur dioxide would quickly make itself 


*A paper presented at the New York meeting of the 
American Institute of Mining Engineers, February, 1908. 
{Chemist, U. S. Geological Survey, Washington, D. C. 


October 8, 1908. 
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known, and the openings could accordingly be closed be- 
fore more than a small portion of the gas had escaped. 

The use of oxygen-helmets as emergency apparatus In 
mines is believed to be increasing in the United States. 
Most forms of rescue-masks can be worn in an atmos- 
phere of sulphur dioxide, so it is possible to know defi- 
nitely when the fire is extinguished, and when it is safe 
to turn in the fresh air. But when the sulphur dioxide 
method has not been used, the large amount of carbon 
monoxide present is likely to be a source of danger to 
the person wearing the helmet, since it is an interesting 
fact that some of the simpler patterns of rescue-helmets 
which may be worn with safety in an atmosphere of sul- 
phur dioxide are found to be but little protection when 
worn in an atmosphere containing much carbon monox- 
ide. The reason for this is not clear, but it is most prob- 
ably due to the greater permeability to carbon monoxide 
of the leather or other fabric of which the rescue-mask is 
made, the lighter carbon monoxide passing through the 
fabric with greater readiness than most other gases. 
CONCLUSION.—The extremely simple manner in which 
sulphur dioxide can be produced, the cheapness of the 
mcthod, and the efficiency of the gas in putting out 
fires, seem to make this a desirable means of combating 
mine-fires. The safety of the method, its convenience, 
and its utility in showing fissures which allow escape of 
gas and ingress of air, are also strong points in its 
favor. The following comparison of the physical prop- 
erties and cost of producing sulphur dioxide and carbon 
dioxide will be of interest. 


Sulphur dioxide. Carbon dioxide. 
64 44 


Molecular mass : : 
Mass of 1 liter........ 2.87 grams. 1.97 grams. 
1 cu. ft. weighs....... 81.13 grams. 55.75 grams. 
ly cu. ft. weighs...178.48 Ib. 122.71 1b. 


1.00 cu. ft. requires.. 89.24 lb. sulphur. § 800 lb. HSO. 
6296 n 
1 


Cost materials per 1,000 cu. ft. $1.35 $4. 
$4,000.00 


Cost of 1.000, 000 cu. ft. . . 51, 350.00 
— — 


AN EXPLOSION OF GAS in factory No. 2 of the 
Pittsburgh Plate Glass Co., at Tarentum, Pa., Oct. 4, 
started a fire which destroyed one-half of the plant. 
The company owns and operates its own gas wells and 
had recently put three new ones in operation. The 
consequent increase of pressure in the mains is thought 
to have caused a leak at one of the joints in the main 
near the polishing house. The polishing and plaster 
houses were filled with gas from this leak, and the 
explosion quickly followed. The greater part of the 
loss, which is estimated at $500,000, was suffered in 
the polishing department, where 32 polishing machines 
and 2,000 ft. of silvered glass for mirrors were destroyed. 


— — 


AN EXCURSION TRAIN on the Toledo & Ohio Cen- 
tral Ry. was wrecked at Sugar Ridge, Ohio, Oct. 1. 
Four persons were killed and ten injured. The train, 
made up of seven coaches, was running slowly from 
Bowling Green to Sugar Ridge, the first stop, to enable 
the conductor to collect all the fares. A fast freight, 
which left Bowling Green ten minutes behind the ex- 
cursion train, overtook it as it was entering Sugar 
Ridge and crashed into the rear car. This car was 
reduced to splinters and the one next to it was over- 
turned. Two other cars were derailed. Those killed 
were in the second car from the rear. The last car 
was a combination smoker and was empty and unlighted. 
lt is believed that there were no lights on the rear of 
the train. 

— eMM 


THE 20TH CENTURY LIMITED, of the New York 
Central system, was partially derailed Oct. 2 while run- 
ning through Gary, Ind., over the Lake Shore & Michi- 
gan Southern Ry., at the rate of 60 mi. per hr. The 
accident was caused by the dropping down of a part of 
the air-brake mechanism beneath the dining car. This 
car and the smoker left the tracks. 


— 


A HEAD-ON COLLISION between a work train and a 
freight took place Oct. 1 on the Central New England 
Ry., 15 miles northeast of Poughkeepsie, N. Y. The 
trains met on a curve while the work train was running 
at 30 mi. per hr. Three men were killed and seven 
injured. 

— . ——— 


A FLOOD IN INDIA Sept. 29 was accompanied by 
tremendous loss of life, variously estimated at from 
10,00 to 50,000. The flood was the result of unusually 
heavy rainfalls in the vicinity of Hyderabad, the capitol 
of the Nizam’s Dominions. A large lake or reservoir 
communicating with the River Musi burst its banks, 
causing the river to rise 60 ft. A village of 1,000 houses 
was reported as being engulfed in mud after the sub- 
sidence of the water. 
was undermined by the water and collapsed, burying 
the {nmates in the wreckage. The work of recovering 
the bodies, many of which are said to be lodged in the 
branches of trees, is being carried on with the help of 
elephants. The air for miles is polluted by the odor of 
unburied victims. 


The native hospital at Hyderabad, 


GOVERNMENT DAM NO. 13 ON THE OHIO RIVER 
at McMechen, six miles south of Wheeling, W. Va., 
was the scene of an accident Oct. 5 which resulted in 
the death of two workmen. A portion of the false- 
york gave way permitting the caving in of a large body 
of gravel which buried the two men to a depth of 25 ft. 
The dam has been under construction four years and the 
contract calls for its completion the coming winter. 

—_—_———_ oe - : 

THE POWER STATION AT CHELSEA, ENGLAND, 
which supplics the current for the London Tubes was 
disabled on the afternoon of Oct. 3 by the explosion of a 
steam turbine. Many trains were brought to a standstill 
in the tunnel, and the passengers were obliged to grope 
their way to the nearest stations in the darkness. Traffic 
was resumed in the evening of the same day. 

— — — — 

PANAMA CANAL EXCAVATION during September 
totaled 3,158,886 cu. yds., a daily average for the 25 
working days of 126,355, as against a total of 3,252,506 
cu. yds. for August, a daily average of 125,096 for the 26 
working days. The record for the past two months is as 


follows: 

Steam Shovels: September. August. 
Atlantic division eae Os ware 186,592 146,572 
Central division ....c. cece cece cee 1,442,567 1,499,963 
Pacific: division n > 135,536 129,945 

Dredging: 

Atlantic nns 8 624.776 638,217 
Pacific division ˙ ]ĩ?7:.᷑ 8 750,080 737,774 
Canal prism total............. 3,089,851 3,152,471 

Accessory works outside canal prism: 

By steam shovel ........ccccce cece 68,451 98,646 
By Band oe ceeswas Mes cs ae a ds e 584 1,389 
Total excavat ion 8,158,886 3, 252, 506 

The rainfall during September was 9.72 ins.; during 

August, 11.93 ins. 
— . —ä4ä— ; 
A LARGE COASTING STEAMER, the “Brazos” has 


just been put in service on the Mallory Line, between 
New York and Galveston, Tex. This steamship is one 
of the largest and fastest boats in the coastwise trade, 
approaching in size and appointments the largest of the 
transoceanic vessels. She is 415 ft. long, with a beam 
of 54 ft. and a depth of 37 ft. and displaces 9,800 tons. 
The engine equipment consists of two vertical quadruple 
engines, capable of developing a speed of 16 knots. 
— 

AN AIMING DEVICE FOR HEAVT GUNS on warships 
is being built at Cambridge, Mass., for the U. S. Navy 
Department. The device makes possible a continuous 
aim,’’ enabling the gunners to keep their guns trained 
on a moving target in spite of the rolling of the ship. 
The movement of the guns in a vertical plane on their 
trunnions and the rotation of the turrete are 
effected by means of electric motors equipped with 
a new hydraulic transmission which permits a very 
delicate control of the speed. Two battleships have been 
already supplied with this device, and it has been par- 
tially installed on eight other vessels. 

— 8 

A NEW BRITISH PATENT ACT, which came into 
effect on Aug. 28, 1908, provides that holders of British 
patents, who do not begin the actual manufacture in 
Great Britain of the articles on which they hold patents, 
are liable to forfeiture. The forfeiture is not automatic, 
it appears, but may be made effective by revocation by 
the Board of Trade on complaint of any interested 
person. 

— . —— 

LOCOMOTIVE SPARKS have been held responsible for 
recent forest fires in New York State. The Public Ser- 
vice Commission of the Second District has summoned 18 
railways, operating in the Adirondacks and the Catskills, 
to appear before it at Albany on Oct. 18, to show (1) the 
precautions they are now using against the causing of 
fires in forests, and (2) why they should not use a non- 
sparking fuel or else adopt some other motive power 
than steam. This action has been taken in accordance 
with a law passed by the New York State Legislature 
during the present year, authorizing the Public Service 
Commission, on request of the Forest, Fish and Game 
Commissioner, to notify railways passing through forest 
lands, in counties containing forest preserves, to adopt 
devices to protect the forests against fires likely to be 
set by railway operations. It is stated that the Forest 
Commissioner has reported that 90% of the recent forest 
fires in New York State were started by locomotive 
sparks. 

oo 

PAYING FOR RAPID TRANSIT LINBS in New York 
City by the proceeds of assessments on the property 
benefited is advocated in a communication addressed by 
the City Club of New York (55 West 44th St.) to the 
Board of Estimate and Apportionment of New York City 
and the Public Service Commission of the First District 
of the State of New York. Memoranda submitted by the 
club show by amounts and percentages how property 
specially benefited by rapid transit facilities increased in 
value from 1900 to 1907. It is urged that these prop- 
erty increases in many sections are sufficient to pay 
the entire cost of transit improvements and still leave 


a large margin of increased value for the property own- 

ers. It is suggested that legislation might readily be se- 

cured which would make this scheme legally possible. 
Ca — 


ELECTRIC TRACTION for the Chicago suburban ser- 
vice of the Illinois Central R. R., is again being consid- 
ered by that railway. This course is in part due to the 
very strong public agitation against the smoke, cinders 
and noise of the steam locomotives. The line passes 
through residential districts, and under the conditions of 
quick service and frequent stops and starts it seems 
impossible to avoid the throwing of showers of cinders 
from the smokestacks, due to the sharp exhaust. The 
main line passenger and freight trains add somewhat 
to the trouble, but the suburban trains are the worst 
offenders and are of course the most numerous. Whether 
the main-line traffic would also be operated by electric 
traction, or whether it would be sufficient to deal with 
the suburban traffic only is one of the many questions 
to be considered. The matter was very fully investi- 
gated several years ago by Mr. John F. Wallace, and 
has been revived at various times. At present, the rail- 
way company is reported to be making another thorough 
study, but financial conditions are not considered fav- 
orable for any action being taken in the near future. | 

— —AUÜU—a 

COAL AND OIL RECORDS OF LOCOMOTIVES are 
published monthly by the Louisville & Nashville Ry., 
comparing the results with those of the same month in 
the previous year. Some of the figures for July, 1908, 
are given below: 


Total or 
Pass. Freight. Switch. average. 
No. of locomotives in ser- 

C 138 363 120 674 
Ave. mileage per engine 5.283 3,577 3,143 3,749 
Miles per pint of lub. oil 25.52 20.05 38.37 23.46 
Miles per pint of valve 

11111 ! 93.18 54.89 65.71 64.81 
Cost of valve and lub. 

oil per 100 mi., cts. 20.46 29.92 16.86 24.77 
Coal per mile, Ibs. 103.72 173.91 87.39 136.84 


— — — 


SAND AND STONE SCREENINGS FOR CONCRETE, 
and particularly their relative merits for cement side- 
walks, have been under discussion by the City Council 
of Chicago. A number of reports and letters from engi- 
neers who have successfully used screenings, and have 
found the concrete stronger and better than that made 
with sand, were presented in evidence, as were also 
copies of articles in Engineering News having reference 
to this subject. The bulk of the evidence was strongly 
in favor of screenings for concrete in large masses, but 
there was very little definite evidence or information in 
regard to sidewalk work. Some statements were made 
objecting to limestone screenings as being too dusty or 
too soft. Some of the parties applied to for information 
replied that while they had never used anything but sand 
they did not consider anything else could be better. The 
paving inspectors reported generally in favor of sand, 
with which they are more familiar. One objection urged 
against the screenings was that the material as obtained 
commercially contains a considerable amount of dust and 
decomposed or rotten stone, due partly to exposure. 
On the other hand, it was pointed out that sand may be 
dirty also, and that there should be little difficulty in 
controlling the quality of the material supplied, whether 
sand or screenings. This view was taken by the coun- 
cil, which by a large majority adopted an order requir- 
ing the Board of Local Improvements to admit screen- 
ings in competition with sand for work of this kind. Both 
materials were formerly allowed, but some time ago 
the Board limited its specifications to the use of sand in 
sidewalk concrete. . 

— . — 

A CENSUS OF THE WATER POWER OF THB 
United States is to be taken by the U. S. Geological 
Survey, in connection with the researches of the Con- 
servation Commission. The census will be apportioned 
among nine hydrographic district engineers of the Survey. 

ee eee — . 

TREE PLANTING ON ABANDONED NEW ENGLAND 
FARMS.—Corporations and private citizens throughout 
New England are beginning to realize the opportunities 
which this region offers for profitable forest planting. 
This year about 2,500 acres have been planted in the six 
New England States by private citizens. In addition, a 
number of water companies have adopted a forest 
policy. The largest plantation of this character, which 
comprises over 1,000 acres, belongs to the Metropolitan 
Water and Sewerage Board [and are located at], Clinton, 
Mass. ; 

One of the most important phases of reforestation In 
New England is that of planting abandoned farms and 
other waste land, which at present is bringing no in- 
come. In Massachusetts this waste land amounts to 10% 
of the total area of the state, while the latest reports in 
Rhode Island show 228 abandoned farms. It is this 
type of land which is now being planted. Wealthy men 
here see a good investment, and a number of them have 
planted tracts of at least 50 acres each this year, with 
the intention of increasing the size of the plantations 
annually. One owner in Massachusetts who started 
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a white pine plantation of 63 acres this year, expects to 
plant 50 acres annually for the next ten years, while 
others Intend to plant tracts of various sizes ranging 
upwards to 200 acres apiece next spring. 

White pine is, of course, the species most generally 
planted, but other species which make excellent growth 
and are being used more and more are Norway spruce, 
for timber and pulp-wood chestnut, for telegraph poles, 
posts, ties and lumber; red oak, for piles and ties; 
black locust, for fence posts, and sugar maple for a 
variety of products. 

It is not only on these tracts of waste land that plant- 
ing is beginning to play such an important part. The 
practical farmer in this region now realizes that the 
cheapest and best way to get the special wood products 
which he needs on his farm, is by planting the trees. 
He realizes, too, the protective value of plantations 
which serve as shelterbelts and windbreaks. Altogether, 
this region offers excellent opportunities for tree plant- 
ing.—U. 9. Forest Service. 


— 5sQ4g,...—— 


A PECULIAR ATTITUDE TOWARD REINFORCED 
concrete is being maintained by the British Local Govern- 
ment Board, a body which supervises all municipal con- 
struction work in England, and without the consent of 
which no city can undertake any local improvement. The 
Board refuses to grant to municipal authorities the same 
period for the repayment of loans on reinforced-concrete 
structures as it grants for stone, brick, steel, or, what is 
more strange, for concrete unreinforced. For a concrete 
building a loan period of 30 years is allowed, but for 
one of reinforced concrete, the period granted is only 15 
years, thus imposing a higher tax-rate on those cities 
which wish to build in the latter materlal. Many engl- 
neers and technical associations have petitioned the Board 
to change its ruling, pointing out not only the faulty 
theory, but also the inconsistency of its action, but so far 
the matter stands as at first ruled. 

— — — . 

THE MUNICIPAL WATHR-SUPPLY SCHEME FOR 
San Francisco seems to be making progress. Mr. Mars- 
den Manson, City Engineer, has made a report in which 
he estimates that 60,000,000 gals. per day can be brought 
from the Sierra at a cost of about $31,000,000 and that 
a distributing plant could be built for about $12,000,000 
in addition. As an alternative the city might purchase 
the present works owned by the Spring Valley Water 
Co. Assuming that these works would cost $32,000,090 
and would have to be reinforced by an additional sup- 
ply, this scheme would finally cost the city about $51,- 
000,000. It is stated that the board of supervisors will 
call an election at which the people will vote on accept- 
ing a grant of water rights in the Sierra from the Fed- 
eral Government, the vote also to pass on a $600,000 
bond issue to secure certain necessary private holdings 
in the same section. 

— 

A 25-WATT TUNGSTEN incandescent electric lamp 
has been placed on the market by Edison Lamp Works 
of the General Electric Co., Harrison, N. J. This lamp 
is the latest development in a type of metallic-filament 
lamps described in Engineering News, July 20, 1907. The 
new lamp is designed for 100 to 125-volt circuits and 
would be rated at about 20 c. p. It is designed to be 
used in place of 16-c. p. lamps on direct or alternating 
current circuits and may be lighted in any position. 


— —-— ——ä — — 
PERSONALS. 


Mr. J. W. Ryan has become Superintendent of the 
Salt Lake & Ogden Ry., succeeding Mr. A. D. Pierson. 

Mr. H. D. Parish has been appointed General Super- 
intendent of the Jamestown, Chautauqua & Lake Erie 
Ry. 

Mr. J. H. O’Brien, Master Car Builder of the Mexican 
Central Ry. has resigned. His successor is Mr. C. W. 
Tessier, 

Mr. J. A. J. Shultz, President of the Shultz Belting Co., 
has been elected President of the Missourl Manufac- 
turers’ Association. 

Mr. L. W. Miller, Engineer of Maintenance of Way 
of the Chihuahua Division of the Mexican Central Ry., 
has been transferred to the Mexico division. 


Mr. A. H. Powell, Master Mechanic of the Rio Grande 
Western Ry., at Grand Junction, Colo., has been trans- 
ferred to Salt Lake City to succeed Mr. A. H. Gairns. 


Col. W. H. Bixby, M. Am. Soc. C. E., Corps of Engi- 
neers, U. S. Army, who has been at Chicago for some 
time has been transferred to the U. S. Engineer Office 
at St. Louis, Mo. 


Mr. J. T. Arundel, Superintendent of the Pacific di- 
vision of the Canadian Pacific Ry., at Vancouver, B. C., 
has been appointed General Superintendent with head- 
quarters at Winnipeg, Man. 

Mr. A. E. Welby, General Superintendent of the Denver 
& Rio Grande R. R., has been appointed Vice-President 
and General Manager of the Denver, Laramie & North- 
western R. R., now under construction. 


America. 


Mr. E. A. Theed, Assistant Division Superintendent of 
the Lake Shore & Michigan Southern Ry., at Cleveland, 
Ohio, has become Assistant Superintendent of the Michi- 
gan division, succeeding Mr. T. J. Dawson at Elkhart, 
Ind. 


Mr. L. B. Marks, M. Am. Inst. E E., and Mr. J. E. 
Woodwell, Assoc. Am. Inst. E. E., have opened offices as 
consulting mechanical, electrical and illuminating en- 
ginecrs in the Terminal Bldg., 41st St. and Park Ave., 
New York. 


Mr. F. W. Scarborough, M. Am. Soc. C. E, and Mr. 
C. K. Howell have associated themselves under the cor- 
porate name of Scarborough & Howell, Inc., for the prac- 
tice of architecture and engineering. Their office is at 
Richmond, Va. 


Mr. Francis W. Hoadley, who was for many years 
in charge of the business office of the American Society 
of Mechanical Engineers, has been elected Secretary and 
Treasurer of the Cassier Magazine Co., with offices at 12 
West 31st St., New York City. 


Mr. Albert T. Goldbeck has been appointed an in- 
structor in civil engineering at Lafayette College, and Mr. 
R. W. Thoroughgood has become an instructor in sur- 
veying and railway engineering. Mr. Goldbeck gradu- 
ated at the University of Pennsylvania in 1906. 


Mr. L. J. Polk, Vice-President and General Manager 
of the Stephensville, North & South Texas Ry., has re- 
signed to devote his whole time to his interests in the 
Ravia, Granite & Ballast Co. Mr. Polk's duties as Vice- 
President and General Manager have been assumed by 
Mr. B. C. Cage, President. 


Mr. R. H. Ingram, General Superintendent of the south- 
ern district of the Southern Pacific Co., has resigned. He 
will be succeeded by Mr. II. V. Platt, Superintendent of 
the Los Angeles division. Mr. W. H. Averell, Superin- 
tendent of the Tucson division, will succeed Mr. Platt 
at Los Angcles. 


Maj. Thos. II. Recs, Corps of Engineers, U. S. Army, 
has been appointed to take charge of the U. S. Engineer 
Office at Chicago, succeeding Col. W. H. Bixby, who has 
been transferred to St. Louis. Maj. Rees will have 
charge of the river and harbor improvements of Chicago, 
Calumet, Michigan City, and all intermediate points along 
the lake front of Lake Michigan. 


Mr. F. G. Frink, Assoc. M. Am. Soc. C. E., has been 
appointed Professor of Railway Engineering at tha 
University of Oregon. Mr. Frink is a graduate of the 
University of Michigan and University of Chicago, and 
has previously taught as Assistant Professor of Civil 
Engineering at the University of Illinois and as Pro- 
fessor of Civil Engincering at the University of Idaho. 


Obitaary. 


John W. Mute, President of the St. Louis Car Wheel 
Co., died Oct. 5 at his summer home near Portland, Me., 
aged 47 years. 


Alfred Stone, member of the Executive Committee of 
the National Fire Protection Association, died at Peter- 
boro, N. H., Sept. 4. 


William G. Elliott, Managing Director of the Ontario 
Portland Cement Co., died Sept. 13 at Brantford, Ont., 
at the age of 44 years. His death was the result of a 
stroke of paralysis. 


William H. Batley, M. Am. Soc. M. E., New York 
Agent of the American Tube Works of Boston, died Oct. 
4 at his home in New York City at the age of 75 years. 
Mr. Bailey was an Associate of the Society of Naval 
Architects and Marine Engineers and a member of the 
Engineers’ Club and the National Academy of Design. 


John Baxter Hoover, U. S. Naval Constructor, retired, 
died at his home in Elizabeth, N. J., Sept. 29. Mr. 
IlIoover was born in Pennsylvania in 1836. He entered 
the naval service in 1875, became a naval constructor in 
1888. and was retired upon reaching the age of 62 years, 
in 1898. He had charge of the construction of the first 
U. S. battleship “Maine,” which was blown up in Cuban 
waters, and he was connected with the court of inquiry 
sent to ascertain the cause of the ship's destructlon. 


William Keuffel, President of the well-known firm of 
Keuffel & Esser, died at his home in Hoboken, N. J., Oct. 
1. Mr. Keuffel was born at Walbeck, Germany, in 1838, 
and received his education in the public and private 
schools of his birthplace. At the age of 15 he left 
school and became an apprentice in a gencral merchandise 
store where he remained for four years, receiving a severe 
but thorough mercantile and business training. He next 
entered the employ of a large hardware house in Han- 
over, Germany. Several years later he went to Bir- 
mingham, England. He came to the United States in 
1866 and, in the following year, together with his friend, 
Hermann Esser, founded the firm of Keuffel & Esser, 
the first in this country devoted exclusively to supplying 
the requirements in office and field of the surveyor, en- 
gineer, architect and draftsman. Mr. Keuffel has been 
a resident of Hoboken almost from the day he landed in 
He was for many years President of the He- 
boken Academy, a German-American school, and was a 
member of the Technischer Verein. 


ENGINEERING SOCIETIES. 


COMING MBETINGS. 


AMERICAN STREET AND INTERURBAN RAILWAY 
ASSOCIATION. 

Oct. 12-16. Annual convention at Atlantic City, N. J. 
Secy., B. V. Swenson, 29 West 39th St., New York 
City. 

RAILWAY SIGNAL ASSOCIATION. 

Oct. 13-15. Annual meeting at Washington, D. C. 
Secy., C. C. Rosenberg, 12 North Linden St., Beth- 
Iehem, Pa. 


ASSOCIATION OF RAILWAY SUPERINTENDENTS OF. 
BRIDGES AND BUILDINGS. 


Oct. 20-22. Annual convention at Washington, D. C. 

3 S. F. Patterson, Boston & Maine Ry., Concord. 

AMERI AN, SOCIETY OF MUNICIPAL IMPROVE- 
MENTS. 

Oct. 20-23. Annual meeting at Atlahtic City, N. J. 


a A. P. Folwell, 239 West 30th St., New York 
ty. 


AMBRICAN GAS INSTITUTE. 
Oct. 21-23. Annual meeting at New York City. Asst. 
Secy., W. Bissell, 29 West 39th St., New York City. 


AMERICAN ELECTROCHEMICAL SOCIETY. 
Oct. 30-31. Fall meeting at New York City. 
Dr. J. W. Richards, Bethlehem, Pa. 
ROADMASTERS AND MAINTENANCE-OF-WAY ASSO- 
CIATION OF AMERICA. 
Nov. 10-12. Annual meeting at Milwaukee, Wis. 
Secy., W. E. Emery, West Chicago, III. 
AMERICAN RAILWAY ASSOCIATION. 
Nov. 18. Annual meeting at Chicago, III. Secy., W. 
F. Allen, 24 Park Pl., New York City. 
SOCIETY OF NAVAL ARCHITECTS AND MARINE EN- 
GINEERS. 
Nov. 19-20. Annual meeting at New York City. Secy., 
W. J. Baxter, 29 West 39th St., New York City. 
AMERICAN INSTITUTE OF ARCHITECTS. 
Dec. 15-17. Annual convention at Washington, D. C. 
Secy., Glenn Brown, ‘‘The Octagon,’’ Washington, 
D. C. 


THE CORNELL SOCIETY OF CIVIL ENGINEERS.— 
The regular yearly meeting for the election of officers 
will be held at 7 p. m., Oct. 20, 1908, at Kalil’s Restau- 
rant, 16 Park Place, New York City. 


BROOKLYN ENGINEERS’ CLUB.—At the meeting 
to be held in Brooklyn, N. Y., Oct. 8, Mr. Herbert C. 
Keith, M. Am. Soc. C. E., will present a paper, entitled 
“Some Features of the Bridges of the Harlem River 
Branch, New York, New Haven & Hartford Railroad.” 


AMERICAN ELECTROCHEMICAL SOCIETY.—The pre- 
liminary program for the annual meeting at New York 
City, Oct. 30 and 31, calls for professional sessions at 
the Chemistry Building, College of the City of New 
York, at 9 a. m. and 2 p. m., Oct. 30, and at 9 a. m., 
Oct. 31, at the Chemists’ Club, 108 West 55th St. In 
addition there will be lunches, a subscription dinner 
(Oct. 30), an excursion and a smoker. Prof. J. W. 
Richards, of Lehigh University, South Bethlehem, Pa., 
is Secretary. 


AMERICAN INSTITUTE OF ELECTRICAL ENGI- 
NIERS.—The Toronto Section opened the fall course of 
meetings Sept. 19, 1908, with an excursion to Niagara 
Falls, Ont. The generating and transformer stations 
of the Electrical Development Co. of Omario, the 
Canadian-Niagara Power Co. and the Ontario Power Co. 
were visited. It was noted that there has been a very 
rapid growth of the power load delivered by these three 
generating stations and that a large share of this load is 
going to points in Ontario, particularly Toronto and 
Welland. 


AMERICAN GAS INSTITUTH.—At the third annual 
meeting at New York, Oct. 21-23, the following papers 
will be read: High Pressure Distribution,” Jacob D. 
von Maur, St. Louis, Mo.: Benzol Enrichment,” E. H. 
Earnshaw, Newark, N. J.; “Some Further Remarks on 
the Photometry of Gas,’’ Chas. O. Bond, Philadelphia; 
“Physical Theory of Coal Carbonlzation, W. H. Ful- 
weiler, Philadelphia; Vertical Retorts,’’ J. H. Taussig, 


Secy., 


Philadelphia; ‘‘Relative Merits of Wrought Iron and 
Steel Pipe, Frank N. Speller, Pittsburg; ‘Report of 
Progress on ‘A’ Meters,” W. J. Serrill, Philadelphia; 


“Report of Progress on Dipping Meters,” W. A. Castor, 
Philadelphia; ‘‘Holder Cups and Tank Heating,’’ C. J. 
Ramsburg, Philadelphia; Better Gas Illumination,” 
Thomas J. Litle, Jr., Gloucester, N. J. 


THE NATIONAL ASSOCIATION OF COTTON MAN- 
UFACTURERS.—At the semi-annual meeting of Sept. 
29-30 at Saratoga Springs, Mr. Lewis Sanders of New 
York City presented a paper entitled “‘The Textile Mill 
Power Plant,” which treats of design and management 
and the precautions to be observed in making improve- 
ments or alterations. The results of an extensive test 
of a mill power plant are given, Including tables show- 
ing distribution of costs, losses and power and compara- 


- tive unit costs of operation for the three separate boiler 


plants. Mr. Sanders advocates a separate office or- 
ganization for the power plants of large mills, and dis- 
cusses the advisability of schools of instruction for fire- 
men and engineers and of automatic recording instru- 
ments to keep a check on their efficiency. Such instru- 
ments and elaborate systems should not be Installed un- 
less the records are to be carefully studied and acted 
upon promptly. In an appendix to the paper is given 
a list of the items to be recorded in the boiler-room 
records and a table of premiums for firemen. 
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A PROPOSED FREIGHT SUBWAY BELT LINE FOR 
LOWER NEW YORK CITY. 
By FRANCIS W. LANE.“ 

In a report recently presented to the Public 
Service Commission of New York, Mr. W. J. 
Wilgus, President of the Amsterdam Corpora- 
tion, and formerly Vice-President of the New 
York Central Railroad, outlines a plan for ma- 
terially Improving the freight-handling facilities 


TABLE OF CONTENTS. 


down-town streets and along the river fronts 
of Manhattan, the presence of the tracks of the 
New York Central along the North River have 
for several years constituted a source of danger 
and annoyance, and various attempts have been 
made to provide a substitute. None has so far 
been found which will at the same time serve 
the interests of traffic and preserve the rights of 
the railroad company. 
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TIE OF PROPOSED SUBWAY SYSTEM FOR FREIGHT 


of the city and port of New York. The report 
discusses at length the west-side problem,” as 
presented by the freight tracks of the New 
York Central along the North River, the re- 
quirements of commerce, of the public and of 
the carriers, and proposes a solution of the 
problem. 

In general terms, the solution consists in the 
construction of a freight subway ‘under the 
marginal streets of Manhattan, extending along 
the North River from 60th street to the Battery 
and along the East River from the Battery to 
Mott Haven or some point in that vicinty on 
the north side of the Harlem River, and con- 
necting with the railroad terminating in New 
Jersey. The present article is a condensation of 
the subject-matter of the report. 

*87 st Nicholas Place, New York City. 


ee 


DISTRIBUTION 
AND ELEVATED PASSENGER RAILWAY ABOVE. 


The history of what has of recent years come 
to be known as the west- side problem” is 
briefly as follows: 

The Hudson River R. R. Co. was incorporated 
in 1846, and in 1869 it became consolidated with 
the New York Central R. R. Co. By ordinances 
and contract in 1847, the company was authorized 
to construct a double-track railroad from 


Spuyten Duvil, at the northern extremity of 


Manhattan Island, along the company’s own 
right of way on the bank of the Hudson to 
60th street, intersecting some nineteen streets 
at grade, and thence upon the surface along 
Eleventh and Tenth avenues and West street to 
Canal street. 


The present extent of this double-track main 


line on the west side of Manhattan is about 12 
miles, of which four miles are along city streets. 
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Aside from the general congestion in the Within the territory covered there are four large 


freight terminals—at Manhattanville, 60th street, 
33d street and St. John’s Park. In these yards 
is handled the tonnage originating on the 50,000 
miles of territory served by the New York Cen- 
tral lines which is intended for local consump- 
tion in New York City or export. 

Eleventh avenue has been the principal point 
of objection to the continuance of the railroad 
company’s lines on the surface. In 1906 the Leg- 
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ON WEST STREET, NEW YORK CITY, 


islature passed the so-called Saxe law, provid- 
ing that the Board of Rapid Transit Commis- 
sioners, the predecessor of the present Public 
Service Commission, should come to agreement 
with the railroad company for the depression of 
tracks into subways in and across all streets and 
public places from Spuyten Duyvil to St. John’s 
Park, or in default of agreement should con- 
demn the property and rights of the railroad. 
An alternative plan, suggested by the Chief 
Engineer of the Commission, provided generally 
for carrying the streets north of the 60th street 
yard overhead, leaving the tracks on the present 
level. The estimate of cost was from $30,000,000 
to $34,000,000. 

At a conference, held 8 in 1907, the com- 
pany agreed to build a six-track subway in 
Eleventh avenue from 80th to 60th streets, and 
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thence northward on substantially the existing 
grades, with intersecting streets carried over- 
head, and to abandon the use of steam for its 
main-line operations south of Spuyten Duyvil. 
South of 30th street no solution was offered. 
This plan, though approved by the Commission, 
conflicted in some points with the Saxe law, and 
a new bill, embodying the required amendments, 
failed of passage in the Legislature. 

The Public Service Commission, in conformity 
with the Saxe law, has taken formal steps 
toward condemnation proceedings, and the solu- 
tion of the problem is now subject to the delay 
likely to result from legal proceedings, though 
both parties are apparently desirous of reach- 
ing an amicable agreement. 

But this proposed depression of the tracks 
along the river front, expensive as it ls, would 
be only a beginning toward solving the difficulties 
of freight transportation and distribution on 
Manhattan Island, and some new difficulties would 
be created. The abolition of the present yards 
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creased freight rates. None of these plans, it 
is added, relieves the objection to the entrance 
of standard cars to lower Manhattan. 

The plan proposed by Mr. Wilgus for solving 
not only the difficulties facing the New York Cen- 
tral lines, but the general problem of economi- 
cally handling freight on lower Manhattan 
Island, consists in the construction of a system 
of subways designed for small cars only. The 
type of car proposed would have sufficient capac- 
ity to accommodate the largest packages of 
merchandise. 

The subways would have a width and height 
of about 8 ft. 6 ins. for each single track. As 
shown by the accompanying map, these sub- 
ways would be located on the marginal streets 
surrounding Manhattan Island, and would be 
connected not only to the New York Central 
lines, but though a four-tube tunnel under the 
North River with the railways terminating on 
the New Jersey side. Branches and spurs from 
the subway would lead to warehouses and in- 
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Areas to be served by Cartage 
8 Tunnels shown shaded 
News. 
FIG. 1. MAP OF PROPOSED MARGINAL FREIGHT SUBWAY SYSTEM 


FOR MANHATTAN ISLAND, NEW YORK CITY. 
. Soc. C. E. 


Proposed by Wm. J. Wilgus, M. Am 


on the west side would require the railroad to 
secure equivalent water-front space for handling 
the 5,000,000 tons of freight now entering the 
island by way of Spuyten Duyvil, while the 
commercial interests of New York have already 
declared that more, rather than less, dock space 
is required by the ocean carriers if New York is 
to compete successfully with its rivals. 

The plan proposed by Mr. Wilgus is designed 
to afford access to Manhattan Island by all 
railroads serving the Port of New York, 
and to relieve the congestion along 
water front and in the lower part of the city 
by affording a means of distributing freight 
which shall serve as a substitute for much of 
the haulage by drays in the streets that is now 
required. Of the three methods that have been 
suggested for the solution of the ‘‘west-side 
problem,” it {s contended that the complete re- 
moval of the tracks of the New York Central 
south of Spuyten Duyvil is antagonistic to the 
interests of the public and the port because of 
the enormous expense imposed upon the public 
for the value of the property taken, the damages 
to the company for the loss of its principal 
freight terminal and the necessity for en- 
croaching further upon an already limited water- 
front space. The depression of the tracks at all 
streets and in public places is physically and fin- 
ancially impracticable. The third plan, which was 
formerly agreed upon by the railroad and the Com- 
mission, would entail an expense of some thirty 
or forty million dollars, and impose a burden of 


about 50 cents per ton, to be made up in in- 


the- 


FIG. 2. 


dustrial establishments and to the piers all 
aiong the water front. Of course the piers 
would have to be reached by means of ele- 
vator towers back of the river bulkhead and 
docks along the line, as shown in the accom- 
panying engravings. It is estimated that the 
subway cars are large enough to handle at 
least 90 per cent. of all the commerce of lower 
Manhattan, with but one change of bulk and 
that made at points remote from the congested 
portions of the city. 
tricity as a motive power, and to so construct 
the cars that they can be easily handled on 
steep grades and sharp curves and on elevators. 

Mr. Wilgus's plan differs from that of the 
freight subway in Chicago in that its proposed 
location is immediately beneath the streets in- 
stead of some 40 ft. below the street level. It 
is argued that this feature will eliminate the 
expense of connections between the subway and 
the adjacent industries; will not interfere with 
the use of the streets for future passenger sub- 
ways, and will cause minimum interference with 
sewers and other subsurface structures. 

The structural difficulties are greatly reduced 
by the fact that the subway is designed for 
small size cars and hence the tunnels will be 
shallow. It is thought that the bottom of the 
excavation for the subway will be not more than 
11 to 11% ft. beneath the street surface. As 
the surface of West St. is very little above the 
highest tide levels and the soil is sandy, this 
reduction in the subway depth compared with 
what would be required for a subway to accom- 


It is proposed to use elec- 


modate standard freight cars is very important. 
It is also important in connection with the city 
sewers as the shallow subway will generally have 
room to pass beneath the crown of the sewer 
and the street surface, while the larger subway 
would require a siphon at every sewer. 

Perhaps the most important feature of Mr. 
Wilgus’ scheme is his careful provision that his 
main lines shall not be blocked by switching 
movements. As shown by the typical plan, grade 
crossings are eliminated at diverging points, 
and the principle is adhered to that traffic move- 
ment shall always be in one direction and re- 
verse movements are not allowed. The cars are 
to be operated by electricity on the multiple unit 
system, so that a train can be split up and moved 
in sections for distribution without delays in- 
volved by switching with a locomotive at the 
head. Traffic to and from the main transfer 
station on the Hackensack meadows would be 
carried by trains each designed for a particular 
district, and of such length that on arrival at 
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Profile. 

PROPOSED PLAN OF TWO BLOCKS ON THE WATER FRONT, 
SHOWING FREIGHT SUBWAY SYSTEM AND CONNECTIONS, WITH 
PROFILE SHOWING CONNECTIONS TO PIERS. 


that district it could be promptly diverted to its 
destination without obstruction of the main 
tracks. ‘ 

In the report in question, the advantages 
claimed for this plan are summed up as fol- 
lows: 

1. It solves the west-side problem, securing 
to the city the benefits of the elimination of 
tracks at grade in city streets, the abolition of 
steam locomotives and the betterment of the 
park districts. 

2. It releases the New York Central from the 
necessity of an unprofitably large capital ex- 
penditure, estimated at $40,000,000. 

3. It renders feasible rail connections to in- 
dustries and the water front. 

4. It avoids interference with the use of mar- 
ginal streets for passenger railways. 

5. It relieves the city streets from vehicle 
traffic, thus reducing noise, cost of pavement 
repairs, congestion of sidewalks and pavements, 
delays to street cars and cost of street cleaning 
and disposal of waste products. 

6. It relieves congestion in the harbor naviga- 
tion. 

7. It makes practicable the access to Manhat- 
tan Island of ali railroads by rail connection 
direct to shippers. 

8. It releases docks and piers from railroad 
uses, thus permitting thelr occupation for the 
expansion of water traffic and thereby facili- 
tating the commerce of the port. 

It has been royghly estimated that the cest 
of such a system as that outlined would be from 
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$80,000,000 to $100,000,000. While this seems a 
very large sum, it is claimed that the saving 
through the operations of the proposed system 
would be sufficient to pay all operating ex- 
penses, Maintenance charges and interest on the 
investment and leave a margin of at least $15,- 
000,000 per annum over the amount at present 
expended on doing the same work. 

Lest this estimate be thought an extravagant 
one, the following figures taken from Mr. Wilgus’ 
report are appended to show the enormous cost, 
approaching $35,000,000 per annum, of the trans- 
fer of freight between carriers and consignees 
warehouses in New York City under the present 
methods. . 

From the carriers and other authoritative sources the 
following information has been obtained, applicable to 
the year 1906-07:* 


APPROXIMATE TONNAGES OF THE PRINCIPAL 
RAIL AND WATER CARRIERS REQUIRING DRAY- 
AGE IN MANHATTAN: 


Carriers. Merchandise, 
tons. 


Total 
tons. 


Coal, 
Railroads: tons. 
Rall delivery. .2,000,000 

Water delivery.7,800,000 


Foreign steamship lines: 
Terminating on 


9,800,000 4,000,000 13,800,000 


Manhattan Isl- 
A Sais ,400,000 
Terminating in 
New Jersey... 800,000 
— é 2,200,000 2,200,000 
Coastwise lines (incomplete) 2,900,000 ....... ,900,000 
River and Sound lines (in- 
complete: 300.000 1,300,000 
Irregular lines (incomplete). 3,000,000 . . . 3,000,000 
Totals ........ .. 19, 200, 000 4,000,000 23,200,000 


The cost of handling this tonnage is of vital Import- 
ance. With the exception of the portion of the New 
York Central tonnage that is drayed to and from its rail 
terminal on Manhattan Island, all freight carried by the 
railroads requires lighterage and break of bulk on the 
water front. The cost of the lighterage in connection 
with this service was investigated by the New York Com- 
merce Commision in 1908 and was found to widely vary, 
depending on the class of freight, the method of water 
transportation and the places of distribution. 
age result, however, including interest, depreciation, 
taxes and insurance on plant and structures, and cost 
of wages and supplies, was shown to vary from 83 to 
88 cts. per ton. No conclusive evidence was produced 
as to terminal costs on both sides of the river, including 
rentals, handling of freight and similar items; but data 
have been obtained from other authoritative sources. 
The cost of cartage on the city streets is found to vary, 
depending on the length of haul and the character of 
freight. For certain commodities it is as low as 60 
cts. per ton, and for others as high as $1.25 or more per 
ton. An average of 80 cts. per ton is considered to be a 
conservative figure. 

The following estimates of the cost of handling freight 
from the outlying yards of the railroad companies west 
of Bergen Hill, N. J., and 60th St., New York, to the 
shipper, are believed to be low rather than high. 
Railroad Merchandise. 

Terminal costs on the New 

Jersey side of North 


River and at 60th St....$0.15 per ton 
Lighterage or equivalent 


charges . 80 per ton 
Terminal cost on water front, 
Manhattan Island. . .50 per ton 
Cost to rallroadddg d $1.45 per ton 
Cartage, defrayed by shippers e arta ara Ate ie E .80 per ton 


Total cost from outlying yards to shippers.$2.25 per ton 


Coal: 
Handling, storage and light- 


erage or ferriage........ $0.40 per ton 
Cartagniie 60 per ton 
err eek es EA $1.00 per ton 
Steamship Merchandise: 
Cartage wc cccc ccc cc ccs sc eee rerenvcuens . . -$0.80 per ton 


Based on these figures the approximate annual terminal 
charges at Manhattan Island for the tonnage handled 
by the principal carriers, exclusive of the large traffic 
-of the minor carriers, 


are: 


NEW JERSEY 


N 
r Meadows 


ld. 4. 


The aver- 


NEW YORK 


PROFILE: OF PROPOSED LINE UNDER THE NORTH RIVER. 


9,800,000 tons at $2.25.......... $22,050,000 per annum. 
9, 100.000 tons at 7.520, 000 per annum. 
4 000 000 tons at 4,000,000 per annum. 


23,200,000 tOnS......essesussoesss.> $33,570,000 per annum. 


In addition to the tonnage passing between the car- 
riers and the shippers, tbere is a large volume of 
business that is redistributed from manufactories and 
warehouses to consumers. Owing to the time required 
to obtain reliable information on this feature, no attempt 
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OONVENTION OF THE ILLUMINATING ENGINEERING 
SOCIETY. 

The second annual convention of the Illumi- 
nating Engineering Society was held at Phila- 
delphia, Oct. 5 and 6. Considering the youth- 
fulness of this society the attendance was re- 
markable, there being registered 242 members 
and 158 guests. The attendance at the profes- 
Sional sessions was about 
250. The entertain- 
ment features were par- 
tially in connection with 
the Founders Week 
- Celebration, commemor- 
ating the 225th anni- 
versary of the founding 
of Philadelphia. 

The presidential ad- 
dress of Dr. Louis Bell, 
of Boston, was a plea for 
greater attention to the 
practical side of street 
lighting and for a less 
dependence on measured 
values for horizontal or 
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4 $ 5 ter distribution and more 

ape, light were advised. 

CEAR RENTS 25 N Several comparisons 

A FA FA Bed Fee F were made between 


American and European 
practice which latter, it 
i was claimed, was usually 
ahead of anything gen- 
erally used in this coun- 
try. 

Mr. H. T. Owens pre- 
sented a descriptive paper 
entitled ‘Street Lighting 
Fixtures and Ilumi- 
nants,” in which the 
common street-lamp fix- 
tures for all gas and 
‘electric services in this 
country were illustrated. 
Comparisons were made 
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with European types, 

rather unfavorable to 

Cross Section C-D 5 Marginal St. the American: fixtures 
(Fig in both utility and ap- 

pearance. The author 

FIG. 3. TYPICAL ano SECTIONS AT VARIOUS POINTS. incidentally called at- 


has been made to include it in this report; but in seek- 
ing for a solution of the freight problem, the necessity 
for more economical and expeditious methods of sub- 
distribution should not be forgotten. 

Another important use of the system will be for the 
transportation of street sweepings, garbage, ashes, ex- 
cavated materials and snow. 

The time required to perform this handling 
enters as an important element into the consid- 
eration. Under favorable conditions the mini- 
num time now required for the transfer of freight 
from the New Jersey side of the river to the 
consignee in Manhattan is from three to six 
hours; and interruptions caused by fogs and 
snowstorms raise the average time to a higher 
figure. 

Mr. Wilgus’s report upon this important sub- 
ject is receiving the careful attention of the Pub- 
lic Service Commission of New York, of repre- 
sentatives of the city’s commercial interests and 
of financiers. 
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5. TYPICAL CROSS-SECTION OF NORTH RIVER TUNNEL LINE. 


FIG. 


tention to the fact that 45% of the street light- 
ing in this country was by gas service, and that 


this was largely with inefficient open-fiame 
burners. i 
Mr. E. N. Wrightington, of the Boston Con- 


solidated Gas Co., in a short paper called at- 
tention to the use, in Europe, of inverted and 
high-pressure gas lamps in large candle-power 
units. He also noted a prevalent practice, 
greatly in contrast with American custom, 
whereby the stores and windows were wholly 
dark, contributing nothing to the street illumi- 
nation. This was found to hold true even where 
there was heavy foot and vehicular traffic. 


The committee on nomenclature and stand- 
ards presented a report which described the 
progress attained in securing an “international 
candle” or unit of light strength. It was re- 
ported that a joint committee of the American 
Institute of Electrical Engineers, the American 


Leonard Street. 


FIG. 6. SOME TYPICAL CONGESTED STREETS IN LOWER 
MANHATTAN, NEW YORK CITY. 


Gas Institute and the Illuminating Engineering 
Society had organized and had adopted resolu- 
tions expressing its ‘views and desires. These 
resolutions declared that a unit of candle power 
which would be a compromise between the units 
used in gas and electric-lamp photometry in this 
country would be close to the mean value of 
the units used in the national laboratories of this 
country, England and France. These resolutions 
approved the adoption of a unit which 
would be a mean of the standards main- 
tained at these three national laboratories and 
advised the use of a unit in this country, during 
the interval required for the consummation of 
international action, that would be 2% less than 
that now used at the Bureau of Standards. 

Dr. A. H. Elliot, of the Consolidated Gas Co., 
New York, in a paper on the illuminating values 
of petroleum oils presented the results of three 
years work in an investigation into the burn- 
ing of petroleum notably kerosene, 48° to 50° 


Baume and 150° flash to develop a lamp which 


would serve as a good working standard for 
flame photometry as demanded in gas-works 
photometry. Flat wick burners were found the 
most advantageous and in these, if a student 
lamp” constant-level reservoir was used, kero- 
sene could be burned for ten hours with less 
than 5% change in the candle power of the flame. 
By using a slotted screen which selected a cer- 
tain desired area of the whole flame the oil lamp 
could be burned for eight or ten hours a day for 
a week with only 1 to 2% variation in the candle 
power of the selected area. The paper con- 
tained much tabulated data on the behavior of 


various petroleum oils in flat, double and round- 


wick lamps. : 

Messrs. C. H. Sharp and P. H. Millar, of the 
Electrical Testing Laboratories, New York City, 
described an adaptation of the Ulbricht integrat- 
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ing sphere for easily and 
accurately measuring the 
mean spherical candle- 
power and total light 
flux emitted by a light 
source. This sphere is a 
large attachment for a 
photometer usually sur- 
passing the latter itself 
in relative size, and con- 
sists esentially of a hol- 
low sphere coated on the 
instde with a white dif- 
fusing paint and contain- 
ing the light source 
under study. In the side 
of the sphere is a small 
‘translucent window 
whose brightness, when 
the direct rays from the 
lamp are screened from 
it, is directly proportional 
to the total luminous 
flux given off by the 
lamp or to its mean 
spherical candle-power. It 
has been found possible to build and use these 
spheres with diameters from 11 to 80 ins. The 


Illumination on the test window, of course, is 


measured by ordinary photometric means and 
this involves no difficulties. Each sphere needs 
to be calibrated to correct for the small absorp- 
tion of the interior, etc. 

Dr. H. E. Ives, of Washington, D. C., described 


a “colorimeter,” designed by Mr. F. E. Ives, for. 


describing the light emitted by a source, or re- 
fiected by a body; in terms of normal red, green 
and blue. The principle of this instrument de- 
pends on the well-known fact that the mixture 
of spectral red, green and blue light in various 
proportions will reproduce, to the eye, white and 
all the hues met with. The instrument was 
briefly described as follows: 


It consists essentially of an oblong box, at one end of 
which are placed four slits, one clear, the three others 
furnished, respectively, with a red, a green and a blue 
color screen. By means of levers the openings of the 
three colored slits may be altered to read by scales from 
0 to 100. Within the instrument is a wheel of lenses 
which when rotated rapidly by a smal] motor causes the 
three colors to pass across the field of vision of an 
eyepiece, thus mixing them by persistence of vision. The 
optical arrangements are such that one observes a divided 
fleld, one-half consisting of the mixture of three colors, 
the other the color to be matched, as viewed through the 
clear slit. For ordinary use a white surface reflecting 
the light of the sky serves as standard white, the fabric 
observed being illuminated by the same light. To make 
a measurement, the three levers are opened until white 
is matched, and the scales are adjusted to read 100 for 
each color (this method compensates for slight differ- 
ences in color vision of different eyes); then any color 
matched by moving the three levers can be read off in 
terms of the red, green and blue used to match white. 


For measuring colored light a different method 
is needed. As a measured and a comparison 
source are both in use, the region in front of 
the instrumént is divided by a partition. The 
light to be studied is allowed to fall on a flat 
surface of magnesium oxide placed before the 
clear slit on one side of the partition. Light 


from the comparison source is. passed through 


* 1 candle-ft. 


toward the center. 
and walls gave a uniform illumination in addi- 
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the red, green and blue screens and the studied 
source is described in terms of the red, green 
and blue of the comparison source. This is later 
compared with “normal daylight”. and the pro- 
portions of red, green and blue light in the 
studied source are reduced to terms of the nor- 
mal daylight. 

Messrs. J. R. Cravath and V. R. Lansingh pre- 
sented “The Calculation of IHumination by the 
Flux of Light Method.” Their method, an adap- 
tation of earlier proposals, depends primarily in 
finding the total flux of Hght thrown out, be- 
tween certain limiting directions, by the light 
source with its shades, etc. The unit of lumi- 
nous flux, the lumen, has been already defined 
as that passing from a l-c.-p. source to an area 
of 1 sq. ft. at a distance of 1 ft., from the 
source. This area also has an illumination of 
Average candle-feet may be deter- 
mined by dividing total lumens received by the 
area in sq. ft. Total lumens emitted by a seurce 
are numerically equal to 12.57 times the mean 
spherical candle-power, from the relations of 
solid angles. The authors show graphical means 
of easily finding the total lumens emitted by a 
source in the direction of the lighted area. This 
figure® divided by that area gives the desired 
value of average illumination. The effect of ceil- 
ings and walls in refiecting light not thrown in 
the direction of the lighted area is neglected. 

Mr. A. A. Wohlauer, of New York, in “Engi- 
neering Problems in Illumination” discussed the 
possible ways of securing uniform illumination 
over a limited area from a single lamp unit and 
uniform illumination over a large interior area 
from a number of distributed lamp units. The 
former would naturally be employed in certain 
living rooms or for desk and local lighting in 
libraries, etc., while the second kind of illumi- 
nation would be adapted to auditoriums, stores, 
etc., and for the general illumination of libraries. 
The paper contained a few general remarks on 
the design of reflectors for both kinds of ser- 
vice. 

Messrs. V. R. Lansingh and T. W. Rolph, of the 
Holophane Glass Co., New York City, reported 
the data from a series of tests on reflections 
from the ceiling, walls and floor of a room. The 
eight possible combinations of light and dark 
ceilings, walls and floor of a room about 12 x 25 
ft., were tried with various groups of lamps and 
prismatic reflectors, the lamps being very close to 
the ceiling. In all cases the effect of the floor 
was of only slight value. The ceiling and walls 
had a greater relative effect on the illumination 
with a number of lamps than with one and a 
greater effect with bare lamps than with re- 
flectors. The ceiling alone was found to add an 
illumination high in the center and low at the 
sides of the room. The walls added a fairly uni- 
form illumination though somewhat higher 
The interaction of ceiling 


tion to the separate effects of both. In the case 
which was nearest common practice, three lamps 


- with reflectors on the center line af the room, the 
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following additions to the direct average illumi- 
nation: 


Light .nl. ³ĩðW³QAA ³ 8 29% 
Light WARIS J... lll 26% 
Light ceiling and walls (plus separate effects). 37% 
Light ceiling and walls (totallꝭ ) 92% 
Light rr hen meme ee gnenn 0% 
Light ceiling, walls and floor (total).............. 150% 


Mr. L. B. Marks in a paper described the 
scheme worked out for lighting the Carnegie 
branches of the New York Public Library, with 
particular attention to details and data derived 
from the installation in the St. Gabriel’s Park 
Branch. The noteworthy points of the design lay 
in the freedom from glare by shading all lamps 
and in cutting down intrinsic brilliancy of the 
lamps to 1-10 c.-p. per sq. In.: in the general il- 
lumination of 1 candle- ft. reinforced at read- 
ing tables by a local illumination of 5 candle-ft.; 
in a horizontal illumination on book shelves of 
4 to 8 candle-ft. and a vertical value of 1.5 to 
4.0; in providing reading-table lamps with pris- 
matic reflectors to throw the maximum light 
sideways instead of downward; and in the gen- 
eral cheerful effect resulting in the evening. 

Mr. T. J. Little, Jr., of the Welsbach Co.. 
Gloucester, Mass., described the means employed 
to light modern gas lamps without resorting to 
matches. These apparatuses were divided into 
two classes; electric and pneumatic. The for- 
mer are of the familiar ‘‘make-and-break”’ and 
‘jump-spark’’ design, adapted to pilot-tube igni- 
tion, while the latter have an air-operated valve 
and a pilot flame burning normally. The air- 
operated gas valve is operated by a small piston 
switch, at some convenient point, air pressure 
being communicated by a concealed tube of small 
diameter. The discussion on this paper centered 
around the failure of electrical gas-lighting ap- 
paratus through insufficient insulation. The 
question of danger from accumulations of gas 
from extinguished pilot flames was brought up 
and a variety of experiences were given, all tend- 
ing to show that there is little chance of the 
protected pilot fiame’s being extinguished and 
even in such event a few days’ continual escape 
of unburned gas is necessary before its presence 
can be detected. 

Mr. L. J. Lewinson, of New York City, gave 
the results of a series of tests on sunlight il- 
lumination, carried out on the roof of the Elec- 
trical Testing Laboratories in New York City. 
Here there was practically no obstruction to 
sky light. A tremendous rate of change was 
found in the hour preceding sunrise, the inten- 
sity of illumination a few minutes before actual 
sunrise being ten thousand times the value an 
hour previous. During the hour after sunrise 
the rate of increase was relatively small, the 
actual increase of illumination at the end of the 
hour being about of the order of 10 times that 
at the beginning. A very regular increase was 
found from 6 a. m. to noon and a correspond- 
ingly regular decrease from noon to 6 p. m. In 
the hour following sunset there was a rapid 
diminution though the rate of change actually 
observed was about a third that in the hour 
preceding sunrise. The following statements sum- 
marize some of the data: 


Certain cloud formations have the effect of increas- 
ing the intensity of illumination by diffusion. Other 
clouds act as absorbing media, and decrease the illumina- 
tion intensity. Variations in intensity due to clouds, 
are often of a large order, and sometimes occur sud- 
denly. 

The skylight value at night, when there is no moon, 
is approximately 0.001 candle-foot. 

The intensity of moonlight is about 0.014 candle-foot. 

Daylight illumination varies in intensity from 2,000 to 
8000 candle-feet, between the hours of 8 a. m. and 
4p. m. 

Mr. James R. Strong, of New York City, in a 
paper. Structural Difficulties in Installation 
Work,” reviewed the innumerable lighting 
changes that have to be made, particularly in a 
modern office building, to accommodate the 
changes in tenants’ needs. As an aid to such 
changes and as a substitute for the resultant 
makeshift construction, the author proposed 
Placing the outlets for the general office illumi- 
nation on the center line of windows, on the 
ground that the high partitions are usually be- 
tween windows. In addition, 


if other outlets are placed around the ceiling a short 
distance inside the lines of partitions it would seem 
as if every possible requirement could be met by 


simple fixtures, and the outlets not needed could be 
capped up. This plan would probably involve a greater 
number of outlets in the original layout than absolutely 
necessary; but when it is considered that no changes 
would probably be required it will be appreciated that 
the additional first cost would be more than made up 
in saving in the maintenance cost of the first few years. 
Moreover, the installation as a whole would manifestly 
be a better one, owing to such freedom from changes and 
alterations, and as already pointed out, the offices would 
be more rentable. 

The above general statements will also apply to any 
residence, in which class of work there seems to be a 
growing tendency to limit the number and capacity of 
outlets to the bare requirements of a scheme of decoration 
and furniture layout that has been decided on by the 
original owner, architect or decorator with no regard 
as to possible new requirements of a future purchaser 
or even changes desired by the original owner after he 
has become tired of a given color scheme or arrange- 
ment of interior. If the outlets were installed in number 
and capacity sufficient for the darkest probable treatment 
very little would be added to the first expense; and the 
decrease of the light to the exact amount required would 
then be done in the fixture and lamp. 


Mr. Emile G. Perrot, of Philadelphia, in a brief 
paper mentioned the effect of lighting on the 
unity, grace and proportion of architectural de- 
tails and made a plea for the cooperation of 
architects and illuminating experts that the de- 
sires of both might be consummated. 
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SOME RECENT COSTS ON THE RECLAMATION SERVICE 
WORK. 


The U. S. Reclamation Service keeps a close su- 
pervision over the costs of work done on its ex- 
tensive undertakings, both those done under con- 
tract and those done by force account. The fol- 
lowing gives some interesting figures for recent 
work of the Service, from advance proofs of the 
“Reclamation Record.“ 

SMALL REINFORCED-CONCRETE CUL- 
VERTS.—Two reinforced-concrete culverts on 
the South Canal of the Belle Fourche Project 
were built by force account, being completed on 
Aug. 20. They are made of 1:2%:5 concrete, and 
aggregate 494.4 cu. yds. The concrete was mixed 
by machine. The total cost of the work, includ- 
ing preparatory expense, plant depreciation, su- 
perintendence, camp maintenance, supplies, ma- 
terials and Jabor, gives a unit-cost of $13.13 per 
cu. yd. 

CONCRETE-TUNNEL . LINING.—The tunnel 
of the same canal was lined with concrete by 
force account, during May to August, 1908. The 
cost of this work, covering 1,595 cu. yds. of con- 
crete, was $15,531.10, or $9.75 per cu. yd. Under 
the specifications, however, payment would have 
had to be made on 1,712 cu. yds. (the excavation 
was much closer to line than the maximum over- 
run to be paid for), and on the basis of this 
yardage the unit-cost was only $9.07 per cu. yd. 
The distribution among the several items is given 
by Table I. below, which also gives the unit-cost 
items on the 1,712-yd. basis. 

The tunnel is in shale. Its maximum height 
and width are 8 ft., and its total length 1,306 ft. 
It was lined with concrete on its full length, a 
1:2%:5 mixture being used. Sand and gravel 
were obtained from pits at one end of the tunnel, 
and the mixer was located here. The nearest 
railway station is 18 miles away. Labor was 
plentiful; the average rate of wages was $2.30 
per Chr. day. 

ROCK TUNNEL EXCAVATION.—The Col- 
umnar Tunnel of the Main Canal, Tieton Pro- 
ject, a tunnel designed for a flow of 300 cu. ft. 
per sec., is 7 ft. in diameter, has a slope of 0.45%, 
and is 1,183 ft. long. Practically all of it is in 


TABLE III.—GENERAL SUMMARY OF EXPENDITURES, MINIDOKA PROJECT. 


TABLH I.—COST OF CONCRETE LINING, SOUTH 
CANAL TUNNEL, BELLE FOURCHE PROJECT, 
U. 8. RECLAMATION SERVICE. 


(Done by force account. Unit-costs figured on basis of 
1,712 cu. yds.; actual concrete, 1,595 cu. yds.) 


Item. Total cost Unit cost. 
Preparatory expense $731.30 $0.43 
Plant depreciation ..-..........0- 725.73 0.42 
Superintendennne 318.00 0.18 
Camp maintenance : 430.03 0.25 
Cement isos i052 2b bs a o oh aaa awe 4,544.11 2.65 
Lumber and steel forms .......... 861.08 0.50 
Miscellaneous materials ........... 45.20 0.03 
!( eh oa welts andes Gis ne Suerte 105.14 0.06 
ES ⁰ aeaaea 81.43 0.05 
Miscellaneous supplies ............ 230.80 0.14 
Refill... 8 8 
Hauling cem een 1,624.25 0.95 
Hauling gravel and sand.......... 432.32 0.25 
Crushing and screening gravel and 

Sl!!! 205.17 0.12 
Mixing and placing concrete 1,565.71 0.92 
Hauling erns. 106.93 0.06 
Labor on forms and runways...... 890.61 0.52 
Blacksmith ysis 2 heehee odes oases 137.19 0.08 
Finishing 2226. ³ðù 8 373.02 0.22 
Misccllaneous labor 611.74 0.36 
Administration ........... cee eens 878.25 0.51 
Engineering 633.07 0.37 
Inspection ssd 8 oe 

Total cost to U. S............ $15,531.10 $9.07 


Note.—Costs of survey and design are not included. 


TABLE II.—COST OF TUNNEL EXCAVATION, COLUM- 
NAR TUNNEL, TIETON PROJECT, U. S. RECLA- 
MATION SERVICE. 


Cost per 

lin ft. of 

Item. Total cost. tunnel. 
Intercst on investment.............. $300 25 
Preparatory expense 1.131 96 
Plant depreciatioll,¶ k 2,052 1.74 
Execütive . ceeenqene ous 42 
FC e e ĩ eee ees 5,530 4.67 
Power ices tt AAA ade a oe nee 1,049 .89 
Fl! SS 35 .03 
Supplies ea 1,257 1.06 
Total contractor’s cost. $11,854 $10.02 

basalt intermingled with volcanic debris. It was 


built between May 13, 1907, and April 20, 1908, 
by A. G. Moodhe, of Portland, Ore., under con- 
tract. The cost of the tunnel excavation is 
shown by Table II., which includes plant depre- 
ciation at 50% of original cost, power at 4 cts. 
per KW.-hr. (furnished the contractor by the 
United States at this price), and a penalty of $5 
per day for 7 days for non-completion. About 
84% of the sum given for supplies represents ex- 
plosives. 

The excavation of the approach cuts included 
1,764 cu. yds. Of this, 1,435 cu. yds. consisted of 
loose material in which large rock fragments oc- 
curred in such quantity that no plows or scrapers 
could be used, while 329 cu. yds. were rock that 
required blasting (this includes detached masses 
of rock exceeding % cu. yd.). The approach ex- 
cavation cost $0.89 per cu. yd. 

DAM, CANALS, ETC. OF MINIDOKA PRO- 
JECT.—The gravity unit of the Minidoka Project 
(Snake River, Idaho) up to the end of the con- 
struction period gave the cost items summarized 
in Table III., where appears the subdivision into 
(1) construction, (2) engineering and (3) admin- 
istration charges, and the percentage ratios of 
the two latter to the former. These ratios show 
large variations, which find explanation in the 
following notes: 


MAIN DAM, SPILLWAY, ETC.—The work 
here consisted chiefly of placing a large volume 
of concrete and handling a large amount of rock 
and other material within a comparatively small 
compass. The work was not carried on at many 
points simultaneously, so that the cost of engi- 


Percentages. 
Total cost of Per cent. 
Feature. f Building. Engineering. Administration. Eng. Adm. feature. of project. 
Dam, spillway, etc........ . . . $485,687.09 $25,558.87 67,786.50 5. 3 1.6 $519,032.46 29. 
Main North Side Canal..:.... 235,715.29 12,212.06 3,676.95 5.2 1.6 251,604.30 14. 
Main South Side Canal....... 133,197.05 12,622.37 3,893.25 9.5 2.9 149,712.67 9. 
“A” Branch and laterals..... 129,552.11 13,406.84 4,109.54 10.3 3.2 147,068.49 8. 
„B' & C' Branches & laterals 198,865.08 26,621.67 8,046.05 13.4 4.0 233,532.80 18. 
Waste Canal ‘‘D’’............ 16,467.32 8,646.16 1,124.72 22.1 6.8 21,238.20 1. 
Bridges and structures 78,665.52 5,691.37 1,687.07 7.2 2.1 86,043.96 5. 
Telephone system 11,702.70 1,593.80 432,58 13.6 3.7 13.729.08 8 
General force account work.. 196,382.96 27,208.06 9,906.15 13.9 5.1 233,497.17 13. 
Right-of-way above Minidoka 
C ĩ sees 24, 760.00 3,778.48 1,167.98 15.3 4.7 29,706.41 2. 
Right-of-way for Jackson Lake 
Peso!!! 2,300.00 641.49 216.29 27.9 4 3,157.78 2 
Jackson Lake Storage works 
(temporary) ...esscsesesoes 22,583.82 . 2,117.20 1,211.23 9.4 5.3 25,912.25 1.5 
Total expenditures for con- 
Sefuetloaogngnag¶g 51.535, 878.94 $135,008.82 343, 258.31 8.8 2.8 $1,714,235.57 ...... 
Total expenditures previous to 
construction period...... e e 44, 830. 75 21, 952. 09 ae ie 66. 582. 84 3.5 
Total for project........ . . 31. 585, 878.94 $179,729.07 365. 210.40 11.7 4.2 31.780, 818.41 100.00 
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other features. The main engineering cost on 
this feature was due to the work of staking out 
_the masonry, involving considerable intricate 
form work, and of measuring the work for 
monthly estimates. 

MAIN CANALS.—On the main north-side ca- 
nal, the material handled was chiefly rock. The 
canal has a large section, contains several deep 
cuts and is only six miles long, so that the engi- 
neering expense was low. One assistant engineer 
and party staked out the work, made all esti- 
mates and supervised the construction. There 
was at all times enough work to keep every one 
connected with it busy. The main south-side ca- 
nal is 13 miles long and about 20 ft. wide on the 
bottom, less than half the bottom width of the 
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extended over two summers. There was neces- 
sarily considerable time lost in going to and 
from the work. The principal items in the cost 
of engineering are the survey of the reservoir 
Site, the testing for the permanent dam site, the 
plans for the temporary works and the laying 
out of the construction work. 
— — — 
THE REINFORCED-CONCRETE COVERED RESERVOIR 
FOR THE INDIANAPOLIS WATER CO. 
By WILLIAM CURTIS MABEE, C. E. 
During the summer and fall of 1907, the Indl- 
anapolis Water Co. built a reinforced-concrete 
pure-water reservoir, having a capacity of 5,500,- 
000 gals., located at the Riverside pumping sta- 
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main north-side canal. There was about as much 
work per station for the engineering party (only 
one was needed) as on the north-side canal, so 
that, with the much smaller excavation per sta- 
tion, the percentage for engineering is higher. 
BRANCH A AND LATERALS.— This work re- 
quired the services of an assistant engineer with 
from one to two parties. The contractor was al- 
lowed the widest latitude in conducting his work 
with the result that the construction was carried 
on simultaneously at several points, requiring 
more than the average amount of engineering 
work. The bottom. width of the canals and lat- 
erals varies from 40 ft. to only a few feet, and 
the total length of the system is about 34 miles. 


B AND C BRANCHES AND LATERALS.— The 
construction of these canals (mostly small) com- 
prised mainly. earth excavation. The total length 
is about 60 miles. The work was sublet, was 
carried on at several points simultaneously and 
was conducted very slowly, so that a large engi- 
neering force was required for a long period. 
Three engineering parties were employéd most 
of the time on the work. This accounts for the 
very high engineering percentage. - 

WASTE CANAL D.—This was built by a con- 
tractor with a small equipment. There was con- 
siderable expense involved in the preliminary and 
final location of the canal, but during construc- 
tion only one small engineering party was em- 
ployed. 

OTHER FEATURES.—The construction of 
bridges and structures was carried on with a 
comparatively small force and continued over a 
long period. The structures were mostly small 
and were located so far apart as to require the 
services of an inspector for each structure. One 
assistant engineer with from three to five in- 
spectors, with one instrument-man part of the 
time, was employed on this feature. 

The construction of the Jackson Lake temporary 
storage works was done by force account and 


Floor Reinforcement 


tion of the company, on the bank of Fall Creek, 
about 500 ft. east of the pumps and extending 
easterly along Fall Creek 377 ft., and northerly 
257 ft. 

This reservoir is the first of a series to be 
built from time to time as necessity demands, 
and piping connections are laid out with this 
point in view. It will conserve filtered water, 
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spaced 10 ins. apart in both directions. ` The 
groined arch bottom was adopted for the pur- 
pose of transmitting upward Pressures directly 
to the columns at times when the ground water 
is high and the reservoir empty. l 


The structure is built on a gravel bed, just 
about level with the ordinary creek level. A rise 
in the creek brings the ground water up with it 
in a short time. The earth fill and the weight 
of the structure will counterbalance a rise of 6 
kt. in the creek with the reservoir empty. 


The bars are introduced in the arches to bond 
the sections together and to prevent contrac- 
tion-cracks at the joinings. No waterproofing 
material was used other than washing the joints 
with neat cement grout. This has proved per- 
fectly Satisfactory and, in the writer’s opinion; 
is the proper way to make a waterproof -basin 
Where clay puddle is not available. The pro- 
portion of steel to concrete in this case was 
1-250th of the minimum cross section. From 
the writer’s experience a concrete slab can be 
made absolutely monolithic and proof against 
contraction cracks if the proper amount of steel 
be used, and this amount varies with the ex- 
posure of the work, ranging from 0.2 to 0.5%, 
according to conditions. Besides being cheaper 
the writer believes the steel bars and a rich im- 
pervious concrete make a more nearly waterproof 
reservoir floor than the customary asphalt mix- 
tures usually applied. In this case the cost of 
the steel in place, amounted to about 5 cts. per 
Sq. ft., while for an asphalt coating the cost 
would have been nearly double this amount. 


The walls were designed as vertical beams 
Supported by the floor and roof capable of re- 
sisting pressure inward or outward. The corners 
of the wall intersections were rounded off on a 
6-ft. radius, which proved to be a successful ex- 
pedient for preventing contraction cracks at 
these points. Vertical bars ín the walls were 
-in. square, spaced 12 ins. c. to c.; horizontal 
bars were %-in. square, spaced 10 ins. c. to c. 
In the roof slab the spacing of bars was 5 ins. 
at the center of the panel, and 8 ins. at the 
sides. 


COSTS.—The cost sheets did not include super- 
intendence, equipment, interest or depreciation 
On equipment, pipe work or drain tile, but did 
Include all labor and material used in the con- 
struction, the erection and maintenance of equip— 
ment, and office expenses. The work was all 
done by the water company’s employees. With 
the above exceptions the cost was $9.33 per 1,000 
gals. stored. 


LABOR COSTS. 
Per day of 10 


hours. 
and act as a compensating basin for the hourly Common laborõõõrrnrnrnrnrnrnrnrnrn cence 1.70 
fluctuations in pumpage, and will maintain a Concrete men 1.75 to $2.00 
Form buildeee s -00 
1 storage supply very conveniently lo- Steel bar labor ............cccccc ccc cee 1.50 to 1.75 
cated near the pumps. The levels are such that Teaſ 00 . 
when the reservoir is full 
„„ eSScoLeek — ae 
the water stands 2 ft. ee FORO OEEEEEES Sone. | RR 
8 Ed i> 
J | 8 
valves of the pumps, and pocoooceooceeeeocoor, ll hs 
when empty 6 ft. below, PREC O OC E888 „Ventilator N * Ç 
: Ko j 30 ) D N 22 Q 
which is a much higher Ne EER Manhole | * 
level than was possible EEE + SS 
„ -— 223 s ` IE Q 
with the open gallery. ooo EEE 1 
This structure replaces Re xo d Sg 
the open unlined gallery EEEE E OE Slab Removed EE gy 
which was abandoned as ELSES a BBS S e 
a storage reservoir. S AOOO OOOD OOOOOODDÒ £ | È 
The design, as shown dN ESE Manhole | . 
in Fig. 1, comprises a ee ee DO DODO 
reinforced-concrete slab, 888 — 
supported on columns, s 1 
which in turn rest on * i ag 8 
inverted groined arches. ENS 2 


The cover consists of a 
symmetrical checker- 
work of beams §8 ins. 
wide and 16 ins. deep with 
a 5-In. slab supported by plain concrete columns 
12 ins. square. This cover is supporting 2 ft of 


earth fill, is built absolutely flat and level, and 


is drained by 4-in. farm tile, laid every 20 ft. 
in one direction. The floor of the reservoir is a 
reinforced-concrete groined arch bottom, as 
shown, having cold twisted bars %-in. square 

*Constructing Engineer, Indianapolis, Ind., Water Co. 
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FIG. 1A. DIAGRAM PLAN OF INDIANAPOLIS RESERVOIR. 


Reduced to the ratio of 1 sq. ft. of water. sur- 
face the costs were as follows: 


Per sq. ft. 

Excavation (7 ft. average cut)........... Sienet - $0.0819 
Refill on cover (2 ft. deep) and backing walls.. 0.0293 
Groined arch flooauů&X»,r& ſ h 0.1518 
Wall cost, distributeeeeeee ccc 0.0459 
J½(¹1᷑ ! 0.2462 
. ͤ K Tae TUNINGA 30.5551 
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* COSTS PER UNIT VALUES. Per cu. yd. 
Excavation by machinery, 15,000 cu. yds...... $0.19 
Excavation by teams, 11,000 cu. yds.......... 0.28 
Refilling by m'ch'y and teams, 10,000 cu. yds. 0.22 
Mixing and placing concrete, in floor......... 0.76 

In walls s... .. 939 29555552„4 „ „ „„ „„ „%%% „ 0.61 

o A TEES TTT ER T PREET Dorn 0.74 
COST OF BENDING AND PLACING BARS Per ton. 

Jn. Boor; FOS TORS: ov sivwees pW Sat se we eee! EES 

Ie: Walls, 2 0 0. r 
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FIG. 2. 


cu. yds., while the average amount for the con- 
creting period was 70 cu. yds. 

More than half the excavation, or 13,000 
cu. yds., was removed by an excavating ma- 
chine filling dump cars which were hauled to the 
dump by a locomotive, moving on an average 
240 cu. yds. a day. 
tion, about 11,000 cu. 


The balance of the excava- 
yds., 


was removed by 


VIEW OF THE INDIANAPOLIS RESERVOIR DURING CONSTRUCTION. 


(Showing Groined Inverted Floor Arches and Column Forms,) 


COST OF FORM LABOR Per. sq. ft. 


In floors, 14,800 sq. ft. (ver. surf. panels) 0.03 

In walls, 22,600 sq. ft. (wall surface)...... 0.053 

In cover, 145,900 sq. ft. (surface of beams, 
n ͤũ . sce ra „ 0.038 


COST OF MATERIALS. 

$1.68 per barrel. 

Cold twisted bars, $42 and $44 per ton. 

Sand and gravel, $0.20 per cu. yd., being a charge for 
rehandling gravel taken from the excavation. 

Hauling cement and cleaning and sorting sacks, $0.07 
per barrel. 

Hauling steel bars, $0.80 per ton. 

In addition to the above base costs there was an un- 
classified charge for general construction and miscel- 
laneous material amounting to 6% of the total expendi- 
ture for material and labor. 


CONSTRUCTION METHODS.—In making the 
excavation a gravel deposit was encountered 
about 3 ft. below the surface of the ground. 
Mechanical tests were made showing that the 
bank contained 24% voids on an average of all 
tests and that 52% was retained on a \4-in. 
mesh screen and 11% on a 1\4-in. screen, so that 
it was used in making the concrete. No stones 
over 2% ins. were used. All concrete was mixed 
in the proportion of 1 sack of cement to 6 cu. 
ft. of bank gravel. 

By actual measurement of work done it re- 
quired 1 1-10 cu. yds. of gravel and 1 1-5 bbls. 
of cement to make 1 cu. yd. of concrete. 

In selecting the gravel care was taken to load 
from the coarsest deposits, and the bank was so 
clean that it required no washing. 

The equipment for handling concrete consisted 
of a cableway on trucks, a stationary mixing sta- 
tion and a shuttle car traveling between the 
mixer and cable tower while the cable was send- 
ing out a loaded bucket. (Fig. 3.) A %-cu. yd. 
batch mixer was used, having a super-hopper 
loaded by cars pulled up an inclined track by a 
hoisting drum operated by a chain drive. The 
cars were loaded with 12 cu. ft. of gravel and 
two sacks of cement before going up the slope. 
The track was arranged at the super-hopper so 
that the rear wheels of the car would roll up an 
outer and steeper track discharging into the 
hopper. Sufficient water was added in mixing 
to make a sloppy mixture. For loading the 
gravel cars, an orange-peel bucket was used 
which kept a wooden hopper, holding about a 
cubic yard, constantly filled. The greatest 
amount of concrete placed in one day was 134 


Cement, 


wagons and scrapers at the same time. The 
average progress for the whole work being at 
the rate of 324 cu. yds. a day. 

A large part of the refilling was done by means 
of a locomotive, excavator and cableway. .The 
dump cars brought the filling to the edge of the 
reservoir and a long drag operated by the cable 
engine distributed the fill over the cover. 

The quantities involved were: 5,195 cu. yds. 
of concrete, 283 tons steel bars, 6,300 bbls. ce- 
ment, 5,700 cu. yds. gravel, 210,000 B. ft. lumber, 
26,000 cu. yds. excavation and 10,000 cu. yds. 
refill. 

The work was begun May 8, and was furnished 
Nov. 27, 1907, since which date the reservoir has 
been in service. 
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FIG. 3. VIEW SHOWING METHOD OF CONSTRUCTION, 
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COAL BRIQUETTES are proposed as a substitute for 
anthracite coal in southern districts, where the cost 
of the latter for house heating and domestic purposes is 
prohibitive. The special kind of briquettes will be made 
from a good grade of Southern soft coal, carefully 


cleaned, and having a proportion of coke breeze mixed 
with it. An organic binder of vegetable matter is used, 
no pitch or tar being employed. The object is to obtain 
a high grade of fuel that will compete with anthracite 
under the above conditions. Where the object is to 
utilize dirty or waste coal that could not otherwise be 
disposed of, a tar binder is frequently used. In the fire, 
however, the tar binder melts and the briquettes disin- 
tegrates, causing smoke and flame due to the release of 
larger volumes of volatile matter than can be quickly 
consumed. The new briquettes are quite hard and retain 
their shape (in reduced size) even when half burned, so 
that in this respect they are equivalent to the stove an- 
thracite. Owing to the use of coke breeze, and the fact 
that the volatile matter in the coal is released in small 


quantities, the fuel is practically smokeless and burns 
with little flame. The residuum is a fine ash, with no 
clinkers. 


These briquettes are made by a new type of briquetting 
machine which is the invention of Mr. Robert M. Hale, 
who was formerly in charge of the ore-briquetting plant 
at the South Chicago works of the Illinois Steel Co. This 
plant was described in our issue of Feb. 12, 1903. The 
machine consists of a large drum revolving on a hori- 
zontal shaft and having in its face recesses forming the 
molds. There are 32 rows of molds, with 12 in each 
row, or 384 in all. In line with the horizontal diameter 
at one side is a charging trough or magazine which is 
kept full of the prepared material. The material is 
forced into the molds by plungers. On the opposite sido 
is a horizontal frame or ram which is brought against 
the molds with considerable pressure, being operated 
by three eccentrics. As the briquettes have somewhat 
spherical ends, the entire frame of the pressing appa- 
ratus moves back after each stroke to allow the row of 
finished briquettes to pass this frame as the drum 
revolves. 

At the bottom of the drum (and in its vertical diameter) 
is a discharging frame which at each stroke pushes a 
row of 12 briquettes from their molds. The briquettes 


drop upon a conveyor which carries them into and 


through a drying oven. The briquettes are 2% ins. 
diameter and 1% ins. thick. The machine can be used, 
of course, for briquetting a great variety of materials; 
such as slack coal, iron or copper ore, flue dust and 
others. 

A demonstration of the quality and characteristics of 
the coal briquettes has been given recently in Chicago. The 
briquettes and the experimental machine having proved 
satisfactory, a larger machine is now to be built, having 
a capacity of 100 tons in a ten-hour day. This will 
be installed at Birmingham, to make briquettes of local 
coal for the Southern trade. The new system is owned 
by the Standard Fuel Co., of Birmingham, Ala., and the 
intention is to introduce the fuel (which has the trade 
name of ‘‘Anthracoal’’) in the Birmingham district, where 
anthracite coal is expensive, as noted above. Mr. Theo- 
dore Davis is President and General Manager of the 
company, and Mr. Robert M. Hale is Vice-President and - 
Engineer. 
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MODERN LAND-PEBBLE PHOSPHATE-MINING PLANTS 


IN FLORIDA. 
By H. D. MENDENHALL,* Jun. Am. Soc. C. E. 


There is a branch of ‘enginectinig work that 
has been little mentioned in the technical peri- 
odicals of any recent period, and one that is 
assuming larger and larger proportions in certain 
parts of the country each year as intensive 
farming with its consequent intensive fertiliza- 
tion becomes more prevalent. It is the mining of 
Phosphate rock in its various forms, which min- 
ing, while not presenting many of the difficulties 
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FIG. 1. 


of some of the other forms, is distinctive and 
brings up efficiency problems equal to those of 
any of the others. 

As is doubtless well known, it is from phos- 
phate rock that a large part of the world’s 
fertilizer is manufactured. This material is 
found in various parts of the world, and es- 
pecially in France, Algeria and the United 
States. United States phosphate rock is some- 
what higher in percentage of tricalcic phosphate 
than that of the other countries, ranging from 
about 65% in the river pebble varieties, through 
68% to 70% in the land pebble, to 78% to 80% 
in the hard rock deposits. The volume of out- 
put is greater from the United States than that 
from all of the remainder of the world combined, 
amounting, according to the report of the U. S. 
Geological Survey for 1905, to 1,978,345 metric 
tons against a total of 1,654,437 metric tons re- 
ported for the remainder of the world. 


In the United States it is found to a greater 
or less extent in Arkansas, Utah, Wyoming, 
Idaho, South Carolina, Tennessee and Florida, 
but it is in the 'ast three only that it occurs in 
sufficiently large quantities and high grades to 
make it of value commercially. Quoting from 
the Geological Survey report for 1905 we have 
the figures shown in the table on the opposite 
page, from which it is see that Florida produces 
more than 61% of all the output of the 
United States. By again consu'ting the table 
it will be seen that of the total over 44% 1s of 
the land-pebble variety, and the report of the 
following year shows this percentage to have in- 
creased to over 51%. A preliminary report for 
the year 1907, just issued by the Geological Sur- 
vey, shows that the industry is steadily growing 
both in amount and value: the total production 
of phosphate rock in the United States last year 
amounted to 2,265,343 long tons, valued at $10,- 
653,558. The average price per ton, $4.70, was 
58 cents higher than in 1906, an increase of 14%. 
These figures are based on the market product; 
the actual quantity mined was 2,356,486 long 
tons, nearly 60% of the entire amount of phos- 
phate rock coming from Florida. It is with the 
production of the land-pebble variety that this 
article will deal. 


OCCURRENCE.—Land-pebble phosphate oc- 
curs as a stratum of pebble-permeated matrix 
underlaid with a stratum of tough stiff clayey 
material known as “bed rock,” and overlaid with 
a stratum of “overburden” varying in thickness 


*Civil Engineer, Lakeland, Fla. 
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HYDRAULIC GIANT REMOVING OVERBURDEN. 


from 2 ft. to 28 ft. The overburden is chiefly 
composed of sand, sandrock, and iron rock, the 
last two occurring in the form of boulder vary- 
ing in size from pebble to a cubic foot in vol- 
ume. The rock-bearing matrix consists of a fine 
white sand, often of the consistency of quick- 
sand, and varying in thickness of deposit from 
1 to 24 ft. The ratio of pebble to matrix aver- 
ages about 1 to 5 or 20%. 

What is Known as the Florida land-pebb!e dis- 
trict covers an area of about 650 square miles, 
including parts of Hillsboro, Polk, De Soto and 
Manatee counties, east of Tampa. It is not to be 
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derlaid with the phosphate deposit. It is only 
within this area that any valuable discoveries 
have been made. Within the district it occurs 
in beds or pockets varying in extent from a few 
acres to several hundred. Such pockets are 
Valuable accordingly .as they are large in extent, 
shallow in overburden, high in ratio of rock to 
matrix, and rich in analysis of phosphates. 
OVERBURDEN.—Necessarily the first prob- 
lem encountered in the opening of a phospate 
mine is the removal of the overburden. This 
resolves itself into two distinct forms, depend- 
ing on whether or not there is a large percent- 
age of boulder in it. Where the prospecting has 
shown that it is comparatively free from boulder, 
the hydraulic method is used, and what few sand 
or Iron rock boulders are encountered, are either 


Debris Waste S 
l _ Bank ps 


SETTLING 
— 
x 0’ 500’ 1000 
* — . . 7. 
< 
© 
RF : 
— : = Water Mains 
Track to_Overburden Dump 
ENG. 
News. 


FIG. 3. MAP OF MINING PLANT; MEDULLA 


piled up and left or are hauled away in scrapes 
or wagons. But when the preliminary examina- 
tion shows strata or boulder of sand or fron rock 
to any considerable extent the steam shovel is 
called into play with its attendant troublesome 
and expensive plant. 

When it has been decided to use the hydraulic 


FIG. 2. REMOVING OVERBURDEN BY STEAM SHOVEL. 


understood, however, that the whole area is un- 


method of removal, the first move, or rather one 
of the first, as all have to be made about simul- 
taneously, is to establish a pumping plant. In 
the case of the plant of the Phosphate Mining 
Co., at Nichols, Fla., a 10-in. well was driven 
to a depth of about 400 ft., and a battery of four 
80-HP. Ames horizontal return-tubular boilers, 
with the pumps described later, was installed. 
As large quantities of pine wood were available, 
wood was used exclusively as fuel. , 

The remova! is accomplished by forcing a 
stream of water against the bank with a hy- 
draulic giant having nozzles of from 1l1%-in to 


2\%-in. tips, at a pressure averaging about 140 
lbs. per sq. in. This disintegrates the material, 
and the volume of water present keeps the par- 
ticles in continuous motion, conveying them to 
a sump hole from which they are again picked 
up by a powerful centrifugal sand pump and 
sent to the debris waste bank. At the plant 
mentioned, the giants were supplied with a 
Worthington, packed plunger pump for 200 Ibs. 
pressure, with a 10-in. suction and Cin. dis- 
charge, and taking its supply directly from the 
receiving pool from the artesian well. The 


centrifugal sand pumps were of the belt-driven 
type with 10-in. suction and Sin. discharge. 
Frequently the top stratum is found to be so 
thoroughly packed and baked by the sun that 
it is difficult to tear it apart, and so in order to 


PHOSPHATE CO., CHRISTINA, FLA. 


quantities of dynamite and powder are used. 
It is simply charged in rows parallel to the edge 
of the bank, similar to the method used in quar- 
rying, and all discharged at once, thus loosening 
and tearing off a slice at each explosion. After 
this it is in such a form that the giants can 
easily handle it. Over the deposit in question, 
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fron rock boulders were encountered in small 
quantities, and, as before mentioned, were piled 
up to one side and subsequently hauled away in 
wagons. The hydraulic method, when conditions 
permit its use, affords the cheapest and most ex- 
peditious means of overburden removal, but, un- 
fortunately, it can be used but little throughout 
the district because of the presence of boulder 
already mentioned. Fig. 1 shows a giant in 
action. 

At the plant used as a type in the following 
pages, the preliminary prospecting showed too 
high a percentage of boulder in the overburden 


fected and trains began to run. Virtually the 
same scheme was pursued for mining station No. 
2. For the two shovels, there are used four 30- 
ton saddle-tank locomotives drawing seven 6- 
yd. dump cars each. 

A word might be said in regard to the oper- 
ation of the dump. A rough trestle, sufficiently 
strong to hold two loaded cars, is first thrown up. 
The grade is kept continually upward until the 
desired height is reached, usually from 20 to 25 
ft., after which the trestle is run level to the 
limit of the dumping ground. When the exca- 
vated material has been dumped up to the limit 


to permit the hydraulic method of removal, so 
the before-mentioned steam shovels were de- 
cided upon. The use of the steam shovel is too 
common to require detailed description, so only 
the salient features will be touched upon. 

The deposit at this point covers a continuous 
area of about 80 acres, comprising two adjacent 
40-acre divisions of a township. The overburden 
ranges from 5 to 19 ft., averaging about 12 ft. 
It was decided to put two mining stations on this 
area, one in each 40 acres, so two 60-ton Vulcan 
steam shovels, fired with coal, were installed. The 
depth of overburden at the point of starting at pit 
No. 1 in the western forty and skirting around 
the minable area, averages about 13 ft., necessi- 
tating two initial cuts with the shovel to reach 
the deposit. The removed material must be 
dumped about a mile away, and as it was desired 
to work the shovel before the necessary tracks 
and dump trestle were finished, the shovel was 
started on an initial cut of about 6 ft. and 
skirted around the two sides of the property, 
placing the excavated material in the path of 
the next cut about two-thirds of the distance, 
and on the outside for the remainder. This 
initial cut made a ledge upon which to run the 

tracks for the overburden trains, and by the 

time the first cut was finished, all arrangements 
for receiving the excavated material were per- 


sity of building trestle bents on the yielding ma- 
terial of the dump, which would be made neces- 
sary by lengthening the radius after the dump 
is raised. 

MINING.—In the mining operations, fortu- 
nately unlike the overburden removal, there is 
but one method, and that the simplest and 
cheapest known—hydraulicking. Throughout the 
district the matrix in which is found the pebble 
phosphate, is composed almost wholly of soft 
sand, intermixed with a small amount of yellow- 
ish white clay easily disintegrated and moved 
with a hydraulic giant. The method of re 


Side Elevation. 
FIG. 4. PLAN AND ELEVATION OF PHOSPHATE MINE WASHER. 


Sectional 


of the trestle, the track is swung laterally and 
radially off the trestle onto the filled-in em- 
bankment using some point low down on the 
grade as the pivotal point. This produces a 
fan-shaped embankment the grade upon which 
at no time exceeds the initial grade of the trestle. 
A direction for the trestle is usually chosen 
such that the full length radius can be used from 


1 905 ————_—— 
Quantity. 
(Long tons.) Value. 
Florida: 
Hard rock ............. 577,672 $2,993, 7382 
Land pebble............ 528.587 1.045, 113 
River pebble .......... 87,847 213, 000 
TOtAl 665544 beers 1,194,106 $4,251,845 
South Carolina: 
Land rock ............. 234,676 $774,447 
River rock ............ 35, 108,722 
fr 270, 225 $878,168 
Tennessee: 
Brown rock ........... 438,139 $1,500,748 
Blue rookkk˖·ggg 44,031 121.488 
White rock ........... 689 165 
ll! 8 482,859 $1,688,880 
Other states e@eoevsceveoevce (EELEE E „% @eeee ee 
Grand total ......... - 1,947,190 $6,768,406 


moval is virtually the same in principle as that 
for hydraulicking overburden. Usually, however, 
there is some difference in the distribution of the 
pumps, due to the added power facilities avail- 
able by the time actual mining operations are 
ready to start. 

In the dredge-boat method of washing, de- 
scribed later, two 8-stage Morris turbine pumps 


Average -1906—____—__, 
value per Quantity 
0 ton (Long tons.) Value. 
$5.18 587, 508 $8,440,276 
1.98 i 2,029, 
2.42 41,468 116,100 
$3.56 1,904,505 $5,585,578 
$3.30 190,180 $711,447 
2.92 88,405 105,621 
$3. 223,675 $817,068 
$3.45 510, 705 $2,027,917 
2.76 35,669 114,907 
3.18 1,308 5,077 
$3.88 547,677 $2,147,901 
veis 5,100 $28,800 
47 2,080,957 $8,579,437 
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were employed, each furnishing a 2)-in. nozzle 
with water at 165 lbs. pressure per sq. in. Two 
hydraulic giants to a pit were usually employed. 

By a proper manipulation of the giants, im- 
possible to describe, and only to be gained by 


sump hole and the one at the washer being of 
the 10-in. suction and Cin. discharge type, the 
former with the horizontal discharge, the latter 
with vertical, and each direct connected toa 100- 
HP. Westinghouse motor. The motor and pump 


FIG. 5. DREDGE TYPE OF PHOSPHATE WASHER. 


experience, small ditches, in which the disin- 
tegrated deposit is washed to the sump hole, are 
kept abreast of the giants. Inasmuch as the 
particles of matrix are kept in motion purely by 
the velocity and the volume of the water, it is 
a matter of no little skill to arrange these ditches 
so that they will be continuous and still have 
no point where the velocity will be checked, with 
its attendant deposition of the suspended mat- 
ter. Once the matter is in the sump hole, it is 


FIG. 6. PHOSPHATE 


taken up by the powerful sand pumps, sent 
along to similar pumps at the washer and on the 
same line, and thence up to the washing ma- 
chinery. The pumps used at the herein described 
plants were in tandem, both the one at the 


in the pit at the sump hole is arranged on skids, 
and protected by a temporary shelter only, so 
that it can be easily moved to follow the mining 
operations. The mining operations are continued 
night and day, those during the night being illu- 
minated with electric arc lights. 

By this method of mining each giant can mine 
on an average about 200 tons of washed rock per 
24 hours where the percentage of pebb’e to 
matrix is about 20%. 


48 x 20 Pulley 
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from Washer No. 1 and 2,600 ft. from Washer 
No. 2, and one central pump located in it is 
used to supply the giants. This pump, built by 
the Westinghouse Machine Co., is a 3-stage 
double-suction centrifugal type having two 10- 
in. suctions with one 15-in. discharge, and direct 
connected to a 450-HP. Westinghouse-Parsons 


steam turbine operating at 1,800 r. p. m. It is 
designed to furnish 4,000 gals. of water per 
min. at 175 lbs. pressure per sq. in. After 


the discharge pipe reaches the ground level, the 
line is reduced to 14-in. inside diameter. This 
diameter is maintained for the first 1,200 ft. or 
to the first washer, and then reduced to 12 ins. 
for the remaining 1,400 ft. to Washer No. 2. 
Each pit is furnished with a 12-in. branch which 
divides into two 8-In. branches, one supplying 
each of the two giants. The central pumping 
unit, when practicable, is the most economical 
as well as most convenient arrangement possible, 
as it petmits the use of more highly efficient 
machinery, such as the steam turbine, together 
with the additional efficiency raising condensers. 

WATER SUPPLY.—Closely related to the min- 
ing operations is the water supply system. As 
can be readily estimated, the supply of water 
comes to be a considerable item where such large 
quantities of it are absolutely essential to the 
mining operations. Of course local conditions, 
such as proximity to a stream and artesian sup- 
ply affect the arrangement, and in consequence 
the variations in arrangement are infinite. This 
article will confine itself to the arrangement at 
one plant—that of the Medulla Phosphate, Co., 
at Christina, Fla. 

As has already been mentioned, the estimated 
quantity of water required for this plant is 4,000 
ga's. per min. It was originally intended to get 


MILL, SHOWING DRYING AND ELEVATING MACHINERY, AND WET BINS. 


In the new plant of the Medulla Phosphate Co., 
the conditions for furnishing the required quan- 
tity of water under pressure are especially good. 
The power-house is centrally located with re- 
spect to the entire deposit, being about 1,200 ft. 


the entire supply from artesian wells, but after 
nearly completing the first one, and finding that 
excessive depths were necessary, other sources 
were determined upon to supplement the wells. 
Two 10-in. wells tn all were sunk to depths of 
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690 ft. and 830 ft., respectively, near the power- 
house, and found to furnish approximately half 
the required amount, or 2,000 gals. per min. As 
the surface of the water stands about 40 ft. be- 
low the surface of the ground, an air compressor, 
described later, has been installed with which to 
raise the water to the receiving reservoir. To 
get the remaining 2,000 gals. per min., it was de- 


begun, so a switch was thrown off from the sup- 
ply track shown on the map and a temporary 
track run directly along the axis of the proposed 
dam. Then the overburden cars were run out 
on it and dumped, the track being raised as the 
filling continued. The whole work of clearing, 
laying the track, and raising the embankment 
occupied about two weeks and cost about $250, 

exclusive of the material, 


FIG. 7. PHOSPHATE DRYERS BEFORE ERECTION OF FURNACES AND 


BUILDINGS. 


cided to use the circulating method, that is, using 
the same water over and over. To accomplish 
this a small dam was first thrown across a small 
stream which furnishes in all about 200 gals. 
per min. The contour of the land here is such 
that the spillway of the dam is at the same ele- 
vation as tke surface of the receiving reservoir 
at the power-house, although some 2,000 ft. 
gway. This gives a gravity flow from the im- 
pounding reservoir to the central reservoir. 

A low-duty belt-driven centrifugal pump, with 
a capacity of 4,000 gals. per min. against a head 
of 10 ft., has been installed to be used when the 
impounded water surface drops below that of 
the central reservoir. The debris from both 
washers will be ditched into a depression to the 
north of the deposit (shown on the accompanying 
map, Fig. 3), thence into still another depression 
farther north yet, thence into the impounding 
reservoir, and thence to the central reservoir as 
already described. From the washers to the Im- 
pounding reservoir is a distance of about 3,000 
ft, and this, in connection with the 2,000 ft. 
ditch to the central reservoir makes a total cir- 
culation of approximately a mile in which sus- 
pended matter is to settle. The fiow through the 
swamp in the reservoir is so retarded by timber 
and undergrowth that, together with the set- 
ting action in the two depressions, it is ex- 
pected that the water will be virtually clear by 
the time it returns to the central pump. 

Because of the fact that the water supply for 
the town has to come from the same central 
point as that for the mines, the central reservoir 
is divided into two parts. The air compressors 
lift the water from the wells into a circular tank 
30 ft. in diameter by 8 ft. in depth, built of 
brick and cemented inside. The fire protection 
pump, which also acts as a city water supply 
pump, takes its supply directly from this reser- 
voir. A spillway from the reservoir discharges 
into a second and larger reservoir. This second 
reservoir is of wood, square, 40 x 160 ft. inside 
dimensions and 8 ft. deep. It is into this larger 
reservoir that the muddy circulated water is dis- 
charged and from which the large turbine-driven 
pump and all other pumps necessary for oper- 
ating the power plant take their supply. 

DAM.—The dams necessary for the impound- 
ing reserfoirs are a simple proposition in this 
district, because of the low rolling character of 
the country and the consequent low elevations 
permissible. The one at the present plant, po- 
sition of which is shown on the accompanying 
map, was particularly easy of construction be- 
cause of the presence of unlimited quantities of 
material and facilities for handling it. It is of 
simple earth construction, 25 ft. wide on top, 
with side slopes of 3 on 2, both sides, and 12 ft. 
high at the highest point. At the time it was 
started, the stripping of overburden had already 


which, of course had 
to be wasted anyway. 
No particular effort was 
made to make it imper- 
vious to water other than 
clearing out all the roots 
and muck in a ditch 5 
ft. wide and an equal 
depth along the center 
line.-The only consolidat- 
ing done was that due 
to the running of the 
overburden trains over it, 
the handling of the ma- 
terial by the laborers, and 
the running of the coun- 
try road over its crest 
— ga after its completion. To 
prevent erosion by rains, 
Bermuda grass has 
heen planted along the 
edges and down the slopes. A wooden spillway 
12 ft. wide and 2 ft. lower than the crest passes 
around the southern end as indicated on the map. 

This method of dam construction jars on the 
ideas of those dam-building engineers who are 
accustomed to the high dams of the west and 
north where high heads and absolute imper- 
meability are necessary, and so it did on those 
of the writer when he first saw them, but ex- 
perience has taught the mining engineers of the 
district that this simple method of dam con- 
struction is all that is necessary, as the dam can 
be watched continually, its first cost is small and 
the damage due to a break is of little conse- 
quence. 

The area submerged as a result of this dam 
is about 52 acres, and affords an available supply 
of about 43,000,000 gals., or a total supply of 
about 60,000,000 gals. 

WASHER.—The general design of washers 
throughout the district is similar, but in details 
of construction they vary widely. They all main- 
tain the general scheme of pumping the rock- 
bearing matrix into a separator where the pebble 
is separated from the clay balls, large sand 
rocks and other large debris; passing the rocks 
through log agitators, and finally passing it over 
or through rinsing screens. But the variations 
come in the number of sets of logs, number and 
type of screens, and final method of disposing 
of the rock. 

One of two types has been used on all plants 
with which the writer has been connected, both 
the same as regards the washing part, but dif- 
fering in that one is on a floating structure, or 
dredge, while the other is on land, or the land 
type as it is called. 

The accompanying drawing, Fig. 4, shows the 
details of the land type, as installed at the plant 
of the Medulla Phosphate Co. The matrix is 
pumped up into the separator by the tandem 
10-8-in. centrifugal sand pumps already de- 
scribed, but not shown in the drawings. This 
separator is a cylinder 12 ft. long by 48 ins. in 
diameter, punched “hit and miss” with 1-in. 
round holes. It is inclined on a slope of 1 on 6 
and makes about 12 r. p. m. As none of the 
pebb'e phosphate rock is of such a size as to 
be retained by a 1-in. hole, approximately all of 


the pebble passes through, while the larger clay 


balls, etc., are retained and worked down into 
a trough where they are carried off by a stream 
of water continually supplied from pipes. 

The pebble rock is caught on the adjustable 
screen shown in the drawing, Fig. 4, and washed 
down into the logs. This screen is 18 ft. long 
by 6 ft. wide, punched “hit and miss” with 1/16- 
in. x %-in. perforations, and inclined on a slope of 
approximately 1 on 12. It is made with the 
higher end adjustable in order to accommodate 
the slope to the various grades of rock. Ma- 


terial such as sand, dirt, etc., that passes 
through the screen is carried to the same trough 
that receives the debris from the separator. 

The logs in this type of washer are four in 
number, arranged in pairs. The pairs are iden- 
tical in arrangement, so a description of one set 
will suffice for both. They are simply blades or 
flukes bolted to 8-in. x 18-ft. cast iron pipes, and 
caused to rotate in opposite directions by means 
of spur gears, arranged as in the drawing. These 
gears are on a 6-in. shaft bolted with flange 
unions to the S-in. pipe logs. The logs are spaced 
36 ins. apart, c. to c., and revolve at 25 r. p..m. 
The blades are just of sufficient length to miss 
each other in rotating. The pair of logs are set 
on an upward incline of 1 on 24 and depend on 
the pitch of the rotating blades to push the rock 
forward and into the chutes. The enclosing 
wooden box is kept full of running water with 
a discharge opening in the rear. The logs agi- 
tate the material, mixing and washing it thor- 
oughly, with the same motion that forces it 
forward. The debris laden water, as already 
siated, escapes through an opening in the rear 
of the logs, and is carried away in troughs. 

From the first pair of logs the rock, now par- 
tially cleaned, passes into a revolving rinsing 
screen where it receives a thorough rinsing. This 
screen is a double cylinder 12 ft. long. The outer 
shell is 48 ins. in diameter and the inner 36 Ins. 
and both are perforated the same as the flat 
screen already described, i. e., 1/16-in. x in. 
They are inclined downward on a slope of 1 on 
12 and rotate at 12 r. p. m. Water pipes, per- 
forated in rows so as to distribute the water 
along the whole length of the screens are run 
both inside and out. The debris passing through 
these screens is caught in a wooden trough and 
carried away. It has been found that, to facili- 
tate the passage of the rock through the screen, 
it is necessary to introduce flights to assist 
gravity down the slope. 


From the screens the rock falls into another 
set of logs, the same in every detail as the first, 
passes from them into another rinsing screen 
the same as the last, and thence into the re- 
ceiving hopper. 


From the receiving hopper the now thoroughly 
cleaned rock has two routes which it may follow. 
When cars are available they are run under the 
hopper and the rock is discharged directly into 
them through a gate in the bottom. In case, 
however, there is a delay in getting the cars 
spotted, an elevator, driven by a friction clutch 
from the main driving shaft, delivers the rock 
into a bin joining the washer. Cars may then be 
run under this bin and loaded through bottom 
gates. 


Fig. 4 shows a washer of the “Dredge” type. 
The machinery down to the discharge of the 
rock from the last screen is the same as for the 
land washer already described. But in place of 
having the whole machine stationary, it is con- 
structed on a barge and the conveyor shown in 
the cut transfers the washed rock from the re- 
celving hopper to the cars on shore. This con- 
veyor is an entirely independent machine, on a 
separate barge, and driven by a separate motor. 
The advantage of this type of washer is that as 
a pit is mined out, water may be admitted into 
it and the washer made to follow up the oper- 
ations. A dam of sufficient width to hold the 
head of water is left between the exhausted pit 
and the new operations. This method has the 
advantage of giving a minimum lift to the min- 
ing pumps and a minimum distance of trans- 
mission of the material. There seems to be no 
well-defined ebjection to it other than the danger 
of the dam breaking, and the natural antipathy 
a land man has to the apparently. unstable barge 
in the water. 


MILL.—From the washing plant- the rock goes 
to the central wet storage and drying plant, com- 
bined under the name “Mill.” Fig. 6 shows the 
wet storage bins and the drying and elevating 
machinery. The washed rock is usually run up 
on an elevated track and discharged into a re- 
ceiving hopper back of the wet bins. It goes 
from here into elevator boots, whence it is taken 
by the elevators up into the wet bins. The 
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hopper and lower flight of elevators are not 
shown on the drawing. 

The three bins at the mill have a total capacity 
of 1,100 tons of wet rock. 

The rock is drawn from the bins by chutes 
leading to another elevator boot, whence it is 
elevated to another hopper that feeds directly 
Into the two dryers. Both the outer and the 
inner wet elevators are of continuous type, hav- 
ing steel buckets fastened to No. 847 Ley bushed 
chain running over traction wheels and having 
a capacity of 50 tons per hour running at 100 ft. 
per min. Because of the difficulty in repairing 
breaks and the increased size of head shaft made 
necessary by long flights of elevators, the outer 
flight is made in two stages of approximately 35 
ft. each. 

The dryers are of the revolving cylinder type 
with diaphrams, flights, and showering shelves 
similar to, though smaller than, the ones used 
in cement manufacturing. The side elevation 
shown in the drawing, Fig. 6, gives a good idea 
of their arrangement. They are 30 ft. long by 
52 ins. inside diam., and make 10 r. p. m. They 
are fed from the cold or smoke-box end, and 
discharge the rock from a flare end just outside 
the furnace. This type of dryer has a capacity 
of about 150 tons per 12 hours and is manu- 
factured from detail drawings furnished by Mr. 
C. G. Memminger, Consulting Mining Engineer, 
Lakeland, Fla., the designer of the plants under 
discussion. 

The furnaces have no features out of the or- 
dinary other than that they are designed to 
burn oil, coal, or wood, by making simple changes 
requiring not more than an hour’s delay at most. 
Fig. 7 shows the dryers as they appeared before 
the building was erected around them and the 
furnaces built. 

From the dryers the now thoroughly dried 
rock passes through chutes to a concrete boot 
whence it is elevated in two flights to the top 
floor and discharged into a conveyor to be taken 
to the dry storage bin. These elevators are a 
little different in type from the wet elevators, 
being malleable “A” buckets suspended between 
two strands of No. 124 Ewart detachable link 
belting and passing over head and knuckle 
sprockets to insure perfect discharge. As the 
rock ig sometimes red hot when it issues from 
the dryers, everything connected with the ele- 
vators such as the boots, chutes, etc., must be 
fireproof. This is effected for the boot by mak- 
ing it of concrete, and by using nothing but sheet 
iron chutes, sheathing all timbers and adjacent 
flooring with sheet iron, and having the boot on 
the second floor of wrought iron. 


The conveyor that carries the dry rock across 
from the mill to the dry bin, is the pan type, 
running on self-diling rollers and driven by a 
10-HP. motor from its head. It is 66 ft. c. 
to c. of end shafts, and has a capacity of 50 
tons per hour. 


The driving apparatus for the mill machinery 
is very simple. A 75-HP. motor making 580 
r. p m. drives, by a belt, a jack shaft making 
150 r. p. m. This in turn drives, by means of 
a Renold roller chain, a line shaft making 50 
r. p. m. A Ewart sprocket attached to a 
friction clutch drives to a counter which in 
turn drives the head of the inside wet ele- 
vator. Another sprocket similarly arranged 
drives a counter which in turn drives from 
one sprocket the lower dry elevator, and from 
another a counter leading to the upper dry 
elevator head. A pulley on the line shaft drives 
a similar pulley on the ground floor from 
which both dryers are driven. Jaw clutches on 
the driving shaft make it possible to throw either 
or both dryers on or off at a moment’s notice. 
The head of the outer wet rock elevator and that 
of the dry rock conveyor already noted, are 
driven by independent motors, the elevator by a 
20-HP. and the conveyor by a 10-HP. This is 
done in order that either apparatus may be run 
independently of the mill. 

The structure of the wet bins is of wood, with 
corrugated iron roofing. There are three of them, 
each 31 ft. 6 ins. long c. to c. of outer posts, 
the two outer ones 19 ft. 7 ins. wide c. to c. 


of outer posts, and the center one 12 ft. 2 ins. 
The supporting structure is of 10 x 10-in. tim- 
bers on brick wall foundations, the bin posts 
and purlines are of 6 x 8-in. and 8 x Cin. tim- 
bers, and the superstructure is of 6 x 6-in. tim- 
bers. The bin proper is floored with 4-in. timber 
and sided with 3-in. and 2-in. Lateral stresses 
are taken up by iron rods running lengthwise 
and crosswise. Stresses are computed for wet 
rock on the assumption that it weighs 90 Ibs. 
per cu. ft., with an angle of repose of 33°. 

The mill building is also framed of 10 x 10-in., 
timbers, sided with sheet iron and covered with 
corrugated galvanized iron. 
two stories high for 34 ft of its length and four 
stories for the remaining 30 ft. On the bottom 
floor are the dryers, second the driving ma- 
chinery and on the fourth the head of the dry 
elevator and the foot shaft end of the pan con- 
veyor. The third is simply an intermediate floor 
used for sampling or any other minor uses that 
might arise. 


DRY BIN.—After the rock has been thoroughly 
washed and dried, nothing remains for it but 
shipment. 

As already described, the dry rock is carried 
from the mill elevators to the dry bin by a pan 
conveyor. This conveyor discharges into a sheet 
iron hopper holding about three tons. Tracks 
run along both sides of the bin converging at 
the center and immediately beneath the hopper 
on a scale platform. One ton side-dump cars 
are run on the platform, the hopper gate 
opened, and the rock allowed to run in until the 
automatic buzzer announces that a ton has run 
in. Then the ever present “nigger” finishes the job 
by pushing the car to the proper place and dis- 
charging it. Here the rock rests until it is shipped. 
The bin construction presents no complications. 
The standard width used in these plants is 30 
ft. c. to c. of outer posts, with a capacity of 25 
tons per lin. ft., or 12,500 tons for the 500-ft. 
bin. The supporting structure is built of 10 x 
10-in. pine posts spaced 5 ft. c. to c. each way 
and resting on continuous brick foundations run- 
ning lengthwise of the bin. In order to load a 
box car standing alongside, the floor of the bin 
proper is made 16 ft. above the top of the brick- 
work, and the chutes put in every 5 ft. to run 
rock into the cars. 

The floor is built of in. timber covered with 
No. 26 black sheet iron. The sides are stiffened 
with 8 x 10 posts every 5 ft. with 4 x 10 studs 
half way between and all stiffened by two 
rows of 8 x 10 and one row of 6 x 10 purlines 
running lengthwise of the bin. The sides are 
buflt of 3-in. timber for two-thirds of the dis- 
tance up and 2-in. for the remainder and lined 
with No. 26 black sheet iron the same as the 
bottom. From the bottom of the flooring to 
the top of the roof plate is 24 ft. Lateral stresses 
are resisted with round iron rods running across 
the bin and through the purlines on each side. 
The overturning stresses caused by the rock 
being drawn from half of the bin at one time 
are resisted by diagonal rods running through 
the top purlines and down to the center, passing 
through the supporting structure bent cap. The 
cross rods are in three vertical rows to corre- 
spond to the three rows of purlines and are 
spaced 10 ft. apart horizontally. The diagonal 
rods are put in every intermediate 10 ft. The 
end walls are braced with three rows of diagonal 
rods spaced 10 ft. apart horizontally. 

Stresses in these walls are computed on the 
assumption of 80 lbs. per cu. ft. for the dry rock 
with an angle of repose of 30° and a coefficient 
of friction on sheet iron of 0.6. 


The roof is covered with No. 26 corrugated - 
galvanized iron on 2 x 6-in. rafters. 
POWER-HOUSE.—In the styles of power 


plants in the district there is found a wide 
divergence, but the majority of the plants mak- 
ing any pretense to high efficiency depend upona 
central electrical plant and use motors for driv- 
ing the various machines. It has been the rule 
to make installations such that dependence will 
have to be put on no one class of fuel, and in 
order to do this steam has been used entirely 
as a generating force. Until late years, wood 
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has been the cheapest and most plentiful of any 
of the present fuels. But gradually it has be- 
come scarcer as the forests have been denuded, 
and coal and oil have come into use. In a dis- 
trict so far from the source of supply of either 
coal or oil, it has been deemed dangerous to have 
to depend on any one fuel. 

In the present plant three 407-HP. Stirling 
water tube boilers are installed with furnaces 
arranged to burn, as already stated, either oll, 
coal or wood. Room has been left for a fourth 
boiler when future extensions demand it. Two 
500-KW. and one 450-HP. Westinghouse-Par- 
sons steam turbines are used as prime movers, 
the first two direct connected to 500-KW. 3- 
phase alternating current generators and the 
third to the central centrifugal pressure pump 
already mentioned. A 25-KW. direct-current 
Westinghouse generator direct connected to a 
6 x 7 and 7% x T steam engine is used as the 
primary exciter set and as a secondary set there 
is a motor-driven generator of the same elec- 
trical dimensions. 

All of the turbines are run condensing and for 
this a special suction arrangement is made for 
the pump. An Admiralty type surface condenser 
is so installed that the suction of the mining 
pump draws its water through the condenser. 
This obviates the necessity of a separate pump 
of the necessary capacity. 

In case, however, it is necessary to cut out 
the condenser for any reason, by-passes are put 
in and operated by gate valves so that water 
can be taken directly from the reservoir. In 
case it becomes necessary to operate the con- 
denser without running the mining pump, an 
engine-driven centrifugal pump with 10-in. suc- 
tion and 8-in. discharge connects with the intake 
of the condenser and can furnish the required 
water for condensing. The condenser is also 
furnished with the necessary 10-in. discharge to 
the reservoir. The condensed steam and ad- 
mitted air is drawn out by a 8 x 20 x 12 single 
Edward's air pump discharging into the hot well. 

The air compressor is an Ingersoll-Rand Co.’s 
l6-in. and 28-in. x 18-in. steam and 18½-in. x 
18-in. air, class “G” type. This machine fur- 
nishes 1,249 cu. ft. of air per min. and is used 
to lift the water from the two 10-in. wells al- 
ready mentioned. 

EMPLOYEES’ QUARTERS.—As all, or nearly 
all, of the plants in this district are located 
some distance from a town, the proper housing 
of the employees becomes a decidedly important 
and expensive item. In this case the nearest 
town of any size is Lakeland, eight miles away, 
and so an entire village had to be built complete. 


FIRE PROTECTION.—As may be readily sup- 
posed, full fire protection is installed covering 
the entire plant and town, which protection also 
furnishes the necessary water supply. An 18- 
in. x 10-in. x 12-in. Worthington underwriters’ 
fire pump, with a capacity of 1,000 gals. per min. 
and having a 10-in. suction and Sin. discharge 
is placed 50 ft. from the boiler room of the 
power-house, from whence it derives its steam. 
It is kept in commission all the time. It takes 
its supply from the receiving reservoir of the 
artesian well and, in daily use, simply fills the 
tank. The tank is of 20,000 gallons capacity 
on a 100-ft. tower with an in. uptake pipe. A 
Cin. main circles the plant and furnishes the 
Branches from this main run into all 
of the buildings, including the dry bin. At con- 
venient corners 2½% -In. home-made fire hydrants 
are put in with 500 ft. of 114-in. hose near at 
hand. The map, Fig. 3, gives a plan of the water 
supply system. 

CONCLUSION.— This finishes the roùgh sketch 
of a modern phosphate mining plant. When it 
is considered that in the land pebble district 
alone there are some 20 such plants, each turn- 
ing out from fifty thousand to half a million tons 
a year, it can be seen that an important indus- 
try is quietly working in this end of the country. 

All possible credit and thanks are hereby given 
Mr. C. G. Memminger, Consulting Mining En- 
gineer, Lakeland, Fla., for the drawings con- 
tained herein. It is a plant of his design that 
has just been described. 
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PERMANENT UNDERPINNING FOR THE PARIS SUBWAY 
OF THE PARIS & ORLEANS RY. 


One of the lines of the Metropolitan Ry. of 
Paris will pass beneath the underground line of 
the Paris & Orleans Ry., near the Pont St. Michel 
bridge over the Seine. The section of the Metro- 
polltan Ry. which forms the crossing is about 
197 ft. in length, between two shafts sunk by 
the pneumatic process, one of these being in the 
river. The crossing is at an angle of about 40°, 
and the rails of the Metropolitan Ry. will be 
about 33 ft. below those of the other road. 

The Paris & Orleans Ry. occupies a subway 
in the quay which forms the river bank. It has 
vertical masonry walls and a flat roof having 
transverse girders with longitudinal I-beams and 
jack arches. 
above the level of the surface of the river, and the 
invert and walls rest upon a bed of sand about 
13 ft. thick. The engineers of the Metropolitan 
Ry. proposed to use the freezing process to form 
a solid shell between the two shafts, and to ex- 
cavate the tunnel within this shell by ordinary 
methods. The engineers of the other railway, 
however, were apprehensive of trouble and pos- 
sible damage to that line, especially in view of 
the character of the material underlying their 
structure. 

Under these circumstances it was considered 
necessary to carry the subway of the Paris & 
Orleans Ry. on a foundation which would ren- 
der it independent of any movement of the soil 
which might be produced by the construction of 
the Metropolitan Ry. tunnel beneath it. It was 
also decided that this work must be done before 
the commencement of work upon that tunnel. 
The work may be divided into two parts, as fol- 
lows: 

(1) The construction of two masonry arches 
under the quay (and parallel with the subway). 
These are on each side of the subway, and span 
the location for the tunnel. They are founded 
on piers sunk to a foundation below the level 
of the invert of the Metropolitan Ry. These 
arches are to carry the quay independently of 
the underlying material through which the tun- 
nel will be driven. The piers of the arch on the 
land side also have to resist any lateral pres- 
sure due to sliding of that material. (2) The 
construction of steel girders and a metal floor 
system for the Paris & Orleans Ry. subway, the 
metal to be embedded in concrete. The girders 
are supported by eight piers sunk to the same 
level as those for the arches mentioned above. 

The general arrangement of the work for sup- 
porting the subway is shown in the sketch plan, 
Fig. 1. There are eight piers of oval section, 
A, A, which were sunk by the pneumatic sys- 
tem. These carry four longitudinal girder spans 
B, B, the diagonally opposite ends being sup- 
ported on the old masonry, as shown at C, C. 
The shorter spans (36.5 ft. to 38 ft.) have single 
plate girders 4 ft. deep. The span of 63.3 ft., 
crossing the location of the new tunnel, has 
double lines of 5 of the same depth; these 


Cross Section. 


are connected by diaphragms so as to form one 
single heavy girder. This arrangement is shown 
in Fig. 2, which also shows the cross girders or 
floor beams, D. These are so shaped as to oc- 
eupy: the position of the old invert, and they are 
endedded in concrete. They are spaced 12 ft. 


The masonry invert is but little 


rying timber longitudinals for the rails. The floor 
system is completely embedded in concrete, and 
a drain is formed in the concrete beneath the 
cross girders. l 

The special difficulty of the work lay in the 
necessity of avoiding all interruption with a 
traffic which averaged 240 train or engine 


movements in the subway during a period of 21 
During this time no work could 


hours per day. 
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Fig. 1. Plan of Piers and Girders for Underpinning 
the Subway of the Paris & Orleans Ry. Over the 
Tunnel of the Metropolitan Ry. at Paris, France. 

(This plan is below the roof of the subway.) 


be done which would involve the cutting of 
track, and the work on the track could be done 
only between 12.50 and 4.15 a. m. 

The caissons for the 13 piers were sunk to 
about 40 ft. below the rail level of the subway. 
The two arches parallel with the subway (and 
rising only a little above its rail level) have a 
clear span of 54 ft. They are built of stone, laid 
in Portland cement. 

The old invert of the subway had to 
moved entirely. This work was done 
short time during which there was no 


be re- 
in the 
traffic. 


Girder tor Long Span 
over, Tunnel, 


At each end of a girder was set a timber trestle 
consisting of two A-frames connected by a trans- 
verse timber spanning the car. Tackle attached 
to the beam was used to raise the girder suffi- 
ciently to allow of thrusting under it an I-beam 
whose ends rested upon screw jacks seated in 
the A-frames. The girder being raised and 
Supported by the jacks, the train was then moved 
away, and the girder lowered by the jacks and 
blocking. Finally it was slid laterally into place 
upon the cast-steel shoes on the tops of thè 
plers. 

To place the floor beams, it was necessary to 
remove the ballast and the debris of the old in- 
vert to a depth of 3.28 ft. below the rails. One 
track was taken up for a length of 32.8 ft. and 
the ballast and broken masonry rapidly loaded 
into a train on the other track. The track was 
then replaced, with its ties resting on longi- 
tudinals each composed of two lines of pine 
stringers 10 to 13 ft. long, with blocking between 
them (Fig. 3). The track was surfaced by bal- 
lasting and tamping beneath the bottom stringer. 

At the location for a floor beam, a longitudinal 
I-beam was placed resting on the bottom flanges 
of two adjacent roof girders. To this was at- 
tached a hoisting tackle, as in Fig. 3. The floor 
beam was raised from the car, and the train 
hauled away. The track and the timber longi- 
tudinals were then removed. The floor beam 
was lowered, turned transversely, and adjusted 
in position for riveting its ends to the gusset 
plates of the longitudinal girders. The steel 
stringers were then laid, the timber longitudi- 
nals fitted between these, and the track ties 
replaced finally upon these latter. 


Orrder tr 
_ Short Spans 


FIG. 2. GIRDERS AND FLOORBEAMS OF UNDERPINNING. 


The line is operated by electric locomotives, tak- 
ing current from a third-rail system, but an 
overhead wire system was substituted for this 
temporarily. 

As soon as traffic ceased, an 18-ft. length of 
track was taken up, and the ballast removed to 
expose the invert. Timber longitudinals were 
then placed on the invert, and the cross-ties of 
the track replaced upon these longitudinals. 
During the day (in the intervals between trains) 
workmen with pneumatic drills bored blast 
holes about 30 ins. apart. At night, the track 
was again removed and the invert was broken 
up by charges of Favier powder. The track 
was again replaced, on ballast laid upon the 
debris. The masonry walls and the walls car- 
rying the station platforms were blasted away 


Section. 


Part Longitudinal 
FIG. 3. UNLOADING FLOORBEAMS IN SUBWAY; PARIS & ORLEANS RY. 


(to make room for the longitudinal girders), the 
charges being fired in the intervals between 
trains. Centrifugal pumps driven by electric 
motors were used to remove the water coming in 
after the destruction of the invert. 

The new. steel work was delivered by work 
trains which ran after regular trafic had stepped, 


‘be handled in complete sections. 


Under the St. Michael’s bridge, the roof con- 
struction did not permit the use of the overhead 
lifting beam for the tackle. A special traveling 
Crane was rigged up temporarily for use at this 
point. It was a four-wheel flat car, having a 
horizontal boom about 30 ft. long and 8 ft. above 
the floor. This was pivoted at the rear of the 
car, and had a sliding support under the hoisting 
gear, which was mounted on the boom, forward 
of the pivot. This crane was run on the track 
opposite to that occupied by the car carrying the 
floor beam. 

It will be noted that the track is laid with 
double-head rails carried in cast-iron chairs at- 
tached to the ties. It would have been im- 
practicable to remove and replace the rails and 
chairs each time, and therefore the track had to 
The work was 
complicated by the necessary precautions to pre- 
vent injury to the high-tension electric cables. 

The floor beams were set at the average rate 
of two per night.. Following the erection of the 
steel work, the concrete floor was placed, en- 
veloping the floor beams and having within it a 
bottom drain. Vertical cast-iron pipes are em- 
bedded in the concrete at intervals of 10 ft. 
After the Metropolitan Ry. tunnel has been built, 
cement grout will be pumped through these pipes 
so as to fill any voids under the subway invert 
due to the settlement of material resulting from 
the tunnel works. 

In spite of the ‘numerous difficulties the work 
was successfully completed between January and 
August, 1907. It was done without any accident, 
and without injury to any of the men. The only 
interference with traffic was the reduced speed 
of trains past the work, and in some cases a 
temporary reduction in the length of the station 
platforms. These results are attributed to the 
excellent organization of the work and the work- 
ing gangs, and to the definite instructions given 
by the engineer in charge as to the work of each 
day and each night. The total cost was about 
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$170,000, of which more than $20,000 was for 
drainage. 

The particulars given above are taken from a 
paper in the August number of the “Revue 
Generale des Chemins de Fer” by Mr. Jegou 
d' Herbeline, Chief Engineer of Maintenance-of- 
Way of the Paris & Orleans Ry. 


—— —— 
THE STORY OF A REMARKABLE PROPAGANDA. 


The shibboleth of “Good Roads” in its time 
caused a good deal of éxcitement all over the 
United States. It furnished an excellent theme 
to various enthusiasts, and made a most useful 
talking-point for politiclans, besides serving 
various private or partisan interests. But at the 
same time it did a very great amount of harm. 
partly by producing much misdirected effort, and 
partly by checking progress in other directions. 
Prof. Ira O. Baker in a recent discussion on “The 
Maintenance of Macadam and Other Roads” be- 
fore the American Society of Civil Engineers has 
pictured in forcible manner the nature of the 
agitation and its injurious result in paralyzing 
the work of improving the earth roads of the 
Mississippi Valley. We reproduce this portion 
of Prof. Baker's remarks below, from the 
society’s “Proceedings” for September, 1908, p. 
998. 

The author’s remarks are inspired in part by 
the fact that many of the Mississippi Valley 
States, regions of high productivity, are re- 
stricted to earth roads by their total lack of hard 
road-building materials. The solution of the 
complex and difficult problem of caring for and 
improving the roads in these regions has made 
steady but slow progress. During the height of 
the “good roads” craze, however, the extrava- 
gant booming of macadam for all and every 
region discouraged study of and expenditure for 
earth roads, and correspondingly set back the 
development of the country roads in these states. 
Prof. Baker said, in part: 


During the ten-year period beginning about 20 years 
ago a large amount of literature upon the subject of 
rural road improvement was set afloat in newspapers, 
magazines, and reports, and, because of this flood, the 
wagon roads of the country districts have made less 
progress in the last 15 or 20 years than any other phase 
of rural life. 

THE METHODS OF THE PROPAGANDA.—About 20 
years ago, two or three well-organized manufacturing 
interests, in order to increase the sale of their goods, 
deliberately started an agitation for better roads, and, 
unfortunately, committed the conduct of the scheme to 
those who knew little or nothing about either road 
construction or the larger principles of economics and 
political action involved in any comprehensive system 
of road improvement. The interests back of this prop- 
aganda were very skilful in arousing the enthusiasm of 
their followers, who were both numerous and widely 
distributed, and an attempt was made to carry by storm 
a reform system of constructing and maintaining the 
wagon roads of the nation. Many politicians and news- 
papers sought to secure popularity by favoring the pro- 
posed reformation, and, as a consequence, wide circula- 
tion was given to certain facts and theories which in 
their proper field were true but which when presented 
without limitation were wholly false and entirely mis- 
leading. 

These intemperate advocates of road reform frequently 
cited the wagon roads of England, France and Switzer- 
land as examples of what the United States could and 
should do, regardless of the fact that those countries are 
abundantly supplied with good road-building materials, 
while in this country there are areas, greater than the 
combined area of those countries, in which there is ab- 
solutely no road-building material. Again, the stone 
wagon roads in those countries were built under the 
stimulus of military necessity and commercial need, 
before the advent of steam railroads; while in the 
greater part of this country the railroads have been 
the pioneers, and now there is no commercial need of 
long lines of wagon transportation, except perhaps in 
the immediate vicinity of large cities. Further, the 
density of population, the industrial occupation, and the 
agricultural methods in those countries are very dif- 
ferent from the methods prevailing in this. Still again, 
the method of maintaining wagon roads in those coun- 
tries, with their dense and poorly-paid population, is no 
criterion by which to judge what is wise or possible in 
this country. And once more, the political and social 
ideals on the two sides of the Atlantic are very different, 
and make possible certain results in Europe which are 
impossible in the United States. 

Again, these enthusiasts frequently cite the experience 
of local cities on Long Island and in New Jersey, within 


a few miles of New York City, as though they were 
representative of rural conditions in general. New York 
is the largest and wealthiest city on the North Amer- 
ican continent, and it is not to be wondered at that the 
building of good roads is one means of enticing people 
to move from the densely populated districts of the city 
into the more healthful suburban regions, and that the 
influx of such inhabitants has greatly increased the 
value of real estate; but not all of the United States is 
situated in the bedroom of New York City. 

Some years ago the annual report of the State High- 
way Commissioners of New Jersey contained an inter- 
esting account of road improvement in Gloucester County, 
which has been very widely copied and commended; but 
when it is known that this country is just across the 
river from Philadelphia, and that the soil is very sandy 
and the road improvement simply enabled truck farmers 
to wagon their produce to market, it is seen that this 
example has but little practical bearing on the general 
question of rural road improvement. 

Again, along the eastern shore of New Jersey there 
is a continuous line of summer resorts, where people of 
wealth go to enjoy themselves, and it is doubtless a 
good business proposition for such communities to build 
first-class stone roads for the pleasure of their profitable 
guests; but their success does not prove that a truly 
rural community should follow their example and also 
build expensive roads. 

The examples of the States of Massachusetts and New 
York in hard-road building are frequently commended 
to the inhabitants of the Prairie States of the Missis- 
sippi Valley, but the industrial and topographic condi- 
tions of these two States are not guides for the flat 
grain-raising States. The primary fault of most road 
reformers has been that, through dense ignorance, su- 
perficial knowledge, or deliberate intention, they have 
presented facts separate and apart from their limitive 
conditions, in such a way that the truth becomes a false- 
hood. 

ITS HARMFUL EFFECTS.—This {ill-advised and in- 
temperate road agitation has in many cases done harm 
in the communities most needing road improvement, 
since a form of road construction has been advocated 
which, under most conditions, has been entirely imprac- 
ticable, if not ridiculous; and the result has been that 
those who are most Interested in good roads have been 
most concerned to prevent road construction and main- 
tenance being made subservient to interests foreign to 
those who use the roads most and also pay for them: 
and, as a result of this condition of affairs, the im- 
provement of local roads has not received the attention 
recently that its importance warrants, and has not kept 


pace during the past 20 years with rural development 


in other lines. 

Furthermore, all these road enthusiasts claimed that 
the only good road was a hard road; they were also very 
vehement in the assertion that nothing could be done 
to improve the earth road. In many localities a hard 
road was politically and economically impossible, and 
hence the earth road was the only form available; but 
the assertions of the good-road enthusiasts only serve to 
fix the belief that nothing could be done to improve the 
roads of such localities. 

ITS FALLACIOUS ARGUMENTS.—It was in the field 
of economics that these road reformers made their most 
glaring errors, produced the most irritation, and aroused 
the most antagonism. In this field the farmer was most 
capable of independent judgment. He was not much 
concerned about the lessons which the road enthusiast 
sought to draw from European experience or even from 
experience along the Atlantic Coast, for the farmer knew 
that social and industrial conditions in those localities 
were very different from those in the Mississippi Valley, 
and hence such arguments made little or no impression 
on him; but when tho hard-road enthusiast began to 
tell the farmer how much it cost him to haul his pro- 
duce to market, and how much he could save by the 
construction of hard roads, he knew instinctively that 
the conclusions were ridiculous, and the continual harp- 
ing upon these false statistics and absurd estimates led 
him to believe that an attempt was being made to force 
hard roads upon him, whether or no, and his attitude 
changed from one of indifference to one of open hos- 
tility to all road improvement. 

A brief examination of a few of the claims of these 
agitators will be made in order to see whether or not 
the farmer was justified in his judgment as to their 
truthfulness. It would not be worth while to refer to 
this literature except that by so doing its nature may 
be exposed and thus prevent it from being used in simi- 
lar discussions in the future. 

THREE SPECIMEN TRACTS.—The speaker will ex- 
amine three articles—of the most reputable parentage— 
which have been most widely circulated in their original 
form, and are most frequently quoted. These articles 
seem to have been distributed to all the public libraries, 
and, apparently, when any one is moved to prepare a 
speech on road improvement or write an article on that 
subject te be used as plate matter in the country news- 
papers, he consults such literature. The speaker has 
seen evidence that each of the articles about to be re- 
ferred to was used recently in connection with the meet- 


ings called to secure a good-roads plank in the piat- 
forms of the two principal political parties. 

1. One of these articles is a 64-page pamphlet en- 
titled: “The Gospel of Good Roads, A Letter to the 
American Farmer,” published by The League of Ameri- 
can Wheelmen. The author says: 

From official Government sources I find that the farm- 


ers of this country, in the year 1890, had upon their 
farms draft animals as follows: 


Kind. Number. Value. 
Horses. . 14, 213, 837 3978, 516, 582 
Mules ,............ 2,331,027 182, ; 
Oxeendn˖n˖n . . 36, 849,024 560,625,137 

Total ......... 53,849,888 $1,721,535, 798 


You see you have nearly $2,000,000,000 invested in mo- 
tive power of a perishable, uncertain, and expensive 
kind. Busy or idle, these animals must be fed and 
cared for every day. They are boarders that you can’t 
get rid of when the busy season is over, and ft stands 
you in hand to keep them at work. d 


The author of the above had surely not traveled much, 
or he would have learned that there were not anything 
like two and one-quarter times as many oxen in this 
country as horses and mules. Evidently, where the cen- 
sus report said cattle, he read oxen! The man refers 
to a fellow hard-road enthusiast who “estimates” that 
“bad roads cost the farmer $15 per year for each horse 
and mule;” and calculates that this loss amounts to 
$250,000,000 per annum. He next asserts, apparently 
offhand, that the loss due to “wear and tear on wagons 
and harness is $100,000,000."" He then proceeds to add 
together the value of his draft animals, the alleged cost 
of bad roads, and the estimated cost of wear and tear 
on wagons and harness, and gets a total of $2,350,000,- 
000. The sum is frequently quoted as the annual cost 
of bad roads in this country. 

The above computations are almost as good as any- 
thing in “Puck.” Were not some of the horses and 
mules utilized in the cities? Think of the ludicrousness 
of including the value of each horse and mule in the 
cities (including those then used on the street railroads) 
plus $15 in determining the cost to the farmer of bad 
roads. Isn’t it cruelty to animals to make the colt in 
the farmer’s pasture bear the burden of a draft animal; 
or to charge the maverick on the plains with being re- 
sponsible for part of the cost of bad roads? The wear 
and tear on wagons and harness had already been in- 
cluded in the preceding $250,000,000, the cost of bad 
roads; but an extra $100,000,000 is nothing to a hard- 
road enthusiast. Of course it is a small matter to have 
added the value of the draft animal to the alleged differ- 
ence of its earning power on good roads over that on bad 
roads! The article makes an error of $2,100,000 in de- 
termining $250,000 or less! But such an error is of no 
moment to the road reformer! 

There are several other things tn this pamphlet almost 
as misleading, but the foregoing item is referred to here 
because it is the part most frequently quoted. 

The pamphlet is liberally illustrated by cuts made 
from prize photographs collected by the members of the 
League, showing the impassable condition of earth roads, 
and also by cuts of some of the magnificent roads. of 
Europe. As well show a picture of some of the hovels 
on the rocks on the north end of Manhattan Island or of 
a 46-story building, as representative buildings of New 
York City. 

2. The article which has been quoted most frequently 
is one published by the United States Government, in 
which it Is distinctly stated that the cost of wagon 
transportation in 1895 was $946,314,665.54 and that the 
possible annual saving by road improvement is $628,- 
000,000. This article also distinctly asserts that the 
cost of hauling the farm crops to market is $662,000,000, 
or 26.6% of their value. 

This report has been criticized in detail elsewhere, 
and hence needs no further examination here. With a 
certain class this conclusion had great influence, as it 
appeared to have the weight of the United States Gov- 
ernment, and as it claimed to be the result obtained in 
answer to 10,000 letters sent to agricultural correspond- 
ents all over the country; but farmers of the rich 
grain-producing areas of the Mississippi Valley, the dis- 
tricts most in need of road improvement, protested 
loudly against any such estimate. They claimed that, 
through the exchange of work and by doing their haul- 
ing when other work was not pressing, the marketing 
of their crops cost them practically nothing. 

Ten years after the above report was published, the 
United States Government published the results of an- 
other and more elaborate investigation, in which it is 
distinctly stated that the cost of hauling the 1905 crops 
to market was $84,684,000, or only one-eighth of the 
result in the former report! Other Government sta- 
tistics show that the crops of 1905, the year of the last 
report, were practically twice as large as those of 1895, 
the year of the first report; and therefore the result by 
the later and more elaborate investigation is really only 
one-sixteenth of that of the first report! In other words, 
the result by the first report is virtually admitted to 
have been sixteen times too large! Is it any wonder 
that the farmer was unwilling to accept such a result’? 

As illustrating the fatality that seems to overtake 
hard-road enthusiasts when they attempt to compute the 
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cost of bad roads, or rather as illustrating their prone- 
ness to look for excuses for making their results larger, 
the fact may be mentioned that in the latter investiga- 
tion the author added $11,700,000 for the wheat that was 
hauled from the farm to the mill, which by his own 
figures is equivalent to saying that nearly one-third of 
all the wheat raised in this country is hauled in wagons 
from the farm to the mill. No statistics are at hand 
to check this item, but the probability is that the 
amount of wheat hauled in wagons to the mill is a very 
small proportion of the total; and hence this correction 
is much too large. 

There are three other errors in the above investiga- 
tion that make the conclusion too large: (1) The cor- 
respondent was asked: What is the greatest distance 
of haul to shipping point by any considerable number 
of farmers?” The answer was assumed to be the radius 
of the contributing area, regardless of the fact that 
usually, because of topographic or other conditions, 
produce is hauled much farther from one direction than 
from another. This makes the distance of haul too 
great. (2) The average weight of load was assumed to 
be the mean between the largest and the smallest, re- 
gardless of the fact that most of the farm products go 
to market when the earth roads are in nearly their best 
condition, and consequently the maximum load is very 
much more common than the minimum and not equally 
frequent as was assumed. This error makes the assumed 
average load too small, and therefore makes the com- 
puted cost of marketing farm. products too great. (3) 
The price per day of team and driver was taken as the 
„usual cost of hiring a team and driver,’’ regardless 
of the fact that hauling is a secondary employment to 
farmers and that the conditions of service, cost of feed 
and driver, loss of time by bad weather, etc., are very 
different for the farmer and the professional teamster. 
The farmer claims that the assumed price per day for 
team and driver is much too great. 

The above total, $84,684,000, is probably at least twice 
too large. However, even this sum is only $15 each for 
the 5,740,000 farmers of the United States, and there- 
fore the nlleged cost of bad roads in marketing the 
crops is not likely to bankrupt the farmer. Of course, 
only part of this sum would be saved if the farmer had 
permanently hard roads upon which to haul; and con- 
sequently only a fractional part of this sum is available 
for hard-road construction, if only the economics of the 
problem is considered. Good roads are of an advantage 
to any rural community, but they must be defended 
chiefly for other than economic reasons. 

3. The third article referred to is a speech by a 
United States Senator in the Senate in 1904, which was 
circulated as a public document. The Senator also trav- 
eled about over the country, apparently making the same 
speech. The speaker heard it twice in one day in the 
same room. The Senator said that an Illinois farmer 
owning 100 acres can get permanently hard roads for a 
tax of $20 per year for 5 years, provided the State or 
National Government will pay an equal amount; and 
then he will have three ways in which he can make 
100% on his investment. The speaker will examine this 
statement briefly. 

Under the most favorable assumptions, the above tax 
amounts to $1,280 per mile. What kind of a permanently 
hard road can be built anywhere for that sum? What 
kind of a road can be built for this sum in the Illinois 


corn belt, where the Senator was speaking and where 


gravel or broken stone must be hauled about 100 miles? 
The Senator's first method of making 100% on the road 
tax is as follows: l 
The farmer would get at least 52 days’ labor, when 
not engaged in his crop, with his team at $2.50 per day 


which would amount to $130, of which half, or $65, would 
be clear profit. 


In the first place, the tax is $100, but the Senator 
only claims $65 profit when he promised $100! In the 
second place, as the farmer and the Government together 
only pay $200, can 65% of it be safely spent for hauling 
material? 

The Senator's second way of paying the road tax was 
by the reduced cost of hauling produce to market. In 
computing the cost on earth roads he virtually counted 
the cost of team and driver at $3.75 per day, even though 
he had just said that at $2.50 per day half was clear 
profit! He also counted the produce per acre more than 
four times that given by the U. S. Census. Granting 
his estimates and assumptions, he showed a profit under 
this head. 

The Senator’s third way of paying the road tax was 
by the increase in the value of the land. All hard-road 
advocates count both the reduced cost of transportation 
and the increase in the value of the land, regardless of 
the fact that the second is the result of the first, and 
also regardless of the further fact that hard roads add 
nothing to the productivity of the soil. 

THE AGITATION A FAILURE.—Attention has been 
called to some of the absurdities of three of the most 
prominent pieces of good-road literature known to the 
speaker; and, if it were desirable, he could present others 
which are equally startling, although not of as good 

e. When some callow bicyclist writes on road 
reform for his local paper, or some automobile agent 
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writes on roads for a trade journal, or a carriage dealer 
makes a speech at an annual convention, the statements 
of the three articles referred to are accepted because of 
their authorship, and the changes are rung upon their 
statements without any question as to their truthfulness. 
Accepting the above statistics and estimates as true, the 
conclusion is drawn that the farmer is a fool not to act 
thereon, and consequently such productions not infre- 
quently bristle with opprobrious terms applied to the 
farmer. Is it any wonder that the farmer has not been 
influenced, at least favorably, by such literature? 

Many of the advocates of hard-road construction have 
not had an adequate comprehension of the facts and 
figures they have presented, and have greatly under- 
rated the understanding of the farmers they wished to 
convert. The men who make public opinion in any rural 
community know that, while good roads may have 
greatly enhanced the value of real estate in the bedroom 
of some great city, such conditions cannot be wide- 
spread. The representative farmer understands the dif- 
ference between the conditions under which he labors 
and those of the huckster near a large city. Even though 
hard roads may enable a farmer now and then to rush 
to town with a dozen of eggs, or a bushel of potatoes, 
or perhaps a load of hay, and obtain a fabulous price 
therefor, he knows that these conditions are exceptional; 
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and also that, if any considerable number of hard roads 
are built, producers must accept the general level of 
prices. The Illinois farmer understands the difference 
between his State and Indiana in the matter of proxim- 
ity of road-building material; and he also understands 
the difference between the rich, sticky soil of his own 
State and that of Massachusetts, and believes that the 
experience in the Bay State is not a trustworthy guide 
for him. It may add spice to the article to embellish it 
with pictures showing wagons literally half buried in 
mud; but any man with sense knows that these condi- 
tions are not representative. 

Within the past few years the agitation for hard 
roads has nearly ceased in the Prairie States, and, co- 
incident with such subsidence, increased attention has 
been given to earth roads. When the hard-road agita- 
tion was actively going on, there was little or no de- 
mand in the farmers’ institutes (meetings of the farmers 
to discuss agricultural topics) for articles or discussions 
on road topics; but recently there has been a large de- 
mand for information concerning the care of earth roads. 
This is very fortunate, for almost, if not absolutely, 
universally in this country the administration of road 
affairs is in the hands of small local official boards, 
which from the nature of our form of government are 
likely to change frequently. This condition imposes a 
well-nigh insurmountable limitation upon any compre- 
hensive and continuous system of road improvement, 
unless the general public firmly believe in the value of 
the proposed system. Therefore it is highly important 
that correct information concerning road economics, road 
administration, and road construction should be widely 
disseminated. Unless a community is willing and able to 
maintain the earth roads in a reasonably good condition, 
it is useless to expect that it will be willing or able to 
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support a high-class wagon road; and therefore the dis- 
semination of correct information concerning the con- 
struction and care of earth roads is politically, economi- 
cally, and physically the first step toward a better form of 
construction. 


— I 6H—ô A —— . — - 


THE GLOCKER-WHITE TURBINE GOVERNOR.* 
By W. M. Whitet and L. F. Moody.t 


The close regulation of large water turbines is made 
difficult by the water-hammer action due to the inertia 
of the water in the penstock. The comparatively sud- 
den action of the ordinary centrifugal governor would 
produce too rapid changes in the position of the tur- 
bine gates, with harmful results proportionate to the 
head and volume of flow. 

To bring about a sensitive and yet gradual governing 
action, a governor with hollow balls containing a shift- 
ing charge of mercury has been applied to four 
13,000-HP. and two 500-HP. water turbines built by the 
I. P. Morris Co., Philadelphia, for the Electrical Devel- 
opment Co., of Ontario, Canada. The turbines are ver- 
tical with double runners discharging into a single draft- 
tube and are controlled by cylinder gates. These gates, 
weighing with the levers and rods which operate them 
some 15,000 lbs., must be handled by the governor. 

A single-acting piston driven by oil at a pressure of 
250 lbs. per sq. in. is employed to raise the gates, and 
the downward or closing movement is effected by the 
weight of the gates themselves and controlled by the 
escape of the contained oil from the cylinder. This 
cylinder is so large, on account of the great weight of 
the gates which it operates, that its valve is too heavy 
to be moved directly by the governor balls. A supple- 
mentary piston is therefore employed to control the 
valve of the main cylinder, and the valve of this supple- 
mentary or relay cylinder is in turn controlled directly 
by the governor balls. . 

The revolving element is shown in the figure The 
governor arms, or balls,“ moving in or out from the 
shaft transmit their motion to a sleeve which revolves 
upon it. A collar at the upper end of the revolving 
sleeve is provided with two pins which act upon 
the system of levers controlling the valve of the relay 
cylinder. š 

The most novel feature of the governor is the hollow 
and peculiar shape of the arms. Each arm contains an 
upper and a lower mercury chamber connected by a 
small vertical passage. This passage is intercepted by 
an adjustable plug having a small hole drilled through . 
it at the point where it crosses the passage to allow the 
transference of mercury from one chamber to the other. 
The charge of mercury is placed in the lower chamber 
with the governor at rest. At the normal speed of 
500 r. p. m. the centrifugal action is sufficient to 
cause the mercury to rise in the passage and divide 
itself between the two chambers. An air passage is 
provided in the arms on the side toward the shaft to 
permit a free flow. If now, for any reason, the speed 
tends to increase, more mercury will flow to the upper 
chamber at a rate determined by the size and position 
of the opening in the plug. If the speed decreases, the 
mercury will be partially or wholly transferred to the 
lower chamber. ig 

The governor is so proportioned that if the passage 
were closed with the mercury in the normal speed posi- 
tion its action would be sluggish, permitting a variation 
in the speed of 100 r. p. m. from full load to no load. 
With the passage open, however, when the load is sud- 
denly decreased and the speed tends to rise, the upward 
and outward movement of the mercury gradually in- 
creases the moment of inertia of the governor arms so 
that less speed is required to balance the spring. . The 
quickness of recovery from any fluctuation of speed is 
controlled by the size and adjustment of the opening 
through the plug and by the shape of the mercury cham- 
bers. The shape shown was not worked out mathemati- 
cally but is the result of several preliminary experi- 
ments. This governor is a special design not intended 
as a competitor of the many excellent commercial gov- 
ernors and has proved very successful. 


— — — OO — — 


A CORE WALL OF STEEL SHEET PILING has been 
used in a new embankment built on the marshy ground 
of the Gulf Coast to protect Fort St. Philip, La., from 
the flood water of the gulf. The length of the levee 
or embankment is 4,400 ft. The steel piles are of the 
United States interlocking type, and the specifications of 
the government engineers required them to be coated with 
an asphalt composition. This composition was thor- 
oughly dry when the piles were driven. To ensure 
watertightness of the interlocked joints of the piles, 
these joints were filled with cement grout. The piles 
are 19 ft. long, and project 5 ft. above the top of the 
levee. This portion of the piling is enclosed in a concrete 


_wall, 6 ft. high and 12 ins. thick, reinforced with steel 


rods. 


*Condensed and rearranged from an article in Power 
ahr e 
e ngineer, Hydraulic D ent, I. P. Mo 
Co., Philadelphia. Assistant to Mr. White. Hony 
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SOME SPECIAL DESIGNS OF RAILS AND TIE-PLATES. 


The track construction of every important rall- 
way presents individual features and details, in 
spite of the fact that the type of track is uni- 
versal, as pointed out in our issue of Aug. 20, 
1908. We present herewith some special features 
in standard rail and tie-plate designs, illustra- 
tive of varying ideas in design. 


RAILS.—The form of rail section recommended 
Some years ago by the American Society of Civil 
Engineers has come into very extensive use, 
and has rendered obsolete a great number of 


Weight 52.2 Ibs. 


1. 


Western Pacific Ry. 


FIG. 1. 


sections formerly used by individual railways. 
There are, however, some important railways 
which have not adopted this type of rall. Thus 
the New York Central Lines and the Union 
Pacific and Southern Pacific systems use rails 
of the Dudley type; and the Pennsylvania R. R., 
the Gould system of railways, and some other 
lines, have special sections of their own. Two 
of these special sections, each weighing 85 Ibs. 
per yd., are shown in Fig. 1. The dimensions 
are given in the accompanying table. 

The first section (at the left) is the standard 
85-Ib. rail of the Western Pacific Ry., the im- 
portant new line now being built from Salt Lake 
City to San Francisco in the interest of the 
Gould system. Its special features are the 
rounded and flaring sides of the head, the ver- 
tical sides of the web, and the sharp bottom 
corners of the base. The rails are spliced with 
25-in. angle-bars weighing 52.2 lbs. per yd., and 
having four holes 6 ins. c. to c The alternate 
holes are 15/16-in. diameter and 1 x 1% ins., this 
arrangement being used with bolts placed with 
head and nut alternately on each side of the 
rail. The holes in the rails are 14%-in. diam- 
eter. The area of cross-section is 8.349 sq, ins., 
distributed as follows: head, 3.814; web, 1.506; 
base, 3.029 sq. ins. Mr. Virgil G. Bogue is Chief 
HE eer of this road. 


DIMENSIONS OF fiery El RAIL SECTIONS. 
West Great Am. Soc. 
Pacific R Ry. Northern Ry. C. B. 


Height, ins. ........... 5 5 5/16 
Width “ot base, Ins Bit 5 59/16 
Width of head at top. ins. .... Ay 20/16 
vo of head at bottom, 
FF 2% 2 29/16 

side of head, slope, deg. 4 5 
Reich of head, Ins 1 1% 1%. 
Height of web, ins ; 2 
Depta of base, ins...... / es 
Thickness of web, ins 18 21/33 9 
Height to c. of bolt hole, i 

ins 9 596⁵9õ9p7⁵⁸ 66 „ „„ 23/16 21 Jog eevee 
Radius, top of head, ins. 10 12 12 
Radius, top corners of 

head, IS. Lö the 96 8/10 
Radius, bottom corners 

of head, ins % 3% 1/16 
Radius, fillets of web, 

ins. 6955555 Oe ee „„ „„„6„ 36 * 4 
Radius, corners of base, 

ins. (toopůͥh w 1/16 5 Whe 
Radius, sides of web, ins. Vert. 12 12 
Bdge of base Round Vert. 
Fi angles, degs.... 18 14 18 
M ; head, p. Ot... 45. 42 435 42 
Metal in web, p. ct.... 180 22 21 
Metal in base, p. ot... . 88,3 B 87 


ele aie oe 54° E eoclisiog Se nas 


The second section (at the right) is the stand- 
ard 85-lb. rail of the Great Northern Ry., and is 
the development of a 77%-lb.- rail which was 
used previously. The special peculiarity is in 
the head, which has a wider flare for the sides 
and a greater radius for the top corners than 
even the rail shown in Fig. 1. The joints are 
spliced with angle bars having four bolts spaced 
ö ins. c. to c. For these particulars we are in- 
debted to Mr. A. H. Hogeland, Chief Engineer. 

STEEL TIE-PLATES.—The use of steel tie- 
plates to protect wooden ties from wear is now 
a general feature in railway track construction. 


C. Iine of 


Great Northern Ry. 


STANDARD 85-LB. RAILS OF THE WESTERN PACIFIC RY. AND THE GREAT NORTHERN RY. 


These plates are of various designs but may 
be classed as follows: (1) flat top; (2) rib on top 
to hold the rail base; (3) flat bottom; (4) flanges 
or lugs on the bottom, to be driven into the tie. 
As to the top arrangement, there is a tendency 
towards the use of the rib or shoulder, which 
relieves the neck of the spike from some of the 
pressure due to the lateral thrust on the rail. 
In fact all the plates shown in Fig. 2 have this 
arrangement. As to the bottom, the use of 
flanges and lugs is very general, but some im- 
portant railways are using either a flat bottom 


Additional Hole in :--> 
Plate for Rail Joint... 


8 5? e 


New York, New Haven & Hartiora Ry. 


` Bolt . “isu 


> B e ETEY -5 " cea, hy a 


or flanges so small as simply to bite the surface 
of the tie sufficiently to prevent slipping. 

The tie-plate of the Kansas City Southern Ry. 
(Mr. A. F. Rust, Chief Engineer) is peculiar in 
having its bottom flanges thickened on the lower 
edge so as to present a bulb or barbed form in 
Section. The purpose of this is to get a positive 
hold in the wood of the tie, due to the fibers 
pressing back so as to lie against the thinner 
part of the flange after being displaced by the 
larger part. This is known as the “fish-hook” 
plate. 

The standard tie-plate of the New York, New 

Haven & Hartford Ry., has a top shoulder 
and bottom flanges. The size ts 8 x 5 
ins. for 80-Ib. rails, and 9 x 5 ins. for 100- 

All the plates have four spike 


232 “rails 
| A A holes, and the plates used at the rail 


joints have an additional hole for the 
spike in the angle bar. Mr. Edward Gagel 
is Chief Engineer. 


The standard tie-plate of the Central 
R. R. of New Jersey (Mr. J. O. Osgood, 
Chief Engineer), is of the flat-bottom 
: type, with a shoulder on the upper side to 
receive the edge of the rail base. There 
is a recess in the bottom, in order to re- 
: duce the weight. A somewhat similar 
plate used on other railways has two re- 
cessed channels in the top, partly to re- 
duce the weight and partly to allow the 
escape of sand and dirt which may work 
under the rail. It will be noted that this 
plate has a slot for a spike which is in- 
dependent of the rail spikes. The object 
of this is to hold the plate in position and 

so prevent the chattering which often oc- 
> curs with flat plates when the rail spikes 
are loose. The use of screw spikes would 
obviate this difficulty, in addition to mak- 
ing the track more secure. 

The new standard tie-plate of the Chicago, 
Rock Island & Pacific Ry. has been designed in 
connection with the recent standardization of 
details in track, bridge and other work. This 
has been carried on under the direction of Mr. 
J. B. Berry, Chief Engineer. The plate is a 
compromise between types 3 and 4 (mentioned 
above). While it has flanges on the bottom, 
these are so small (in. deep) that they serve 
to prevent slipping rather than to attach the 
plate to the tie. On the other hand, the plate 
is %-in thick throughout. 


Shoulder 


Chicago, Rock Island & Pacific Ry. 
. FIG. 2. FOUR TYPES OF. METAL -TIE-PLATES IN USE ON DIFFERENT RAILWAYS, 
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The extraordinary number of railway collisions 
during the first ten days of this month in which 
work trains have been concerned calls attention 
to the need of improvement in the methods of 
controlling their movements. So far, the fatali- 
ties resulting from these accidents have been 
confined to railway employees, and as long as 
this continues to be the case, the average pass- 
enger is apt to remain indifferent. From the 
reports, however, the fortunate exemption of 
passenger trains from participation in these 
wrecks appears to be the result of chance. 
Neither are these collisions confined to roads 
notorious for poor management. In every in- 
stance reported, they are the result of general 
carelessness or disregard of orders on the part 
of the work train crew. Such trains, operated 
by irresponsible employees, careless of their own 
safety. constitute a menace to the security of 
the whole system of transportation. 
oo — 


The underpinning of tunnels in soft material, 

in order to provide additional support and to 
Prevent settlement or disturbance, is required 
only in very rare cases, but when it is required 
it calls for very special methods of treatment 
end is performed under difficulties. Such work 
has been carried out at New York for one of the 
East River tunnels of the rapid-transit railways, 
and is provided for in the Hudson River tun- 
nels of the Pennsylvania R. R. In both these 
cases, the tunnels are pairs of single-track iron- 
lined tubes, and the underpinning consists of 
piles which are either attached to the tunnel 
shell (as planned for the Hudson River tunnels) 
or carry transverse cradles (as at the East 
River tunnels). 

A remarkable piece of work of this kind has 
been carried out in Paris, and differs essentially 
from either of the cases noted above. In 
this case the structure to be underpinned was 
a double-track masonry subway along one bank 
af the river Seine, forming the terminal sec- 
tian of an important railway. One of the 
‘unnels of the underground rapid-transit rail- 
way system will pass beneath this subway and 
lhe river, and as the material here is a deep bed 


Some support for 


of water-bearing sand, the liability of movement 
of that material ang possible settlement of the 
subway had to be considered seriously. The rail- 
way company deemed it advisable to provide 
its subway structure before 
the tunneling operations were commenced. 

The use of piling was impracticable, of course. 
The plan adopted was to sink piers under the 
line of the walls of the subway, carrying them 
down to a firm foundation below the level of the 
new tunnel. Upon these are longitudinal girders 
which support the wal's. Between the girders 
are transverse floor beams, embedded in a con- 
crete floor or invert. The detai’s of this interest- 
ing work, and the methods of carrying it out in 
the face of very heavy traffic, are described 
elsewhere. 

In some respects this very novel work resem- 
bles the “subaqueous viaduct’ construction 
which has been proposed as an alternative for 
tunnels in cases where the depth is too great or 
the material too soft and unstable for tunnel- 
ing. These structures are designed to have 
tubular spans lying in water or soft mud and 
supported by piers sunk to firm foundations. 
Different designs for such construction have 
been described in our columns. One structure 
of this kind was actually commenced (at Lon- 
don) several years ago, but this was never fin- 
ished. It may be noted that the tube sections 
of the Detroit River tunnel form submerged 
spans of 262% ft. when first sunk in place, as 
they are supported only by grillage foundations 
at the ends. When in position, however, concrete 
is filed in beneath them. We believe that the 
work at Paris is the first case in which a tun- 
nel has been supported on girders bridging be- 
twecn foundation piers sunk to a more stable 
fcundation than that afforded by the material in 
which the tunnel itself is situated. The girders 
are designed, of course, to carry the entire load 
of the tunnel in the event of the material in 
which it lies settling away from beneath it. 

— . — 


The recent convention of the still young Il- 
luminating Engineering Society, reported else- 
where in this issue, brings into prominence sev- 
eral desirable tendencies in the development of 
modern artificial-lighting methods. The remark- 
able growth of this society and the interest shown 
by its members in each other’s work are signs of 


a coming prevalence of more artistic and more 


hygienic lighting. 

There seems to be, first of all, a general ac- 
knowledgment of the responsibility of architects 
and of gas and electrical engineers for the preva- 
lent deterioration of eyesight and a general agre- 
ment that it is their duty to prevent such trou- 
bles. This is noticeable at present in a marked 
tendency to frown down the use of glaring lamps 
outdoors as well as indoors. The widespread de- 
mand for a better diffusion of light, by shading 
and frosting lamps is now extending to outdoor 
lighting. Closer study seems to be given to the 
efficiency of light production and distribution in 
order that more and softer light can be produced 
at the present cost of running less effective ar- 
rangements. 

While it is evident that the manufacturers of 
the newer gas-lighting apparatus are seeking in 
the development of their lamps for a more and 
more efficient production of light, it is neverthe- 
less noticeable that no such attention is widely 
given to the wisest adaptation and arrangement 
of the gas apparatus. The notable studies in ar- 
tistic and effective jllumination are being made 
with electric systems instead of gas. Securing 
uniform local and general illumination by special 
shades and studied arrangements of lamps is 
much more easy with electric lamps than with 
gas. Not nearly as careful studies are made for 
the design of illumination with gas as with elec- 
tricity. 

The blame for this backwardness should be 
placed not en the manufacturers of gas lamps, 
but rather on those gas-distributing interests 
which would prefer to have gas used instead of 
electricity or on those who have to specify the 
number and type of gas burners to be employed 
in everyday installations. The results of illumi- 
nation studies mide with electric installations 


are generally applicable to gas lighting and can 
profitably be so employed. Gas lighting forms 
such a large proportion of the total artificial 
lighting, both in this country and abroad that 
material improvement in the artistic and hygienic 
value of our average lighting will be attained 
only with more careful attention to commercial 
and everyday installations of gas lamps. As a 
good example of what can be done with gas 
lighting, one needs to note the improvement in 
railway-car lighting by what is popularly called 
“Pintsch gas.” The esthetic qualities of the latest 
lamps, the softness of the light and its efficient 
production, the real comfort arranged for the 
passengers are most commendable in comparison 
to the characteristics of the early open-flame 
burners and are greatly in contrast with some 
modern stationary installations. 
— . —— 


A novel system of breakwater construction is 
being used in the harbor improvements at 
Algoma, Wis., and is described elsewhere by the 
engineer in charge, who is also the inventor. 
The system consists essentially in the use of 
large boxes or caissons of reinforced concrete, 
forming sections of the breakwater. These are 
built on shore, launched like vessels, towed into 
pace, sunk by means of water ballast, per- 
manently filled with stone, and finally covered 
with a concrete deck or superstructure. This 
System of construction for breakwaters, piers 
and similar structures is the Invention of Major 
W. V. Judson, Corps of Engineers, U. S. Army, 
and a patent was granted to him on March 19, 
1901. Since that date, similar methods have 
been used in Canada and to some extent abroad. 
The use of such caissons for the dock walls at 
Roiterdam was described in our issue of Jan. 
17, 1907. The purpose in this case was to re- 
duce the amount of mass concrete required in 
the monolithic blocks frequently employed for 
work of this kind, and to reduce the difficulties 
of handling and setting these enormous con- 
crete blocks. The caissons were easily placed, 
and the necessary weight for stability was given 
by a filling of stone, sand, gravel or second-class 
concrete at small cost. The first application of 
the system in this country, however, has been 
during the present year on the work at Algoma. 
We are informed that Major Judson receives no 
royalty from the United States, having patented 
his system largely to protect the interests of the 
government. It will be seen that the system 
represents a decided departure from ordinary 
methods, and that it is applicable to various 
kinds of work. 

— — — 


A PLAN FOR SUBWAY FREIGHT DISTRIBUTION IN 
NEW YORK CITY. 


For more than a decade the problem of freight 
handling on Manhattan Island by more economi- 
cal methods than those now in use has been a 
subject of active discussion by the engineering 
profession. Several times the proposal has been 
made to build an elevated belt line around the 
city, so that railway cars could be brought di- 
rectly to the piers on the water front. Opposi- 
tion to the placing of further elevated structures 
in the city streets, combined with large uncer- 
tainty as to the real economy which such a sys- 
tem would effect, has prevented all these schemes 
from advancing further than the paper stage. 

The subject is now brought before the profes- 
sion again by a report made to the Public Ser- 
vice Commission by Mr. Wm. J. Wilgus, M. Am. 
Soc. C. E. Mr. Wilgus's notable achievements 
in connection with the New York Central lines, 
while he held the office of Vice-President and 
particularly in connection with the electrification 
of the terminal lines at New York, give him 
such high standing that his proffered solution of 
a great engineering problem deserves careful at- 
tention and cannot fail to be of interest to the 
profession generally. 

Our leading article in this issue describes the 
main features of Mr. Wilgus’s plan. Its boldest 
feature, without doubt, is the proposal to trans- 
fer all freight to small cars at great classifica- 
tion and transhipping yards and stations, one lo- 
cated on the Hackensack Meadows in New Jer- 
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sey and the other at the 60th St. terminal of the 
New Vork Central. 

The idea of handling all the freight for a great 
city like New York in small cars is an entire 
novelty. The nearest precedent is the Chicago 
subway tunnel system; but this was designed to 
handle and does handle only a small proportion 
of the freight entering the city and is greatly 
handicapped by its very small size and by its 
depth below the surface. Mr. Wilgus proposes 
cars of about 10-tons capacity running on stand- 
ard gage tracks and with a height and width 
of only 6 ft. 

So accustomed have we become to the idea that 
breaking bulk must be avoided at all hazards 
for economical freight handling that Mr. Wil- 
gus’s plan may seem to a superficial observer to 
be handicapped at the start. It is true, of course, 
that the cost of transfer from the standard 
freight car to the special cars, averaging per- 
haps 25 cts. per ton, is an expense at the outset; 
but let us see what is gained by the use of the 
small car. 

Mr. Wilgus’s idea, we judge, is that the small 
size subway which the small car makes possible 
will make financially practicable what is cer- 
tainly impracticable if full size railway tunnels 
were attempted. 

It is or ought to be fairly clear that no scheme 
for bringing full size freight cars down the North 
River water front, on tracks either elevated or 
underground, can hope for success. The ele- 
vated system will not be acceptable to the pub- 
lic. The underground system would be pro- 
hibited by its expense and would involve most 
serious if not insurmountable difficulties in con- 
struction and operation. 

Mr. Wilgus’s proposed tunnels are to be only 
8 ft. 6 ins. in height and width. The difficulties 
and the cost of building such small subways. 
compared with building subways of say 12 x 16 
ft., required to pass standard freight cars, will 
be reduced in even greater proportion than the 
relative size would indicate. 

We may take space to note only one or two rea- 
sons for this: First, the surface of West St. (the 
marginal street in front of the North River 
piers) Is very little elevated above tidewater. The 
earth beneath it is a saturated sand and made 
ground material. Excavations In it to any con- 
siderable depth will be difficult to maintain and 
to keep dry. Subways built in it must all be 
waterproofed and any seepage must be taken 
care of by pumping. Further, all the sewers on 
the west side of the city cross this street, and a 
deep subway would cut them off while a shallow 
subway might be run between their tops and the 
street surface. The making of even an 8 ft. 6 in. 
subway will involve difficulties enough, but a 
subway for standard-gage freight cars on West 
st. would be wholly impracticable. 

We may note In this connection that there are 
occasions when phenomenally high tides and 
heavy rainfall actually place parts of West. St. 
under water. To keep out the wet from the 
complicated system of tunnels which Mr. Wilgus 
Proposes will be about as difficult a piece of 
waterproofing work as has been attempted in a 
long time. 

Resides these structural reasons there are oper- 
ating reasons which have governed Mr. Wilgus, 
we judge, in his adoption of the small size cur 
and subway. He Knows from his railway experi- 
ence that switches and sidings are as necessary 
to a railway's operation as the main tracks them- 
selves. l 

A number of years ago a commission of three 
distinguished engineers, among them the late 
Geo. S. Morison, deliberated on the problem un- 
der discussion and evolved a recommendation for 
a four-track freight railway on West St., with 
branches to every pier. It wás promptly pointed 
out by railway engineers that this proposed line 
would be so blockaded by switching movements 
as to cut down its capacity far below the point 
at which it could pay a profit on its cast. 

Study of Mr. Wilgus's scheme shows that he 
has had in mind the necessity of keeping his 
main tracks clear. His subways are so small 
that he finds room for four tracks side by side 
with inclipe tracks between leading to the lateral 


spurs to piers and warehouses in the side streets. 
These inclines make possible, the passage from 
one track to a spur on the opposite side without 
the use of grade crossings and consequent block- 
ing of train movements. It should be noted that 
the use of small special cars makes sharp curves 
possible so that a much more compact and com- 
plete system of connections is possible than could 
be made with standard-gage tracks and cars. 

For the operation of his system he plans to 
have continuous movement, in one direction only, 
on all tracks. Reverse movements are absolutely 
prohibited. Only by this means could the system 
be worked at all. Its capacity and efficiency de- 
pends on Keeping the tracks clear for continuous 
movement from the transfer house at one end to 
the warehouse and piers at the other. 

The only doubtful questions about this notable 
scheme relate, it seems to us, to this point. Can 
the flow of traffic be made continuous enough 
and uniform enough day by day and hour by 
hour, so that the desired capacity may be at- 
tained and congestion and consequent blockading 
be avoided? The problem is so novel a one and 
precedents are so entirely lacking that it seems 
difficult to give a positive answer. 

The test of every transportation system comes 
when it Is called upon to handle the ‘‘rush-hour’” 
traffic. It is the fact that business alternates 
between feasts and famines that prevents most 
railways from paying fat dividends. 

The test of Mr. Wilgus’s system will be in 
handling the rush of traffic when a fleet of ocean 
steamships comes into port at once and their 
cargo must be promptly transferred; or when 
a snow blockade in winter is broken and a long 
series of delayed trains pours in with lading to 
be transferred to a city whose supplies are run- 
ning low. At such seasons at least, the success 
or failure of the enterprise will depend on how 
many tons per hour and per day can be passed 
over the system, and this will depend, more than 
anything else, on reduction of the interval be- 
tween trains. Long trains will not be possible 
with this system for obvious reasons. An aver- 
age net train load of to 75 tons will be a 
creditable performance. From the main transfer 
yard outward, it will be comparatively easy to 
dispatch trains in a continuous procession with 
intervals of not more than two or three minutes. 
For the movement in the reverse direction, how- 
ever, trains must be started from forty or a 
hundred different points and it will be a difficult 
problem of organization so to harmonize the 
movements from all these points that conflicts 
and delays and consequent reduction of traffic 
capacity shall not occur. 

We point out these things to show how abso- 
lutely the success of the system in operation will 
hinge on the method adopted to harmonize move- 
ments on all the different parts. We may point 
out also that the actual undertaking of the enter- 
prise will be dependent on the harmonious coop- 
eration of the city authorities, the railway and 
steamship corporations and particularly of the 
merchants and shippers on whose premises these 
proposed freight subways would terminate. The 
task of securing the approval of these last-named 
parties would probably prove more difficult than 
all the rest of the enterprise; vet so far as we 
can see, that approval is essential since if the 
system were carried out on any piecemeal scale, 
a large part of the economies sought would not 
be obtained. 

In any event Mr. Wilgus deserves great credit 
for his bold and original solution of a problem 
that presses hard upon New York City. and for 
which, so far as the New York Central lines are 
concerned at least, a radical change from exist- 
ing conditions is absolutely necessary. 

— —— eee 


MORE CONCERNING ENGLISH HIGHWAYS. 
{Editorial Correspondence. ] 


In a previous letter I referred to the contrast 
between the surface of the macadamized roads of 
England and those of the United States. There 
are some other contracts between the highway 
Systems of the two countries that are particu- 
larly worth study by American engineers. at this 
time when the movement for improved highways 


is taking definite shape throughout the United 
States. : 

One of these notable contrasts is in location. 
It is safe to say that most of our American high- 
ways were never really located“ in an engineer- 
ing sense. Like Topsy they “just growed.” Most 
of our roads still run where chance and circum- 
stance In the first settlement placed them. And 
this chance and circumstance not seldom left 
them to make needless ascents and descents, to 
cross stretches of sand and swamps that might 
have been avoided, to turn sharp corners where 
easy curves might have been made and to fol- 
low roundabout courses for no better reason than 
to avoid crossing farm boundaries. 

In England, too, it is doubtless true that 


many roads follow routes which were marked 
out by haphazard accident, no one knows 
how many hundred years ago; but Eng- 
land had an era of good roads building 


before the railway came to revolutionize trans- 
portation. We have to remember that the 
English highways were transformed to good 
roads when England had become a densely pop- 
ulated and wealthy country, and to this popula- 
tion these highways were (save for water routes) 
the only avenues for transportation. It was 
worth while, therefore, to cut down grades and 
ease curves for the highway traffic in England 
during the latter part of the 18th and the early 
part of the 19th century; and engineers were 
employed to do this work. There can be little 
doubt that it was experience in highway location 
as well as canal building that equipped the Eng- 
lish engineers to undertake railway construction 
after the elder Stephenson's successful demon- 
stration with the “Rocket.” 

And it is not only the fact that English roads 
have been located with easy grades and curves to 
Which I would direct attention. I believe I am 
not mistaken in saying that English roads have 
been—in large part at least—built as avenues to 
connect cities and towns and villages, while 
American roads—a large proportion of them— 
were primarily designed to reach every farmer's 
house. Underlying this is a striking contrast be- 


tween the social and political organizations and 


systems of land tenure of the two countries 
which is of more than engineering interest. 

In my own native State of Vermont, for exam- 
ple, each town is obliged to furnish a highway 
to the homestead of every resident. There have 
been cases, I believe, where towns have actually 
purchased remote mountain farms rather than 
incur the expense of building a road thereto. In 
the original settlement of most of our country 
the land was first occupied as farms. Villages 
and cities were a later growth. The first de- 
mand for roads, therefore, was to reach the scat- 
tered farmhouses, and the roads have thus been 
Originally located with little care for direct con- 
nection between the present centers of popula- 
tion, many of which indced did not then exist at 
all. 

Turn now to England and we find radically dif- 
ferent conditions. From very earliest times there 
has been a tendency for the farming population 
to huddle in villages and hamlets for mutual 
protection and defence. Even today rural Eng- 
land seems sparsely inhabited compared. with 
many fertile sections of New England and the 
Middle States. There is no such multiplicity of 
small farms and scattered farmhouses to be seen. 
The land is cut up into small fields indeed, but 
private farm roads suffice to reach these. Thus 
it comes about that while all or substantially all 
the public highways of England are macadam- 
ized roads, their mileage in proportion to area 
appears to be actually less than in the older set- 
tled States of America. 

In facing the task of building a good roads 
system in the United States therefore, and study- 
ing the experience of other countries, we should 
bear in mind that the English roads system, 
which has been so justly admired, does not at- 
tempt to reach every remote farmhouse, but is 
actually a system connecting centers of popula- 
tion, small centers many of them it is true, but 
nevertheless centers. 

Perhaps the most surprising thing to an Amer- 
ican who views for the first time the roads of 
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England is the money which has been lavished 
upon them. it seems to be the general rule for 
roads in England to be lined on both sides with 
stone walls, and by stone walls I do not mean a 
rough barrier of loosely piled field stone, such as 
one still sees occasionally in parts of New Eng- 
land. No, the stone walls which fence in Eng- 
lish roads are made with good flat stone laid up 
with mortar and as smooth and well built as the 
wall of a stone house. More often than not, it 
is finished with a substantial coping. These 
walls are higher than a man’s head as a rule and 
not seldom in a cut, they are built as retaining 
walls and with well trimmed hedges on top of 
them. Whether these walls are .built and main- 
tained by the road authorities or by the land 
owners whose property they front I am not in- 
formed, but they furnish an excellent illustration 
of the lavish manner in which money is spent on 
permanent improvements in the mother country. 
The rule seems to be if you build at all to build 
in the most substantial and enduring manner 
possible. The American rule of so building a 
structure as to make a dollar earn the most in- 
terest seems unknown. In highway bridge con- 
struction for example, the rule appears to be—a 
stone arch or nothing. Iron truss highway 
bridges over small streams, which are so uni- 
versal in the United States, are rarely seen in 
England. But there are many localities where a 
stone arch bridge cannot be built without much 
difficulty and expense. As a result one finds in 
England primitive ferries still in operation over 
streams hardly a stone’s throw across and I even 
found on one main highway in middle England a 
small brook crossed by fording. 

This, however, is by the way. The important 
fact, I think, for us to note, is that the English 
road system with its lavish use of masonry in 
bridges and walls and drains has been built with- 
out counting the cost to see whether it paid or 
not. 

Does it pay? Would the abutting farm land 
stand an annual tax equal to the interest on the 
cost of these roads and that of their annual main- 
tenance? I doubt whether the question has ever 
been asked or answered in England and it would 
be presumptuous in me to attempt to answer it 
categorically from my limited observation. My 
impression is, however, that so far as much of 
the farming lands are concerned, they could by 
no means stand the burden which such a tax 
would involve. 

Some of our American good roads advocates 
have been lavish with arguments to prove that 
the farmers could get rich quickly by borrowing 
money to build good roads. Such arguments rest 
on no very sound basis. British agriculture is 
well known to have suffered a severe decline dur- 
ing the past generation, as measured by the val- 
ues and rentals of agricultural lands and good 
roads have not saved it. This does not mean 
that good roads are of no benefit to the farmer. 
English or American, but that the benefit in re- 
duced cost of transporting farm products to 
market are not so great as to permit good road 
construction to be carried out in districts purely 
agricultural without careful inquiry as to the 
cost and the resultant benefits. 


We shall get at the root of the matter, I think, 
if we say that the costly road system of Eng- 
land is to be regarded not as an income-yielding 
investment but as a public heritage from a past 
generation. If we were to regard this road sys- 
tem solely from the engineering point of view of 
making the fewest dollars earn the most inter- 
est, then roads much cheaper in construction 
might have served the purpose for the volume of 
trafic that now uses the highways. 


But public improvements in European coun- 
tries are not made in this way. Whether one 
studies castles and cathedrals and palaces or 
roads and bridges and docks, one is continually 
impressed with the fact that he is viewing the 
results of the accumulated industry of many gen- 
erations of men, and of men who were building 
works to endure for centuries. In this indeed 
lies some part of the charm of these older civili- 
zations. We in America in the present day are 
coming to build in like manner. Just as we are 


adding to our stock of worthy public buildings, _ 


“churches, schools, museums and libraries, so we 


should add to our mileage of well located and 
well built public highways. 

There are, doubtless, locations where the indi- 
rect benefits frem good roads construction may 
represent a financial saving sufficient to warrant 
undertaking the work as an investment. It is 
far safer, however, to consider good roads con- 
struction in country districts apart from indirect 
financial returns. The question to ask is not 
“Will it pay?“ but “Can it be afforded?” 

It is important to note this difference because 
many well-intentioned good roads advocatcs in 
the United States contend that money should be 
borrowed through the issue of bonds on an enor- 
r-ous scale by the nation or states or smaller di- 
visions and the proceeds invested in good roads 
construction. But financial danger lies along 
that path. Our cities and towns are many of 
them close to the constitutional debt limit ulready 
because of necessary public improvements. It is 
as risky for a city or a state to borrow moncy to 
spend on luxuries as for an individual to do the 
same. The debt must be paid sooner or later, 
and until it is paid interest will be added annu- 


ally. A bond issue for good roads may indeed 
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give a sudden stimulus to the work of construc- 
tion; but in a period of years more money caa h2 
spent on roads and more miles of roads can be 
built by adopting the policy of pay as you go,” 
and raising the money by taxation as fast as it 
is required. 

Great Britain is a small country densely pop- 
ulated, but if she had still to pay interest on the 
cost of the highways built a century ago it would 
be a large addition to her present heavy burden 
of taxation. 

In the United States, with our enormous area, 
much of it still sparsely settled, the task of 
building a complete system of good roads is not 
one to be accomplished in a few years, but one 
that must extend over many decades. We shall 
finally attain a complete network of improved 
highways, equal to that of the mother country, 
if we keep steadily at the task as fast as our 
means permit. The desired end will be sooner 
reached than if we increase the burden of public 
debt and taxation by huge bond issues for this 
work. G: W- Bi 

London, Sept. 15, 1908, 


REINFORCED-CONCRETE CAISSONS FOR A BREAK- 
WATER AT ALGOMA, WIS. 
By W. V. JUDSON,* M. Am. Soc. C. E. 


At Algoma, Wis., on Lake Michigan, the United 
States Government is building a small outer 
harbor, and reinforced-concrete caissons are 
used in constructing 500 lin. ft. of breakwater, 
which constitutes that portion of the work most 
exposed to wave action. 7 

The caissons are built upon and launched from 
marine ways at Kewaunee harbor, Wis., 12 
miles from Algoma. The ways consisted of nine 
12 x 12-in. stringers, with an inclination of 1 
on 10. They were supported upon capped piles, 
terminated about 5 ft. below the water, and 
afforded space for the construction of three 
caissons before the first was launched. 

The design of the caissons is shown in Fig. 1. 
Each caisson is 25 ft. long, 12 ft. 4 ins. high 
and 15 ft. wide. The side and end walls are 
each 1 ft. thick. The bottom is 16 ins. thick, 
not including the planking (which will be men- 
tioned later), and the sing'e cross wall is 10 ins. 
thick. The reinforcement is of deformed steel 
bars, and is designed to afford resistance (with 
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FIG. 1. REINFORCED-CONCRETE CAISSONS . 
FOR BREAKWATER AT ALGOMA, WIS. 


Major W. V. Judson, U. S. A., Inventor. 


large factors of safety) to the water pressure 
inward, the pressure outward of the filling, the 
reactions of the foundation under assumed un- 
favorable conditions, wave action, etc. Each 
caisson weighs, in air, about 120 tons. 

Work upon the caissons was begun about June 
1, 1908. After the small force became well or- 
ganized it was found convenient to build them at 
the rate of two per week. Considering the space 
available on the ways, this permitted the elapse 
of ten days between the placing of the concrete 
in a caisson and the operation of launching. The 
forms, of course (except the bottoms), were re- 
movable; three sets in all were used for the 
20 caissons required. The bottoms of the forms 
consisted of 4-in. planks, which were fixed to 
the concrete above by spikes, and eventually 
constituted a portion of the caisson. 

After the forms were removed, the caissons 
were roughly waterproofed with a wash contain- 
ing cement, lye and alum. Before launching, a 
temporary wooden deck was placed on each 
caisson. No difficulties were experienced in, 
launching, the caissons starting by gravity and 
taking gentle plunges, momentarily submerging, 
and then floating with the tops nearly 3 ft. out 
of the water. The caissons were towed by a 
small fishing tug from Kewaunee to Algoma. 
Sometimes one caisson and sometimes two were 
taken at a trip, Lake Michigan at times being 
moderately rough. At Algoma, the caissons were 
parked temporarily, and the wooden decks were 
removed and returned to Kewaunee by the tug. 
Major. Corps of Engineers, U. S. Army; U. S. Engi- 


neer Office, Milwaukee, Wis. 
This caisson construction is the Invention of Major 


Judson, as .noted elsewhere.— Ed. 
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The foundation for each caisson at the Algoma 
breakwater consisted of 18 piles, 6 under each 
end and cross wall. These were cut off at 11 ft. 
5 ins. below the water surface. Upon the top 
of each pile was placed a cast-iron disk with a 
sort of waffle-iron pattern cast on both upper 
and lower surfaces. When a caisson was sunk, 
its weight caused the projections of the iron 
disk to embed themselves in the pile head be- 
low and into the plank bottom of the caisson 
above, thus introducing a desirab'e amount of 
friction and somewhat equalizing the bearings. 
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FIG. 2. 


When the foundation was prepared for sev- 
eral caissons, the latter were towed out, held in 
position by lines, and sunk by means of water 
Introduced through siphons. Riprap stone was 
then thrown in and brought up to a level 4 ft. 
below the top of the caissons; that is to say, to 
a level 3 ft. below the water surface outside the 
caissons. Any excess of water having been 
removed by means of a steam siphon, burlap 
was plated upon the riprap stone and the calis- 
sons were then filled even full with meager con- 
crete. A portion of this was left rough in order 
to form a bond with the superstructure. This 
latter was constructed in place, in monoliths 25 
ft. long and 4 ft. thick. Through the slab of 
concrete in the top of each compartment was 
left a manhole to provide for any future con- 
tingencies. This manhole was closed with a 
reinforced-concrete cover (Fig. 1). Finally the 
caissons were heavily riprapped on both the 
harbor and lake sides.* 

The caissons have all been finished and towed 
to Algoma. The reinforced-concrete breakwater 
is almost completed, together with about 928 lin. 
ft. of new pile and plank pier (stone filled). 

The work at Algoma included, besides the 
above, considerable dredging and the demolition 
of about 650 lin. ft. of old wooden pier. Work 
was begun in June, with United States plant 
and hired labor, and has been carried forward 
with remarkable speed. The cost will be con- 
siderably less than the lowest bid received after 
due advertisement, and somewhat less than the 
estimated cost. 

With regard to the novel portion of the work, 
the reinforced-concrete caissons, it may be re- 
marked that no unforeseen difficulties have 
arisen. 
with perfect smoothness; no caisson leaked ma- 
terially; and there was no trouble about the tow- 


*The illustrations of the work, Figs. 2 to 4, require 
little explanation. Fig. 2 shows three caissons on the 
launching ways. The middle one is complete: the one on 
tbe right has the reinforcement in place, and the outer 
covering of the form is partly built. Fig. 3 shows four 
caissons sunk in place, the stone filling of the first onr- 
being visible; in the third is the siphon pipe connected 
with the plant on the derrick boat. Fig. 4 shows the 
harbor side of a completed section. with the manholes (in 
the concrete covers) to give access to the caissons ani 
one of the blocks forming the superstructure on the lake 
side of the breakwater. The concrete for another of these 
blocks is being depoşited.— d, 


The launching of each caisson occurred 


ing. In fact, the work has gone forward more 
cheap'y and more quickly than was anticipated, 
and there were no exciting or unlucky incidents 


to chronicle. 
— — — — 


THE LAKES-TO-THE-GULF DEEP WATERWAY 
CONVENTION. 

The third annual convention of the Lakes-to- 
the-Gulf Deep Waterway Association was held 
in Chicago Oct. 7 to 9, with a large and enthu- 
Siastic attendance. The meetings were held at 
the Auditorium Theater. The opening address 
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THREE REINFORCED-CONCRETE CAISSONS ON THE LAUNCHING WAYS. 


ly the President. Mr. Wm. K. Kavanaugh, out- 
lired the purpose of the association and its re- 
lations to similar associations organized for 
river improvements, Atlantic coast waterways, 
ete. The decline of river navigation and traffic 
was shown, and the necessity of its revival was 
urged. The report of the Secretary, Mr. Wm. F. 
Saunders, recited the history of the association, 


which was organized in 1906 as a result of an 


was modified. The first convention was held at 
St. Louis in 1906, and the second at Memphis in 
1907. 

During the short life of the Association, Presi- 
dent Roosevelt has appointed an Inland Water- 
way Commission, the State of Illinois has for- 
mulated a project for connecting Lake Michigan 
with the Illinois River, and various other minor 
but important developments have occurred. The 
Board of Governors of the association have de- 
cided that $25,000 a year are required to carry 
on the work. During the year ending Oct. 1, 
1908, the association has received $12,000, and 
it has a cash balance on hand of $3,284. 

At the convention of 1907, an address was de- 
livered by President Roosevelt, and this was 
published in our issue of Oct. 10, 1907. At the 
recent convention addresses were made by the 
two presidential candidates, Mr. Wm. H. Taft 
and Mr. Wm. J. Bryan. We give herewith some 
extracts from these addresses. The extracts 
from Mr. Bryan's address are comparatively 
short, for the reason that he dealt mainly with 
generalitles and expressed his desire to carry 
out whatever the people might want. Mr. Taft, 
on the other hand, presented some very definite 
views and opinions, and he had evidently a 
clearer understanding of the problem. 

ADDRESS BY MR. TAFT. 

The question of the systematic {improvement of our in- 
land waterways is one which our government has all 
too long neglected. Until recently, appropriations for 
that purpose have not been made according to any es- 
tablished plan or system of policy, but rather according 
to the varying degrees of insistence of the representa- 
tives of the different districts or sections of our country, 
and without proper discrimination between the relative 
merits of projects. Nor have such appropriations always 
been made in such amounts and with such regularity 
as would insure economical prosecution of the work and 
with a view to its speedy completion. And so ít is that, 
after the first century of our existence, we find our in- 
land waterways, with a few notable exceptions, unpre- 
pared for the uses of transportation. 

But the consideration of their permanent and exten- 
sive improvement according to some general and compre- 
hensive plan, so as to mold them into a complete sys- 
tem of transportation, has now forccd itself upon us 
with surprising suddenncss. 

No other nation has been favored with so magnificent a 
system of navigable lakes and rivers, searching in their 
providential distribution every section of the great val- 
ley lying betwecn our east and west mountain ranges 


FIG. 3. CAISSONS SUNK 


announcement from Congress that there would 
he no River and Harbor Bill that year, as the 
money was needed for other purposes. So great 
was the public objection to this policy that it 


IN PLACE AND PARTLY FILLED WITH STONE. 


` and of the slopes from these to thelr respective coasts. 


If we improve these in accordance with a well-defined 
progressive policy we shall, in conjunction with our 
great railways and other forms of transportation, keep 
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apace with the industrial and commercial advancement 
of our country. 

I am not unmindful of the great expenditure of public 
money which the prosecution of such a policy will en- 
tail. The expense of carrying an article from the place 
where it is to the place where it is wanted must be 
added to its cost, whether it be in its raw or finished 
state. Therefore its cheaper carriage results in a sav- 
ing to that extent. As the cost of transportation by 


of these great enterprises and to drag them along from 
year to year and greatly to delay their ultimate com- 
pletion. 

A plan should not be adopted until fully confirmed by 
expert opinion and careful investigation, but when it iq 
adopted, when its utility is made certain, then it is 
neither economy to the government in the matter. of 
expenditure nor is it a benefit to the people to delay 
the furnishing as rapidly as it can be economically ex- 
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FIG. 4. HARBOR SIDE OF COMPLETED BREAKWATER. fo 


water is about one-sixth of that by rail, a great saving, 
apportioned between the producer and consumer, and 
hence among all our people, would follow. 

What has been the extent of this saving in cases 
where the government has brought its waterways to a 
state of approximate completion? The greatest water- 
way in the United States, and by far the greatest in- 
land waterway in the world, is composed of the Great 
Lakes. Up to the close of 1907 our government has ex- 
pended upon the harbors and connecting channels of 
these lakes $85,000,000. 

We have every justification for the improvement of 
our waterways upon a sensible and liberal basis. Other 
countries not so favorably situated in the location and 
extent of their waterways are far advanced in the solu- 
tion of these problems. Germany, France, Holland and 
Belgium have developed at enormous expense large sys- 
tems of internal waterways. And in Germany at least 
great extensions are yet contemplated. The producers 
of the United States have a longer haul to the seaboard 
than any other country competing for a foreign trade. 
We must overcome the disadvantage of the longer haul 
by the lesser freight rate, for which we must look to 
the waterways, navigable all the year round. 

Nor does such a policy of waterways improvement 
operate disadvantageously to the railways, even though 
it compels lower freight rates, inconsistent as this state- 
ment may seem. In the natural economy of transpor- 
tation, the bulky raw material, commanding the lower 
freight charges, falls to the waterway, while the man- 
ufactured goods of infinite variety seek the railway. 

Some canals and many locks and dams will be required 
for the control of the waters for navigation; those might 
and should be so constructed as to develop water power. 

Perhaps the greatest influence toward the framing of 
a broad, comprehensive and progressive policy of river 
and harbor improvements is being exerted by the Na- 
tional Rivers and Harbors Congress, of which body the 
Deep Waterway Association is a member. 

My own judgment is that every great improvement, 
like that of the lakes-to-the-gulf, like that of the Ohio 
River, ‘like that of the Missouri River, like the Atlantic 
seaboard inland waterways, should be treated by itself 
as one great enterprise, just as we have treated the 
Panama Canal, and that provision should be made, by 
bonds or otherwise, for the setting aside of a fund suffi- 
cient to complete it as rapidly as possible. 

To leave progress in this matter to the fitful and par- 
tisan consideration of appropriation committees in Con- 
gress, influenced by a desire to reduce the appearance 
of total expenditures each year as much as possible, is 
to impair the necessary financial support of every one 


enough. 


pended of the full amount of money needed to make 
the improvement a useful and completed thing. 

The Mississippi River, with its great tributaries, drains 
an empire vastly greater in all the resources of nature 
than those who accomplished the acquisition of that 
mighty stream and the territory beyond it ever dreamed 
of. The Ohio River, one of its largest affluents, itself a 
thousand miles in length, drains a territory as large as 
the German empire and will, when improved to its pro: 
posed depth of 9 ft., bring into connection with the 
Gulf of Mexico one of the greatest manufacturing dis- 
tricts of the country and a section rich in the varied 
products of man’s industry and ingenuity. The Mis- 
souri River flows through agricultural districts of unex- 
celled productiveness and all have their tributaries of 
greater or lesser usefulness and importance. 

The improvement of all these so as to make them 
serve the best purposes of navigation must be ultimately 


accomplished. The problems of their improvement are 
somewhat difficult, even intricate, though not insur- 
mountable. 


The achievement of these great ends cannot, however, 
be worked out through Congress without a radical depar- 
ture from the course of procedure heretofore employed. 
No projects should be approved without the most care- 
ful consideration as to their feasibility and usefulness. 
When the execution of an approved project has once 
been determined on it should be carried to completion as 
rapidly as possible, so that the people’s investment may 
be made to bring returns at earliest possible moment. 

During my term as Secretary of War I had occasion 
to appoint, under the provisions of an act of Congress, 
a board of engineers to examine and report upon the 
Ohio River improvements, both upon a 6-ft. and 9-ft. 
basis, and upon its feasibility and navigability. The 
board, after a thorough examirmtion, unqualifiedly re- 
ported that the improvement be made to a depth of 9 ft. 
One-fifth of the work had been done under previous 
reports and approvals, but the rate of progress was 
such that half a century would not see its completion. 

A policy which brooks such delay is wasteful, if noth- 
ing worse. Some steps toward a new departure in river 
and harbor appropriations are apparent in the Rivers 
and Harbors Bill passed by the 59th Congress, wherein 
provision is made for the completion of a much larger 
proportion of projects than in any previous measure, 

ADDRESS BY MR. BRYAN. 

They said at St. Louis that they wanted a waterway 
from the lakes to the gulf 14 ft. deep. That is not deep 
They are now talking about 22 ft. I think it 
ought to be 23 ft. You cannot give the people too good 
facilities for the transportation of their merchandise. 


‘that the people need. 


You tell me you want to improve the Mississippi. I 
will help you improve it just as far as you please and 
make the canals as wide as you please and as deep as 
you please. And when you get to improving the Missis- 
sippi I will start out all alone if necessary to improve 
every river that empties into the Mississippi. 

The railway cannot rival the water course in cheap- 
ness, and then there is another advantage that the water 
course has. When you finish a river sufficiently deep 
for commerce, or a canal upon which boats can float, 
vou make it possible for a man with small capital to act, 
while the railways make it possible for men with large 


‘capital to act. 


I am glad to encourage Illinois in the building of the 
canal which is proposed in this State. As all parties 
have indorsed it I will not be accused of partisanship in 
mentioning it. Let Illinois build it, and if in the build- 
ing of it she can get lighting power that will pay in- 
terest on the cost of it, so much the better for Illinois. 
Let every State do everything it can and will and let 
the United Stat s do everything else that the State does 
not do or cannot do, and let 80,000,000 people have the 
benefit of state and national activity in behalf of the 
cooperation of all. 

I believe that th plan should be commenced now. 
I believe that it should be a comprehensive plan, that 
it should deal with the entire subject and that it should 
be a permanent plan. That we should begin now to 
lay the foundation for the future greatness of this coun- 
try ia the development of these natural resources. Ask 


‘me how much ought to be spent, I repeat that when 


every dollar spent brings a large rate of interest, I 
would give the benefit of the doubt to expenditure 
rather than to non-expenditure. 

I believe in improving the waterways everywhere, no 
matter whether those waterways are the rivers that run 
down the mountain sides into the ocean on the ‘East and 
the West, or the waterways that converge in the Mis- 
sissippi Valley and carry their floods to the gulf. I 
believe that it is the duty of those charged with the 
business of government to develop these things upon 
which a nation’s prosperity depends. 

There is a difference between expenditure for the es- 
tablishment of a money-earning plant and an expendi- 
ture that brings no return to the people. If you es- 
tablish a water plant in a city, that water plant earns 
an income because it furnishes the people something 
And the city can afford to go into 
debt and establish something that will bring an income 
large enough to pay the interest on the debt and to 
retire the money borrowed when the debt was created. 


‘It is a business transaction that can be defended. 


You do not measure a nation by its debt; you measure 
it by the amount that its assets exceed its liabilities. A 
nation like ours with a large debt is infinitely richer 
than a small nation with no debt at all. 

I am not going to discuss how the money that is used 
in this development is to be raised. I regard that as 
a very secondary question. The first question is: Should 
the work be done? If the work should be done, and I 
believe it should, then you people who believe it should 
be done agree upon the best method by which to do it. 
Rut I repeat that you must not be frightened because 
it may require an investment. 

At St. Louis last fall they resolved that $500,000,000 
spent in improving the waterways of the Mississippi 
Valley would bring an interest in the way of decreased 
cost of transportation amounting to $180,000,000 a year. 
It that is true, it is usurious interest on the investment. 
But it is not interest collected from anybody, but inter- 
est saved. 


The only other addresses on the program were 
as follows: What Europe is Doing with Water- 
ways,” by Mr. John A. Ockerson, M. Am. Soc. 
C. E.; “Waterways and the Conservation Move- 
ment,” by Mr. Gifford Pinchot; and ‘‘The Future 
of Rail and: River Transportation,” by Mr. T. P. 
Shonts. A considerable amount of the time at 
the meetings was devoted to short speeches by 
various delegates. Two subjects that came up 
for consideration were the Illinois deep water- 
way and the Missouri River improvement. A 
local association last year started a steamboat 
line between Kansas City and St. Louis, and the 
results were so satisfactory that it has been de- 
cided to build boats of lighter draft and broader 
beam in order to extend the period of navigation. 
These boats will carry 1,000 tons of freight. The 
cost of securing a 12-ft. channel between these 
cities is estimated at $20,000,000; with $20,000,- 
000 more if it is extended to Sioux City, Ia. 

In Illinois, the people will vote in December 
upon a project for issuing $20,000,000 in bonds 
for a waterway extending from the Chicago 
Drainage Canal to the Illinois River. This would 
be 14 ft. deep, but the locks would be 24 ft. deep 
to provide for future ship traffic. These locks 
would be 80 x 800 ft. The Internal Improvement 
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Commission of IIlinois estimates the cost at $18,- 
260.000, including four water-power plants 
Which would be productive of revenue. 

The following is a summary of the official reso- 
lutions adopted: 


Easy and adequate transportation, effective between 
producer and consumer and for carrying the abundant 
product of the country to the sçcaboard for shipment 
abroad, is the first essential for the development of the 
commerce of the United States. The respoasibility for 
this development rests on the general government. 

It has been demonstrated during the past ten years 
that when busincss conditions in the United States are 
normal the transportation facilities afforded by the rail- 
ways are utterly inadequate, and it is stated by the 
great traffic managers of the railways that the develop- 
ment of railway facilities cannot keep pace with the 
increased demands upon them. The leading railway au- 
thorities, including prominent officials of all the great 
lines which parallel the Mississippi, declare that water 
transportation myst be developed to supplemint the rail- 
ways in order that the freight of the country may be 
handled properly and promptly. 

Under the Constitution the rcgulation of commerce 
between the States devolves on the general government. 
The control of waterways and the regulation of naviga- 
tion also rests with the general government, and neither 
States nor private capital can be permitted under the 
Constitution to assume these duties. 

The duty, therefore, devolves on the general govern- 
ment to give to the country adequate transportation fa- 
cilities by developing the navigable waterways of the 
‘country into complete freight-carrying usefulness. This 
duty should be recognized by the Congress at once, and 
the watcrways should be made efficient freight carriers. 
In no other way can this country derive benefits equal- 
ing these of other countriics from the building of the 
Panama Canal. : 

lf it be found that the current revenues of the gov- 
ernment are insuflicient for carrying out vigorously and 
on a broad plan the development of our waterways, the 
Congress should sccure funds for that purpose by pro- 
viding a sufficient bond issue. 

The iaterior valley compris.s approximately half the 
area of the United States. It is 2,500 milis in length 
and 2,000 miles in width, The arms of this great river 
system from the boundary lines of 21 States and over 
20,000 miles of possible navigation. This vast valley 
produced three-fourths of our forcign exports. Within 
this valley live half the people of tbe entire United 
States. The opening of a deep channel way connecting 
the Great Lakes on the north with the Gulf of Mexico on 
the south is therefor an imperative duty of the general 
government, and this work should be Immediately begun 
and completed as speedily as possible. 

Any plan for the inland waterway development 80 
imperatively necessary to the material welfare of the 
valley should comprise a main trunk line in the form 
of a strait connecting Lake Michigan with the Gulf of 
Mexico by way of the Illinois and Mississippi rivers. 
The development of this trunk line should begin at 
once. The improvement of the branches of this main 
line, such as the upper Mississippi with its tributaries, 
the Ohio with its leading tributaries, including the 
Tennessee and Cumberland; the Missouri, the Arkansas, 
the Red, the White and other rivers, and the interstate 
inland waterway of Louisiana and Texas, should pro- 
ceed simultancously with the development of the princi- 
pal line. . 

The deep watcrway is practically complete from Chi- 
cago to Joliet through the courage and enterprise of the 
single ity of Chicago, which has by the expenditure of 
855, 000.000 created a decp waterway across the main 
divide between the waters of Lake Michigan and those 
of the Mississippi.‘ A special board of survey, com- 
posed of Unitcd States engineers, reported to Congress 
in 1905 that the continuation of the deep waterway from 
Joliet to St. Louis was feasible, and would cost only 
$31,000,000. The State of Illinols, assuming that the 
Federal Government will take the responsibility of com- 
pl] ting the waterway to the gulf, is about to cooperate 
to the extent of $20,000,000. 

A sptcial board of United States engineers was, through 
the efforts of this assoclation, created by Congress last 
year to survey the deep waterway route from St. Louis 
to the mouth of the Ohio, and to report to Congress 
the feasibility and cost of the waterway. That board 
will report during the winter, and we demand that when 
this report is made, Congress shall at once provide funds 
sufficient to begin opcrations in a large and effective 
Way. 

The broad plan for Improving all the waterways for 
navigatlon should take account of all other uses of wa- 
ters and benefits to be derived from them by the peo- 
ple; should consider the conscrvation of the natural re- 
sources of the country in their relation to commerce 
and navigation; should extend to forest preservation, 
reservoirs and other means of stream control, and the 
maintenance of the level of our Great Lakes in such a 
manner as not to interfere with their navigation and 
commerce: should consider floods and their prevention, 


together with irrigation and drainage; should take ac- 


count of bank revctment, levee building and other means 
of protecting the bottom lands and increasing their pro- 
ductivity, and should contemplate regulation of terminals 
with a view to rendering rail transportation and water 
transportation complementary and jointly useful to the 
people of the country. 

This convention is in hearty accord with the movement 
for the conservation of the natural resources of the 
country and heartily approves the efforts of the National 
Rivers and Harbors Congress in sceking to develop the 
waterways of the nation. 


The officers elected are as follows: President, 
Wm. K. Kavanaugh; Secretary, Wiliam F. 
Saunders, St. Louis, Mo. The next meeting will 
be held at New Orleans in 1909. 


— — .. — 


THE GERMAN STEAMER “NIPPONIA" was struck 
by the “Pretoria” of the Hamburg-Amcrican Line off 
Scheveningen, Netherlands, Oct. 10. The captaln of the 
“Nipponia” and twelve of h r crew were drowned. The 
Pretoria“ was little damaged. 

o 

A GRAIN ELEVATOR EXPLODED at Richford, Vt., 
Oct. 7, killing 15 workmen in the elevator and 2 women 
who were walking on the tracks near the building. The 
explosion is ascribed to accidental or spontaneous ignition 
of grain dust. The corrugated iron roof was blown off 
and portions of it were carried more than a quarter of 
a mile away from the building. Several freight cars 
near the elevator were broken up and overturned. The 
fire which followed completely destroyed the elevator 
and adjoining power-house, a flour warehouse and 75 
freight cars. The elevator was jointiy owned by the 
Canadian Pacific Ry. and the Boston & Maine R. R., and 
was leased by them to the Quakcr Oats Co. The loss 
is estimated at $400,000. 


— 


WORK TRAINS have figured prominently in collisions 
this month. A work train on the Pennsylvania R. R. at 
Washingtonboro, Pa., Oct. 6, was stopped on a bridge 
over a small stream emptying into the Susquehanna 
River. A dense fog conccaled this train from an ap- 
proaching freight which struck the rear car, killing 
one man and injuring seven others. 

On the same date, a work train on the Grand Trunk 
Ry. collided with a yard engine two miles east of 
Burford, Ont. Three men were killed and two others in- 
jured. This wreck is ascribed to a violation of the com- 
pany’s rules. 

A head-on collision between a work car and a passen- 
gcr car took place on the line of the Bridgeton & Mill- 
ville Traction Co.’s line four miles west of Millville, 
N. J., Oct. 8. The work car, which should have been on 
a siding was occupying the main track when the pas- 
scnger car crashed into it. Four men were injured. 

A special car carrying a gang of laborers on the Bos- 
ton & Northern Ry. telescoped a regular passenger car 
in the Bradford district of Haverhill, Mass., Oct. 9. 
The accident occurred just south of the bridge over the 
Merrimac River. It is said that the conductor and mo- 
torman of the special either did not notice or disregarded 
a signal, and tried to reach a switch beyond the bridge 
ahead of the north-bound car. One man was killed and 
20 others injured. 

Including the accident noted in our issue of last week, 
there have been reported since the first of this month 
a total of five work-train and work-car collisions, killing 
8 men and injuring 40. 


— — —E— 


TWO WRECKS CAUSED BY YARD ENGINES have 
been reported during the past week. 

A freight locomotive drawing three cars along the 
tracks of the Pennsylvania R. R. near Newark, N. J., 
Oct. 10, crashed into a drill engine which had been 
brought to a standstill with its headlight turned away 
from the approaching freight. Both locomotives were 
wrecked and one fireman fatally injured. wit 

The second accident occurred in the yards of the New 
York Central lines at Black Rock, near Buffalo, N. Y., 
Oct. 12. A switch engine and a freight train came to- 
gether at the junction of the Niagara Falls line and a 
siding, ditching both engines and overturning several 
cars. Before a flagman could be sent back, a Michigan 
Central passenger train crashed into the wreckage, but 
escaped derailment. The engineer of the switch engine 
was seriously injured. 

— 2 

THE WRECK OF A PASSENGER TRAIN on the Chi- 
cago, Rock Island & Pacific Ry., at Yukon, Okla., Oct. 8, 
resulted in the injury of 25 passengers. The train 
was standing at the station when a freight train, which 
was waiting on a siding, became unmanageable owing to 
an accident to the air brakes and ran out upon the main 
track, striking the passenger train near the middle. 
Four coaches were overturned. 

— —̃—2 


AN EXPRESS CAR COLLISION, Oct. 8, on the Lew- 
iston branch of the Lewiston, 
electric railway, near Lisbon, Me., demolished both cars 


Augusta & Waterville _ 


and injured four members of their crews. The cars met 
at full speed on a sharp curve. The accident was caused 
by a motorman’s failure to obey orders. 

— ESA 

A HUDSON RIVER BRIDGE SCHEME on which the 
joint commission of New Jersey and New York is now 
working provides for crossing the river at Fort Wash- 
ington, about 181st St., New York. At this point both 
shores are high rock bluffs and the river profile is such 
that it has been claimed that a 1,400-ft. span could be 
obtained. This location is about six milcs north of any 
previously proposed crossing of the Hudson at New York, 
and reaches no traffic centers on either the New York 
or the New Jersey side. Mr. McDougall Hawkes, one 
of the New York members of the commission, has ad- 
vanced a project for a bridge at this site, comprising a 
1,400-ft. cantilever span over the New York (deeper) 
half of the channel, and three 640-ft. simple spans over 
the shallower west half. The cost of approaches, it is 
said, would be much lower for this location than for any 
more southerly one, but extensive traffic connections oa 
both shorcs would be required, which would probably 
make up the saving. 

„„ 

WILBUR WRIGHT, on Oct. 6, established a new 
record for acroplane flight with a single passenger beside 
the operator. At Le Mans, France, he made a flight of 
1 br., 4 min., 26 sec. His best previous performance 
was 55 min., 37 sec. It is reported that by the last 
flight made Mr. Wright has fulfilled the requirements of 
a French syndicate which has acquired the patent rights 
for maklng this type of aerial flyer in France and 
colonies. It is also reported that the Wright brothers re- 
ceived $100,000 for these rights and that 50 machines 
will be built immediately. 

— — 

FOUR FLYING MACHINES are called for in invita- 
tions for bids sent out from the Navy Department. The 
invitations specify machines to be wholly supported 
without the aid of a gas bag; to carry two people, one 
of whom shall be an observer only, together with suf- 
ficient fuel for a 200-mile trip, for four hours of con- 
tinuous flight at an average speed of 40 mi. per hr.: to 
be so constructed as to alight without damage on land or 
water, to float on the latter without wetting its sup- 
porting or control planes and to arise therefrom, without 
delay, under its own power without special starting de 
vices. It is further required that the first machine shall 
be delivered at the U. S. Naval Academy, Annapolis, 
Md., within five months after completing the contract 
and that the remaining ones shall be delivered within 
eight months. It is required that all bids must be ac- 
companied by specifications and plans, showing in detail 
what it is proposed to furnish, and by a guarantee of 
responsibility for the use of patented devices. 

It is currently reported that this invitation for bids is 
ineffective because of an announcement that the Secre- 
tary of the Navy would refuse to approve such purchases 
until an appropriation was made by Congress. It is 
stated that the department has no money available for 
this purpose and that no funds may be diverted from 
the specific purpose for which they were appropriated. 

: — . — 

THE FREIGHT-CAR SITUATION on Sept. 30, as re- 
ported by the Committee on Car Efficiency of the Amer- 
ican Railway Association, shows that the rate of im- 
provement which has prevailed for two months is still 
maintained. The total of surplus cars on Sept. 30 was 
133,792 (against 173,587 two weeks before) which is a 
decrease of 40,000 in two weeks (against 49,000 in the 
preceding two weeks). The idle box cars are now 42,- 
593, a decrease of 16,000, while coal, gondola and hopper 
cars number 49,705, a decrease of 17,000. In the month 
of September a perceptible shortage of cars, mainly of 
box cars, developed on the western Canadian and north- 
western American lines. The shortages reported for 
Sept. 80 aggregate 8,114 cars, of which 7,313 were box 
cars. The shortage is attributed to the grain movement 
and is expected to be only temporary. 


— — — 


THE ROOSEVELT DAM, forming a part of the Salt 
River Irrigation Project, U. S. Reclamation Service, had 
reached a maximum height of 118 ft. above the founda- 
tion at the close of September. The lowest point in the 
structure on the date named was 87 ft. above the foun- 
dation. A total of 14,800 cu. yds. of masonry was laid 
during September, which exceeded by 1,000 cu. yds. the 
record of any previous month. The cement mill pro- 
duced 12,200 bbls. of clinker during the month, and sup- 
plied all the cement needed on the construction work. 


— 


A JOINT TRUNK OUTLET SEWRHR for Plainfield, 
North Plainfield, Dunellen, Bound Brook and East 
Bound Brook, and also possibly for Somerville and Rari- 
tan, is under consideration by a committee representing 
the communities concerned. Mr. Joseph O. Osgood, M. 
Am. Soc. C. E., of Plainfield, N. J., is chairman of 
the engineering committee of the general committee. 
Hering & Fuller, 170 Broadway, New York City, have 
been chosen as engineers to make a preliminary survey 
and report. 
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TWO CHINESE COMMISSIONERS have been sent 
by their government to investigate the question of rail- 
way administration in the United States. The results of 
their iav.stigation will be considered in determining 
the administration of railways in China. The commis- 
sioners, Chentu and Wuhsun, sailed from Shanghai for 
san Francisco, Sept. 24. 

— —4mͤ— ——_—__—- 

THE MANZANILLO EXTENSION OF THE MEXICAN 
Central Ry. is practically finished, only some minor 
station and yard structures remaining to be completed. 
This line makes a through route from City of Mexico 
to the Pacific, and in connection with the new Tampico 
Short Line of the same railway company gives a direct 
rail route from Tampico on the Gulf of Mexico to Man- 
zanillo on the Pacific. The new work is 42 miles long, 
from Tuxpan to Colima. The 59 miles from Colima to 
Manzanillo was already covered by a narrow-gage railway 
built two decades ago, and this required to be rebuilt. 
The Mexican government has built large harbor works 
at Manzanillo. Hampson & Smith, of Mexico, were the 
contractors for the Tuxpan-Colima line; they began work 
in spring, 1905. The line was described in our issue of 
April 4, 1907, p. 376 (the map accompanying that article 
contains an error in showing Tuxpan to the north of 
Zapotlan instead of 17 miles south of that point). 

— —5ð2—. —ä—4ä 


NAVIGATION ON THE MISSOURI RIVER between 
Kansas City, Mo., and St. Louis, was established in 1907 
by the Kansas City Transportation & Steamship Co., the 
company being organized for the purpose of demonstrat- 
ing that the river was navigable by steamboats carrying 
suficient freight to render operation profitable. The two 
steamers carried freight at about 66% of the railway 
rates, and made a profit for the season. The difficul- 
t.es of navigation due to bars in the channel became 
pronounced as early as August. Without waiting for 
the desired river improvement, however, the company 
has determined to build boats of lighter draft and 
broader beam. These will carry 1,000 tons of freight 
at a good stage of water and 500 to 600 tons at low 
water. The government has appropriated funds for op- 
erating snag boats on the river. Surveys have been 
made for a 12-ft. channel, and the cost of obtaining 
such a channel from St. Louis to Sioux City is esti- 
mated at $40,000,000, or $20,000,000 from St. Louis to 
Kansas City, 390 miles. From 1892 to 1896, Congress 
made appropriations in aid of improving the river for a 
ft. channel, but it is said that no appropriations have 
becn made since 1896, as the river had come to be con- 
sidered impracticable for navigation. The Missouri Val- 
ley River Improvement Association is working to secure 
appropriations for improving the river with a view to a 
12-ft. channel, at least between St. Louis and Kansas 
City. 

— mMM 

THE ILLINOIS DEEP WATERWAY has been reported 
upor by the Internal Improvement Commission of Illi- 
nois, and provides for connecting the Chicago drain- 
age canal with the Illinois River at La Salle. Beyond 
this the development would be left to the federal gov- 
ernment. The total length (including the 36 miles of 
river and canal from Lake Michigan to Lockport) would 
be about 100 miles. The locks would be 800 x 80 ft., 
with 24 ft. of water over the sills. The longest stretches 
of the waterway are wide and deep pools formed by the 
dams, but where new channels are necessary a width of 
ua ft. is proposed, with a depth of 14 ft.; the depth 
would be increased to 24 ft. when necessary. Four 
water-power plants are planned, aggregating 140,000 HP. 
The net salable power is taken as 100,000 HP., and a 
rental of $25 per HP. per year is assumed, In excess of 
operating expenses. The cost is estimated as follows: 
14-ft. waterway and 24-ft. locks, $14,319,000; develop- 
ing water power, $3,600,000; right-of-way, $340,000; total, 

$15,259,000. It is estimated that the work could be 
completed in five or six years. ° 
At the election in November, the people of Illinois will 
vote on a proposed amendment to the state constitution 
which provides for an issue of $20,000,000 in bonds to 
carry out this work. The members of the commission 
are Isham Randolph, M. Am. Soc. C. E. (Chairman), H. 
w. Johnson and H. M. Schmoldt. 
—— 9 
SEVENTEEN BLECTRIC PUMPING PLANTS, to sup- 
ply water for irrigation, are to be installed by the United 
States Sugar & Land Co., of Garden City, Kan., accord- 
ing to the U. S. ‘Reclamation Record.” The pumping 
stations will be located south of the Arkansas River, 
near Deerfield and Lakin, Kan., and will be similar to 
those installed by the Reclamation Service on its Garden 
City Project. The high-voltage electric current for oper- 
ating the 17 stations will be transmitted from the com- 
pany's sugar factory at Garden City, the distance ranging 
from 18 to 26 miles. The water supply will be drawn 
from wells. 
— . —ů4ͤjnB . — 

FORTY STEEL CARS, for use on the elevated division 
of the Philadelphia Rapid Transit Co., were added to 
the car equipment of that company during the year 
1907-08. 


CARS WITH THREE TRUCKS have been introduced 
by the Great Northern Ry., of England. This design is 
for the purpose of adapting the old type of car with rigid 
axles to the more modern system (in Europe) of sup- 
porting cars on trucks. Each car consists of two old 
three-axle passenger cars. The running gear is all re- 
moved, and a truck placed under each end of the con- 
verted car. The third truck supports the inner or ad- 
jacent ends of the two independent underframes. This 
arrangement has been carried out by Mr. H. N. Gresley. 
Mechanical Engineer of the Great Northern Ry. 

— . 

STORAGE BATTERY MOTOR CARS have been ordered 
by the Prussian State Railways from the Allgemeine 
Elektricitats Gesellschaft, the Slemens-Schuckert Works, 
and the Felten & £Guilleaume-Lahmeyer Works, 
19 two-car units being ordered from each firm. A unit 
consists of two four-wheel cars coupled close, equipped 
with 168 cells (84 per car) and two 80-HP. motors; the 
unit will take something over 100 passengers. A distance 
of 60 mi. can be run on one charge, and a maximum 
speed of 30 mi. per hr. can be attained. Trial runs of 
a sample unit were made on the Berlin-Dresden division 
a short time ago, the present order being based on the 
successful outcome of the tests. [Zeitschrift des Vereines 
deutscher Ingenieure, Sept. 26.] 

— 2 —— 

ELECTRIC TRACTION IS TO BE INSTALLED by the 
State Railways of Baden (Germany) on the branch lines 
Basel to Zell (about 20 mi.) and Schopfheim to Sackin- 
gen (about 10 mi.). Single-phase alternating current at 
15 cycles is to be used, with 10,000 volts on the trolley- 
wire. Twelve locomotives of 1,000 HP., transformer 
equipment and line conductor installation have been or- 
dered from German electric manufacturers. The cost is 
estimated as 1 to 1% million dollars. The power supply 
will be obtained from a hydraulic generating plant on 
the Rhine. [Zeitschrift des Vereines deutscher Eisenbahn- 
verwaltungen, Sept. 16.] 

— ee 

THE ADVISABILITY OF AFFORESTATION in South 
Wales, England, was recently investigated by a Parlia- 
mentary Committee. Sir Joseph Bailey stated before this 
committee the result of timber-planting experiments, in 
which he has been engaged for a number of years, and 
showed that a return of not more than 2%% on the 
capital invested would be secured. These experiments 
were made, however, outside of the coal district, in 
which there are thousands of acres suitable for tree plant- 
ing where pit timber could be produced for the market 
close at hand. 

— 54L6 m 

AN INTERDEPART MENTAL STATISTICAL COMMIT- 
tee has been created by an executive order issued by 
President Roosevelt. The order, which includes the 
names of the committee members, is as follows: 


The following-named gentlemen, representing the sev- 
eral executive departments and one independent govern- 
ment establishment, are hereby designated as members 
of an Interdepartmental Statistical Committee hereby cre- 
ated, under the jurisdiction of the Secretary of Commerce 
and Labor, for the purpose of promoting uniformity of 
statistical methods and results, preventing duplications, 
rendering possible closer cooperation, and keeping the 
statistical work of the government abreast of the most 
modern methods: 

Mr. John Ball Osborne, Chief of the Bureau of Trade 
Relations, Department of State; 

Hon. Lawrence O. Murray, Comptroller of the Cur- 
rency, Department of the Treasury; 


Major John T. Thompson, Assistant, Ordnance De- 


. partment, Department of War: 


Mr. H. C. Gauss, Private Secretary to the Attorney- 
General, Department of Justice; 

Mr. E. T. Bushnell, Chief Clerk to the First Assistant 
Postmaster-General, Post Office Department; 

Mr. F. S. Curtis, Chief Clerk, Department of the Navy; 

Mr. Clarence J. Blanchard, Statistician, Reclamation 
Service, Department of the Interior; 

Mr. Victor H. Olmsted, Statistician and Chief, Bureau 
of Statistics, Department of Agriculture; 

Mr. Oscar P. Austin, Chief of Bureau of Statistics, 
Department of Commerce and Labor; and 

Prof. Henry C. Adams, In Charge of Statistics and 
Accounts, Interstate Commerce Commission. 

Hon. Lawrence O. Murray, Comptroller of the Cur- 
rency, Treasury Department, is hereby designated to act 
as chairman of this committee. 

The specific duties of the committee thus created shall 
be as follows: 

(a) To make recommendations with a view to elimi- 
nating unnecessary duplication of work and conflicting 
results. 

(b) To make recommendations with a view of utilizing 
the statistical material in one branch of government 
work, with reference to the needs or aims of other 
branches. 

(c) To make recommendations with a view of estab- 
lishing uniform definitions of statistical terms. 

(d) To make recommendations with a view of intro- 
ducing uniform methods. 

(e) To make recommendations in regard to schedules 
and accompanying instructions relative to any new line 
of statistical inquiry; to study the needs of the various 
bureaus and departments from time to time and above 
all to test the results achieved, and to investigate 
whether they are in harmony with each other and 
modern statistical methods and practice. 

(f) To make recommendations regarding the prepara- 
tion and the place of publication of the Statistical Ab- 
stract of the United States. | 

— . — 


THE FIRST SERIES OF FENDER TESTS institut ed 
by the Public Service Commission of New York, first 
district, closed Oct. 3 at Schenectady. While no official 


statement has been made, it is currently reported that 
of the 35 devices tested on the experimental track of the 
General Electric Co., none was entirely satisfactory. A 
second series of similar tests will be started on the 
grounds of the Westinghouse companies at Pittsburg, 
Oct. 20. This series is to accommodate Western manu- 
facturers. 
— 9 

THE FRANKLIN UNION, a mechanics’ trade school, 
was opened in Boston, Mass., Sept. 25, by the dedication 
of the building. As noted in Engineering News, March 
28, 1907, this school was made possible by a fund pro- 
vided by Benjamin Franklin in 1791, which became avail- 
able in 1906. This fund was doubled by Andrew Car- 
negie. It is reported that applications for admission to 
courses are already nearly equal to the accommodations. 


— Oo —n 
PERSONALS. 


Mr. Shellman B. Brown, General Manager of the 
Maryland Electric Rys. Co., has resigned. 


Mr. H. L. Weber, Chief Engineer of the Fort Wayne 


& Wabash Valley Traction Co., resigned Oct. 13. 


Mr. W. C. Miller has been appointed Superintendent of 
the Canadian Pacific Ry. with headquarters at Winnipeg, 
Man. 


Mr. Cornelius Burke has been appointed Commissioner 
of Sewers in Queens Borough, New York City, succeed- 
ing Mr. John J. Halleran. 


Mr. F. G. Pettibone, Vice-President and Gencral Mana- 
ger of the Gulf, Colorado & Santa Fe Ry., has been 
elected President of the Houston Belt & Terminai Ry. 


Mr. John P. Klug has been elected President of the 
Burlington Interurban Ry., under construction from 
Hudson to Greeley and Fort Collins, Colo., succeeding 
Mr. F. O. Olson. 


Mr. R. R. Jamieson, General Superintendent of the 
Central Division of the Canadian Pacific Ry., has re- 
signed and has accepted a position with a private enter- 
prise at Calgary, Alta. 


Mr. B. A. Behrend, Chief Electrical Engineer of the 
Allis-Chalmers Co., Milwaukee, Wis., has severed his 
connection with that company. Mr. David Hall, Chief 
Designer of Direct-Current Apparatus, and Mr. Alian 
Field, Chief Designer of Alternating-Current Apparatus, 
have resigned also. 


The following appointments are announced in a re- 
cent issue of the “Reclamation Record’: Mr. C. P. 
Williams, M. Am. Soc. C. E., has been appointed En- 
gineer-in-Charge of the Huntley Project in Montana. 
He is assigned the duties of Acting Supervising Engineer 
to take action in matters requiring immediate attention 
in the absence of the Supervising Engineer. 

Mr. R. S. Stockton is to act as Irrigation Manager of 
the Lower Yellowstone Projcct. 

Mr. C. H. Paul, Assoc. M. Am. Soc. C. E., will have 
charge of the Lowcr Yellowstone Project under the title 
of Acting Project Engineer. 


Obituary. 

Charles M. Doolittle, Assistant Manager of the Iro- 
quois Pulp & Paper Co., of Thompsons, N. Y., died of 
lockjaw Oct. 10. 

— . — 


ENGINEERING SOCIETIES. 


COMING MBETINGS. 


ASSOCIATION OF RAILWAY SUPERINTENDENTS OF 
BRIDGES AND BUILDINGS. 


Oct. 20-22. Annual convention at Washington, D. C. 
Secy., S. F. Patterson, Boston & Maine Ry., Concord, 
N. H. 
AMERICAN SOCIETY OF MUNICIPAL IMPROVE- 
MENTS. 
Oct. 20-23. Annual meeting at Atlantic City, N. J. 


Secy., A. P. Folwell, 239 West 39th St., New York 
City. 
AMBRICAN GAS INSTITUTE. 
Oct. 21-23. Annual meeting at New York City. Asst 
Secy., W. Bissell, 20 West 39th St., New York City. 
AMERICAN ELECTROCHEMICAL SOCIETY. 
Oct. 30-31. Fall meeting at New York City. 
Dr. J. W. Richards, Bethlehem, Pa. 


ROADMASTERS AND MAINTENANCE-OF-WAY ASSO- 
CIATION OF AMERICA. 
Nov. 10-12. Annual meeting at Milwaukee, Wis. 
Secy., W. E. Emery, West Chicago, III. 


AMERICAN RAILWAY ASSOCIATION. 
Nov. 18. Annual meeting at Chicago, III. 
F. Allen, 24 Park Pl, New York City. 


SOCIBTY OF NAVAL ARCHITECTS AND MARINE EN- 
GINEERS. 
Nov. 19-20. Annual meeting at New York City. 
w. J. Baxter, 29 West 39th St., New York City. 


Secy., 


Secy., W. 


Secy., 


AMERICAN SOCIETY OF RBFRIGERATING ENGI- 
NEERS. 
Nov. 30-Dec. 1. Annual meeting at New York City. 


Secy., W. H. Ross, 154 Nassau St., New York City. 
AMERICAN SOCIETY OF MBCHANICAL ENGINEERS. 
Dec, 1-4. Annual meeting at New York City. Secy., 
Calvin W. Rice, 29 West 39th St., New York City. 

AMERICAN INSTITUTE OF ARCHITECTS. 
Dec. 15-17. Annual convention at Washington, D. C. 
Secy., Glenn Brown, The Octagon, Washington, 
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AMERICAN SOCIETY OF HEATING AND VENTI- 
LATING ENGINEERS.—The 15th annual meeting will 
be held in the Engineering Societies Building in New 
York City Jan. 19-21. 

THE MUNICIPAL ENGINEERS OF THE CITY OF 
NEW YORK.—There will be an excursion Oct. 17 to the 
Croton Falls reservoir, near Brewster, N. Y., which is 
now in an active stage of construction. The party will ride 
in a special car over the 20 miles of construction tracks 
of the contractors. 


NEW YORK RAILROAD CLUB.—A meeting will be 
held Friday evening, Oct. 16, in the Engineering Socie- 
ties’ Building. A paper entitled ‘‘Heat Accumulators in 
Steam Engincering.“ by Mr. L. Battu, President of the 
Rateau Steam Regenerator Co., will ba presented. The 
Secretary’s offices are now at 607-08, No. 95 Liberty St., 
New York. 


NORTHWESTERN CEMENT PRODUCTS ASSOCIA- 
TION.—The fifth annual convention will be held March 
2-4, 1909. The place for the convention has not yet been 
determined. The Association has decided to present a 
concrete building to be used solely for cement products 
exhibits to the Minnesota State Fair, and committees 
have been appointed to select a site and prepare the 
plans. 


AMERICAN SOCIETY OF MECHANICAL ENGI- 
NDERS.—At the annual New York meeting, Dec. 1-4, 
one session will be devoted to machine-shop practice. 
Papers will be presented at this session on new develop- 
ments in milling machines and cutting tools and on 
gear tooth standarcs. At the Professional Session on 
Dec. 2, a paper will be presented by Major Geo. O. 
Squier, Acting Signal Officer, U. S. A., Washington, D. 
C., treating exhaustively the problems of aviation and 
pointing out how the engineer can help in their solution. 
Major Squier has at his disposal for the preparation of 
this paper the reports of the attachés at the capitals 
of the world. On the evening of the same day, Lieut. 
Frank P. Lahm of the Signal Corps will deliver a pop- 
ular lecture on the same subject with moving pictures. 


AMERICAN SOCIETY OF CIVIL ENGINEERS.—At a 
meeting of the society in New York City, Oct. 7, Mr. 
O. S. Lyford, Jr., of Westinghouse, Church, Kerr & Co., 
presented a paper entitled ‘‘Catenary Trolley Construc- 
tion.” This paper was entirely a description of the 
construction employed in the electrification of the Den- 
ver & Interurban R. R., running from Denver to Boulder, 
Colorado. This system employs single-phase alternating 
current at 11,000 volts except at the terminals where 
change is made to 6U0-volt direct current for greater 
safety. There are 44 miles of single-phase construction 
and 1144 miles of 600-volt trolley line in Boulder. In 
Denver the cars are operated over the lines of the Den- 
ver Tramways Co. Throughout the paper Mr. Lyford 
described the special arrangements of the work trains 
necessary to secure rapid action and to prevent inter- 
ference with the regular steam traffic. 

A single messenger-cable catenary line was supported 
by bracket arms from wooden poles, spaced 8 ft. 6 ins. 
from the track centre. The poles were set by derricks 
mounted on flat cars. In placing brackets the work 
train was split up into several sections, one car at 
each pole. The men worked from collapsible platforms 
mounted on the top of freight cars. Along the top of 
the poles was strung a steel cable acting as a ground 
wire. Ground connection was made with this to the 
track at every fifth pole. This scheme was adopted as 
being cheaper than grounding each bracket and in the 
hope of serving as a lighting proteetor. The trolley wire 
was of ‘‘phono-electric’’ alloy instead of copper to se- 
cure the necessary strength at low cost. It was consid- 
ered that the lower conductivity was compensated by 
such other advantages. The wire was hung so that tem- 
perature drops were taken care of by increased stresses 
in the wire. Splices and dead ends were made with 
soldered splicing sleeves. l 

It was stated at the end of the paper that 11,000-volt 
catenary construction on wooden poles with conductors 
to allow half-hourly operation of two-car trains cost 
from $3,500 to $5,000 per mile. The discussion on the 
paper was largely a comparison of other single-phase 
construction particularly of light steel work for places 
where poles might bave been used. 

At this mecting the ballots on the two amendments to 
the constitution were counted. Amendment A, changing 
the method. of electing members of the society was 
adopted by a vote of 892 for to 317 against; votes neces- 
sary for adoption, 806. By this amendment the election 
of members is taken from the corporate members where 
it was formerly vested and put in the hands of the 
Board of Direction, normally 32 in number. Of these 32 
there will have to be 25 votes cast to validate an elec- 
tion and three or more negative votes will exclude from 
election. Formerly, 20 or more negative votes out of 
the entire membership of the society were sufficient to 
exclude. As in the past, the socicty will issue lists of 
applicants, concerning whose qualifications members are 
supposed to inform the Board of Direction. Amendment 
B, passed by 1123 for, 58 against, 788 necessary for 
adoption, simplifies the appointment of special commit- 


tees which heretofore was hedged about with considera- 
ble red tape. 


WESTERN SOCIETY OF ENGINEERS.—At the meet- 
ing on Oct. 7, Mr. L. R. Stowe presented a paper on 
“Methods of Studying the Heat-Absorbing Properties of 
Steam Boilers.” The point of view taken by the author 
is well explained by the following quotation from his 
introductory remarks: 


There is no subject in the broad scope of mechanical 
enginecring that has progressed as slowly as that of 
boiler design, where thermal efficiency is to be consid- 
ered. The problem of arranging heating surface so that 
it will absorb the highest percentage of the heat pre- 
sented to it is one that is little understood. The boiler 
purchaser can easily enough make his choice when 
strength, maintenance and the like are considered, but 
when he has to consider fuel economy it is doubtful if 
he can, with authority, say which boiler is the most 
efficient. It seems strange that this subject of the trans- 
fer of heat from gases to water has not been attacked 
in a more serious manifer, when we consider that since 
the introduction of steam for power, the boiler has 
played the most important part in the ficld of mechani- 
cal engineering. 


The purpose of the author was to show that if special 
care is taken to secure complete and accurate informa- 
tion when tests are made of steam boilers it will be 
possible (by going beyond the usual calculations) to ar- 
rive at more definite knowledge of the subject of thermal 
efficiency of boilers. The paper was mainly of a mathe- 
matical character. It dealt first with the individual 
efficiencies of the grate, furnace and boiler, and then 
with the combined efficiency of boiler and furnace. In 
addition to the mathematical calculations, charts were 
presented, giving curves of constant capacity under 
Varying conditions. 

In a written discussion, Mr. W. T. Ray suggested that 
it is impossible in calculations based on boiler tests to 
separate (even approximately) the heat absorbed by 
radiation and conduction from that absorbed by con- 
vection. For instance, how can it be determined whether 
cross-baffling a boller of the parallel flow type causes 
it to absorb more or less heat from the gases at any and 
all rates of working. Mr. Ray, however, suggested a 
method of determination which has been tried experi- 
mentally but is not yet fully developed. It is based 
upon the ideas of Prof. John Perry, and is a test for 
heat absorbed by convection only, independent of radia- 
tion or conduction. Mr. R. H. Kuss remarked that more 
attention should be given to the consideration of the 
boiler and the furnace separately. The latter is the 
more changeable factor, although in the past the ten- 
dency has been to attribute to the boiler all differences in 
the results of several trials. 

A visit to the great steel plant now under construction 
by the Indiana Steel Co. at Gary, Ind., was made by a 
party of about 150 members of the Society on Oct. 8. 
The works are of great size and extent, and of most sub- 
stantial construction, being built entirely of steel, brick 
and concrete. Three special cars were attached to a 
regular train on the Lake Shore & Michigan Southern 
Ry. On arrival, the party viewed the track elevation 
work and the concrete-floored bridges carrying the sev- 
eral railways over the streets. After a short walk 
through the main street of this new industrial town, 
dinner was served In one of the boarding hotcls of the 
steel company. 

Several parties were then organized for a trip through 
the works, each being under the direction of one official, 
who acted as guide. No part of the plant is ready for 
steel making, but the ore-handling machines are build- 
ing the stock piles, and the machine and boiler shops are 
at work on equipment for the plant. 
of soaking pits is completed, and the rail &nd billet 
mills are practically complete. The 6,0G0-HP. electric 
motors which will be directly connected to the roll 
trains are under erection. Beyond this part of the 
plant are the open-hearth furnace buildings, of which 
there will be four. Beyond these again are the gas 
plant, two large buildings with the horizontal blowing 
engines, each operated by a gas-engine working on 
blast-furnace gas. Near these will be a row of eight 
blast furnaces, close to the canal in which the ore 
steamers enter from the lake. Here there are five Hu- 
lett ore unloading machines, with the stock piles and 
ore-handling bridges behind them, lying between the 
canal and the blast furnaces. 

An extensive system of railway tracks has been laid 
through the works by the Chicago, Lake Shore & East- 
ern Ry. Near the entrance to the works is a handsome 
office building. The canal mentioned above opens di- 
rectly to the lake, and is protected temporarily by bulk- 
heads extending partly across it. Contracts amounting 


to nearly $1,000,000 have been awarded for a breakwater 


and other protective works at the mouth of the canal. 

Some of the members went to Indiana Harbor to see 
the series of Strobel bascule bridges which has been 
built to carry the several railways over the ship canal 
at that place, about six miles from Gary. Another party 
visited the 6-ft. intake tunnel of the Gary water-works 
system. The tunnel extends about 7,500 ft. under the 
lake to an intake crib, and about 7,500 ft. inland to the 
city pumping station. The work is mainly in clay. 
Some particulars of this water supply system were given 
in our issue of Nov. 7, 1907. 


The immense line’ 


AMERICAN INSTITUTE OF ELECTRICAL ENGI- 
NEERS.—At the New York meeting held on the evening 
of Friday, Oct. 9, a paper entitled “High Potential Un- 
derground Transmission,” was presented by Messrs. P, 
Junkersfeld and E O. Schweitzer. The paper described 
the 9,000-volt and 20,000-volt three-phase cable mains 
of the Commonwealth Edison Co., of Chicago, Ill., which 
supply respectively the inner district (within 10-ml. 
radius) and the outer district. The 9,000-volt cable 
lines, supplying 44 converter substations, aggregate 272 
miles in length; the 20,000-volt cable, fed from the 
9,000-volt system, is 11 miles long. Additions now under 
construction will bring these amounts up to 340 and 55 
miles. All these are three-core, paper-insulated cables 
laid in tile conduit. The current is at 25 cycles. The 
two power statlons of the system have an aggregate ca- 
pacity of 118,000 KW. In 5% years 44 burnouts occurred 
on the cables, 25 of them being due to external causes 
and only 19 to the cable itself. ‘‘The most frequent 
sources of trouble are from without, and of these elec- 
trolysis is apparently the most persistent.’’ 

A series of oscillograph and spark-gap studies was 
made on the cables, the former to observe the effects of 
switching, etc., in causing potential rises, and the latter 
to learn the frequency of supernormal voltages at differ- 
ent points of the network. The observations are de- 
scribed and discussed at some length, with the following 
general conclusions: Pressure-rises of more than 100% 
occur occasionally on the 20,000-volt line, and also, 
though far more rarely, on the 9,000-volt lines; in 
neither case are they chargeable to switching, so far as 
the oscillograms show. The observations will be con- 
tinued after the extension of the 20,000-volt line is com- 
pleted. 

Mr. Charles H. Merz (London, England), in a trans- 
mitted discussion contrasted the conduit draw-in system 
of cable laying, used in America, with the ‘‘solid sys- 
tcm” of placing cables in earthenware troughing and 
filling with asphalt, and with the use of armored cable. 
He believes that one of the two latter systems may be 
found advantageous in this country in outlying or coun- 
try districts, where the objection to frequent opening of 
pavement does not exist. Lower cost, and in the case of 
the solid system the protection against moisture, were 
urged as great advantages. A more advantageous net- 
work can be obtained by laying cables along a number 
of routes, than by grouping many cables in one set of 
ducts, as must be done for economy with the conduit 
system. He claims that the most economical cable is 
one of 0.10 to 0.15 sq. in. conductor, and believes that 
the voltage should be chosen high enough to permit 
making this the unit. Mr. H. W. Fisher (Pittsburg, Pa.), 
objected that asphalt-filled troughs are not a complete 
protection against moisture; he has seen long lengths 
of cable so laid that were destroyed by the action of 
moisture. For a high-pressure test of cables, he sug- 
gested 2½ times the working voltage, held for five min- 
utes, as more in keeping with general practice than the 
authors’ double-potential tests. He also laid stress on 
the importance of good design and careful workmanship 
in making joints, a point later emphasized by Mr. Alex 
Dow (Detroit), who described at length the trouble his- 
tory of two 23,000-volt cables at Detroit. Mr. H. G. 
Stott (New York City), then referred to the cables of 
the Manhattan Ry. and the Interborough (subway) ca- 
bles in New York City. In 1902-1908 inclusive, these had 
43 failures, or an average of between 6 and 7 per year, 
the system now having about 370 miles of cable. Re- 
ferring to Mr. Merz’s remarks, he said, that there is a 
vital difference between a system of a few thousand 
kilowatts and one of a hundred thousand kilowatts: 
an arrangement which is perfect in the former may 
be fatally troublesome in the latter. He then said that 
power networks cannot go on increasing in connected 
power as they have in the past, for even with the large 
power networks of the present a failure may be such 
as to make all protection devices inoperative. On the 
Interborough system it is possible to have 300,000 KW. 
concentrated on a short circuit, and in this condition 
relays and the like are of no use. A new development, 
the induction generator, may prove able to give relief, 
but the piling up of power in synchronous machincry 
cannot go farther. 

Mr. E. J. Berg, Mr. Wallace Clark and others also 
spoke on the paper. Mr. Clark expressed his disbelief in 
frequent high-pressure testing, on the ground that it 
shows little and does the cable no particular good. The 
one form of test that he believes is well worth more 
frequent use is the test for electrolysis; it is able to save 
many burnouts. While cables can be made commer- 
cially for 25,000 volts, he remarked, the 20, 000-25, 000- 
volt cablcs in use today are working at a lower factor of 
safety than the more common 11,000-volt cables. Mr. 
Stott had spoken of some cables at Buffalo that are 
now 17 years old and are still in use; Mr. Clark re- 
marked that there are 11,000-volt cables in Buffalo that 
are 10 years old, the oldest of this voltage. These are 
all rubber-insulated cables, however, and do not depend 
on the integrity of the lead sheath for their existence 
as do paper-insulated cables. He does not know the life 
of a lead sheath. 
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EVIEWS. 


A Sheaf of Road Literature. 
Reviewed by S. WHINERY,* M. Am. Soc. C. E. 


THE KING'S HIGHWAY.—The Nature, Purpose and De- 
velopment of Roads and Koad Systems. By Reginald 
Ryves, Assoc. M. Inst. C. E., Officer in Charge of 
the Technical Section of the Chief Bngineer's Office, 
Public Works Department, Madras Presidency. Lon- 
don, England: ‘The St. Bride’s Press, Ltd. Cloth; 
Sla x 11½ ins.; pp. 96; 34 illustrations, partly in the 
text. Ss., met; American price, $2. 

AUSTRALASIAN ROADS.—A_ Treatise, Practical and 
Scientific, on the Location, Design, Construction and 
Maintenance of Roads and Pavements. By John 
Montgomery Coane, Henry Edward Coane, John 
Montgomery Coane, Jr., Civil Engineers, Melbourne. 
Melbourne and Sydney, Australia: George Robert- 
son & Co. Cloth; o's x S% ins.; pp. 334, 136 illus- 
trations, partly in the text. 

ROAD PRESERVATION AND DUST PREVENTION.— 
By William Pierson Judson, M. Am. Soc. C. E., M. 
Inst. C. E., Author of City Roads and Pavements.” 
New York: The Engincering News Publishing Co. 
London, England: Archibald Constable & Co., Ltd. 
Cloth; d% x 53% ins.; pp. 146; text illustrations. 
$1.50, net. 

DUST PREVENTIVES.—By Prevost Hubbard, Assistant 
Chemist, Office of Public Roads. Bulletin No. 34. 
Office of Public Roads, U. S. Department of Agri- 
culture; Logan Waller Page, Director. Washington, 
D. C.: Pub. Doc. Paper; 6 x 9% ins.; pp. 64; three 
plates. 

HIGHWAY ENGINEERING.—By Charles E. Morrison, 
Tutor in Civil Engineering, Columbia University. 
New York: John Wiley & Sons. London, England: 
Chapman & Hall, Ltd. Cloth; 3% x 9 ins.; pp. 315: 
% illustrations in the text. $2.90; English price, 
108. 6d., net. 

ROAD LOCATING AND BUILDING SIMPLIFIED.— For 
Use in the Common Schools. By C. E. Brandt. Cum- 
berland, Md.: The Author. Boards; 5 x 7 ins.; pp. 
106; plates and text illustrations. 1. 


In some brief remarks on road literature, the 
author of “The King’s Highway” says: 

On the subject of roads it is remarkable what a great 
deal of stuff one can wade through, both in books and 
in current writings, without picking up a useful idea. 
There is a certain series of ideas on roads, partly trite 
and partly trivial, which reminds one of the old nur- 
sery jingle: “When you're up you're up, and when 
you're down you're down, and when you're half-way up 
you're neither up nor dowa.’ 

This is one of those sayings which, when 
brought to our attention, strikes us as an old 
truth that has long laid dormant and unformu- 
lated in our minds. While there are not so 
very many books on road construction and 
maintenance, the periodicals, both technical and 
popular, have been loaded with road literature 
for many years. The unhappy reader finds 
variations in the jingle, but few really new 
notes. He wearily peruses page after page and 
column after column, to find the same old 
tweedledees and tweedledums discussed, and the 
same old “experiences” related in meetings, with 
varying expressions and results. One may find in 
the first edition of “Gillespie's Roads and Rail- 
roads” about as much real pabulum as in its more 
pretentious successors. In fact, but little really 
new and valuable has appeared since the days 
of Macadam and Telford, and even these noted 
English road engineers of a century ago were, 
perhaps without knowing it, but following in 
the footsteps of Trésaguet, of France. 

The reader of The King’s Highway” will find 
it a refreshing departure from the beaten path. 


*Consulting Engineer, 95 Liberty St., New York City. 


they depart 


Figuratively, the author occasionally leaves the 
dusty road and explores the roadside for ideas 
of interest. Most road engineers will find in the 
book something original and worth while. Of 
course, the old familiar basic principles appear, 
but they are often shown in new lights and re- 
lutions. 

The author begins with a brief but intelligent 
discussion of the development of country roads 
as a system of transportation and of the rela- 
tion of such a system to other methods of trans- 
portation. This is followed by a short but com- 
prehensive outline of “Foreign Road Systems” 
(foreign here meaning outside of England, the 
author being an Englishman). Naturally, the 
book is largely devoted to English roads, and 
there is a succinct discussion of the report of 
the Departmental Committee of 1903 on High- 
way Authorities and Administration in England 
and Wales” that will be welcomed by the busy 
American engineer. Another welcome feature 
of the book is its recognition and intelligent 
treatment of the important new element of 
mechanical power travel on the roads and the 
novel questions this introduces into road con- 
Struction, maintenance and travel regulation. 
Thus, in a chapter entitled Widths and Safety,” 
will be found an interesting discussion of, and 
some novel and valuable suggestions relating 
to, road intersections and crossings with refer- 
ence to the safety of high-speed motor travel, 
a matter which deserves the careful attention 
of American road engineers at present. 

A chapter on “Road Lamps and Carriage 
Lamps” will also be found well worth reading, 
even if the reader does not agree with some of 
the author's statements and conclusions. Other 
cnapters that may be read with profit, since 
somewhat from the hackneyed 
methods of treatment, are entitled “Climate and 
Geology,” “The Roadside” (particularly that part 
of the chapter devoted to roadside trees), and 
“Frost.” A chapter on “Wind and Snow” con- 
siders the effect of sheltering woodland, hedges, 
ete., and methods of preventing snowdrifts on 
roads—a matter that has received little atten- 
tion in America, except from our railroad en- 
gineers. 

Altogether, “The King’s Highway” is a book 
that can be recommended to American road en- 
gineers as well worth buying and reading. 


The title, “Australasian Roads,“ suggests that 
we might expect to find in the book a pretty full 
and useful description of road building methods 
peculiar to that far-away region. If the reader 
takes it up with that idea he will be disappoint- 
ed. The object of the authors was rather to 
prepare a compendium of road engineering in 
other countries for the use and guidance of the 
Australasians themselves. The book follows the 
well-beaten track of the average book on road 
construction and maintenance. American road 
engineers, while taking pride in the fact that 
the authors have drawn their data largely from 
American sources, will not find in the book very 
much with-which they are not already familiar, 
or that will be helpful to them. From this gen- 
eral statement is to be excepted considerable 
data relating to methods and costs of road- 
building in Australia, New Zealand and other 
Australasian countries. But even this informa- 
tion is not always presented in such detail, and 
with such full statement of conditions, as to“ 
make it very valuable. 

A statement of the average scale of Austral- 
asian wages, per hour, paid to the different 
classes of road workers is interesting and worth 
abstracting here, the figures being.converted into 
American money: 


Laborer, scavenger, and sweeper........ Meat ak $0.21 
Foreman br..... stew ehield ose oun 22 
Pitcher setter (Stone paver i 26 
Carpenter ersari nes . ĩ W ĩð d ee A 27 
Steam roller err oe aks 27 
Drivers (1 horse) ci. )))) F 29 
a (2° herr cases eae eos TORET 45 
8 (4 horse) es 1 ee 75 
s (6 bers, 8 . 1.05 
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From this it appears that men competent to 
drive four and six horse teams are highly appre- 
ciated in those countries. 

The authors propose an original formula for 
width of tires that is worth noting: 


W 
0 = 
C XV d 
In which. 
w = width of tire in inches. 
W = gross weight on wheel (in pounds?) 


d = diameter of Wheel in inches. 
a factor the value of which .is, 


for earth roads = 
for metalled road8S........sssssssssss e= 85 
for wood block or other paved roads..c = 130 


This properly takes into account the wheel di- 
ameter, usually neglected in such formulas. 

Aside from macadam, the materials used for 
pavements in Australian cities are principally 
wood-block and stone-block. Asphaltum, brick 
and concrete pavements are used to a very lim- 
ited extent. But we look in vain for statistics 
of the area of the several kinds in use In various 
Australasian cities. 

As is well known, Australia has several spe- 
cies of wood that have great endurance in street 
pavements. Among these are mentioned as be- 
ing extensively used: Tallow wood, Blackbutt, 
Jarrah and Karri. All these are very hard, very 
durable, but very slippery in use. As to depth 
of block, the 


modern tendency is to lay nothing deeper than 5 Ins., 
it having been found that the larger blocks cost about 2s. 
tid. per sq. yd. more (than 6 ins. depth) without corre- 
sponding advantages, 3-in. blocks are being successfully 
used abroad on less important streets, but it is to be 
doubted whether anything less than 4 ins. is advisable in 
any situation. 

One wonders what the authors would think of 
the use of 3%-in. blocks of much less resistant 
wood on the heaviest traveled streets of New 
York. 

These Australian pavements, laid on a 6-in. 
concrete foundation, are said to prove very 
durable. “Wood pavements on Queen St., one of 
the heaviest thoroughfares in Sydney, are said 
to have worn as little as 1/16-in. in eight years.” 
The blocks are untreated, except that they are 
well seasoned and sometimes coated with coal- 
tar. The cost of new pavement, with 5-in. 
blocks laid ‘complete on 6 ins. of concrete, runs 
from 158. to 188. per sq. yd., depending on the 
size of the job.” 

It is interesting to note that during the period 
1880-1890 steel-plate wheelways were used on 
several of the main roads approaching Mel- 
bourne, and we are told that a special type of 
rolled-steel channel wheelway has been used on 
some hundreds of miles of road in Germany, at 
a cost of from $5,500 to $6,000 per mile. 


The road problem that is just now attracting 
most attention in this country is the suppression 
of dust. It is generally, though not with strict 
accuracy, called dust prevention. Measures and 
methods for accomplishing this being in the 
experimental stage in America, Mr. Judson's 
“Road Preservation and Dust Prevention,” and 
the bulletin of the U. S. Office of Public Roads, 
entitled “Dust Preventives,” appear at an ap- 
propriate time and should serve a valuable pur- 
pose. 

The methods and materials tried on our roads 
to mitigate the dust nuisance have covered a 
wide range, and the results extend over the 
whole gamut from total failure to notable suc- 
cess. Mr. Judson has rendered the road engi- 
neers and road-makers of the whole country a 
very valuable service In collecting, collating and 
discussing the great mass of data on the sub- 
ject, scattered through the periodicals and so- 
ciety transactions. The work has been very well 
done, and his little book should be of immediate, 
though not of great permanent value. 

The circular (No. 34) of the Office of Public 
Roads, is rather a review and summation of 
principles than a record of experimental work. 
A perusal of both these little works will put 
the reader in possession of practically all that 


428 


ENGINEERING LITERATURE. 


October 1 5; 1908. 


is known on the subject to-day, and will equip 
the engineer who has not had much actual ex- 
perience in this line for intelligent and effective 
work. What is of most importance just now, 
municipal officers and road supervisors may, 
by a few hours’ reading of these books (they are 
not technical or beyond the easy comprehension 
of any intelligent man), avoid the serious mis- 
takes in road oiling that have cost the country 
a large sum of money in the aggregate. 

Road-oiling has heretofore been understood 
by large numbers of people—among whum are 
not a few engineers—to mean the application of 
any oil or tar, the cheaper the better, to the 
surface of dusty roads, regardless of their 
condition at the time. These books make it 
clear that only mineral oils, having a decided 
asphaltic base, or tars of proper quality and con- 
sistency, applied with care to the road surface 
after its proper preparation, can be expected to 
give satisfactory or reasonably permanent re- 
sults. Other materials and methods, may, it is 
true, give temporary relief from dust, and to 
that extent may be useful, though of doubtful 
economy. l 

Both authors are, in the opinion of the re- 
viewer, open to the criticism that they do not 
lay sufficient stress upon dust prevention in its 
true meaning; that is, the original construction 
of roads in such a way that the generation of 
dust by travel will be largely prevented. This 
is the ideal to be worked for, held up before 
the public, and reduced to practice at the ear- 
liest possible time. It may be argued that such 
original construction is expensive and that the 
public will not ‘‘stand for” the additional cost 
involved. But to this it may be answered, and 
demonstrated to intelligent people, that the al- 
leged greater cost is apparent, not real. If it 
costs even as little as 6 cts. per sq. yd. per year 
to suppress dust on the ordinary vroad, that ex- 
penditure, capitalized at 4%, equals $1.50, and if 
for an additional cost of $1.00 per sq. yd. a 
new road can be made that will be practically 
dustless, it is obvious that such a road would 
be actually the more economical in the end. 
This view is said to be rapidly gaining ground 
in England, where the dust problem has been 
experimentally studied longest and most care- 
fully. 


Mr. Morrison states in the Preface to his 
“Highway Engineering” that it was prepared as 
a text-book for the second year students of the 
department of civil engineering at Columbia 
University, and he cautions the reader not to 
consider it a reference book, but rather one in 
which it has been the endeavor to outline and 
emphasize those basic principles which are es- 
sential to good highways. 

The preparation of text-books for schools ought 
to be regarded as a very serious business. They 
plant seed in a virgin soil, and that seed ought 
to be very carefully selected and free from 
tares. What the pupil learns from his text- 
books is likely to be tenaciously held in the 
memory, and difficult to uproot. Their authors 
should, therefore, be particularly careful that 
the matter shall be carefully selected, the state- 
ments of facts and of principles adequate and 
accurate, and, in. technical and industrial mat- 
ters, the latest and best accepted theory and 
practice should be presented. 

In the main Mr. Morrison’s book complies with 
these requirements, but in some parts of it 
there are evidences of rather hasty work and of 
insufficient care in consulting and using the best 
authorities on his subject. 

The general arrangement of the book is satis- 
factory. The volume contains, with some ex- 
ceptions, noted later, about all that one could 
expect to find in a text-book for ordinary classes 
In civil engineering. The subject is well pre- 
sented, and from the literary point of view is 
generally well done. 

The first chapter, on Road Resistances, Is quite 
full and satisfactory. The chapters on earth 
roads, gravel roads, and broken stone roads, are 
excellent. The description of modern methods 
of testing road-materials is unusually full, as it 
deserves to be. The New Jersey state specifica- 


tions for gravel 
quoted in full. 

A chapter is devoted to miscellaneous roads, 
among which the author classes oiied roads, to 
Which only about four pages of text is devoted. 
Considering the present importance of this mat- 
ter the treatment is inadequate. 

The subject of street design, including the lay- 
ing out of cities, is quite fully dealt with, but on 
some details relating to the streets themselves 
the text is rather confusing and unsatisfactory. 

Chapters VII. to X. are devoted, respectively, 
to stone pavements, brick pavements, asphalt 
pavements and modern wood pavements. It is 
these chapters that are most open to adverse 
criticism. They give the impression that the 
author is not very familiar with his subject, 
either from the lack of actual experience, or a 
failure to sufficiently inform himself from the 
best printed authorities. The definitions and 
descriptions are often not clear or accurate, and 
are sometimes actually misleading or erroneous. 
These might not be confusing to the ordinary, 
well informed reader, but a text-book should be 
free from them. Thus it is said: “A paving brick 
differs from an ordinary building brick both in 
shape and physical characteristics.” Of course, 
the author meant dimensions or size instead of 
shape. “A good (paving) brick should absorb no 
more than 2% of moisture” is true of those made 
from shale, but not true of excellent paving 
brick made from clay. It is not true, as stated, 
upon a single authority and illustrated by cuts, 
that next to a steel wheelway brick pavement 
offers less resistance to traction than any other 
pavement. In fact the contrary is correctly 
stated in Chapter I. n 

The chapter on Asphalt Pavements shows dis- 
tinctiy the unfamiliarity of the author with this 
branch of his subject. The treatment is un- 
Satisfactory and there are a number of inaccu- 
rate statements. The same may be said of the 
chapter on modern wooden pavements. In 
America at the present time the term modern 
wood pavement applies only to pavements where 
the wood is subjected to preservative treatment, 
but only half a page is devoted to the methods 
ofə such treatment. 

Quotations are freely made use of in the book, 
but as a rule there are no references to the 
sources of these quotations. > 

Copies of specifications for the several kinds 
of pavements are quoted at length, but in not a 
few cases the sources of these specifications is 
not given. While detailed specifications are of 
value to the practicing engineer, the propriety of 
their extensive use in a text-book intended to 
teach basic principles and facts may be ques- 
tioned. In this book of a little over 300 pages 
in all, nearly 100 are occupied by quotations of 
specifications in extenso, and general require- 
ments relating to matters other than the pave- 
ments proper are repeated in a number of cases. 

On the other hand, some quite important mat- 
ters are omitted altogether. For instance, one 
looks in vain for anything relating to bituminous 
concrete pavements and roads, of which a large 
mileage is now in use in this country, and which 
promises to become of great importance in the 
road problems of the future. ; 

On the whole it cannot be said that Mr. Mor- 
rison's book is an ideal text-book upon High- 
way Engineering. 


and broken-stone roads are 


Mr. Brandt's book, “Road Locating and Build- 
ing Simplified,” was also intended to be used as 
a text-book in the common schools. His evident 


*sincerity and enthusiasm for the good-road cause 


must command, though the book itself does not 
merit, respect. Engineers will read it with no little 
amusement. The leading propositions advanced 
by the author appear to be that the art and 
science of road location and construction ought 
to be simplified and taught, along with the three 
R's, in the public schools; and that highways 
should be laid out with the same care and upon 
the same system of gradients as are the rail- 
roads. He holds that the employment of high- 
grade engineers and expensive instruments are 
not necessary for the proper location and con- 
struction of roads. 


duction. 


Two New German Text-Books and a Third Edition. 


AUSBAU VON WASSERKRAFTEN.—By Th. Koehn. 
(Book XIII. of “Der Wasserbau,” Part III. of Hand- 
buch der Inygenleurwissen-schaften’’). Vol. II. Leip- 
zig, Germany. Wilhelm Engelmann. Paper; 7% x 
11 ins.; pp. 545 to 1232; 40 plates and 343 text illus- 
trations. 30 marks; American price, $12. 


LEHRBUCH DES HOCHBAUES.—Edited by Karl Essel- 
born. Vol. 1.; Grundbau, Steinkonstruktionen, Holz- 
konstruktionen, Eisenkonstruktionen, Hisenbeton- 
konstruktionen. By Karl Esselborn, Bernhard Koss- 
mann, Karl Stief, Georg Ruth and Reinhard Weder. 
Leipzig, Germany. Wilhelm Engelmann. Paper; 
7% x 11 ins.; pp. 499; numerous illustrations in the 
text. 15 marks; American price, $6 


LEHRBUCH DES TIEFBAUES.—Edited by Karl Essel- 
born. Third Edition, enlarged. Vol. I.: Erd-, 
Strassen-, Bisenbahn- und Tunnelbau, Stütz-, Futter-, 
Kai- und Staumauern. By Hans Wegele and Leo 
V. Willmann. Leipzig, Germany: Wilhelm Engel- 
mann. Paper: 7% x 11 ins.; pp. 493; numerous il- 
lustrations in the text. 15 marks; American price, $6. 

The first volume of Koehn's Ausbau von Was- 
serkraften’’ [Development of Waterpowers] was 
noticed some time ago. The second and conclud- 
ing volume now presents itself, a bulky 5-lb. pro- 
The first volume contained general mat- 
ter on water-powers, estimation, statistics, etc., 
and a series of descriptions of 26 European and 
one American hydraulic electricity works. The 
present volume completes the descriptive album 
with three American and five European plants, 
and gives a tabular summary of some 50 other 
modern plants. It then discusses “Details” in 
600 pages. Every element of a waterpower plant 
is fully treated here with reference to both 
design and operation. The author has collected 
his material from all the world’s literature, and 
has analyzed it in understanding manner. This 
remark applies to the hydraulic portions. There 
are 150 pages on the electric equipment (power- 
station machinery—the transmission line), but the 
Subject is far too large to be treated at all fully 
in such compass, and to fit into the plan of the 
hydraulic part of the book it should have been 
left for a separate work. The volume is there- 
fore to be characterized as a treatise on the con- 
Struction of works for developing hydraulic 
power. l 

Incidentally, the work of which this book 
forms the second part is called Vol. 13 of a series 
of works on “Wasserbau” (ranging from hydrol- 
ogy and water-supply to canal, river and harbor 
work, sewerage, and power development): and in 
turn these works on Wasserbau are Section III 
(of five sections) of a group of books from the 
same publisher called “Handbuch der Ingenieur- 
wissenschaften” or Manual of Engineering. 

“Lehrbuch des Hochbaues” deals with building 
construction, exclusively from the German stand- 
point, with but few exceptions. Its main sub- 
divisions are Foundations, Masonry (including 
arches, vaults, domes and stairs), Timber fram- 
ing, Steel framing, and Reinforced concrete. The 
sections on masonry and timber may be read 
with profit by American engineers. The book is 
not complete in this volume, but will have a sec- 
ond part, dealing with architecture and the man- 
agement of building construction. 

Wegele & v. Willmann’s “Tiefbau” appeared 
only four years ago, but already two editions 
have been sold out. Since the first publication, 
two new chapters have been added, “Tunnels” 
and “Retaining Walls and Dams,” and numerous 
minor revisions and additions have been made. 
The work has also been split Into two volumes, 
the first of which is before us. This covers 
Earthwork, Street and Road Construction, Rail- 
way Location and Construction, Tunnels, Retain- 
ing Walls and Dams. Much of the text is apt to 


TRAUTWINE’S 
CIVIL ENGINEERS’ 
POCKET BOOK 


18th Edition, 90th Thousand, 1907, $5.00 


JOHN WILEY & SONS 


SCIENTIFIC PUBLISHERS 
43 and 45 East 19th Street, New York City 


Vol. 60. No. 16. 


SUPPLEMENT TO ENGINEERING NEWS. 


429 


— e—a 


prove valuable in this country for comparison of 
eur methods with the German, especially the 


chapters on Roads and Railways. 
— A 


Telephone Construction Costs. 


TELEPHONE CONSTRUCTION.—Methods and Cost. By 
Clarence Mayer, Formerly Cost Statistician and Fa- 
cilities Engineer, Chicago Telephone Co. Appendix 
A: Cost of Materials and Labor in Constructing 
Telephone Line. By J. C. Slippy, Consulting Tele- 
phone Engineer. Appendix B: Miscellaneous Cost 
Data on Pole Line and Underground Conduit Con- 
struction. (Compiled by the Editors of Engineering 
Contracting). Chicago and New York: The Myron 
C. Clark Publishing Co. Cloth; 6 x 9% ins.; pp. 
24; 
$3, net. 

This volume natura!ly divides into two nearly 
equal parts, in the first of which typical meth- 
cds, recognized as good practice, are described 
and pictured. and forms are given as successful 
schemes for collecting and keeping the labor 
costs of all such construction. In addition, actual 
records of labor costs, which it is stated repre- 
sent work done under various conditions in city 
and country, are given. This first part gives no 
costs of material, as the author of this section 
seems to have considered such supplies as stand- 
ard commodities whose prices and quantities are 
best obtained locally. These construction meth- 
ods are considered in five chapter groupings: 
(1) Cost of po'e-line work; (2) cost of cable con- 


struction; (3) cable splicing; (4) removing old 
lines and reconstructing; (5) underground con- 
duits. 


The second half of the book consists of two 
chapters by Mr. Mayer and the two appendices. 
Mr. Mayer's first chapter and the appendices 
contain tabulated data covering the total cost, 
including material, of a great variety of tele- 
phone work. Mr. Mayer’s other chapter describes 
some practices leading to systematic and ac- 
curate estimating. Approved forms are given 
as estimate blanks for city, toll, farm, cable and 
conduit line construction, removal of material, 
and office records. l 

The book recommends itself as being a vol- 
ume of exact records of experience and not of 
theories and opinions. 

— mMM 
KRAFT.—By E. Reyer. Leipzig, Germary: Wilhelm 

Engelmann. Paper; 6 x 9% ins.; pp. 380; 257 illus- 

trations in the text. 

The title of this work: “Power; Economic, 
Technical and Historical studies of National 
Strength” is best explained by a mention of the 
principal chapter heads: The Era of Steel; Re- 
lation of Coal to Civilization; Precious Metals; 
Industrial Rivalry of Nations; The Industry of 
the United States; Factory and Individual Manu- 
facture; Control of the Sea; Internal Naviga- 
tion; Land Transportation; Agriculture; Food 
Cost; Power Development in the United States; 
Explosives, ete. The treatment is statistical. 
Thought as well as style are remarkably jerky. 


— — — 


ELECTRICAL CON TRACTING.— Shop System, Estimat- 
ing, Wiring Construction Methods, and Hints on Get- 


ting Business. By Louis J. Auerbacher. New York: 
McGraw Publishing Company. Cloth; 5% x 8% ins.; 
pp. 155; 225 illustrations in the text. $2, net. 


This book may be expected to appeal to wire- 
men and contractors. It is full of suggestions 
for the practical man, especially about “extras” 
which he may sell his customer and which should 
yield him an attractive profit. 

Chapter I. gives the outline of a working sys- 
tem for an electrical contractor employing some 
12 or more men. Certain definite forms are rec- 
ommended as proper records for orders entered, 
work done, goods supplied and returned, as time 
sheets, cost books, progress reports, etc. Chapter 
II. outlines a way of studying specifications and 
plans for preparing estimates and. proposals. 
The rest of the book is a collection of sugges- 
tions for the contractor or for his workmen on 
such topics as the selection of a two or three- 
wire system, running mains and feeders, details 
of open, molding and conduit wiring, installing 
direct-current motors and switchboards, running 
signal, alarm and telephone circuits, etc. 

In one chapter a sample specification is given 
for wiring a residence already built. This speci- 
fication, with its accompanying analysis, shows 

the proper installatlon of all sorts of electrical 
conveniences. 


103 illustrations in the text and 157 tables. 


HOW TO BUILD UP FURNACE EFFICIENCY.—By Jos. 
W. Hays, Combustion Engineer, Author of Combus- 
tion and Smokeless Furnaces," ete. Chicago, III.: 
The Author (601 Hartford Building). Paper; 3% X 
6½ ins.; pp. 47. 50 cts., postpaid. 

In somewhat picturesque sty!e the author of 
this little brochure tells how an operating engi- 
neer may trace out the preventible causes of fucl 
waste in a boiler plant. The apparatus whose 
general use is explained in a hand-analysis set 
for easily determining COs, CO and O. By study- 
ing the action of fuel-bed thickness, draft, damp- 
ers, etc., on the CO, and O in the product of com- 
bustion at various parts of the boiler and flue 
the way to the best attainable furnace efficiency 
is found for each particular situation. 

—— eMM 

STRUCTURAL ENGINEERING. —By A. W. Brightmore, 
D. Sc., M. Inst. C. E. New York, London and Paris: 
Cassell & Co., Ltd. Cloth; 5% x 9 ins.; pp. 280, 145 
figures in the text. $3.75, net. 

The author's effort to produce a students’ text, 
“intermediate between what is generally called 
Strength of Materials and such specialized works 


as, for instance, Claxton Fidler's Bridge Con- 
struction,’ or Merriman & Jacoby’s ‘Roofs and 
Bridges,” has resulted in a concentration of 


much material within the small compass of 275 
pages, but has also put this material into such 
shape that it is rather hard reading. It may be 
commended as being sound, though for the most 
part distinctly English, both in terminology and 
in methods of treatment. On the other hand, the 
explanations are often seriously obscured by the 
constraint of brevity; the author does not take 
time to establish basal ideas and introduce the 
reader to familiarity with the general line of 
thought taken by the analysis. This is a grave 
defect if the book is considered for self-study, 
though in school use the instructor can of course 
help over the difficulties. - 


The author has, it seems, attempted to cover 
too much ground for best results. The analysis 
of simple trusses and plate girders under both 
dead and live loads might well occupy the entire 
book, but in addition the author has added the 
complex subjects of arches and suspension 
bridges. Not content even with this, he dis- 
cusses also retaining walls, foundations, dams, 
and finally reinforced concrete. It is true that 
in most of these chapters, except perhaps sus- 
pension bridges, he succeeds in giving the funda- 
mentals and also the working methods, suf- 
ficiently for the beginnings of practical use. 
But even this knowledge must be extracted by 
the reader with needless effort. A clearer didac- 
tic style and sufficient dilution to make the book 
palatable would have commended the book to 
the reader’s attention far more forcibly. 


— — eminent 


HANDBOOK FOR ARCHITECTS AND BUILDERS.— By 
Emery Stanford Hall (Editor). Chicago: The Chi- 
cago Architects’ Business Association (153 La Salle 
St.). Leather; 6% x 9% ins.; pp. 352; illustrated. 


This annual publication has been materially 
enlarged and extended for its eleventh edition. 
It opens with a statement of the purposes of the 
association and its schedule of charges for pro- 
fessional service; also the Illinois law requiring 
the licensing of architects and a list of architects 
thus licensed. The Chicago building ordinances 
(with all amendments up to June, 1908) are 
given in full, together with the ordinances of 
the boiler inspection, smoke inspection and elec- 
trical inspection departments. Specifications are 
given for concrete sidewalks, vault coverings, 
hollow tile fireproofing, and gravel roofing. Sev- 
eral pages are devoted to tables and notes of 
general information useful to architects and 
builders, and there is a complete subject index 
for filing drawings and information according 
to the Dewey classification. Some of the special 
contributions are as follows: The calculation of 
base plates for columns, Prof. N. Clifford Ricker; 
Formulas for heating and ventilating, Homer 
R. Linn; Strength of reinforced columns and 


beams, Prof. Arthur N. Talbot; Elevating and 
conveying machinery, S. F. Joor: Varnish, 
Herman Rosenberg; Voids, settlement and 


weight of crushed stone, Prof. Ira O. Baker; the 
architectural orders and thelr application, A. W. 
S. Cross and A. E. Munby. Numerous adver- 
tisements are scattered throughout the book. 


e and possibilities of 


WIRELESS TELEGRAPHY AND TELEPHONY.— Pop- 

` ularly Explained. By Walter W. Massie and Charles 
R. Underhill. With Special Article by Nikola Tesla. 
New York: D. Van Nostrand Co. Cloth: +% x T 
mi pp. 76; 29 illustrations, mostly in the text. $1, 
net. 

The authors of this little work have succeeded 
better than one might expect in the task of 
giving the lay reader simple ideas of wireless 
telegraphy and telephony. E'ectric oscillations 
are illustrated by familiar analogies of vibra- 
tions and waves in liquids. The construction 
and operation of the various pieces of apparatus 
employed are given brief description, and then 
the authors pass on to discuss the present uses 
wireless telegraphy. The 


proposed government regulation of wireless 
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HE preservation of surface and the prevention 
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here for the first time compiled in book form. 


Gives methods, costs, results, tests, etc. 


A necessary and timely book for every engineer. 


Clotb; 6x 9 inches: 144 pages: 16 illustrations. 
Price, $1.50, net. 


Descriptive circular on request. 


The Engineering News Book Dept. 


220 Broadway, New York 


430 


ENGINEERING LITERATURE. 


October 15, 1908. 


pO 


operations, in time of peace, comes in for strong 
criticism. 

The idea of sending out undamped oscillations 
and of varying these wave trains indirectly by 
Speech as a means of wireless telephony is 
briefly presented, and this is the only part di- 
rectly touching telephony. 

———_—. M 


Mehrten’s Iron Bridge Building: A Historical 
Monograph. 


VORLESUNGEN UEBER INGENIEUR-WISSENSCHAF- 
TEN.—By Georg Christoph Mehrtens, Professor of 
Engineering at the Royal Technical College in Dres- 
den. Part II., Bisenbriickenbau: Vol. I., Gesamt- 
anordnung der Festen Eisenbrücken und Ihre 
Geschichtliche Entwickelung bis auf die Gegenwart. 
Leipzig, Germany: Wilhelm Engelmann. Stiff pa- 
per; 7% x 10% ins.; pp. 814; 970 illustrations in the 
text. 40 marks; American price, $16. 


Something in the way of appreciation is owing 
to Professor Mehrtens from every bridge engi- 
neer, and from countless future devotees of the 
science, for the patient, careful labor which has 
resulted in the notable volume before us. Tech- 
nical books do not as a rule recompense their 
authors with any splendid income from royalties, 
but on the contrary often pay less than day- 
laborer’s wages for the time spent in writing; 
the author must seek hls reward, therefore, in the 
consciousness of work well done and in the grat- 
itude of his readers. And in the present case the 
result merits such gratitude. We have not had 
a comprehensive history of bridge-building, and 
we are not likely in the future to have one much 
better or more thorough than that of Mehrtens. 

We speak of the book as a historical mono- 
graph in spite of the fact that it contains other 
matter also; over 100 pages on loads, rivets and 
bolts, general disposition of parts of bridges, etc., 
besides a chapter on iron production which is 
partly historical. But this matter is at best of 
very ordinary quality, and for the most part has 
no real justification for being in this work, en- 
tirely aside from the fact that it is placed most 
unfortunately, splitting the history of bridges into 
two parts which should be contiguous. To some 
extent, perhaps, its inclusion and its placing are 
chargeable to the fact that the book is a repro- 
duction (with sHght revision) of a series of col- 
lege lectures. This also accounts for some minor 
features of the arrangement and phrasing of the 
text of the rest of the book, which, however, do 
not markedly decrease its merits. The same fact 
is responsible for making this book, though 
worthy of standing alone, a component member 
of a series of six volumes, three of which (“Statik 
der Baukonstruktionen und Festigkeitslehre“) 
were published some years ago, while the re- 
maining two (on “Modern Bridge Details” and 
“Special Types of Bridges and the Construction 
of Bridges”) will be issued in two or three years. 
Fortunately the nature of this volume, entirely 
historical and descriptive, makes it virtually in- 
dependent of the others. 

An important exception to this last statement 
must be noted: namely that movable bridges, 
which doubtless also have a history, are not 
mentioned. A distinction is made only in favor 
of ferry-bridges, structures that class under the 
head Movable bridges with better right than un- 
der Fixed bridges. Most of the seven or eight 
ferry-bridges in existence are shown and de- 
scribed in thls volume. Other movable bridges, 
presumably, will be discussed in a subsequent 
volume. 

The modern steel bridge descends from 
several very different prototypes: the wooden 
beam, the stone lintel and arch, the corbeled can- 
tilever structures found variously among primi- 
tive races, the primitive hanger-stayed beam 
structures and pure suspension bridges, etc. Per- 
haps the list should include, as one of the most 
important, the timber rafter roofs, which at some 
period prior to the Roman imperial age were 
transformed into simple trusses by the addition 
of a tiebeam, and were later improved by queen- 
post and other internal bracing arrangements. It 
might appear, indeed, that these early trusses, 
which went through a regular (if obscure) 
development prior to the nineteenth century, 
should be regarded as the sole progenitors of the 
modern bridge, since, abstractly viewed, the 
whole advance (excepting now the introduction 


of iron into the art) has been the perfecting of 


articulated frames. But historically the advance 
was of a different kind. 

The development of the several primitive types 
converged. While the typical element in each 
case retained its individuality, hybrid intermix- 
tures in large number appear. Further, the prog- 
ress of man’s ability to span a wide gap by a 
substantial carrying structure, if we measure this 
progress by the growth of the gap which he 
could span, skips irregularly from one form to 
another (and this in spite of the immense favor 
of the stone arch), from suspension bridge to 
arch and back again, from arch to truss or to 
such remarkable mixed forms as the bridges built 
by the Swiss brothers Grubenmann (one of these 
is illustrated in Johnson, Bryan & Turneaure’s 
“Modern Framed Structures”). -The primitive 
types, of course, are entirely distinct even today, 
as appears clearly from their distinctive names 
and their separation from each other in treatises 
on bridges. But the definite conceptions of to- 
day as to stresses and structural value grew 
slowly and uncertainly by convergence and al- 
loying out of the separate conceptions of the ac- 
tion of the separate types. In fact, the evolution 
of the truss idea from the suspension bridge with 
balancing strut, on the one hand, and from the 
arch with tie-rod, on the other, is especially evi- 
dent in the bridge history of the last 150 years. 

Professor Mehrtens' review of the origin and 
the preparatory period of bridge-building, the 
time prior to the nineteenth century, is some- 
what disappointing because the paths of devel- 
opment are not more clearly traced out and their 
interweaving shown. 
followed consistently by the author, but bridges 
of most various ages are grouped often with no 
better connection than a minor text allusion. 
This is evidently a criticism that cannot readily 
be justified in default of showing by example how 
the task might be performed better. Two indi- 
vidual omissions offer more certain ground for 
criticism: first, the neglect of the doubtless num- 
erous pile trestle bridges of antiquity, and second, 
the total omission of any reference to the ex- 
tensive and often admirable roof framing of 
former times, particularly of the medieval era. 
As to the first, the author does not separate pile 
bridges from those with stone piers, and of both 
classes mentions only a bridge of Nebuchadnezzar 
over the Euphrates (timber on stone piers, 6th 
century, B. C.), the Pons Sublicius over the Tiber, 
made famous by Horatius, about the same period, 
one of Alexander over the Euphrates of some 200 
years later, Caesar’s bridges and several later 
Roman bridges, including one that seems to be 
a compound timber-block arch (Trajan's bridge 
over the Danube, 103-105 A. D.). Pontoon bridges 
such as those of Darius and Xerxes are also 
noted, of course. As to roof frames, the author 
says nothing further than that kingpost trusses 
were common among the Romans, and that the 
old Egyptians had also used trusses for roofs. The 
intimate relationship of roof trusses and bridge 
trusses needs no remark, of course. 

But after all the observer of bridge progress 
is forced to recognize that, stone arches excepted, 
nothing of enduring importance was achieved 
until the age of iron. The Revolutionary War 
coincided roughly with the beginning of the new 
period; in 1779 the 100-ft. cast-iron arch bridge 
over the Severn at Coalbrookdale, in England, 
was finally successful, a structure which, though 
not leading directly toward progressive develop- 
ment, yet marks the introduction of new ideas 
and a new material. Faustus Verantius, a Vene- 
tian engineer, had suggested cast-metal (bell- 
metal) arches nearly two centuries earlier, but 
his ideas do not appear to have been realized, 
nor did the plans of various French engineers of 
the 18th century for building cast-iron bridges 
succeed any better. A 40-ft. flat arch bridge of 
open-work ribs like those of the English bridge 
was built in Germany in 1796, according to 
Mehrtens. It is interesting to note that both 
these bridges are still standing and in service. 
In this connection, a very striking design pic- 
tured by the author is Telford’s plan of 1801 for 
a cast-iron arch bridge over the Thames of 600- 
ft. span, to replace the old London Bridge. Need- 
less to say, this was never built, but the project 


Even time sequence is not 


has not been paralleled until the recent proposal 
for a 700-ton concrete arch in New York City, 
and this is planned with a rise three or four 
times as great as the rise of Telford’s arch. 

From this point onward, Mehrtens’ review of 
bridge development is all that could be desired, 
in completeness, variety, arrangement and intel- 
ligent comment. The material is grouped by 
main types, in six chapters: Beginnings of sus- 
pension bridge building; Cast-iron arch bridges; 
Chain bridges of the 19th century; Wire-cable 
bridges; Girder and Arch bridges up to the in- 
troduction of ingot metal; and, to conclude, 100 
pages on Bridges of today. 

It is a particularly remarkable fact, in bridge 
history, that the development in the modern 
period, since 1800, was accomplished in America 
and England. The latter country furnished the 
more famous engineers, and the plate-girder tube 
bridges of Stephenson, the suspension bridge of 
Telford and the remarkable tube-chord structures 
of Brunel still receive well-merited admiration. 
But outside the field of suspension bridges, only 
the Warren truss (which, according to Mehrtens, 
was invented by Néville in France, 1845, but was 
improved by Captain Warren) remains as an 
English contribution in the present-day art. For 
the rest, the origins and the development lie in 
America. Burr. Wernway, Long and Howe es- 
tablished a permanent basis for advance, by their 
truss designs, although they were working alto- 
gether in wood. Later Whipple. Linville, Murphy 
and their successors were no less fundamental for 
iron truss cunstruction. Suspension bridge build- 
ing also received its first impulse in the United 
States, although Telford and other English en- 
gineers contributed notable achievements. 

In the 550 pages which these six chapters oc- 
cupy the author presents a wealth of illustra- 
tions, whose number and excellence is fully com- 
mensurate with the importance and many-sided- 
ness of the subject. Movable bridges, already 
spoken of, and plate-girders (except the tubular 
bridges) are the only structures not covered by 
this text. For all other forms of iron bridge the 
author has built a historical review which will 
occupy permanently a long vacant niche in the 
literature of the engineering profession, and in- 
deed, in the literature of the history of civiliza- 
tion. 

—u —— —Z—Ü— 


NOTES ON THE DRAINAGE OF LARGE AREAS.— By 
A. M. Shaw, Assoc. M. Am. Soc. C. E., Consulting 
Engineer. Dixon, III.: The Author. Paper; 6 x 9 
ins.; pp. 14; two illustrations in the text. 25 cts. 


The author states that his discussion has been 
prepared chiefly for drainage commissioners 
and engineers, and that it is confined to ordi- 
nary gravity drainage systems such as are 
found in the States of the Middle West.” 
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Higher Surveying. 


THE PRINCIPLES AND PRACTICE OF SURVEYING.— 
Vol. II. Higher Surveying. By Charles B. Breed. 
Assistant Professor of Civil Engineering, and George 
L. Hosmer, Assistant Professor of Civil Engineering, 
Massachusetts Institute of Technology. New York: 
John Wiley & Sons. London, England: Chapman & 
Hall, Lid. Cloth; 5 x 4% ins.; pp. 432; 162 illus- 
trations, mostly in the text, and 17 tables. $2.50; 
English price, 10s. 6d., net. 


The first volume of this work, reviewed in our 
issue of Nov. 15, 1906, was admittedly an “ele- 
mentary treatise . . to give to the student 
a thorough training in the fundamental princi- 
ples .. . Of surveying. computing and plot- 
ting.“ The second volume, just issued, con- 


tinues the treatment into the higher 
branches of topographic and hydrographic 
surveying, but still adheres to the origi- 


nal purpose of being mainly a manual of prac- 
tice, a “description of the methods of conducting 
surveys.“ In the latter book the scheme of ap- 
proaching the advanced studies is a logical form 
of development although it is somewhat novel in 
that it subordinates the usually emphasized pre- 
cise measurement methods to the broader fields 
af topographie and hydrographic surveying. 

The work is divided into the following heads: 
tD “The Control of the Survey,” embricing gro- 
detie surveying with its subdivisions of triangula- 
ton. astronomy and precise leveling; (2) “Filling 
inthe Topographic Parts” and (3) “Hydrographic 
Surveying and Stream Gaging,’’ which together 
discuss the field details of the two branches, and 
t) “Constructing and Finishing Maps,” which 
takes up the reduction to record of the field 
data. In accordance with the purpose of the 
book the details of higher theory are purposely 
avoided but. for the benefit of those who wish 
to pursue the mathematical parts of higher sur- 
veving, quite complete references to other works 
are included. 

With the vast number of surveying treatises on 
the market there is only one feature in a new 
book on the subject which can make it compete 
with the standard works. The subject matter it- 
self has been so well thrashed over that there 
can be little added to it, so the more orderly ar- 
rangement and careful selection of that matter is 
the only field of endeavor for those college pro- 
fessors in whom the calls of authorship are ever 
insistent. In orderly arrangement Messrs. Breed 
and Hosmer have been most successful, but the 
two rather bulky volumes indicate that more care 
could have been bestowed on the selection. 
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SEWAGE PURIFICATION FOR BELFAST.— Final Re- 
port on the Scheme, and Its Probable Effects on the 
Lough. By E. A. Letts, D. Sc., Ph. D., etc., Prof es- 
sor of Chemistry and Joint Lecturer on Sanitary 
Science in the Queen's College, Belfast. Paper; 6 x 
9% ins.; pp. 104; ten plates; folding and other 
tables. 

This report details some of the observations and 
experiments that have been made with a view of 
determining the best method of preventing enor- 
mous growths of a seaweed called Ulva latissima, 
in salt waters adjacent to Belfast, Ireland. The 
growth is one that seems to be due to sewage 
pollution, and that depends upon an abundance of 


ammonia and nitrates. After making experi- 
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SOME IMPORTANT BOOKS 


At Last—Nearly Ready 
Pocketbook for Civil 


Engineers 


By ALBERT I. FRYE, M. Am. Soc. C. E. 


After a lifetime spent in accumulating material, 
and nearly four years of hard, grinding work in 
putting this matter in shape for publication, the 
author has produced a comprehensive and up-to-date 
pocketbook for civil engineers—not a scrap-book, 
but a condensed treatise on civil engineering, filled 
with data and tables, many of which have never 
before been published. For instance: The author 
spent twelve weeks of constant labor calculating 
and checking one new table, the need of which had 
been shown him by his own experience as an engi- 
necr, 

Thus there is crowded into the 1,200 pages a vast 
amount of matter that makes this the one book 
that no civil engineer or contractor can afford not 
to have. It is an epitome of modern civil engineer- 
ing knowledge—a whole library condensed into one 
flexible leather pocketbook. Price, $5 net, postpaid. 


Concrete Construction 
Methods and Cost 
By HALBERIT P. i and CHARLES 8. 


Containing 700 pages of cost data and methods of 
contrete construction of all kinds, this book is 
unique among all the books on concrete. The au- 
thors have confined their work to the methods and 
costs of concrete construction. They have not 
gon. into the testing of cement, nor iuto the physi- 
cal properties of concrete, nor into the design of 
reinforced concrete, ete.; but they have filled the 
pages of th:ir book with the sort of information that 
an engineer or contractor needs in estimating the 
cost and in reducing the cost of concrete work, both 
plain and reinforced. The various dtsigns of forms 
and centers and the layout of plant for mixing, con- 
voying and placing concrete receive the most com- 
plete treatment ever given to these important sub- 
jects. Cloth; 6 x 9 inches; 700 pages; 310 illustra- 
tions. 55 net, postpaid. 


Reinforced Concrete 


A Manual of Practice 


By ERNEST McCULLOUGH, C. E. 


This book is written for the practical concrete 
worker and for the engineer who desires in plain 
words the fundamentals of correct design and the 
practice of sound and economical construction work. 
The following are press comments: 

The author has personally supervised the erection 
of many of the buildings he has designed, thus giv- 
ing him a broad, practical experience and eminently 
fitting him to treat the subject embraced within the 
covers of this book.—Carpentry and Building. 

Nearly all the matter is original and not compiled. 
The author tells “how to do” things. Statements 
are reliable and in clear language.—Inland Architect. 

This little manual aims straight at the practical 
and hits the mark.—Concrete. 

Cloth: 5 x T4 inches; 136 pages; illustrated. Price, 
$1.50 net, postpaid. 


Practical Cement Testing 


By W. PURVBS TAYLOR, M. S., C. E. 
Engineer in Charge of Philadelphia Municipal Test- 
ing Laboratories. 

The list of chapters includes: (1) Classification 
and Statistics, (2) Composition and Constitution, (3) 
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Testing of Cement, (6) Specific Gravity, (7) Finencss, 
(S) Time of Setting, (9) Tensile Strength. (10) 
Soundness, (11) Chemical Analysis, (12) Special 
Tests, (13) Approximate Tests, (14) Practical Opera- 
tion, (15) Other Varicties of Cement than Portland, 
(16) Specifications (The Author's, Am. Soc. C. E.,; 
Am. Soc. Test. Mtls.; Soc. Chem. Indust.: Corps 
Eng.. U. S. A.; British Standard, Can. Soc. C. E.). 
Cloth: 6 x 9 inches; 330 pages; 142 illustrations; JS 

tables. $3 net, postpaid. 
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By HALBERT P. GILLETTH. M. Am. Soc. C. E. 
Managing Editor ‘‘Engineering-Contracting.’’ 


Whether for the purpose of estimating the cost of 
work or for securing hints that will lead to a reduc- 
tion of costs, this 622-page book is invaluable to 
every contractor and engineer. Send for 22-page 
pamphlet giving contents and sample pages. The 
price of Gillette’s ‘‘Handbook,’’ bound in leather, is 
$4 net, postpaid. 


Field System 
By FRANK B. GILBRETH. 


This book was written by one of the largest gen- 
eral contractors in the world, and contains nearly 
An) pages of rules and instructions for the guidance 
of his foremen and superintendents. It is the out- 
growth of over 20 years of experience in the con- 
tracting business and embodies scores of suggestions 
for economizing and for increasing the output of the 
men on the job. Mr. Gilbreth is the contractor who 
made the ‘‘Cost-plus-a-fixed-sum-contract’’ famous. 
“04> pages, with illustrations; bound in flexible 
leather, gilt edges. Price, $3 net, postpaid. 


Telephone Construction 
Methods and Cost 


This book is by all odds the most complete and 
systematic record of cost for any one class of con- 
struction work that has ever been published. Its 
author is Clarence Mayer, formerly Cost Statistictan 
and Facilities Engineer, Chicago Telephone Co. The 
book covers pole line construction, cable construc- 
tion, underground construction, etc. Send for 
pamphlet giving table of contents and sample pages. 
The book contains 300 pages, and its price is $3 net, 
postpaid. 
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and Estimates 


By F. LAVIS, M. Am. Soc. C. E. 


The contents include chapters on: Résumé of 
Methods and Explanation of Terms—Reconnaissance 
—Organization and Equipment—The Preliminary 
Survey, Field Work—Maps and Office Work—Loca- 
tion—Suburban Rapid Transit Railways—Estimates 
and Tables of Quantities Surveys in Tropical Coun- 
trics and Notes on Modifications of Organization and 
Equipment—Trigonometrical and Curve Formule, 
Tables of Level Cuttings, ete. 270 pages, 73 illus- 
trations, 10 folding plates. $3 net, postpaid. 
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Concrete 


A book of nearly a thousand pages, and containing 
over 700 illustrations, is Reid's Concrete and Rein- 
forced Concrete Construction.“ It is a library on 
concrete itself, and no engineer’s or contractor’s li- 
brary should be without it. In this small space we 
can tell little about the book. Send for the 16-page 
pamphlet giving full table of contents and sample 
pages. Price, $ö net, postpaid. 


Theory and Design of Rein- 


forced Concrete Arches 


By ARVID REUTERDAHL. 
Chief of Bridge Department, City of Spokane, Wash. 


The books which have heretofore been published 
on this subject are either so mathematically abstruse 
or leave so much to the reader to demonstrate for 
himself that they are of little value to the general 
practitioner or to the technical student whose math- 
ematical ability is not of exceptional order. These 
objections have been overcome in this book. Every 
principle is explained thoroughly—there are nò miss- 
ing steps in the mathematics. 132 pages; numerous 
diugrams and tables. Price, $2 net, postpaid. 
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Methods and Costs 


By HALBERT P. GILLETTE, M. Am. Soc. C. E. 
Managing Editor ‘‘Engineering-Contracting.’’ 


One superintendent writes that he has cut the cost 
of his drilling and blasting practically in two since 
he received this book and applied the methods given 
by Mr. Gillette. 

The chapters are: Rocks and Their Properties— 
Methods and Cost of Hand Drilling—Machine Drills 
and Their Use—Steam and Compressed Air Plants— 
Cost of Machines Drilling—Cost of Diamond Drilling 
—Explosives—Charging and Firing—Methods of 
Blasting—Cost of Loading and Transporting Rock— 
Quarrying Stone—Open Cut Excavation—Methods 
and Costs on the Chicago Drainage Canal—Cost of 
Trenches and Subways Subaqucous Hxeavatlon— 
Cost of Railway Tunnels—Cost of Drifting, Shaft 
Sinking and Stoping. Cloth; 5l x T inches; 384 
pages; 56 figures and illustrations. $3 net. postpaid. 
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ments with various methods and combinations of 
methods of sewage treatment, it was concluded 
that as ordinarily employed all were unsatis- 
factory because of the resulting nitrates. To 
obviate these, denitrification beds were proposed. 
A brief abstract of portions of the report will be 
published in a later issue of Engineering News. - 
ee 


Liquid and Gaseous Fuels. 
Reviewed by WILLIAM KENT,* M. Am. Soc. M. E. 


LIQUID AND GASEOUS FUELS.—And the Part They 
Play in Modern Power Production. By Vivian B. 
Lewes, F. I. C., F. C. S., Professor of Chemistry at 
the Royal Naval College, Greenwich, etc. New York: 
D. Van Nostrand Co. Cloth; 514 x 8% ins.; pp. 334; 
54 illustrations in the text. $2, net. 


As stated in the preface, this book attempts to 
treat the subject of liquid and gaseous fuels from 
a popular but comprehensive point of view, and 
it is not intended to take the place of the stand- 
ard treatises on the several branches of the sub- 
ject. The first three chapters treat of the 
chemistry of fuel and combustion, solid fuels, 
calorimetry, etc., and contain what is usually 
found in books treating of these subjects. 
Chapters IV. and V., covering 55 pages, contain 
a very satisfactory discussion of liquid fuel and 
the methods of burning it so as to obtain the 
most economical results. The next two chapters 
devote 78 pages to the manufacture of coal gas 
and its use for heating and power. Water gas 
is next treated of to the extent of 35 pages, anu 
this chapter contains an interesting historical 
statement of the development of the modern 
processes, and illustrations of different forms of. 
apparatus are given. 

Chapter IX. is entitled “Poor Fuel Gas,” and 
relates to producer gas and its modifications. 
Credit for the first gas producer of what is com- 
monly called the Siemens type, is given to 
Bishop, 1839, -who seems to have anticipated 
Frederick Siemens by 17 years. The Mond pro- 
cess and several sty!es of suction gas producers 
are illustrated. The last chapter treats of the 
“Fuel of the Future; that is, the fuel that the 
world will have to use when all its available 
stores of coal, peat, wood and oil are exhausted. 
That fuel is alcohol, which can be made from 
annual crops of potatoes, beet roots, and other 
things from which alcohol can be made. As 
long as the sun shall continue to give light and 
heat to the earth, causing vegetable matter to 
re-convert all the carbon dioxide produced by the 
burning of carbonaceous fue!s back into carbon, 
so long will the fuel supply of the world last. 
The chapter closes with a discussion of the sub- 
ject of the use of alcohol instead of petroleum 
derivatives in the internal combustion engine, 
and gives the conclusions reached by Dr. Lucke, 
of Columbia College, after his tests of alcohol in 
a gasoline engine. 

The author is a master of his subject, writes 
in a clear and often interesting style, and he has 
made a useful book which is worthy of a place in 
any engineer’s library. 
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THE MASONRY ARCH BRIDGE ACROSS THE CONNECTI- 
CUT RIVER AT HARTFORD. 


When considerations of cost become subordi- 
nate to those of beauty, the stone voussoir 
arch, if simply treated and free from excessive 
ornamentation so ruinous in bridge architecture, 
has a dignity and grace that concrete construc- 
tion, even in its present highly developed state, 
cannot approach. But the pressing needs of 
economy and the structural efficiency of the 
concrete arch, especially when reinforced with 
steel, have together acted in the past decade 
almost entirely to remove the stone struc- 
ture from that field of bridge construction 
where artistic necessities and the fear of heavy 


maintenance charges had already displaced 
the steel truss. The erection at this time 
and in this country of a monumental stone 
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ble concrete, but in all cases alternate stones 
are of different length so as to ensure an effect- 
into the concrete. In the same man- 
ner the arch ribs (inside the face) are formed of 
alternate deep and shallow stones, the deepest 
of which do not quite equal the ring thickness, 
which is completed by concrete backing. The 
roadway is macadam cagried on dirt fill and 
protected by massive granite railings. 

In architectural treatment the bridge is es- 
pecially dignified. There are no superfluous 
ornate cornices as pier details, merely the sim- 
ple regular placing of stone on stone, with the 
monotony-relieving cut-waters at each pier. It 
is unfortunate that the electric railway is a 
trolley line across the bridge, but every effort 
has been made to make the trolley poles as 
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The cut and shaped stone is only carried back wide boulevard leading directly from the center 
for one course, the backing being a heavy rub- of the city. This transformation of the river 


front from the usual squalid dtstrict to its 
proper place as a recreation ground for the 
people is one of the greatest improvements in 


the new construction. The other side of the 
river, in East Hartford, is still in a semi-rural 
State, so that as yet no changes have been 
started. 


Not a little interest pertains to the history of 
the bridge. In 1809 the first bridge, a wooden 
structure, was built across the river at this 
point. This remained until 1818, when it was 
washed away by a freshet, but in the same year 
another timber bridge was built which remained 
in service until destroyed by fire in 1895. Up 
to 1889 toll was charged, but in that year the 
towns of Hartford, East Hartford, Glastonbury, 
Manchester and South Manchester, were banded 


HARTFORD BRIDGE ACROSS THE CONNECTICUT RIVER. 


(Total length, 1,192 ft.; 60-ft. roadway, two trolley tracks, 


arch bridge is therefore a matter of consider- 
able moment. On the accompanying cut we are 
able to show a view of one of the finest examples 
this side of the ocean of this style of bridge de- 
sign; Hartford Bridge across the Connecticut 
River at Hartford, Conn., opened first for travel 
last December, but formally dedicated in a 
three-day celebration on Oct. 6, 7, 8, 1908. 
Hartford Bridge has a total length of 1,192 ft. 
and a total width of 82 ft., comprising two 10-ft. 
sidewalks and a 60-ft. roadway, carrying a trol- 
ley line. It consists of nine semi-elliptical 
arches measuring, from west to east, 101.5, 108, 
115, 119, 115, 108, 81, 74 and 68 ft., respectively, 
with the rise of each arch equal to one-quarter 
its span. The piers were all founded on solid 
bottom by the pneumatic caisson process, in 
some cases as deep as 50 ft. below low water. 
From top of footings to springing line the face 
stone is rough-face Leete’s Island granite, but 
above the spring all face work is dressed Stony 
Creek granite, a reddish stone of fine texture. 


two 10-ft. 
(Photograph by 


sidewalks: 
Havens & Chudoba, 
unobtrusive as possible. They are of bronze, 
placed on each side of the road, and serve also 
as electric light poles. At the west end of the 
bridge, the tracks of a branch of the N. Y., 
N. H. & H. R. R. pass under the abutment and 
approach in a long tunnel, the portal to which, 
though some hundred feet south of the bridge, 
has been made of cut granite in style to con- 
form with that of the bridge. 

Quite as important as the details of the arches 
in the appearance of the bridge is the general 
arrangement of the approaches. On the Hart- 
fort side, the west bank of the river, the shore 
up to a few years ago had been given up to the 
dirtiest of commercial industries, railway yards, 
coal storages, and a very poor class of resi- 
dences. Realizing the inconsistency of terminat- 
ing so costly a bridge in such a neighborhood, 
the engineers, backed up by a popular vote, con- 
demned the whole river front for a considerable 
distance on either side of the bridge and back 
from the shore, and in this space constructed a 


Hartford, Conn. 


nine granite arches, backedwith concrete, varying in span from 68 to 119 ft.) 


into a “Bridge District,” which purchased the 
bridge and turned it into a free structure. After 
the fire of 1895 a Bridge Commission was ap- 
pointed by the Governor with power to erect 
a new bridge. First, a temporary steel bridge 
was built, and in 1903 work was commenced on 
the present masonry structure. Although much 
more expensive than a steel bridge, the cities 
overwhelmingly voted for the stone arches and 
in addition appropriated the extra funds neces- 
sary for the construction of the boulevard. The 
U. S. War Department at first required a draw 
across the channel, but by special act of Con- 
gress this feature was omitted. The cost of 
the masonry bridge was about $1,600,000, an 
excess of close to a million dollars over a steel 
bridge for the same span. This excess cannot 
be justified on the grounds of less expensive 
maintenance, but only on account of the more 
pleasing result. The expense was divided up 
according to accepted proportions among the 
five towns in the district, Hartford paying by 
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far the greatest amount. Besides this $1,600,- 
000, the boulevard, in condemned land and im- 
provements, cost about $1,400,000. 

Any article on the bridge and its approaches 
would be incomplete without some reference to 
the exercises of the three days in October when 
the opening was celebrated. So ambitious a 
civic celebration in our knowledge has never be- 
fore been occasioned by the completion of any 
engineering work. For three days the city of 
Hartford was given over to pageant, parade and 
ceremony. Throngs of visitors from the whole 
state crowded at all hours the decorated and 
illuminated streets. Immense grandstands were 
erected on the side of the new boulevard over- 
looking the bridge and the river, and from them 
many thousands reviewed the civic, masonic, 
military, automobile and naval parades and 
viewed the presentation in float and tableau of 
scenes from the city’s history. The exercises 
terminated with the masonic laying of the last 
stone and the unveiling of the bronze tablet on 
the Hartford end of the bridge. Such an oc- 
casion is, of course, of very material benefit to 
the business men of a city, but even allowing 
for their Influence in arranging the celebration, 
the recognition of a great municipal improvement 
in so unique a manner is worthy of commenda- 
tion. 

The Bridge Commission under whom the con- 
struction of the bridge was carried out was 
headed by U. S. Senator Morgan G. Bulkeley, to 
whom most of the credit for the successful ad- 
ministration of the project is due. The Chief 
Engineer of the Commission is Mr. Edwin D. 
Graves, M. Am. Soc. C. E., who prepared the 
plans for the bridge and supervised its con- 
struction up to about two years ago, when he 
was forced to retire from active duty on ac- 
count of illness. Since then Mr. John G. Hen- 
derson, M. Am. Soc. C. E., has been Deputy 
Chief Engineer in charge of the work, with Mr. 
Edward. W. Bush, M. Am. Soc. C. E., Assistant 
Engineer, acting as Resident Engineer of Con- 
struction. The consulting architect was Mr. 
Edmund M. Wheelwright, of Boston, and the 
consulting engineer, Mr. Alfred P. Boller, M. 
Am. Soc. C. E., of New York. The contract for 
the bridge proper was held by the firm of Me- 
Mullen, Weand & McDermott, of New York. The 
approaches and the boulevard were let in num- 
erous small contracts. 

The photograph of the bridge shown herewith 
was taken by Havens & Chudoba, of Hartford, 
from whom copies of the original may be ob- 
tained. 
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REBUILDING IN CHELSEA, Mass., after the exten- 
sive fire of last April has been very active, says the 
Boston “Globe.” Over 300 building permits have been 
issued, representing a value of two to two and a half 
million dollars. In June, after the city’s affairs were 
put in charge of a Board of Control, fire limits were 
established and it was ordered that all buildings within 
this area must be of fireproof construction. This placed 
matters on a definite basis and rapid progress has been 
made since then. 


— 


RAPID SHIPBUILDING is being done on the “North 
Dakota, the new large-gun ship for the United States 
Navy, by the Fore River Ship & Engine Building Co., 
Quincy, Mass. The contract for this ship is dated Sept. 
1, 1907, the keel was laid on Dec. 16, and it is expected 
that the launching will occur on Nov. 10 if present 
plans go through. The official report of the Bureau of 
Construction and Repair of the Navy Department gives 
the percentage of completion on Oct. 8 as 54.2%. The 
contract period is 34 months. No previous battleship 
building in American shipyards has attained such speed. 
If the launch takes place as planned, it will be the first 
occasion on this side of the water of a war vessel being 
launched in less than a year from the time the keel 
was laid or within 15 months from the date of the con- 
tract. 

Other war vessels in 
following stages, according to the same official report: 

Battleships—‘‘South Carolina,” 63%; Michigan,“ 71%; 
“Delaware,” 44%. 

D«stroyers—Five destroyers, 
49%, 26% and 26%. 

Submarines—Seven, ranging from 50% to 59%. 

Other vessels—Two colliers, 96% and 83%; two tug- 
boats, 70% and 95%. 
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construction have reached the 


THE DAVID NEALE SYSTEM OF RIVER IMPROVEMENT 
AND BANK PROTECTION. 
By CHARLES H. MILLER,* M. Am. Soc. C. E. 


There seems to be no difference of opinion 
regarding the fact that the first step towards 
the permanent improvement of the channel of a 
silt-bearing stream is in the direction of pro- 
tecting the banks against further erosion, with 
its consequent addition of silt, and the deposi- 
tion of a large part of the same at some point 
further down stream. l 

Mr. J. A. Ockerson, M. Am. Soc. C. E., ina 
paper “On Erosion of River Banks” (Vol. XXVIII. 
of the Trans., Am. Soc. C. E.,) states for the 885 
miles of the Mississippi River from Cairo to 
Donaldsonville, as follows: 


The total area of caving per annum is 39,016,000 sq. 
yds., and the average annual rate of caving per mile of 
river is 44,186 sq. yds., or a little over 9 acres. The 
average depth of erosion is about 66 ft., hence the an- 
nual volume of erosion per mile of river is 972,092 cu. 
yds. The total average annual volume of erosion from 
Cairo to Donaldsonville, as derived from these com- 
parisons, would amount to 10 sq. ml., 84 ft. deep. 
The total amount per annum of solid matter passing 
New Orleans in suspension is computed, from sediment 
observations, to be about 10 sq. mi., 26.8 ft. deep, or 
less than one-third of the amount of erosion. The 
two-thirds and more not accounted for, added to the 
volume tumbled into the Missouri, goes to build up the 
bars which obstruct navigation and the points which 
follow the caving bends by accretions. 


In the same volume, p. 418, Mr. Ockerson 
states for the 802 miles of the Missouri River 
between Sioux City and the mouth, that: 


The average area of caving per annum for the 802 
miles is 50,019,000 sq. yds., and the average annual rate 
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FIG. 1. DETAILS OF A FOUNDATION FASCINE. 


per mile of river is 62,338 sq. yds., or about 13 acres. 

There is no accurate data available for the 
Esti- 
mated at an average height of 39 ft., would give the 
annual volume of erosion per mile of river 748,056 cu. 
yds. The total annual erosion would amount to 10 sq. 
mi., 58 ft. deep. 


There is quite a difference of opinion regarding 
the best methods of providing the protection, due 
very often to the different conditions encoun- 
tered, and also in a measure to the individual 
experiences and opinions of the engineers in 
local charge. During the past thirty years much 
money has necessarily been spent in extensive 
experiments, with the result that the principal 
types used at present are, for the Missouri 
River, a willow mattress that may be termed 
the basket-woven type, for the upper Mississippi 
River, this same type, and in addition a board 
mattress. On the lower Mississippi the solid 
fascine mattress is now used (the old woven 
type having been discarded about fifteen years 


ago). The David Neale system is used on the 
Missouri, the upper ‘Mississippi, and on the 
smaller silt-bearing streams. In addition, the 


pi'e dike with foot mattress is used on all of 
these streams, but principally in an effort to 
close chutes or to deflect currents. : 

In Vol. XXXV., of the Transactions of the 
American Society of Civil Engineers, is a paper 
entitled “Bank Revetment on the Lower Missis- 
sippi,” by the late H. St. L. Coppee. The paper 
contains a very detailed description of both the 
woven and the fascine types of mattress work. 

From this paper the following quotations and 
notes are made: 

While the mooring lines are being placed, the head of 
the mattress is under construction. Hardwood poles, as 
large as can be conveniently handled by a gang of men, 
and reasonably straight, are laid in two lines on the 
ways, over and parallel to the inner gunwale (of the 
mattress barges). These poles lap each other 10 to 15 
ft., the two lines breaking joints. Where they lap they 


»Engineer of River Protection, Missouri Pacific Ry. 
Co., Little Rock, Ark. 


are spiked together every 2 ft., and also tied together 
with galvanized wire at intervals of 10 ft. This line 
of poles is equal in length to the width of the mattress. 
Upon these poles, at intervals of about 714 ft. and at 
right angles to them, the butt ends of the weaving poles 
are securely fastened with spikes and wire. Upon these 
latter another set of poles, similar and parallel to the 
first, are placed, spiked and wired, and the whole head 
thus formed sccurely fastened with wire. 

The weaving poles are live willow or cottonwood brush, 

reasonably straight, and 4 to 6 ins. in diameter at the 
butt, and from 25 to 30 ft. long. To facilitate weaving, 
all knots are trimmed off and the top and bottom quickly 
smoothed with a drawing knife. The brush used for 
weaving is live straight willow of any length above 25 
ft., and from 2 to 4 ins. at the butt. It is passed from 
the brush barges to the weavers, who work in pairs, and 
is woven into the mattress. The butts are placed under 
one weaving pole and 2 ft. beyond, being woven at the 
other end over the next pole, under the third, over the 
fourth, and so on, the light ends being always left on 
top. 
- A strip 5 ft. in width is woven thus; in the next 5 ft. 
the butt is reversed, and so on, the butts changing di- 
rections every 5 ft. When the mattress is woven to 
within 2 ft. of the end of the poles, giving about 22 
ft. of mattress, it is swung into position with the ac- 
companying barges. This shift is then launched down 
the mattress ways, care being taken not to allow it to 
slip entirely into the river, check lines being used to 
prevent. A new set of weaving poles is spliced to the 
projecting ends of the first set, the butts of this set be- 
ing spliced to the tops of the preceding one, after håv- 
ing been pushed into the mat about 3 ft., thus making 
a lap of 5 ft. Two spikes and two wire lashings are 
used to fasten each splice. The weaving is continued 
as described to within 2 ft. of top of second set of poles, 
when another launch is made, and so on, until the full 
length of the mattress is obtained. 

In the fascine mattress no weaving is done, but after 
the head is constructed the willows are placed in a long 
row or bundle (parallel 
to the head, which is per- 
pendicular to the shore 
line), and tightly com- 
pressed and bound every 
3 ft., so that it is 12 ins. 


or more in diameter and 
ee ee Elevation. > of 


length equal to the 

width of the propesed 
—— mattress. These fasecines 
3- are closely bound together 
2 one after the other by 
— means of wire strands 

Cross Section B. Cross Section c-D. which run continuously 


through the mattress. 

Both types of mattress are strengthened by the use of 
wire strand (particularly the woven type) being inter- 
laced both longitudinally and transversely through the 
same and clamped together at intervals. After launch- 
ing (in both forms of mattress) a grillage of poles is 
placed on top in lines about 8 ft. apart, and in two lay- 
ers one above the other, the lines being perpendicular to 
each other; all wired securely to the weaving poles or 
cables as the case may be. This grillage prevents the 
rip rap or ballast from sliding off when the mattress 
assumes its inclined position on the bank of the river, 
to which position it is sunk by means of rock ballast. 

The mattress work just described is used to protect 
the portion of the bank below the medium low stage; 
the portion above this line after being graded off to an 
even slope is paved with rip rap, as a rule. In pro- 
tecting a river bank with this system it is the usual 
practise to place continuous work over the part it is 
intended to hold. 


It is stated in the paper that although it was 
expected that the fascine mattress would cost 
much more than the woven, it was found that 
the additional expense was slight. This has 
since been verified many times over. And ex- 
cept to strengthen the work, and possibly to 
change a few minor details, the fascine mattress 
is to this day built as described in that paper. 

To those familiar with the details of both 
types, it is unnecessary to say that the fascine 
is the best and should be used to-day wherever 
the woven type is being placed. It is more pli- 
able, thereby adapting itself more readily to the 
abrupt changes that usually take place from the 
scour along the outer edge. It is tighter, thereby 
lessening the chances of scour through the mat- 
tress. It is not necessary to use only straight 
Clean brush of a reasonably uniform size. And 
it can be built with about the same plant or 
equipment. 

The fact that a!l kinds and classes of brush 
can be used in constructing the solid fascine 
mattress is a very strong point in its favor. All 
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through the annual reports of the Chief of Engi- 
neers, U. S. A., for the past twenty years or 
more may be found statements expressing the 
fears of the various engineers in charge that the 
available supply of brush will soon be exhausted. 
And such undoubtedly would be the case if con- 
tinuous work upon a large scale were under- 
taken. 

On the Missouri River the woven type has 
given good service, but the fascine type will 
give a better one.* 

Our experience with this class of work has not 
proven to be so good as that of the army engi- 
neers An examination of the several annual 
reports of the Chief of Engineers, U. S. A., for 
the past twenty years will not entirely bear out 
the statement of Mr. De Witt given in the foot- 
note. Mr. W. G. Price, M. Am. Soc. C. E., who 
had wide experience in the early days of the 
improvement work on the Mississippi River, 
states in Vol. XXXIII., No. 10 of the Proceedings 
of the American Society of Civil Engineers: 

The revetting of caving banks by a continuous mat- 
tress has certainly not proven to be a permanent form 
of improvement in many places, and wherever such a 
mattress is located for a long time in a place where it 
is opposed to the river flow, it must fail. 

For the standard mattress work of the woven 
type on the Missouri River it must be stated, 
however, that it is of a first-class quality, being 
very closely woven, with selected brush, and by 
high-priced labor. This latter, however, is one 
point against this class of mattress when com- 
pared with the fascine type. 


The best record at hand is that given in a 
discussion by Mr. Arthur Hider, M. Am. Soc. C. 
E., of a paper presented by Mr. A. J. Nolty, 
U. S. Asst. Engr., before the Memphis Engi- 
neering Society a short time ago. The paper 
covered the fascine revetment in the Third Dis- 
trict, Mississippi River, during the period 1895 
to 1906. Mr. Hider shows the cost of mainte- 
nance and repairs at 1.83% per annum, and the 
cost of plant depreciation 0.9%, or a total of 
2.73% per annum for the ten years. 


It should be stated at this point, however, that 
previous to 1895 the woven type was genera'ly 
used on this District; and that a large part of 
the fascine mattress referred to was built to 
replace the woven mattress previously destroyed. 


The belief seems to be widespread that the 
willow brush when kept continuously beneath the 
water does not deteriorate; in other words, re- 
mains permanent. Some years ago it fell to the 
lot of the writer to examine into the question 
of the permanency of the different materials 
used in river protection work. Suitable app'i- 
ances were employed to pull up from the bed of 
the river pieces of the willow that had been 
placed in the mattress work from five to ten 


years previous to the date of the experiments;. 


all of them from a depth not less than 30 ft. 
below the low-water stage. In every single in- 
stance the brush (in sizes from 1 to 3 ins. in 
diameter) had almost entirely lost its strength 
against bending and breaking, the breaks being 
clean and without any splinters. However. 
there was no diminution in size; and it is be- 
lieved that such ~.aterial, if continued in a fixed 
position, and not subjected to bending, would 
furnish protection against scour for a long time 
to come; in other words, the life of the mattress 
lying in a fixed position would depend upon the 
length of life of the wire fastenings that are 
holding the brush together. Much of the wire 
examined was found to be very deeply corroded, 
and some of it practically gone. At the present 
this point is very much strengthened by the 
judicious use of wire strand. The woven type 
of mattress is not so entirely dependent upon 
the wire fastenings to hold it together. N 


»Regarding the woven mattress on this river, see 
Engineering-Contracting'“ of Nov. 20, 1907, wherein is 
published some of the testimony before the Inland Wa- 
terways Commission. Mr. W. R. DeWitt, U. S. Asst. 
Engr., who has had much experience, stated as follows: 
This work properly constructed will stand for twenty 
years with little or no expenditure for maintenance; the 
tank below water is permanently protected against scour 
by the willow mattress, and a little new work placed 
ocasionally on the upper bank will maintain that part 
of the work. 


THE DAVID NEALE SYSTEM. 
In the paper previously referred to Mr. Price 
States as follows: 


The Mississippi has shown that it has power to de- 
Stroy and carry away almost everything that man has 
constructed to oppose it. By using a little strategy in 
design, however, the river can be compelled to use its 
mighty power to dig foundations for permanent improve- 
ment works. This can be done, and has been done, by 
making the form of construction of these works to be 
fixed points, so that the river can not disintegrate them; 
it is known that it can, and will, and it is by taking 
advantage of this undermining power that the point can 
be made a fixture. By designing the structure so that 
only wood and stone, properly bound together, form its 
permanent parts, the forces acting against it can do 
nothing but undermine it and sink it in the sand, while 
more of the same material is piled on top of that which 
is sinking, and a depth of foundation is soon reached 
which the river will not cut under. 

The above paragraph so nearly describes the 
plan and method of the David Neale system, 
that it is given before entering into the explana- 
tion of that system. However, it must be noted 
here that stone does not enter into the con- 
struction of the part of the work that will con- 
stantly be below the surface of the water, it 
being so built that it will collect sufficient mud 
and sediment to sink and hold it in place. 

The brush for this work need not be carefully 
selected, but may be quite variable as to quality, 
size, and shape. With a supply of this ma- 
terial on hand, we place a layer 6 to 12 ins. 
thick, 40 to 100 ft. long, and 5 to 10 ft. wide, 
upon a barge or upon the river bank, taking 
care to have this layer upon thick poles a proper 
distance apart so that wire and cable or strand 
can easily be passed back and forth underneath 
the who'e, the brush to be laid closely and with 
broken joints. Across this layer or bed, place 
bundles of brush 6 to S ins. in diameter, 7 to 
12 ft. long, and 5 to 10 
ft. apart as the case may 
be; the ends of these 
cross bundles should pro- 
ject about a foot over 
each side of the brush 
bed. Now along each lon- 
gitudinal edge of the bed, 
and on top of the cross 
bundles, place a con- 


tinuous bundle or fascine 


of brush, of similar ae 

thickness to the cross f ig ae ra 
bundles, next more cross g ew Lo 
bundles directly above > „ 

the others, then longi- .. 5 
tudinal bundles, and so FIG. 2. 


on until the whole is from 
5 to 10 ft. high. In a few words, build up as 
though it were a rail or pole pen, except that in 
this case a long pen with partitions is made, 
care being taken to have the ends of the poles 
or bundles project out a foot or more. When 
the brush has no leaves, interstices will be left 
between the bundles. Fill these with brush 
tops, hay, straw, or corn stalks, so as to pre- 
sent comparatively tight sides and partitions. 
On top of the whole place a brush top or cover 
Similar to the bottom bed. With a suitable appli- 
ance, next compress and bind tightly with wire 
or wire strand at intervals of from 5 to 10 ft., 
producing a large cellular fascine or bundle of 
hollow cells. The smaller dimensions will give 
the minimum and the larger ones the maximum 
sizes of fascines as generally used on the Mis- 
souri River to-day. The description would in- 
dicate a cylindrical or straight-edged construc- 
tion, but in actual practice the fascines are 
built cigar-shaped, which gives them increased 
strength to resist crushing before they are en- 
tirely filled with mud. (Fig. 1.) 

After securing the upper or smaller end to a 
dead-man or post by means of a line or cable, 
the bundle is launched into the river and floated 
into place. Within a day or two it will collect 
enough mud to cause it to settle to the bottom. 
If not, bags of sand or a sand pump may be 
used. When once on the bottom it soon becomes 
securely anchored into the sand through the 
agency of the currents, and the process of fill- 
ing is soon completed. Not one pound of rock 
is necessary to accomplish this result. 

This as described constitutes one of the units. 
They can be placed side by side, and one layer 
on top of the other to build up a large deflection 
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dike. The usual practice, however, in con- 
structing such a dike, is to build from 6 to 10 
of these large cigar-shaped units in progres- 
sive lengths of from 30 to 100 ft. and then 
'aunch them in such a manner as to form a 
large triangular-shaped mattress, the upstream 
end being a point against the bank at the 
water’s edge, the downstream and extending out 
from 30 to 100 ft. on the surface of the water, 
and the outer edge or side of the triangle being 
at an angle of from 30° to 40° with the bank 
line. (Fig. 2.) 

On top of this mattress is now started what 
may be termed a mud cell raft, the outer edge 
and lower end being set back from 5 to 8 ft., 
leaving a step of that size around these two 
sides. This raft is built exactly after the man- 
ner of the fascines, but is continuous, as there 
are no short bundles of brush except toward the 
upper point of the mattress. In other words, it 
is built after the manner of a log house with 
many rooms, with the rooms from 5 to 8 ft. sq. 
This raft is extended in and over the upper slope 
of the bank, as it is built up in height, the slope 
having previous'y been graded to 1 on 1%. For 
about every 5 ft. of elevation around the outer 
edges step back as mentioned before, finishing 
the part left out with a covering of drush. 


Keeping the top of this work on about a 5 on 1 
the upbuilding 


slope, continues until the dike © 


oy of Bank 


FOUNDATION OF FASCINES FOR BANK DIKE. 


ceases to settle, when a brush covering is 
placed over the whole, with heavy poles on top 
placed up and downstream to ward off drift 
and ice. If the dike eventually sinks, more work 
can be placed on top. 

The brush is not carried to the top of the bank, 
but riprap is used to make this part more per- 
manent. It can readily be seen that except 
along the outer edge and on top there is no 
further use for the wire fastenings. If extra 
care is taken to secure these parts of the dike 
with heavier wire strand, or by bolting heavier 
poles so that they will prevent the brush from 
becoming loose, the life of the work is much 
prolonged. (Fiz. 3.) 

The steps referred to above have the effect 
of very materially reducing the eddy action be- 
low the dike; in fact they nearly eradicate the 
same when properly constructed. Experience, 
however, is necessary to accomplish this result. 
The effect of the dike is to cause the water to 
glide off smoothly and to deflect slightly the 
main current from the bank. In order more 
throughly to deflect the lower currents, and to 
prevent excessive scour at and below the outer 
corner of the bank dike a mattress of the smaller 
sized fascines, the whole commonly termed a 
wing dike, is next constructed in the following 
manner. (See Fig. 4.) To the outer end of a 
strong cable attach and sink a chinese anchor 
or mud box, in a position about 40 ft. below and 
50 ft. outside of the outer corner of the bank 
dike. This cable is securely fastened to a dead- 
man on the bank about 100 ft. above the upper 
corner of the dike already placed. Cellular fas- 
cines about 80 ft. long are built and fastened to 
this large cable with a short piece of cable and 
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A slip ring, and when launched overboard are 
carried down by the current and sunk into place 
one after the other by the weight of the sedi- 
ment they collect. 

The space between the chinese anchor and the 
bank dike is completely covered or filled in, two 
or more lead cables being placed If necessary 
to accomplish this result. Dependent upon con- 
ditions, and the amount of deflection it is de- 
sired to give the river at this particular point, 
these fascines can be piled in one layer over the 
other. Care must be taken in building the fas- 
cines for the wing dike, particularly the ones 
that will come on top, to make them strong and 
to bind them with heavy strand or poles in such 
a manner that they will not soon come apart. 
The dike next downstream can now be located 
just above the point at which the currents again 
strike the bank. The distance varying very 
much dependent upon conditions. 

Repairs to this class of work usually consist 
in replacing the top cover and in strengthening 
the upper bank work; also in building up a dike 
that has settled unduly. It appears that nearly 
all of the settlement takes place during the first 
season of high water. 

Sometimes eddies are induced, and when this 
is the case they should be broken up by rolling 
in a fascine or two or by building a small foot- 
mattress, but ordinarily the dike when com- 
pleted does not cause strong eddies, this trouble 
often occurring before it is finished. 

There are a great many different methods as 
to details, dependent upon the stage of the river, 
the conditions encountered, and the material 
obtainable. The description given covers the 


class of work suitable for the Missouri River, 


and as built at medium and low water stages. 

So far as the writer knows this class of work 
has never been attempted in the Mississippi 
River below Cairo. But to those familiar with 
the construction of protection works on this 
river, and whose memories carry them back to 
about 1887 and 1888, when we wrestled with the 
intermittent crib dike system, it is unnecessary 
to say that it can be placed, and be made of 
sufficient strength, by the use of large poles or 
even piles that have been cut down at the cor- 
ners and intersections as In building a log cabin, 
and fastened together with wooden pins and 
large wire strand or cable, to withstand the con- 
stant impact and scour to be encountered in 
most cases. 

The question now to be decided is, whether it 
ig necessary, as was the case with the old crib 
dikes, to place solid protection over all the space 
intervening between the dikes, in order to hold 
the dikes themselves from being fianked and 
dropped to the bottom of the river. Some of 
the cribs placed at that time have held together 
to this day, and one or more can be seen at low 
water stages, but on the opposite side of the 
river from that on which they originally were 
placed. 


CRIB-DIKES.—In the report 
of Engineers U. S. A. for 1888, p. 2.208, 
will be found some sketches showing plainly 
the method of constructing these crib dikes, 
and in other parts of the reports for about that 
date will be found descriptions, from which it 
may be noted that they consisted of a series of 
connected pole pens, built up somewhat like the 
cellular fascines are now built, except that the 
cells or pens were pyramidal in shape with the 
point down, and were filled with rock or rip- 
rap. The crib dikes were much larger than the 
fascines described, being built up in from three 
to four layers, each 8 ft. high, the bottom layer 
32 or 40 ft. wide as the case might be, the top 
one 8 ft. wide, and the whole about 350 ft. long 
or of sufficient length to reach out beyond the 
deepest water. They were placed in a line per- 
pendicular to the bank, a woven mattress from 
100 to 200 ft. wide having previously been 
placed as a foundation. It is believed that the 
undermining of these dikes was brought about 
primarily through the failure of the mattress 
foundation, and that this was hastened, by the 
eddy action induced by the cribs themselves. 

PILE CROSS-DIKES.—The pile dike system 
of work is not now in general use, but 
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when it is used as a means of protecting 
a caving bank by deflecting or warding 
off the currents, it is usually protected with 
a foot-mattress of standard construction. So 
here again the resistance to undermining and 
the stability of the work itself is chiefly de- 
pendent upon the life of a willow mattress. 
This fact is now genera ly recognized, and when 
protection against erosion is the main object 
desired, it is mattress work alone that is used. 

The usual manner of constructing a pile dike 
is to drive a double row (sometimes a triple 
row) of piles, the tops being up near the high 
stage of the river, all being thoroughly braced 
together, the piles being about 8 ft. apart each 
way; at times the interior space between the 
rows is filled in with brush and riprap, but more 
often a screen of poles or other material is con- 
structed in such a manner as to retard the free 
flow of water. The foot-mattress mentioned 
above is almost always a part of this construc- 
tion, and is placed to prevent scour and under- 
mining. These dikes are built at all angles with 
the direction of the bank line, but quite often 
they go out at about right angles, with a head 
wall on each, or a trailing wall (pile dike) con- 
necting the ends of the different cross dikes. 

In the Trans. Am. Soc. C. E., Vol. LIV., p. 305, 
Mr. S. Waters Fox, M. Am. Soc C. E., states as 
follows: 

There are two things which mar the efficiency of pile 
cross-dikes: 

(1) Immense quantities of driftwood, borne on the sur- 
face and at all depths during flood stages, find lodge- 
ment to a greater or less extent in unevenly distributed 
masses upon the structures. This often results in 
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breaching the dike, by overturning it, or, by crushing 
the structural parts. Scour, induced by concentrated 
flow or excessive head, may be a primary, or contribu- 
tory cause, and, of course, once a breach is formed it 
rapidly widens, due to scour, until head has been dis- 
sipated to such an extent that velocities are reduced be- 
low that at which scour can take place. Even though 
the structure be not breached, its curtain may be ren- 
dered practically inoperative by driftwood, so that the 
flow through the dike is very uneven and the deposits 
formed are correspondingly irregular. 

(2) There is always more or less of a pot-hole or 
trench at the stream end of the dike, which attracts 
the flow and prevents the formation or maintenance of 
deposits quite out to the end of the structure; more or 
less eddy action is in persistent attendance, and, as the 
structure deteriorates with age, constant exposure to the 
forces of the river is more and more likely to destroy 
it, and, once the outer end of a dike is destroyed, the 
remaining portion yields more readily. 


In the discussion before the Memphis Engi- 
neering Society, previously referred to, Mr. 
Arthur Hider says: 

One of the main objections to the use of pile dikes for 
construction works has been found to be, that at high 
stages they formed obstructions to the flow, and being 
constructed on sand bars were undermined by any change 
of current and were destroyed, as they offered no re- 
sistance to scour below the bottom of the piles, which, 
when used in these dikes, seldom reached below low 
water mark. Gaps were often caused by drift accumu- 
lations as described. But that these dikes were suc- 
cessful in many localities in deflecting the main chan- 
nel of the river, alding the silting up of Island Chutes, 
and the formation of sand bars has been demonstrated. 


BANK HEADS.—The intermittent dike plan 
of bank protection was tried about ten years 
ago on the Missouri River, when Col. Amos 
Stickney, Corps of Engineers, U. S. A., designed 
and introduced a device which he termed a 
“bank head.“ In the volume of the Transactions, 
Am. Soc. C. E., previously referred to, Mr. Fox 
gives a complete and explictt description cover- 


ing the construction of these “bank heads” and 
explains what is was expected to accomplish 
by their use. It shows what actually did hap- 
pen during a period of several years after they 
were built, the net result being that they failed. 
The writer is of the opinion, however, that the 
theory was not far wrong, but that the trouble 
was in constructive detail, it being such as to 
allow the river to break up and carry off piece 
after piece. In a few words these bank heads 
were constructed principally of piling and rip- 
rap, with some brush placed in curtain walls 
leading from the outer circle of piles into the 
bank. The outer circle of piles occupied the 
arc of a circle about 700 ft. in diameter and 
having a middle ordinate from the bank line of 
about 90 ft. Much riprap was placed in front 
of this outer circle of piles as the chief pro- 
tection against undermining. To quote Mr. Fox: 

There was reason for belief that, after some further 
experimentation, on lines suggested by the experience 
gained, a satisfactory system of bank-head protection 
could be devised; but, at this juncture, appropriations 
failed, and the ultimate success of bank-heads, as a 
practical, economical means of bank protection on the 
Missouri River, yet remains to be demonstrated. 

In designing these bank-heads it was figured 
that a certain amount of riprap would protect 
the structure against an assumed amount of 
scour. It is believed that a great part of the 
trouble was due to this assumption. 

The theory with all spur or deflection dike 
work is so to protect a portion of the bank, or 
so to deflect the currents that they will not at- 
tack the bank immediately below the dike, and 
thereby save the expense of continuous protection 
as afforded by mattress work. 

During the past two and a half years, the 
writer has had opportunity to examine into this 
David Neale system very closely, being con- 
fronted at first with 
the fact that very few 
were sufficiently fa- 
miliar with the system 
to be able to describe 
its construction. This 
being the case, 
some- 


the aim so to present 
these notes that others 
having a wider experience and a more thorough 
knowledge of river protection works in general 
can intelligently discuss the same, and point out 
the points that should be strengthened. 

In endeavoring to form an opinion regarding 
the length of life of this class of work by mak- 
ing an examination of that placed years ago, 
it must be considered that the methods of build- 
ing have been materially changed, especially in 
quite recent years, so that now there is a much 
stronger class of protection. It is simply mar- 
velous that in some cases the older work held 
together long enough to be sunk in the place it 
now occupies after many years. Even at this 
day, work is being placed under this system 
that in all probability will not hold together 
many years if continuously subject to attack 
by the river. There are no specifications cover- 
ing the work, and it is being placed very often 
in accordance with the individual ideas of the 
foreman in charge. 


The writer must admit that his first reason for 
recommending this class of protection was based 
chiefly upon the fact that it appeared to be the 
best effective work for the money. Since more 
carefully studying the patent papers covering 
the same, and watching the construction of the 
work, he is nearly convinced that the general 
constructive details are the best now In use for 
the accomplishment of the results desired. The 
uncertainties are due in part to the fact that 
until the few recent years, no location or cost 
records were kept, and therefore it is not pos- 
sible to know how much was lost nor to figure 
how much it would have cost to so repair as to 
maintain effective protection. 

Our records covering the past two years show 
the work to be highly satisfactory. An ex- 
amination of the work placed years ago shows 
many unsatisfactory results, chiefly, it is be- 
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lieved, on account of the acceptance of the 
claims made by the inventor, that it would be 
permanent. No repairs were made, or if mage they 
were of little benefit because placed at too late 
a date. We all know that this work as well as any 
other work constructed of willow brush, under 
the conditions in question, is not permanent 
and such is particularly the case with the parts 
that are above the low water stages and sub- 
ject to the attacks of each recurrent high water. 

Where failures are noted it appears that it 
was, in many cases, the upper bank protection 
that went out first; as in many of the instances 
the lower portion still remains. 

Extravagant claims are advanced for this sys- 
tem, and the impression has gained headway 
that an effort is being made to protect caving 
banks with corn stalks, hay, and straw mixed 
with a small amount of willow or other brush. 
In fact this system consists in the building of 
a frame work with willow brush or poles, and 
the use of the corn stalks, hay, etc., merely to 
close up the interstices a sufficient amount to 
enable the frame (which is the main feature 
of the protection) to collect and hold the mud 
and sediment. As a matter of fact, during the 
season of the year that the brush contains the 
leaves, there is no need of corn stalks, hay, or 
straw. 

If it is concluded that the frame work as pre- 
viously described is not strong enough, larger 
brush and poles can be used at small additional 
cost. Other things being equal, it needs no 
argument to prove that, the same brush, bound 
together with the same grade of material, and 
paced in the same river, will not in itself last 
as long in one system as in another. The hay 
and straw is not a neces- 
sary part of the work 
after the same is well 
fixed upon the bed of the 
river. Even if one or 
more pockets did become 
emptied of their mud de- 
posit, by reason of the 
hay or straw floating out 
and allowing the cur- 
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easy for the river to re- 
move the mud. 

In the Mississippi River where the work would 
necessarily have to be constructed of large poles 
or even logs, the hay and straw would form a 
very important part of the work, and it is prin- 
cipally for such cases that it is intended. One 
of the very strong points in favor of the use of 
this system is that it permits the utilization of 
a very large variety of materials in its con- 
struction, thereby allowing a cheap form of 
material that is near at hand. 

Next as regards the manner of placing the 
materials forming the protection. Considering 
the evidence at hand, showing that the brush 
is liable to undergo changes in a few years that 
will destroy its bending strength to a certain 
extent, it is plainly evident, to the writer at 
least, that there is much more chance of its 
holding together when placed en masse than 
when spread out in a thin layer. The question 
of being able to hold a caving bank by building 
intermittent dikes, has not yet been thoroughly 
demonstrated, but this system seems to offer 
the best form of dike that could be used to- 
wards the accomplishment of that result. 

Granted that these dikes can be placed so that 
they will hold, then this system possesses an- 
other advantage over the solid mattress system 
and that is that the first dike can be placed at 
the worst caving, and the second one at the 
next worse place irrespective of their occupying 
adjoining positions in the final accomplishment 
of the work. Or again in a case where the river 
is attacking, and the attack is gradually ad- 
vancing downstream along side a railroad em- 
bankment, for instance, by building one or two 
dikes this season, the downstream progress of 
the direct attack can be stopped, and the river 
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Slightly deflected. This may suffice or it may 
be necessary to go there the next and succeed- 
ing years and place additional dikes as required 
further down. Thus the cost may be spread 
out over several years. With the solid mattress 
work nearly the whole of the entire length 
would have to be built the first season to ac- 
complish the final turning of the river, and to 
insure against heavy loss to the unfinished work. 

COSTS.—As stated before, the cost records of 
this work to date are not such as to enable us 
to give an average figure, there being a wide 
variation, dependent upon conditions and lo- 
cation. A contractor who has been engaged 
upon this class of protection work during the past 
two years or more, principally upon the Arkan- 
sas and Red rivers, is taking work at from 
$4.50 to $5 per lin. ft. of bank protected, count- 
ing from upstream end of upper dike to about 
500 ft. below the lower dike, and agrees to re- 
pair and maintain the work for a period of two 
years from date of the beginning. He has 
entered into an agreement with the inventor 
whereby he has obtained the right to build the 
work in certain sections of the country, paying 
a percentage of the cost of the same as royalty. 

It develops that this firm has not made much 
profit at this figure, partly due at first to in- 
experience in handling such construction work, 
and also to the fact that the amount of work 
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FIG. 4. GENERAL PLAN OF BANK DIKE WITH WING DIKE. 


thus far presented has not justified the purchase 
of a suitable and efficient plant. 

On the Missouri River, where a plant could be 
quickly and cheaply moved from one point to 
another, it is believed that the work can be 
placed in a thorough manner, and a profit re- 
turned to the builder under a price of $5 per lin. 
ft. of bank protected. Roughly speaking, this 
is not much more than half the cost of building 
the standard mattress work. 

The writer has records showing the cost of 
work under the David Neale system as low as 
$2 per ft.” of bank, but although the pro- 
tection in question has withstood the attacks of 
a bank full river during a period of nearly 
three months, it has been in place only a little 
over one year, and it may develop later that 
additional dikes must be placed between the 
ones now constructed. 

It is an established fact that the Missouri 
River can often be so turned by a very small 
obstruction that it will discontinue its attacks 
on the bank below. The developments in the 
case just mentioned seem to point in this di- 
rection, and to the probability that there will 
be no need of additional dikes, at least in the 
near future. This exemplifies the point pre- 
viously mentioned, that, under this system, by 
constructing in one season a part of the work 
deemed necessary to thoroughly protect, you can 
often so divert the main currents that the bal- 
ance of the work will not be needed. This; 
however, applies at points where it is immaterial 
as to whether or not some additional caving 
does take place. A point where the river 
has caved up to the railroad embankment, for 
instance, should be protected with solid work. 


In the testimony before the Inland Waterways 
Commission, previously referred to, Mr. DeWitt 
estimates the cost of a plant for building the 
Standard mattress work as follows: four barges 
25 x 100 ft., $10,000; a barge 20 x 80 ft., $2,000; 
steamboat, $5,000; hydraulic grader, $5,000; pile 
driver, $5,000; or a total of $27,000. It is be- 
lieved that he has not placed the figures too 
high. 

For building the class of work described in this 
paper, neither the pile driver nor the grader 
would be needed. Neither are any special mat- 
tress barges used, but it is economy to have 
plenty of barges for transporting the materials, 
and therefore it is estimated that a suitable 
plant would cost $17,000. 

The plant used by the Missouri Pacific Ry. Co. 
in constructing the work that cost $2 per ft., 
consisted of a second-hand gasoline launch, pre- 
viously purchased for other use at $800, and 
three barges about 10 x 32 ft., one second-hand 
at $35, the other two built at a cost of $90 each, 
or a total of $1,015. 

An association of property owners in the 
vicinity of Boles, Mo., are at this writing build- 
ing work with a plant that cost $800. 

Neither of the above could be recommended as 
economical for a contractor’s use, and are men- 
tioned merely to bring out the fact that with 
this system small bodies of property owners can 
protect their lands from the encroachments of 
the Missouri River at a cost that is within their 
reach, or one that the property will bear profit- 
ably. 

The cost of making the Missouri River navi- 
gable is generally placed at about $50,000 per 
mile of river; this usually contemp'ates the use 
of the present standard mattress and dike work 
as used by the government engineers. 

By using the system under discussion in this 
paper, it is confidently predicted that the same 
result can be accomplished at less than one-half 
this cost. And the final cast to the government 
would be much less, when we consider that there 
would be a large part of this river whereon the 
adjoining property could be profitably assessed 
the entire cost. The chief trouble is to obtain 
a suitable p'ant to do the work cheaply; this the 
government could well afford to furnish. 

As mentioned before, this system allows of 
many modifications making it adaptable to 
nearly any condition encountered, and permit- 
ting its construction by the use of a variety of 
materials of quite variable sizes. It is con- 
structed in such a manner as to more easily 
withstand the forces that tend to destroy this 
class of work. The author can freely recommend 
it to the careful consideration of any one having 
river protection work to do. 

— — . — 

THE REJECTION OF UNDULY LOW BIDS was com- 
mended by Secretary Garfield in a speech before a con- 
ference of the Supervising Engineers of the Reclamation 
Service at Mitchell, Neb., on July 25. The following is 
an excerpt as given in the “Reclamation Record“: 


When the bids come in I want the local m 

hesitate to throw out unduly low bids. There fa nothing 
more distressing to the Department than to deal with a 
failing contractor. The mere fact that it is the lowest 
bid gives the presumption that it ought to be Accepted, 
but if any engineer knows that a contractor has made 
a mistake or is not qualified or is not responsible or is 
negligent in the method of performing his work, that 
should be one of the prime conditions to be considered in 
making a recommendation for or against giving the con- 
tract to the contractor. I always want the word “re- 
sponsibility” to be given the fullest meaning that the 
law will allow it. It must be the responsible bidder in 
every sense. Much of our difficulty has been in dealing 
with men who were not responsible, 


————————@q______. 

A PROCESS FOR COPYING BLUE PRINTS without 
the labor and expense involved in making a new tracing 
has been recently put upon the market. The blue print, 
of which copies are desired, is treated successively with 
three special solutions which transform it into a trans- 
lucent negative from which any number of prints can 
then be made in the usual way. Solution No. 1, con- 
taining salts of one of the metals, is applied with a 
brush so as to cover all the lines of the print, which is 
then placed for from five to ten minutes in a bath of 
solution No. 2, which changes the deposited metal to a 
sulphide. The third solution is afterward applied with a 
cloth or brush and is used to give the print its trans- 
lucent qualities. This method, which has been patented, 
is the invention of Mr. E. A. Cunningham, of Ambridge, 
Pa., and is put on the market by Williams, Brown & 
Earle, 916 Chestnut St., Philadelphia, Pa. 
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THE BLUE ISLAND AVE. TUNNEL OF THE CHICAGO 
WATER-WORKS SYSTEM. 


The water supply of Chicago is drawn from 
Lake Michigan through deep-water intakes con- 
necting with tunnels beneath the bed of the lake, 
and terminating at pumping stations on the 
shore. Pumping stations for distribution systems 
are located at different parts of the city, and most 
of these draw their water from a series of land 
tunnels connecting with the intake pumping sta- 
tions. The latest of the numerous tunnels which 
thus distribute the main supply to the pumping 
stations is that known as the Blue Island Ave. 
tunnel, which is now practically completed. 

The main object of this new tunnel is to con- 
nect the intake pumping station at Chicago Ave. 
(near the lake) with the distribution pumping 
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Fig. 1. Map of the New Blue Island Avenue 
Tunnel of the Chicago Water Supply System. - 


stations at Harrison St. (near Halsted St.) and 
at Ashland Ave. (near 22d St.). It is not in it- 
self an addition to the water supply system, but 
takes the place of an older and smaller tunnel. 
lt will be extended eventually, however (as noted 
below), so as to form part of an important addi- 
tion to this system. The old T-ft. tunnel (built 
in 1873-75) runs in a direct line between the Chi- 
cugo Ave. and Ashland Ave. pumping stations, 
as shown in dotted lines on the plan, Fig. 1. In 
this wuy it crosses diagonally under the blocks, 
and with the Increased construction of large 
buildings it is liable to injury by piles or caissons 
sunk for the foundatons of new buildings. Such 
an accident did occur a few years ago to the old 
Polk St. tunnel, as noted in our issue of Nov. 14, 
1907. 

In 1907, it was decided to replace the old Blue 
Island Ave. tunnel by a new tunnel of larger size, 


following the street lines, as shown by the heavy 
solid line in Fig. 1. This tunnel is 8 ft. diameter 
und has a total length of about 26,000 ft. Its 
branches for connections with pumping stations 
and existing tunnels aggregate about 1,800 ft. 
The actual length of tunnel driven was 28,582 ft. 
At the north or intake end, the main tunnel ex- 
tends east in Delaware Place to a bulkhead or 
dead-end near the shore line. A branch runs 
south from Delaware Place to the southwest cor- 
ner of the Chicago Ave. pumping station. This con- 
nects with existing tunnels served by the station; 
it has also a spur to the west side of the station. 
Another branch runs east in Van Buren St. from 
Halsted St. to Jefferson St., connecting at the 
latter point (by a shaft) with an existing tunnel 
which leads to the intake pumping station at 
14th St. and the lake front. A short spur con- 
nects with the Harrison St. pumping station. The 
flow capacity of the new tunnel is 180,000,000 to 
200, 000, 000 gals. per 24 hours. 

The depth from the street surface to the center 
line of the tunnel ranges from 34 ft. at the 22d 
St. end to 62 ft. at the lake end. From 22d St. 
to Washburn Ave. there is a descending grade 
to a depth of 38 ft.; thence to Halsted St. it drops 
to 50 ft. Beyond that point it is practically level 
till it reaches the river, when it drops to 74 ft. 
below the surface, rising again beyond the river. 
The tunnel has curves of 50 ft. radius for its 90° 
bends in turning from one street to another. At 
one point, also, it is given a swing from a 
straight line in order to connect with a working 
shaft at a street intersection. Here the curves 
have radii of 40 ft. 

The excavation has been mainly in the stiff 
blue Chicago clay, with very little water. At 
some points sand pockets and soft clay with 
water were encountered. For purposes of 
safety, as well as to exclude water, the greater 
part of the tunneling was done by the pneu- 
matic system. Some very large boulders were 
encountered in the clay, and were broken up 
by the plug-and-feather system for removal. 
For about 800 ft. on Ashland Ave., near 22d St., 
the work is in solid limestone rock. For part of 
this distance the whole work is in rock, while at 
one end the lower portion is in rock and the 
upper portion in clay. In the clay, the excava- 
tion could be taken out very closely to the neat 
line, allowing for a 10-in. lining of concrete. For 
a distance of 490 ft. where the tunnel passes 
under the Chicago River (about 20 ft. below the 
river bed), the lining is reinforced by longitudi- 
nal steel bars and by rings of l-in. round bars 
12 ins. apart. The rings are set in the middle 
of the lining. Steel reinforcement is used also 
in the concrete for the shaft lining and for the 
gate chambers at the bottom of the shafts. 
This is shown in Fig. 2. 

The concrete was made with clean gravel 


(up to 1%-in. size) as a rule, but 1%- 
in. stone was used in some places. It 
was composed of 1 part cement, 3 parts 
sand and 6 parts stone or gravel. The 


forms were left in place at least three days. 
After the forms had been removed, All obstruc- 
tions cleared away, and the bottom made dry, 
the concrete was covered with a thin coat of a 
plaster made with cement and pulverized stone, 
1:2. While this plaster was wet, it was brushed 
over with a grout of cement and water. The 
concrete was made as a medium-dry mixture, 
owing to the fact that it had to be put in place 
with shovels. For the lower part of the sides, 
it was shoveled in above the edge of the form. 
For the upper part, the concrete was dumped on 
the floor of the heading and thrown back by 
shovels, being rammed into place with bars. 

An interesting feature of the work is the use 
of steel forms for the concrete lining. This is 
shown in Fig. 3, and is the invention of Mr. 
Jackson, the contractor. The ribs were Sin. 
channels (with the flanges outward), bent to an 
inside radius of 3 ft. 10% ins. Each rib was In 
four pieces, put together with bolts through 
angle brackets, riveted to the ends. Packing 
pieces may be placed between the brackets if 
necessary, as in Fig. 4. Near the lower part of 
each bottom section was a bracket plate form- 
ing a support for transverse 3 x 3-in. tee bars to 
carry the working floor and tracks. These ribs 
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were spaced 36 ins. c. to c. The lagging con- 
sisted of steel panels bent to the required curve 
and fitted to the flanges of the ribs. The \-in. 


panel plate was 12 x 36 ins., and had an angle 
riveted along each side of the inner face. With 


concrete sufficiently wet and well rammed in 
place against the steel plate, this lagging gave 
an even surface, but rough enough for a good 
bonding with the plaster finish. Fig. 4 shows 
the steel forms in place, with some of the rib 
sections and panels lying at the side of the tun- 
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Lining of the Blue Island Avenue Tunnel. 


nel. In the front part of the view is shown the 
exposed face of the concrete with the forms re- 


moved. Fig. 5 is a view in the completed tun- 
nel (after the plaster coat had been applied). 
This is at the curve at Halsted St. and Grand 
Ave. 


The excavation was done by means of spades 
and draw knives. A track of 16-in. gage was 
laid for small cars of %4-yd. capacity, which were 
hauled by mules. Passing places were arranged 
at suitable intervals. In most cases the cars 
were hoisted up the shafts and dumped into 
wagons. At three places, however, inclines were 
built to the tunnels of the Illinois Tunnel Co. (at 


a higher elevation than the water tunnel). The 
muck cars were hauled up by a motor-operated 


cable and dumped 


into the narrow-gage cars of 


FiG. 4. 


STEEL FORMS IN PLACE IN THE BLUE ISLAND AVENUE TUNNEL. 


(In the immediate foreground the forms have been removed, 
face of the concrete lining, ready for the plaster coat.) 


which hauled the material 
Grant Park, on the 
were operated 


the tunnel company, 
away for use in filling at 
front. The shaft 
by electricity. 

There are seven permanent shafts. Five of 
these are fitted with gates, and one is for pump- 


elevators 


hex. We 
iA Ke 


ing out the depressed section under the river. 
There were also four working shafts. All tht 


shafts are 10 ft. diameter, and have sumps 5 ft. 
deep. On account of the unfavorable character 
of the material encountered, the shafts were all 


lined with the Jackson steel sheet piling, as in 
the shore shaft of the 73d St. lake tunnel de- 
scribed in our issue of Nov. 14, 1907. The per- 


manent shafts have a 14-in. concrete lining, re- 
inforced by rings of l-in. and Jin. round rods 
12 to 24 ins. apart. The rods are in semi-circles, 
hooked together at the ends. They set 10 
ins. from the face of the lining. The 
working shafts and the cable inclines are closed 
off by the tunnel lining, and then filled up. Steel 
bulkheads order 
to relieve the pressure of the filling against the 
tunnel walls. Some of the working shafts were 
on the line of the tunnel; others were connected 
with it by short side drifts. The details of one 
of the gate shafts are shown in Fig. 2. 

The guide the S-ft. Coffin sluice 
gates at the gate shafts are bolted to S-ft. cast- 
iron thimbles or the concrete at 
the tunnel sleeves are 30 ins. 
long, with bolting flange 9 ft. 2 ins. 
diameter thick. <A calking groove 
is provided in this flange, and the joint between 
the flange and the concrete is packed with tar- 
oakum and lead-wool. At each gate there is a 
by-pass 12 x 12 ins. Where the gate shaft is in 
the middle of the street, its top is closed, and a 
subway 6 ft. diameter is run from the shaft to 


are 


interior 


are built across the inclines, in 


frames of 


sleeves set in 
openings. These 
an outer 


and 21% ins. 


a manhole chamber under the sidewalk. This 
gives access to the shaft platform from which 


the hand-wheels of the gate mechanism are oper- 
ated. 


The average monthly progress of excavation 
was about 278 ft. per heading. The maximum 


monthly progress at any 
ft. (for the month of May, 


one heading was 613 
1908). The maximum 


daily progress at one heading was 21 ft. The ex- 
cavating gangs averaged seven men, and they 
worked two shifts of eight hours each. The 
concreting gangs averaged eight men, and 


worked the same length of shifts. These gangs 


also removed and erected the steel centering. 
The plastering was done afterwards at con- 
venient times by gangs of three or four men. 


FIG. 8. 


exposing the 


The work was carried on continually in 8-hour 


shifts. The organization of the men in the 
gangs was as follows: 

Excavating: Concreting: 
Are 3 Shovel’g concrete in place 3 
Muckers, loading cars... 2 Con. mixer, on surface.. 2 
Car. pushber „„ ok Car PUBS ß nean, A 
Driver, with mule...... 1 Driver, with mule..... ae | 

F 7 o 8 


A close record was kept of the progress of the 
different items of work at the several headings, 
and was plotted on a plan and profile having a 
scale of 100 ft. to the inch. This shows not only 
the progress of the work, but also the exact lo- 
cation, with all curves and diversions, so that 
it will form a complete permanent record for 
the tunnel. In transferring the survey lines 
from the surface to the headings, use was made 
of the inclines connecting with the Illinois Tun- 
nel Co.’s tunnels, and of the inclined chutes used 
by that company for delivering rails to its tun- 
nels. At some points, 6-in. pipes were driven in 
the ground to a sufficient depth to be encountered 
by the headings. In most cases the lines of the 
different headings met with close accuracy. 

The contract for the Blue Island Ave. tunnel 
was awarded in April, 1906, to George W. Jack- 
son, of Chicago, at $680,000. The cost has been 
about $19.70 per ft. The construction was to be 
completed by the end of 1908, and this require- 
ment has been fulfilled. The work has been 
under the general direction of Mr. John Ericson, 
M. Am. Soc. C. E., City Engineer. Mr. W. D. 
Barber, M. Am. Soc. C. E., Assistant Engineer 
in the Department of Public Works, has been 
Resident Engineer in charge of this tunnel. 

EXTENSIONS.—The future extension of the 
new tunnel has been mentioned already. At 
the south end it will be extended south in Ash- 
land Ave. to a new pumping station at 3lst St., 
which will take the place of the present 22d St. 
station. At the lake end the main tunnel runs 
under Delaware Pl. nearly to the shore, and a 
branch under Pine St. connects with the Chicago 
‘Ave. pumping station. The main tunnel will be 
extended eastward in Delaware Pl. and under 
the lake to the Carter Harrison intake crib. 
When this néw intake tunnel is built, the old 
“two-mile” crib will be abandoned, together with 
the three intake tunnels which extend from it. 

A complete description of the various lake in- 
take cribs and tunnels of the Chicago water 
supply system was published in our issues of 
Aug. 31, 1899; Oct. 18 and Nov. 8, 1900, and Nov. 
14, 1907. 


INTERIOR OF THE 8-FT. BLUE ISLAND AVENUE TUNNEL, 
SHOWING THE FINISHED SURFACE. 
(This view shows the curve at Halsted St. and Grand Ave.) 
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A PNEUMATIC RAILWAY AT CHICAGO, AND A REVIEW 
OF PNEUMATIC TRANSPORTATION SYSTEMS. 


The pneumatic railway, with the proposition to 
employ an air current to propel cars through 
large or small tubes, dates back nearly 100 
years, and has been experimented with at various 
times. The latest revival of this system is at 
Chicago, where experiments are being carried out 
on a practical scale. This new development is in- 
tended for mail and parcel service as well as for 
passenger service, the difference being principally 
in the size of the tube or conduit. The vacuum 
system is used, instead of the pressure or plenum 
system. It is the invention of Mr. Joseph J. 
Stoetzel, who has applied for patents, and it is 
being handled by the Universal Pneumatic Trans- 
mission Co., 135 Adams St., Chicago. 

An experimental line nearly half a mile in 
length has been built at Forest Park, a Chicago 
pleasure resort, and has becn utilized as an at- 
traction as well as for experimental work during 
the summer. The actual length of the concrete 
tunnel or conduit is about 2,200 ft., forming a 
loop. It has several curves and grades (the 
maximum grade being 9½ %), in order to demon- 
strate the practicability of the system. The 
tunnel is 414 ft. wide and 6 ft. high, with ver- 
tical walls, an arched roof and a flat floor. The 
track consists of light stee! channels, in which 
ride the flat-tired wheels. The cars have a light 
steel framework, covered with wire netting to 
keep passengers from coming in contact with 
the walls of the tunnel. Each car is carried 
by a pair of small trucks, between which the 
underframe is dropped below the level of the 
axles. At each end of the car is a steel plate 
diaphragm which corresponds to the section of 
the conduit, but no attempt is made to form a 
close seal between the diaphragm and the con- 
duit. Each car is 12 ft. long and weighs 1,300 
lbs. empty. It can seat ten pasengers, but 17 
persons have been carried. The loaded weight 
may be from 3,000 to 4,000 Ibs. 

The air current is created by an exhaust fan 
driven by an electric motor. 
plant can be given, as the most efficient and 
economical size and power have not yet been 
determined. The vacuum, as shown’on the water 
guge, varies from 2 ins. to 3 ins. to make the 
run of 2.200 ft. in about 75 seconds. The cars 
are operated singly, and as many as four cars 
are in the tube at one time. The volume of air 
between the several cars acts as an air cush- 
ion, and prevents the cars from running together, 
so that collision is said to be impossible. The 
plant is extremely simple, 
pared with the large air-pumps and engines re- 
quired for the earlier railways of this class, 
whith. are noted below. Fans, however, were 
used far this purpose as long ago as 1853. 

A..24-in. tube is proposed for mail and parcels 
service, and a short experimental concrete tube 
of this size has been built. The parcels or mail 
bags are placed in small cars or carriers. 


PNEUMATIC TRANSPORTATION SYSTEMS. 

The pneumatic system of transportation (by 
either vacuum or compression) dutes back nearly 
100 years, as already noted. It has been actually 
used for railway operation, and in modern years 
it has been adopted extensively for mail service 
in large cities. It will be of interest to review 
briefly the use and development of this method 
of transportation. It may be considered under 
three divisions: (1) The tunnel railway system, 
in which the track and car are within the pneu- 
matie conduit. This has been used only experi- 
mentally. (2) The tube railway system, in 
which the car is attached to a piston traveling 
in a tube laid between the rails. This was used 
in regular service on different lines between 1840 
and JS6U, but has long been abandoned. (3) The 
tube system for the transmission of packages. 
Here small carriers run in closed tubes. This 
has been developed on a commercial scale and 
is now used somewhat extensively for mail 
transportation, etc. 

THE TUNNEL RAILWAY SYSTEM.—The 
pneumatic system of propel'ing small carriers in 
tubes and larger passenger cars in tunnels or 
conduits was proposed in 1810 by George Med- 
hurst, an English engineer. In 1812, he suggested 


No details of the 


especially as com- 


using a small tube having a piston connected in 
some way (not then explained) with an ordinary 
railway car. In 1827 he described his method 
of effecting this connection. He proposed to use 
a slotted tube, to permit the passage of a bent 
bar or rod connecting the car with the piston. 
The slot would be covered with a belt of leather 
fastened along one side, so as to be raised by 
the passage of the bent rod. He also proposed 
(in 1827) to operate the system either by forc- 
ing air behind the piston or by exhausting it in 
front of the piston. In 1824, the Medhurst plan 
of operating passenger cars by vacuum in a tun- 
nel was advocated by John Vallance for a rail- 
way between London and Brighton. About 1826, 
a short length of tunnel of such size as to 
admit an ordinary railway car was built and 
equipped for experimental purposes. Around 
the car was a diaphragm corresponding to the 
tunnel section, and the edge of this was fitted 
with bristles to form a packing between the car 
and the tunnel wall. Nothing came of this 
project. 

The tunnel system was revived in the United 
States by Alfred E. Beach. In 1567, he exhibited 
at the American Institute Fair in New York a 
6-ft. tube 107 ft. long, in which ran a car car- 
rying ten people. A 10-ft. fan running at 2U0 
r. p. m. was used to create a vacuum. Follow- 
ing this, he secured a franchise for an under- 
ground pneumatic railway under Broadway, New 
York. This was actually commenced in 1869, 
an S ft. brick-lined tunnel being built for a 
distance of 200 or 3U0 ft., extending north from 
Warren St. The tunnel had benches at the sides 
for the rails. The car had its wheels under the 
longitudinal seats, and the floor was dropped be- 
tween the rails to the invert. A fan was used 
to create the air current. The first trip was 
made Feb. 26, 1870, and experimental trips were 
made from time to time up to 1883. This old 
tunnel was destroyed in building the present 
subway. Since that time, the pneumatic tunnel 
system has been dormant until the present ex- 
periment in Chicago, noted above. 

THE TUBE RAILWAY SYSTEM.—It has been 
mentioned that Medhurst in 1812 proposed the 
sma'‘l-tube system as a modification of his large- 
tube railway system. In 1884, Henry Pinkus, an 
American engineer, patented in England a modi- 
fication of Medhurst’s continuous flap valve, but 
nothing came of this. The idea was taken up 
later by another English engineer, Samuel Clegg, 
who patented a new form of valve in 1839. He 
associated himself with the noted engineering 
firm of Samuda Brothers, who became active 
promoters of the system. After experiments 
with models, they built at their own expense a 
railway half a mile long near London, having a 
grade of a little over 1%. This had a 9- in. tube. 
It was put in operation In June, 1840. The valve 
to close the slot was a strip of leather riveted 
between iron plates, the upper plate being wider 
than the leather and resting upon the top of the 
tube. The leather flap was secured along one 
edge, and was raised in advance of the plate 
attaching the piston to the car by means of 
rollers on the piston rod. Another special de- 
vice pressed it down and sealed it as the car 
passed. A 16-HP. engine was used, and could 
create in one minute a vacuum equal to 18 or 
20 ins. of mercury. This sufficed to carry 13% 
tons up the grade at 20 m. p. h. With a vacuum 
of 23% ins., a 5-ton load could be carried at a 
speed of 45 m. p. h. This system naturally at- 
tracted great attention at a time when the loco- 
motive was in its infancy, and it was advocated 
by many noted engineers of the day. 

The system was adopted for a railway 1% 
miles long near Dublin, and this was opened in 
1843. A 15-in. tube was used, and an engine of 
100 HP. operated an air pump 67 x 66 ins. 
There was a long grade of 0.86% and a maximum 
gride of 1.75%. This railway was operated until 
18753, when the line was leased to another road, 
and became part of a system operated by loco- 
motives. A line from Forest Hill to Croydon 
(near London) was built about 1845; this was 
about five miles long, and had a maximum grade 
of 2%. It was afterwards extended. The tube 
was 15 ins. diameter. There were three pump- 
ing stations, one at each end and one near the 


midd'e. Each of these had an engine of 100 HP. 
This road was in operation during 1846-7. It 
was abandoned on account of the tube being too 
small for the -heavy traffic, and an attempt to 
carry a high vacuum resulted in leakage and 
friction. Another reason was an extension of the 
line to make it form part of an existing railway 
system. 

In 1844, Mr. Brune] adopted the pneumatic sys- 
tem for a portion of the South Devon Ry., from 
Exeter to Newton, 20 miles. The tube was 15 
ins. diameter, and the line was in six divisions, 
with a pumping engine for each. For the heavier 
grades on the remainder of the road (to Ply- 
mouth) it was proposed to use larger tubes, with 
a piston that could be expanded and contracted 
to fit the different diameters. The first trip was 
made in 1847. The expenses of operation were 
considerable, and the flexible continuous flap- 
valve was a special source of trouble. The 
trafic was light and the expenses exceeded the 
earnings, as the engines and boilers had to be 
under steam all the time, although the engines 
were mainly standing idle. In view of these 
facts, and of the fact that this part of the line 
formed part of a railway system having 200 
miles operated by locomotives, it was decided to 
abandon the system, which was done in Sep- 
tember, 1848. 

In France, the system was first introduced 
about 1845, by Mr. Hallette, an engineer, who 
devised a valve composed of inflated elastic 
tubes. The French government sent another 
engineer, Mr. Mallet, to examine the Dub' in line. 
and on the basis of his favorable report the pneu- 
matic system was adopted for the last 1% miles 
of the line from Paris to St. Germain (12% 
miles). This was opened in 1847. The line had 
a 24%-in. tube, and two engines of 228 HP. The 
vacuum was ordinarily 15% to 20 ins.. but some- 
times 27 ins. at the steep grade of nearly 3%. 
With the increase of traffic and weight of trains. 
the capacity of the plant became too limited and 
the system was eventually abandoned in 1860. 
after 14 years of regular service. 

The pneumatic tube railway system was re- 
vived in this country in 1890, when Mr. C. H. 
Gobel exhibited at Phiadelphia a system de- 
vised by him. A 6-in., tube was used, with a 
track about 80 ft. long, carrying a car seating 
about 15 passengers. The special feature was 
the method of closing the slot in the tube, which 
was covered by steel plates 6 ins. long. These 
were pushed back horizontally by the grip plate, 
which had attached to it a casting having a 
curved slot to engage with a pin on the top of 
each sliding plate. This experimental plant was 
described and illustrated in our issue of March 
22, 1890. 

THE CLOSED TUBE SYSTEM.—The pneu- 
matic transmission of telegrams and mail mat- 
ter in closed tubes dates back to 1853, when a 
short 1½-in. tube line was built in London by 
J. Latimer Clark, an English engineer. This 
was for a telegraph company, and was used to 
convey messages from a branch office to the main 
office. It was operated on the vacuum system. 
In 1858, a 34-mile line composed of two 244-in. 
tubes was built for the same company by Mr. 
C. F. Varley, but it was operated by compressed 
air. This system is used in many European 
cities, mainly with very small tubes. The pneu- 
matic mail transmission systems employed in 
this country, however, use 6-in. and 8-in. tubes, 
and are operated Ly compressed air at a pressure 
of from 7 to 10 lbs. per sq. in. The pressure 
system was said to give better results than the 
earlier vacuum system. On the other hand, an 
advantage claimed for the latter is that there is 
no tendency to the collection of moisture, such 
as occurs where compressed air is used. This 
moisture may cause trouble, especially if it 
freezes in the tubes. Such freezing may occur 
where pipes in cold districts are laid near the 
surface of the ground or in exposed places. The 
lines in this country are operated mainly under 
the Batcheller and Stoddart patents. 

A system of mail transmission in large pneu- 
matic tubes was introduced in London in 1853, 
for the purpose of connecting railway stations 
with the post offices. The first line was 1,800 ft. 
long, and had a single tube of D section, 32 x 32 
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ins, with a flat floor. In 1872, a line 234 miles 
long was built. It had two tubes 4% ft. wide 
and 4 ft. high, built partly of brick and partly 
of cast iron. The cars ran on rails and were 
about 10 ft. long. They made the trip in 12 
minutes. A 22-ft. fan was used for the longer 
line, forcing air into one tube and exhausting it 
from the other. The vacuum was about 10 ins. 
of water, or equal to 6 oz. per sq. in. The sys- 
tem was found to be too slow and was aban- 
doned. In many respects, however, it resembled 
the 24-in. tube system now proposed by Mr. 
Stoetzel, of Chicago, and already mentioned. 
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PROFESSIONAL ETHICS FOR THE MINING ENGINEER.“ 
By JOHN HAYS HAMMOND,+ M. Am. Inst. M. E. 


The question has been often discussed among engineers, 
whether it is professionally proper to make a report for 
the seller of a mining property. Such practice has been 
sometimes condemned; but a little reflection will show 
that the condemnation is not warranted. For it is 
ncither wrong nor unreasonable that the owner of a 
mizera] property should desire to present such a state- 
ment of its nature and probable value as will secure 
the attention of possible purchasers; or that he should 
secure for such a purpose the assistance of one who 
knows how to make such a statement intelligently and 
in scientifie language—that is, the language which will 
convey a definite meaning to those who know it—or that 
he should pay Such an assistant for his skill and labor. 
It goss without saying that no expert in such a case, 
or jo any other case, may suppress or misstate facts, or 
disguise or withhold his honest opinion, in a statement 
to which he lends his namie. 

Yet, this being understood, it still remains true that 
a “vendor’s report’’ is not advice to anybody to buy, 
at a stated price, but only a description of the property 
-usually without any mention of the price at which it 
would be to the purchaser a profitable bargain. There is 
nothing dishonorable or unprofessional in honestly mak- 
ing, for the owner of the property, such a description. 
But there is often danger that it may be afterward used 
as if it were advice offered to a purchaser. In any such 
report, therefore, the fact that it was made for the owner, 
or vendor, or his representatives, should be clearly stated 
beyond all misunderstanding, for the protection of both 
the author and the reader. This precaution being ob- 
served, I see no valid objection to the writing of such a 
report by a mining engineer. 

Nevertheless, it is an undesirable kind of work, par- 
ticularly for young mining engine:rs, Whose reputation 
for integrity and judgment, not yet established by long 
practice, may be, justly or unjustly, placed in jeopardy 
by any such expression of their opinions, and may be de- 
stroved, in public esteem, by the failure of any mining 
scheme with which their names have been thus as- 
sociated. 

In their own interest, they should accept such engage- 
meuts with caution, and protect themselves with vigilance 
against illegitimate or misleading use of their state- 
ments. In short, they take, in such cases, a risk which 
older engineers, backed by a reputation already estab- 
lished, could better afford to take. 

CONTINGENT FEES. 

In this connection arises the question of the acceptance 
of contingent fees. It seems to me that an expert of 
established and unimpeachable reputation is perfectly 
justified in recommending the purchase of a property 
and accepting compensation from the promoters, pro- 
vided, first and without qualification, that full publicity 
be given to the nature of his connection with the enter- 
prise: and secondly, that his compensation be contin- 
gent, not upon the successful sale of the property, but 
upon the subsequent sucecss of the undertaking. 

In other words, an expert who makes a favorable re- 
zort upon a mining property for which he is to receive 
payment in money if the property be sold on his report, 
must needs have an unparalleled reputation for integrity 
to endure that revelation of this situation, which he 
cannot without dishonor withhold. But one who frankly 
avows that he is to be paid in the stock of the projected 
company and, therefore, as an investor of time, skill and 
labor, is on the same footing as the investors of money, 
əecuples a much less vulnerable position. In either case, 
and in any case, there is no safety—and, I may almost 
acd, no honor—outside of the frank and full publication 
of all such circumstances as might be afterward called 
in question, criticizcd or condemudd. 

This is the expert's Golden Rule: Tell unto othcrs, 
now, whatsoever you would not have them tell on you— 
with unjust misunderstanding and scandalous comment 
hereafter!’ 

COMMISSIONS. 

Another question involved in the relations of a mining 

enzineer to his employer concerns the acceptance of 
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‘Eyracts from an address delivered at the Chattanooga 
merting of the American Institute of Mining Engineers. 
President, American Institute of Mining Engineers, 71 
Broadway, New York City. 


commissions from the sellers of machinery, supplies, etc., 
the purchase of which he has made as agent, or recom- 
mended as adviser. 

From the standpoint of the engineer, acting as a pur- 
chasing agent or adviser, the case seems to me as clear 
in the court of honor as it would be in a court of law. 
He cannot honorably accept a commission from the seller, 
while he is the agent of the buyer. If the custom of the 
trade permits the giving of such a commission, but not 
its deduction from the face of the bill rendered, he may, 
of course, honorably accept it and pay it over to his own 
employcr-that being the only way in which he could 
secure the minimum net price in his employer’s interest. 
But even in that event, he should place his honor be- 
yond suspicion—as, for instance, by demanding the com- 
mission in a check to his own order, and indorsing the 
same check to the order of his employer. 

It seems almost superfluous to insist upon the duty 
of maintaining a spirit of loyalty toward employers. 
Yet this spirit is by no means as prevalent as a sense of 
honor, or even of enlightened self-interest, would demand. 
Loyalty to a corporation should be as unquestionable as 
to an individual. In neither case should it be sacrificed 
to feelings of personal resentment or disapproval. If 
one cannot ‘‘stand for“ the policies or practices of one's 
employer, the straightforward course is to seek employ- 
ment elsewhere, 

There are two special spheres tn which the mining en- 
gineer, like the members of other technical professions, 
maintains a double relation. 

One of these is that in which, being himself an em- 
ployee, he exercises the employer's authority over other 
employes. In such a position, while it Is his duty to pro- 
tect vigilantly his employer's rights and interests, he 
should realize that he cannot do this more effectively than 
by invariable justice, good-nature, respect and sympathy 
toward his own subordinates. Nothing contributes more 
to the success of an enterprise thau the mutual exercise 
of these feelings between workmen and supcrintendents 
or managers. It is ‘‘team-work’’ that wins in industrial 
undertakings, as well as in the athletic field. And in 
these days especially, it is the cultivation of an esprit 
de corps, based upon truly friendly personal relations, 
which offers the best protection against the schemes of 
mischief- makers and demagogues. 

The other double relation to which I have alluded is 
that which is occupied by an expert witness in a court 
of law. In this case, he is theoretically amicus curiae, 
a friend of the court, giving under oath his assistance 
in the recognition and interpretation of the facts of the 
case; and, for this reason, he is permitted to do what no 
ordinary witness can do, namely, to give opinions as well 
as personally observed facts, and to support these opin- 
ions by hearsay evidence or scientific authority and argu- 
ment, not otherwise admissible as testimony. Yet, on 
the other hand, he is retained and paid by one of the 
litigant parties; and he would not appear in court at 
all, were it not reasonably certain beforehand that his 
testimony would support the theory and benefit the cause 
of his clients. 

The ethics of this situation may be more clearly per- 
ceived, if we consider that, first and foremost, the expert 
witness must remember the obligation of his oath. He 
has not the same latitude as the attorney, whose official 
duty is to present a client’s case, without declaring his 
private opinion about it. Consequently, the expert wit- 
ness should be thoroughly convinced beforehand of the 
justice and truth of the cause or the theory in support 
of which he appears. Such a conviction ought to be 
based upon a careful and exhaustive previous examina- 
tion of the case; and no expert should agree to testify 
in any case until such an examination has established 
his opinion, and qualified him to defend. 

A more simple and congenial, yet more heavily respon- 
sible, relation is that which the mining engineer may be 
called to assume toward the public, as the responsible 
indorser of a proposed undertaking. In consideration 
of the confidence which he invokes and expects, notwith- 
standing the fact that he has been paid by interested 
parties, he assumes a sacred trust, obligating him to 
safeguard the interests of a wider and more important 
clientele. The investor has not the time, and perhaps 
not the technical knowledge required for the thorough 
study of a prospectus. He risks his money upon his 
belief in the ability and integrity of the engineer, who Is, 
thercfore, bound in prudence and in honor to be espec- 
ially careful that his indorsement be clear and precise, 
without mental reservation or opportunity for misunder- 
standing. This caution applies particularly to what are 
called ‘‘gilt-edge’’ investments, that is, to enterprises 80 
promising and so thoroughly investigated beforehand 
as to warrant their recommendation, on the terms stated, 
to the general public—that is, to unknown and probably 
unskilled clients. There are numerous instances in 
which the engineer has to give advice on speculative, 
though honest and legitimate, undertakings, such as the 
development of mining prospects, which should be con- 
fined to those who are willing, and can afford, to take 
greater risks in the hope of larger profits, than pertain 
to the ‘‘gilt-edge’’ class of mining investments. 

In connection with the class of advisory reports last 
named, it is good policy for the expert adviser to seek 
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to acquire a special clientage among mining investors 
who will not be led to judge him by the results of a 
Single case, but, knowing the wisdom and the successful 
outcome of his recommendations in other cases, will 
not condemn him when he turns out to have been mis- 
taken. For such a disappointment, sooner or later, Is 
inevitable, since no engineer, however able and careful, 
is infallible. 

In my opinion, a mining engineer engaged in such 
consulting practice should aim to become himself a cap- 
italist, and a purchaser and developer of mining prop- 
erties. Should he acquire business experience he might 
become avowedly a promoter, in a high and worthy 
sense of that term, and thus assist in driving out the 
unscrupulous promoters who are really parasites. Ac- 
cording to my observation, the swindling in mining en- 
terprises is done mostly by laymen, and not by respon- 
sible professional engineers or practical miners. The 
practical miner, indeed is, in many instances, himself 
the victim of the unscrupulous promoter. 

The engineer should use the greatest circumspection to 
prevent the use of his name in support of enterprises of 
which he has but a superficial knowledge. He may be 
quite willing to “take the chances, and invest some of 
his own money in a scheme which he would not be 
willing to take the responsibility of recommending to 
another party, dependent upon his judgment as a guide. 
But even such a private investment of his own money 
should often be avoided, lest his connection with the 
scheme as a simple stockholder should be construed as 
implying his deliberate indorsement of it as an expert. 

It often happens that an expert who has won de- 
served reputation and public confidence is called to give 
advice concerning a district with which he is not per- 
sonally acquainted. In such a case, his honest off-hand 
judgment, based upon general knowledge and upon ex- 
perience elsewhere, might mislead both himself and 
others. Yet it is practically impossible for an expert, 
visiting a given property or district for the first time, 
and, of course, known to all as the possible advance 
agent“ of capital, to get at the unfavorable conditions 
which it is everybody's interest to hide. I would earn- 
estly recommend, in such cases, the engagement by the 
examining expert, at his own selection and cost, and with- 
out notice to any other party, of a local expert assistant, 
familiar with the conditions and history of the property 
concerned and of the district in which it lies—in other 
words, with those facts which a visitor cannot easily 
discover. 
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THE SELF-FIRE-INSURANCE-FUND SURPLUS of 
the Philadelphia Rapid Transit Co. accumulated to the 
extent of more than $800,000 in the six years ending 
June 30, 1908. The fund is built up by monthly pay- 
ments from the company's receipts and investment 
income. 

oo 


A STATE FORESTER FOR VERMONT was recom- 
mended in the valedictory message of Mr. Fletcher D. 
Proctor, until recently Governor of Vermont. He stated 
that 60% of the area of the state was in forest or wild 
land. The fact that large tracts of former pasture 
and even tilled land are growing up to trees has been a 
source of regret in the past, and schemes for the recla- 
mation of these areas have been discussed. But these 
lands can never successfully compete agriculturally with 
more productive areas. They are suited to forestation 
and if wisely developed to that end will, with increasing 
value of timber, make important additions to the wealth 
of the state. The beginnings of forestry work already 
made in Vermont, with recommendations for the future, 
were thus stated by Mr. Prouty: l 


Vermont has already begun to recognize her duty in 
this regard. In 1904 the Legislature provided that the 
Governor should designate one of the members of the 
board of agriculture to act as a forestry commissioner 
and that the first selectman of each town should take 
measures to control and extinguish forest fires. It also 
exempted from taxation for ten years uncultivated lands 
planted with timber or forest trees under certain con- 
ditions. The Legislature of 1906 appropriated $500 an- 
nually for five years for the purpose of aiding in the es- 
tablishment and maintenance of a nursery for the propa- 
gation of forest seedlings of useful varietles at the Ver- 
mont Agricultural Experiment Station. The commission 
on taxation in their report recommended changes in the 
taxation of timber lands for the purpose of encouraging 
their cultivation and preservation. 

All this has been in the right direction, but it does 
not go far enough. Vermont should have a distinct 
forest policy of her own. That this may be successfully 
inaugurated and carried on we should have a state for- 
ester educated and trained along the most advanced and 
approved lines, who shall give his entire time to the 
study of forest conditions as they exist in Vermont, with 
a view to their practical and permanent improvement. 
This policy has been adopted by many of the states, and 
it is most successfully pursued by the national govern- 
ment in the territories and national preserves under its 
jurisdiction. Such a forester should carry on a publicity 
and educational work, freely advise with individual own- 
ers, supervise our forest fire laws, which ought to be 
strengthened and made more efficient, eventually take 
charge of the state nurseries for forest seedlings, and 
in a gencral way formulate and conduct a policy so vital 
to the true prosperity of the state. While this will entail 
some expense, I believe the state can undertake no work 
nor assume any equivalent expense that would yield 
to her people greater returns than an advanced forestry 
policy wisely and progressively conducted. 
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A DISASTROUS GRAIN ELEVATOR EXPLOSION. 


A grain elevator at Richford, Vt., was destroyed 
by fire on Oct. T following a violent explosion 
which occurred about 4.30 p. m. The fire spread 
very rapidly; 15 of the elevator employees were 
killed, and two women who were walking on the 
railway track west of the building and entirely 
outside of it were so badly burned that they died 
soon afterward. A large warehouse and the boiler- 
and-engine house adjoining the elevator, were 
destroyed and many freight cars were burned. 

At our request the circumstances in connection 
with the disaster have been investigated by an 
engineer on the ground and it seems to be cer- 


Cars shattered and burned 


.2 Women burned 


grain which recently showed some heating. Noth- 
ing is known that would Show what connection 
there may have been between either this heating 
or the dust conditions and the explosion. Some 
30 men were employed in and about the elevator. 
Eye witnesses of the accident agree in speaking 
of a double explosion, a small one followed by a 
very severe one. Molasses was being pumped 
from a tank outside the building near the south- 
erly end, and some cars were being shifted east 
of the building at the time. Men working in this 
neighborhood within 50 to 150 ft. from the build- 
ing noticed that there was no fire or smoke at- 
tendant on the explosion, but within half a min- 
ute afterward flames were coming through the 
roof and smoke was roll- 

ing out of the windows. 
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tain that an extensive dust explosion occurred, 
possibly initiated by a preliminary explosion of 
gas or by a fire due to spontaneous combustion. 

The plan (Fig. 1) herewith will serve to explain 
the conditions. The elevator, of 600,000 bushels 
capacity, stood alongside the Canadian Pacific Ry. 
tracks and was served by tracks on either side of 
the building and two additional tracks passing 
through the building. North of the elevator, along 
the tracks, was a one-story brick boiler-and-en- 
gine house, with office addition. East of this, on the 
side away from the tracks, was a long one-story 
storehouse. The elevator had 80 bins, and was 
90 ft. high from the ground to bin floor and 152 
ft. from ground to roof of superstructure. It was 
of the usual wooden-bin construction, covered 
with corrugated iron on the outside. The elevator 
was about 17 years old, but the storehouse was 
less than half as old. In one corner of the second 
floor of the elevator was a small milling plant, 
comprising two sets of rolls and two sets of 
stones, 


FIGS. 2 AND 3. 


The elevator was nearly full at the time of the 
accident, most of the contents being new grain. 
Some weeks ago the building was thoroughly 
cleaned, during a temporary shutdown, and it has 
had several partial cleanings since then. Sweep- 
ings were kept in a small room in the southwest 
end of the building and removed every few days. 
It is said that a few of the bins contained old 


Room 7 


SKETCH PLAN OF RICHFORD ELEVATOR, RICHFORD, VT. 


Some cars standing on 
the track west of the ele- 
vator were shattered and 
thrown off the rails, and 
soon afterward caught 
fire. These cars may be 
seen afire in Fig. 3. 
Two women near by were 


fatally burned, having 
7 probably been thrown 
Li . down and stunned by the 
18 explosion. No one far- 
8 Ri ther than 100 ft. from 
fle the building was knock- 
L ed down or injured by 
2 e the explosion. 


The roofing of the ele- 
vator—wood and corru- 
gated steel, was scatter- 
ed over a large area to 
the northeast, in small 
pieces (see Fig. 4, show- 
ing material gathered within a 100-ft. circle 
nearly half a mile away). Most of the wreckage 
went to the northeast, and in other directions 
little was thrown more than 100 ft. 

The boiler and engine house was wrecked, ex- 
cept the northerly end (Fig. 4). The warehouse 
was burned down as far as a firewall at about 
the middle of its length. 

The elevator was owned by the Canadian Pacific 
Ry. and was rented to the Quaker Oats Co. 
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WHAT EUROPE IS DOING WITH WATERWAYS.* 
By J. A. OCKERSON, M. Am. Soc. C. Bt 


I had the honor of appearing as an official 
delegate of the United States at the Eleventh 
International Congress of Navigation held at 
St. Petersburg last June. In addition to a paper 
on the protection of low-lands from floods, which 
had been assigned to me, a paper on the pro- 
posed lLakes-to-the-Gulf Waterway was pre- 
sented at the request of the Russian engineers. 
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At the close of the Congress, three months were 
devoted to an examination of the principal 
water ways and harbors of Europe. A tour was 
made through the Russlan waterways from the 
Baltic Sea to the Volga River and continued 


„Abstract of a paper read at the Lakes-to-the-Gulf 
Deep Waterway Convention, held in Chicago, Oct. 7 to 9. 
+Consulting Engineer and Member of the Mississippi 
River Commission, 1301 Liggett Building, St. Louis, Mo. 


to the Vistula, Danube, Rhine and Elbe rivers. 
It covered also the harbors, canals and dikes 
of Germany, Holland and Belgium, and closed 
with the harbors and canals of Great Britain. 

In each case the examinations were made 
under official auspices and in company with the 
engineers conducting the work, and there is 
every reason to believe that the information 
gathered is essentially correct. 


The Mississippi River Commission was par- 
ticularly desirous of ascertaining what was being 
done in the way of construction and operation 
of dredging plants of great capacity, and par- 
ticular attention was paid to this subject. 

It was my good fortune to be intimately con- 
nected for some years with investigations re- 
lating to the improvement of the Mississi;p‘ 
River, and I have long felt that we as a people 
have neglected one of our most valuable assets 
in failing to develop a great transportation 
highway, a trunk line waterway, along the route 
nature has marked out from the Great Lakes to 
the Gulf of Mexico, stretching 1,625 miles 
through the heart of the Mississippi Valley. 

I have never had any doubt about the possi- 
bility of improving the Mississippi River to any 
extent that the demands of commerce might 
dictate. If there had been any such doubt linger- 
ing in my mind it would have been entirely 
dispelled by what I saw during my recent in- 
vestigations of European waterways. Nature 
has not done for them what it has for us. The 
Mississippi is built on a lavish scale wholly 
wanting in the greatest of their streams, and 
yet they have developed and improved them 
until they have become most important factors 
in economical transportation. 

Some would have us believe that waterway 
transportation has become obsolete, but when 
we see all of the countries of Europe actively 
engaged in the development of their rivers and 
canals, and furthermore see these waterways 
crowded with traffic and the craft employed 
thereon increasing in number and size year by 
year, there can be but one conclusion, and that 
is, that waterways are essential to their well 
being. 


One waterway visited has been enlarged and 
deepened four times to keep pace with the in- 
creasing demands of commerce, until now it 
has a depth of 27 ft. The Kaiser Wilhelm Canal, 
but a few years old, has already been found 
inadequate, and a project has been adopted to 
double the width and increase the depth to 40 
ft. at a cost of $1,000,000 per mile. Berlin is 
ambitious to be a seaport, and a project for a 
maritime canal from the Baltic Sea is under 
way. Brussels, Ghent and Bruges are engaged 
on similar projects. 

Russia has an elaborate project in view for 
enlarging the waterway from the Baltic Sea 


THE RICHFORD ELEVATOR BEFORE THE EXPLOSION AND DURING THE FIRE. 


to the Caspian, a project not unlike our own 
from the Lakes to the Gulf. Germany, France 
and Austria are devoting their energies to the 
construction of canals and the improvement of 
their streams. Many new projects involving 
large expenditures are receiving serious con- 
sideration. 


Great Britain has a Royal Commission ap- 
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pointed for the purpose of ascertaining 
feasibility of developing an elaborate system of 
waterways which will involve an expenditure 
larger than the total amount expended on our 
rivers and harbors up to date. 

Canada has expended $600,000 in surveys and 
examinations looking to the development of a 
waterway with a depth of 22 ft. from Lake 
Huron to Montreal, and an expenditure of 
$150,000,000 is not regarded as too high a price 
to pay for it. In the meantime their commercial 
bodies are clamoring for an increase in the 
depth of the Welland Canal to 21 ft. 

Throughout an extended tour of the Russian 
waterways from the Baltic Sea to the Volga 
River, a continuous stream of traffic was en- 
countered. At the port of Rybinsk, loaded 
barges were anchored in midstream ten abreast 
for a long distance, waiting for an opportunity 
to discharge their cargo. It was estimated that 
there were about 1,000 barges in that port alone. 
The cargoes consisted chiefly of grain, timber 
and petroleum. 

In the river Lek and its connecting canal to 
Amsterdam, the traffic amounts to over 60.000 
vessels of all Kinds per annum. In a few hours’ 
ride on the Danube River, over a hundred sepa- 
rate craft were passed. The Rhine and Elbe 
have a large amount of traffic, and the ports of 
Rotterdam and Hamburg, where the sea-going 
traffic is met with, are filled with hundreds of 
river craft exchanging their cargoes for 
loads from distant ports. 


The motor boat of light draft is coming into 
use, bringing cargoes out of the smaller streams 
to the larger craft of the rivers, thus extending 
the benefits of navigation to points remote from 
the larger streams and becoming feeders thereof. 


We are told that the traffic from the Lakes 
to the Gulf would practically move in one di- 
rection only, and boats must needs return with- 
out a cargo. hence it would not become a satis- 
factory freight carrier. That is also essentially 
trie of railways and steamships as well. Freight 
trains devoted to coal, lumber, grain and ores 
must necessarily return empty. Steamship 
freighters come to our shores in ballast to se- 
cure return cargoes, and even the great ex- 
press steamers have small passenger lists one 
way or the other. 

However desirable it might be to move full 
loads in both directions, the opposite condition 
is almost universal and does not apply with any 
special force to this project. On the contrary, 
inland waterways reaching the seaboard where 
materials destined to interior points are to be 
distributed, fare better in this respect than any 
other modes of transportation. 

The Manchester Ship Canal has been cited asa 
waterway failure. It is true that the sharehold- 
ers have received no dividends on their stock. 
But the business of the city of Manchester has 
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FIG. 4. WRECKAGE OF ELEVATOR AND ENGINE-HOUSE, 


LOOKING NORTH. 


been so materially benefited that the money ex- 
pended in the construction of the canal is gen- 
erally regarded as a good investment, showing 
indirectly ample returns for the money expended. 

The greatest rivers in France, Germany and 
the adjacent countries are small when compared 
with the Mississippi, yet they have done wonders 


the 


in their development. They have compelled them 
to flow in fixed channels along routes established 
by the engineers. Their floods are confined and 
controlled between fixed barriers so well con- 
structed that they practically never break. Their 
banks are so well paved that they contribute 
little or nothing to the load of silt brought down 
by the smaller tributaries. Their facilities for 
transfer of freight are so well designed and ample 
that interchange of traffic is accomplished in 
an expeditious and economical manner. Their 
limited supply of water under low stage condi- 
tions has been conserved and made the most of. 
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THE PENNSYLVANIA CONDITIONS FOR APPROVING 
PLANS FOR MUNICIPAL SEWERAGE AND SEWAGE 
DISPOSAL WORKS. 


In approving the plans for a sewerage and 
sewage-disposal system for Allentown, Pa., Dr. 
Samuel G. Dixon, State Commissioner of Health, 
attached some lengthy memoranda, a brief re- 
View of which may interest some of our readers. 
from an abstract of the memoranda 
published in the Allentown “Morning Call” of 
sept. 1S, that the document consisted of a some- 
what extensive review of the proposed sewerage 
~ heme. Attention was called to the relation of 
sewage disposal to the water-supply of some of 
ihe municipalities of the state, evidently includ- 
ing the water-supply of Allentown itself. 

The proposed sewers are to be on the separate 
plan and to ultimately a population of 
125,000. The laterals are to be built quite gen- 
erally in al eys, and “in other cases where streets 
are now permanently paved two sewers are de- 


It appears, 


serve 


signed, one on either side near the curb line.” 
There will be four intercepting sewers. Three 
of these will lead to a pumping station, where 


the total lift will be about TO ft. and where two 
£000,000-gal. and one S,UCU,G00-ga'. centrifugal 
direct-connected to steam engines, will 
be installed. 

The sewage will be screened and will pass 
through settling or septic tanks, percolating 
filters, and a resettling basin. The sewage will 
be distributed over the filters by means of nozzle 
sprinklers. 

After outlining the proposed works and calling 
attention to the fact that the sewage from Allen- 
town might within four hours find its way into 
the water-supply of South Bethlehem, the docu- 
ment concludes with a statement of conditions of 
approval of the plans, as follows: 


pumps, 


In view of the foregoing considerations, it has been 
unanimously agreed by the Governor, Attorney-General 
and the Commissioner of Health that the interests of the 
public health will be subserved by granting a permit for 
the installation of the proposed sanitary sewer system 
and sewage purification works and I do hereby and 
herein grant a permit therefor under the following con- 
dition and stipulations: 

(1) That all storm and roof water shall be excluded 
from the sewer system and 
special care shall be taken to 
obtain water-tight sewer 
lines. At the close of each 
season’s work a plan shall 
be submitted and filed in the 
office of the Commissioner of 
health, showing all sew- 
crs laid during the year, to- 
gether with any other infor- 
mation in connection there- 
with that may be required, 
in order that there shall be 
on file in said office an ac- 
curate plan of the existing 
sewer system of the city 
with reliable information in 
reference to its use. 

(2) No pathogenic material 
from any laboratory shall 
be discharged into the sewer 
system. The proper authori- 
ties shall cause these wastes 
to be destroyed on the 
premises. 

(3) The city shall enforce such reasonable measures as 
may be necessary to bring about at the earliest practi- 
cable moment the discontinuance of the discharge of all 
sewage and trade wastes into storm drains or natural 
watercourses or into the waters of the State, on or below 
the surface of the ground, within the limits of the city. 
The sewer system and sewage-disposal works herein ap- 
proved shall be built or construction work thereon shall 


be started on or before the close of the season of 1909. 
It would be wise for the city to have its experts examine 
into and report upon the trade wastes drainage problem. 

(4) Detail plans for the proper and sanitary disposal of 
the septic-tank and settling-basin sludge and drainage 
Shall be prepared and submitted to the Commissioner of 
Health for approval before the disposal works shall be 
put in operation. 

(5) Detail plans of the entire sewage-disposal plant and 
the low-level pumping-station plant as built when the 
work herein approved is completed, shall be prepared 
by the city and filed in the office of the Commissioner of 
Health without delay. 

(6) Within three months from the date of any request 
which the Commissioner of Health may make therefor, 
the city shall prepare and submit plans and a report on 


Fig. 5. Parts of Roofing Half a Mile from the 
Station. 


additional units to the sewage-purification works of a 
sufficient total capacity to accomplish the purification 
of all of the city sewage discharged into the sewer sys- 
tem, together with that which may be reasonably ex- 
pected to be discharged by said system in the near future. 

(7) The city shall expedite the work of intercepting 
the sewage now going into the Little Lehigh Creek 
within the city limits above the emergency water-works 
intake and the private intake at the steel and wire plant, 
and is hereby permitted, if it be necessary, to make a 
temporary outlet for said sewage into the creek below 
these points, pending the construction of the sewage 
pumping station and outfit. 

(8) Daily records of the operation of the entire sewage- 
disposal works, beginning at the pumping station, shall 
be kept by the city in form satisfactory to the Commis- 
sioner of Health, and copies thereof shall be filed in said 
Commissioner’s office. The city shall cause to have 
made frequent analyses of the crude sewage and of efflu- 
ents at various stages of the process of treatment, suffi- 
cient to show the efficiency of the plant and to enable 
deductions to be made therefrom as to management and 
operation. The plant shall be operated for one year 
under the responsible supervision of the experts who 
designed it, beginning at the start of the operation, or 
if not by these experts, then by others equally competent 
to perform such service. The results of all tests shall 
be given to the Commissioner of Health, who may make 
rules and regulations governing the operation of the 
plant in so far as these may affect the quality of the 
effluent discharged into the water of the creek. 

(9) If, at any time, in the opinion of the Commissioner 
of Health, the sewer system or the sewage-disposal 
works or any part thereof has become a menace to pub- 
lic health, then such remedial measures shall be adopted 
as the Commissioner of Health may approve or advise. 

This permit, before being operative, shall be recorded 
in the office of the Recorder of Deeds for Lehigh County. 

— mm o m 


POOLING FREIGHT CARS.— There are a great many 
people who agree that, theoretically, the pooling of 
equipment is a good thing in times of car shortage. 
There are a great many other people who practically 
go in for pooling cars without admitting it. Whenever 
the car of an eastern road is used for a westbound 
shipment—and that has happened more than once within 
my observation—the agent who sends the eastern car to 
the West is pooling cars. Whenever that happens, and 
it has happened with some frequency, it is an acknowl- 
edgment on the part of the agent that pooling cars is 
the proper thing, and whenever the superintendent does 
not call the agent down, the superintendent agrees that 
the pooling of cars is the proper thing. * * * When 
it comes down to getting advocates for your pooling 
scheme, there is not really any one that wants it. It 
will only be when the ‘creditor roads’ find out that 
about the only thing they can get is some pool under- 
standing that will ensure them an equal number of cars 
to those that are owned by them—when the creditor 
roads find out that is the best they can do, then we 
will get support for the pooling of cars. And all our 
committee has been able to do so far has been to show 
by its statistics and to show by its report that, in times 
of shortage of cars, cars are pooled.’’—Arthur Hale on 
“Car Efficiency,” Western Railway Club, Sept. 15, 1908. 
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DREDGING CLAY IN CHUNKS. 


The accompanying photographs were recently 
taken on the dump at Lincoln Park, Chicago, 
where a 30-in. hydraulic dredge the “Francis T. 
Simmons,” is discharging material dug from the 
bed of the lake. This dredge and its work dur- 
ing the season of 1907 were described in our is- 
sue of Feb. 27 last (p. 221). The photographs 
are notable as showing what large and solid 
pieces of material it is possible to dig and dis- 
charge with a hydraulic dredge. Some of the 
chunks of clay shown in the photographs are 20 
ins. in diameter and 4 to 5 ft. long. When the 
dredge is making a heavy cut these huge shav- 
ings issue from the end of the discharge pipe in 
an almost continuous stream. The discharge pipe 
is at times 2,000 to 3,000 ft. long. 

As stated in our previous article, this dredge 
was built by the Atlantic Equipment Co. from 
designs by Mr. A. W. Robinson, M. Am. Soc. 
C. E., of Montreal, and is fitted with a new type 
of rotary cutter for heavy clay soils. 


Recent reports from the “J. Israel Tarte,” an- 


other of Mr. Robinson's dredges of this type, con- 


pt ery 


wherever he was able to draw them, will bring out an 
interesting discussion. 

Question I.—There were 27 replies; 22 of the roads 
use nothing but the spike, and 5 roads use tie plates in 
connection with the spike. As on all bridges of this 
class, the ties are spaced close together, and generally 
are of selected timber, and as the tie plates tend to 
develop a split in the ties, their use does not seem to be 
the best practice. The best practice seems to be that 
of spiking the rail directly on the ties, and especially 
avoid spiking through the holes in the angle bars. It 
would undoubtedly be of great benefit if some of the 
members of this association would experiment with some 
other form of fastening than the spike, such as the lag 
screws, or bolts, used abroad, and which are supposed 
to be far less destructive to the tie. 

Question 2.—There were 27 replies; 23 of these report 
that no anti-rail creeping device is in use on their roads. 
One road uses blocks between the ties and spikes the 
angle bars to the ties and to the blocks with good suc- 
cess; one road uses the L. & S. rail anchors with good 
results; one road slants the spikes in the fish plates. 

From the replies it would appear to be the best prac- 
tice not to attempt to hold the track from creeping on 
these structures, but if the movement is enough to war- 
rant it, to use some device to prevent it on the approaches 
to the structure. 


The material used is long-leaf pine on 13 roads; 
Douglas fir on 10 roads; white oak on 1 road; white 
pine on 1 road. 

The average life is as follows: 

Long-leaf pine, average from 13 roads, 10 years. 
Douglas fir, average from 10 roads, 11 years. 
White oak, average from 1 road, 10 years. 

White pine with iron cover, 1 road, 14 years. 


Ties: The sizes used are as follows: 

6 x 8 ins. x 9 ft.; 6 x 8 ins. x 12 ft.: 7 x 8 ins.; x 
10 ft.; Tx 9 ins. x 9 ft.; 8 x 8 ins. x 9 ft.: 8 x 8 Ins. x 
10 ft.: 8 x 10 ms. x 11 R.; 8 x 8 ins. X 12 ft. 

The material used is long-leaf pine on 10 roads; 
Douglas fir on 5 roads; white oak on 4 roads. 

The average life is as follows: 

Long-leaf pine, average from 10 roads, 9 years. 

Douglas fir, average from 4 roads, 12 years. 

White oak, average from 4 roads, 10 years. 
Piles: 

The material used is white or burr oak on 12 roads; 
white cedar on 7 roads; creosoted pine on 3 roads; 
red cedar on 2 roads. 

The average life is as follows: 

White or burr oak, average of 10 roads, 10 years. 
White cedar, average of 6 roads, 17 years. 

Red cedar, average of 2 roads, 12 years. 

Treated pine, average of 2 roads, 14 years. 


Conclusion to Question 5-6: The two species of timber 
in general use for caps, stringers and ties are Douglas 
fir and long-leaf pine. 
stringers and ties are Douglas fir and long-leaf pine. 

The replies do not indicate that there is any great dif- 
ference in the behavior of the two in these structures and 
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DISCHARGING CLAY FROM THE HYDRAULIC DREDGE “J. FRANCIS SIMMONS” AT LINCOLN PARK, CHICAGO. 


tinue to show good results. This dredge is en- 
gaged on the River St. Lawrence Ship Channel 
and was described in Engineering News of July 
28, 1904. It has now been seven years in ser- 
vice. From May 11, 1908, when the dredge be- 
gan this season's work, to Aug. 29, a period of 
16 weeks, the quantity dredged was 1,702,000 cu. 
yds. of soft blue clay, measured in place, dredged 
from a depth of 34 ft. and delivered 2,000 ft. dis- 
tant. The best single 24 hours’ work was up- 
wards of 33,000 cu. yds. 


———— et OO 


REPORTS ON DETAILS AND MATERIALS IN RAILWAY 
PILE-AND-FRAME TRESTLE BRIDGES.* 


On Jan. 25 a circular letter was sent to 100 members 
of the association, as follows: 


1. Do you use any device to fasten the rail to the tie 
other than the common track spike, and with what 
success? 

2. Do you use any device to prevent rails creeping, 
and with what success? 

3. Do you use a metal guard rail of any kind, if so 
please describe? a 

4. What do you consider the best span length to use? 

5. What do you consider the best kind and size of 
timber to use for the following members: Caps, string- 
ers, ties and piles? 

6. What do you find to be the average life of the above 
members with or without preservative treatment? 


7. Have you used any concrete piles, if so please give 


method of making and driving? 

From these letters 27 replies were received and the 
answers to the questions tabulated. The chairman thinks 
that printing several of the replies, together with the 


plans sent in, and setting down his personal conclusions 


*Abstract of Committee Report to the Association of 
Railway Superintendents of Bridges and Buildings, Wash- 
ington, D. C., Oct. 20-22, 1008. Mr. H. M. Trippe, C. & 
N. W. Ry., Chairman. 


Question 3.—There were 27 answers; nine of the roads 
reporting use no metal guard rails on this class of struc- 
ture; 18 of the roads use T-rails, usually the old track 
rails and somewhat lighter than the traffic rails. These 
rails are spiked to the ties at a distance varying from 
6 to 10 ins. on the various roads. From the replies it 
would seem to be the best practice to use a metal guard 
rail; if no specially designed rail is used, old rails 
spiked inside the traffic rails, and terminating in an 
old frog point in the center of the track against approach- 
ing trains may be used. This point should be placed far 
enough from the end of the bridge so that the rails will 
not converge too rapidly. On the approach in the direc- 
tion of traffic the point may be omitted and the rails 
terminate a short distance from the end of the bridge. 
On single track roads there should be a point on each 
approach. 

Question 4.—There were 25 replies, the span length used 
varying from 12 to 16 ft., with an average of 13 ft. 6 ins. 

Questions 5-6 will be taken up in separate parts. 


Caps: The sizes used are as follows: 

12 x 12 ins. x 14 ft.: 12 x 12 ins. x 20 ft.; 12 x 14 
ins. x 12 ft.: 12 x 14 ins. x 14 ft.; 12 x 18 ins. x 16 ft.; 
14 x 14 ins. x 12 ft.; 14 x 14 ins. x 14 ft.; 14 x 14 
ins. x 16 ft. 

One road uses a double cap consisting of two pieces, 
6 x 12 ins., with a 6 x 16-in. rider. 

The material used is long-leaf pine on 13 roads; 
Douglas fir on 9 roads; oak on 2 roads; white pine on 
1 road. 

The average life is as follows: 

Long-leaf pine, from 12 roads, 10 years. 

Douglas fir, from 8 roads, 10 years. 

White or burr oak, from 2 roads, 11 years. 


One road uses galvanized iron covers over a long- 
leaf pine cap and reports a life of 8 to 10 years. As 
this is a southern road where the life is usually 
shorter, this may be an advantage. 

Stringers: The sizes used are as follows: 

7 x 15 ins.: 7% x 15 ins; 7 x 16 ins.; 8 x 16 ins.; 
8 x 17 ius.: 8 x 18 ins.; 9 x 14 ins.; 9 x 16 ins.; 9 x 
18 ins.: 10 x 16 ins.; 12 x 14 ins.; 12 x 16 ins. 

Nearly all the roads reporting agree on using con- 
tinuous stringers over two spans. 


that, therefore, each road should use the one that can be 
secured at the least cost. The other species of timber 
used for these members do not seem to have advantages 
enough to overcome their cost and scarceness; the pos- 
sible exception being the use of white or burr oak for 
caps, due to the high resistance to crushing. It is 
probable that good results can be obtained by the use of 
the cheaper pines by using some preservative process. 

It would doubtless be of great advantage if the design- 
ers of these bridges could get together and adopt uniform 
sizes and lengths for these members. If that were done 
these timbers could be cut in large quantities, and treat- 
ing plants could season and treat them with the certainty 
of a demand for them. Possibly each class of track 
adopted by the maintenance-of-way association could 
have a separate plan. 

For piling the better species are becoming too scarce 
to supply the demand, and as they are of extremely 
slow growth, use will have to be made of the cheaper 
grades treated. 

Question 7.—Replies were received from 26 roads, none 
of which have ever used a concrete pile in the class of 
structures under discussion. 


INDUSTRIAL MOTOR VEHICLES, in an extensive, 
competitive French test described in the Monthly Con- 
sular and Trade Reports for September, showed a decrease 
of 53% in consumption of gasoline per ton-mile com- 
pared with the results of a similar test performed in 
1907. The test of 1908 was completed May 31. The en- 
tries comprised motor omnibuses and touring cars carry- 
ing six or more passengers besides a chauffeur and con- 
ductor, and cars for the transportation of merchandise. 

Sixty per cent. of all the vehicles entered made the 
entire tour, which occupied 27 days and covered a dis- 
tance of 2,175 milcs, and finished in good working order. 
The total general average consumption of gasoline per 
ton-mile was 0.074 qts. against 0.157 qts. in the similar 
test of 1907. 


October 22, 1908. 
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re CONTROL OF TROPICAL DISEASE IN THE ISTH- 
MIAN CANAL ZONE. 


In all the discussions over the Panama Canal 
enterprise, prior to the actual undertaking of 
the work, great weight was given to the evil 
effects of tropical disease upon the working 
force. It was a stock argument of those who 
favored the Nicaragua route that health con- 
ditions there would be more favorable. One man 
wanted to put the whole canal route at Panama 
under water as the only sure way to prevent 
disease-spreading mosquitoes from propagating, 
and he drew terrible pictures of the havoc dis- 
ease would make in the working force if any 
other plan than his was followed. 


Looking back now, it is probable that the 
dangers and difficulties were not over-estimated; 
but what was lacking was allowance for what 
modern sanitation and preventive measures have 
made possible in the treatment of tropical dis- 
ease. The results attained on the Isthmus are 
nothing short of marvelous. They are an illus- 
tration on a large scale of what it is going to 
be possible to do in the future to make life in 
the tropics reasonably safe. There has not been 
a case of yellow fever or bubonic plague on the 
Isthmus for two years. The death rate among 
the colored population has been reduced from 
71.60 per thousand in 1905 to 12.14. During the 
month of August, out of 8,175 white Americans 
in the Canal Zone, of whom 2,869 were women 
and children, there were but two deaths, and 
both those were the result of accident. The 
deaths from malaria in a total force of 29,000 
men in August, 1906, were more than three 
times as many as in a force of 44,000 men in 
August, 1908. 

This reduction in malaria has been effected by 
increasing vigilance and thoroughness in the 
work of mosquito extermination. An example 
of how they work is carried on is given in the 
following, taken from the Canal Record” of 
Oct. 7: 


During the latter part of June, the malaria rate at 
Corozal suddenly took a jump upward. No further 
indication was needed to assure the Department of Sani- 
tation that the anopheles mosquito had found a new 
breeding place in that vicinity, undiscovered by the dis- 
trict inspector. 

Unable to account for the rise, at his request a special 
inspector was sent to his assistance. The Chief Sani- 
tary Inspector, not being satisfied with the report, sent 
out a second inspector, and finally a third. The recom- 
mendations of all were carried out, and the rate fell 
steadily, but not to the normal, and the returns for each 
week were regarded with dissatisfaction. 

About the middle of August, the rate suddenly shot up 
higher than ever. Two inspectors were sent to the dis- 
trict inspector with orders that the three cover every foot 
of the ground. This was accomplished in two days by 
hard work and late hours. Two reported that the breed- 
ing place of the mosquitoes was 700 yards from the near- 
est camp, and the third inspector stated that the in- 
fection was from the aggregate of small breeding places 
in which the larvae had since been destroyed by oilings. 
One of the characteristics of the anopheles mosquito is 
that it is not likely to fly at one time a distance of 
more than 200 yds. from its breeding place, and that it 
is seldom found more than this distance from its home. 
Comparatively little of the life-habit of the anopheles 
is accurately known, but the legitimate inference de- 
ducted from the known facts are sufficient to establish 

‘a working basis, viz.: 

(1) That the female anopheles has the hovering instinct 
for raising her family, analagous to the fish. 

(2) That after her eggs are fertilized she is impelled 
to seek the blood of animals or human beings in order to 
develop her eggs to perfection. 

(3) That after obtaining the necessary blood she seeks 
her own birth place to deposit her eggs. 

Herein lies the weakness of the anopheles female of 
which man takes advantage. Her home ties hold her 
from any such migrations as the culex often makes, 
and being fatally susceptible to the sunlight a clearing 
of all grass and brush for 200 yds. from her home is suf- 
ficient to accomplish her destruction. 

Hence the breeding place 700 yds. distant could not be 
accepted, although it was destroyed as a precautionary 
measure. A third inspector was sent to Corozal, with 
orders not to consult with the others, but to remain 
there until he could positively locate the point of infec- 
tion. He began by searching each building for adult 
anopheles. From the building in which he captured the 
greatest number he started early in the morning when 
the grass was wet and the mosquitoes were lying low. 
He followed a zigzag course, turning from point to point 


as he found the number lessening. This led him to a 
salt marsh 280 yds. from the buildings. But anopheles do 
not breed in salt water, and moreover the edges of the 
Swamp were well oiled where fresh water would collect 
and no larvae were found. 

He kept on, and penetrating the jungle 300 yds. came 
upon a few larvae and pupae. The district inspector ap- 
peared on the opposite bank with a machete in hand, say- 
ing that he believed the breeding place was in the middle 
of the swamp, and that he had determined to go in. Go 
in he did, to his waist, in water and mire, laboriously 
cutting his way through the branches to the middle of 
the swamp, where he found the larvae thick enough to 
blacken the comparatively fresh water. Half a mile 
away a culvert was found so obstructed that the salt 
water did not have free access to the swamp during high 
tide, and the outflow was blocked at low tide. In con- 
sequence of the heavy rains the salt marsh had been 
gradually converted into a fresh water marsh, and as it 
was filled with rank vegetation, the anopheles were pro- 
vided an ideal place for life and breeding. 

Planks were thrown out into the marsh, lanes were cut 
in the vegetation and the oilers were set at work. The 
number of adult anopheles found in the camps began to 
dwindle at once, and the malaria rate soon fell to normal. 

This is only one instance of many similar ones, and it 
is cited to show the difficulties attending mosquito exter- 
mination and the maintenance of good health in the Canal 
Zone. 
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ERECTING A LARGE STEEL CHIMNEY STACK IN ONE 
PIECE. 

The accompanying illustration shows the pro- 
cess of erection of a steel chimney which has 
been temporarily installed at the works of the 
Crocker-Wheeler Co., Ampere, N. J., pending 
the construction of a prominent stack at 
the new power plant. The steel chimney 
is 72 ins. in diameter and 105 ft. high 
and weighs with the breeching 18 to 20 
tons. It was built at the Dover, N. J., Boiler 
Works and was erected by the Engineering Con- 
struction office of Mr. Walter Kidde. The stack 
will furnish draft to a battery of water-tube 


THE ANNUAL CONVENTION OF THE AMERICAN STREET 


AND INTERURBAN RAILWAY ASSOCIATIONS. 

The annual convention of the American Street 
and Interurban Railway Associations and of the 
allied Accountants’, Engineering, Claim Agents’ 
and Transportation and Traffic Associations were 
held at Atlantic City, N. J., Oct. 12, 13, 14, 15 
and 16. This was the first convention meeting 
of the last-named association, whose formation 
was advocated a year ago. This branch is in- 
tended to care for those matters relating rather 
to the income-producing side of light electric 
traction than to engineering, accounting or to 
general industrial or financial policy. 

The exhibits were more extensive and elaborate 
than at previous conventions, and included 
about all the conceivable supplies or devices that 
could be employed by an electric railroad. The 
number and variety of such fittings was so great 
as tô preclude any further mention here. 

The growth of the prepayment or ‘pay-as- 
you-enter” idea in street cars was shown in 
the number and variety of such cars shown, on 
a temporary track run alongside of the conven- 
tion pier, and by the multitude of fare boxes de- 
signed to facilitate the use of these cars. 

One of the unique exhibits of the convention 
was a design of car evolved by Mr. E. A. Barber, 
while Superintendent of the Black River Trac- 
tion Co., at Watertown, N. Y. The body is ex- 
tremely plain in outline, looking at first glance 
like a mere box with a row of windows cut out 
all the way around. This particular body was 
brought about by the necessity for quick and 
simple repairs. The car was equipped with a 
simple hydraulic brake. The motorman, in his 
compartment, operates a long-handled pump 
which furnishes water to a double-piston cylin- 
der. These pistons directly press the braked 
shoes against the car wheels through reach rods 
but with little other brake rigging. The car- 


ERECTING A STEEL CHIMNEY AT THE CROCKER-WHEELER ELECTRIC WORKS, AMPERE, N.J. 


boilers of 800 HP. The Crocker-Wheeler power 
plant, of which these form a part, will have a 


total capacity of 4,800 HP. 
-— ~ — — 
CHROME-STEEL RAILS have been made by the Beth- 
lehem Steel Co., of South Bethlehem, Pa., and are being 
tried by the Boston Elevated Ry. and the Interborough 
Rapid Transit Co., of New York. The steel is made by 
the open-hearth process. The addition of a small per- 
centage of chrome is said by the makers to improve the 
physical properties and to render the steel extremely 
hard. Although the rails have not been in service long 
enough to determine their wearing qualities, it is ex- 
pected that they will wear about three times as long as 
the ordinary Bessemer steel rails. 


body rests on a long-base, four-wheeled truck 
of the simplest possible construction. The 
weight of the whole car is about 600 lbs. per 
seated passenger. The car is much more at- 
tractive on the inside than on the exterior. The 
car proved interesting to the representatives of 
small roads who have to cut repairs and main- 
tenance expenses to a minimum to make ends 
meet. 

The following officers were elected for the 
several associations: 

American Association: President, J. F. Shaw, 
of the Boston & Worcester Electric Co.; Vice- 
Presidents, A. W. Brady, of the Indiana Union 
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Traction Co., Anderson, Ind.; T. N. McCarter, 
of the Public Service Railway Co., Newark, N. 
J.; C. N. Black, of San Francisco, Cal. 

Engineering Association: President, Paul Wind- 
sor, of the Boston Elevated Railway Co.; Vice- 
Presidents, F. H. Lincoln, of the Philadelphia 
Rapid Transit Co.; W. H. Evans, of the Inter- 
national Railway Co., Buffalo, N. Y.; W. J. 
Harvie, of the Utica & Mohawk Valley Ry. Co., 
Utica, N. Y. 

Accountants’ Association: President, R. N. 
Wallis, of the Fitchburg & Leominster St. Ry. 
Co., Fitchburg, Mass.; Vice-Presidents, W. H. 
Forse, Jr., of the Indiana Union Traction Co., 
Anderson, Ind.; C. L. Wight, of the Des Moines 
City Ry. Co.; A. B. Bierck, Long Island Con- 
solidated Companies, Long Island City, N. Y. 

Claim Agents: President, C. B. Hardin, of the 
United Railways Co., St. Louis; Vice-Presidents, 
E. C. Carpenter, Indiana Union Traction Co., 
Anderson, Ind.; J. S. Harrison, of the Jackson- 
ville Electric Co., Jacksonville, Fla.; F. J. Ryan, 
of the Syracuse Rapid Transit Co. 

Transportation and Traffic Association: Presi- 
dent, C. L. Allen, of the Utica & Mohawk Valley 
Ry. Co., Utica, N. Y.; Vice-Presidents, R. I. 
Todd, of the Indianapolis Traction and Terminal 
Co.; G. L. Radcliffe, of the Schenectady Ry. Co.; 
A. W. Warnock, Twin City Rapid Transit Co., 
Minneapolis, Minn. 

The one piece of apparatus that secured the 
most attention during the whole convention was 
the rail-testing machine in the exhibit of the 
Pennsylvania Steel Co. This machine was de- 
signed to determine the actual and relative wear- 
ing qualities of different grades of steel rails 
on sharp curves. Two 33-in. M. C. B. car wheels 
with independent axles are mounted on the 
under side of a cast-steel girder which rotates 
about its center and is driven by a 50-HP. rail- 
way motor. The wheels run on a circular track, 
20 ft. in diameter, made of three equal lengths of 
100-Ib. steel rails. The track is bolted and 
clamped to a cast-iron frame which is fastened 
by four radial struts to the center bearing and 
so supported as to appear slightly flexible. The 
dead load on each wheel is about 7,500 lbs., and 
this cun be increased to 67,500 Ibs. by a spring 
on the center steady pin. By compression 
springs on the car-wheel axles a lateral thrust 
of up to 15.000 lbs. can be obtained. The ma- 
chine is designed for a maximum speed of 85 
r. p. m., which gives a train-speed equivalent 
of 61 mi. pr hr. 


REPORTS AND PAPERS. 


It would be impossible to present here an ab- 
stract of all the reports, papers and addresses 
of all the sessions and, therefore, mention will 
be made only of those of most immediate in- 
terest to the engineering professions, 

ENGINEERING ASSOCIATION.—The address 
of President F. G. Simmons (Milwaukee Electric 
Ry. & Light Co.) was largely a review of the 
efforts of the standing committees. It was 
stated that there was great need for better at- 
tention to the requests for data sent out by 
these committees to the member companies. The 
common ratio was about 32 replies received 
from 200 requests. Mr. Simmons advocated defi- 
nite recommendations from all standing com- 
mittees for the standardization of street-railway 
equipment and practice. 

The report of the Executive Committee included 
minutes of all the meetings of that committee. 
An arrangement of standing committees and 
their interrelations was formulated. These com- 
mittees were to be on (1) Standards, (2) Way 
Matters, (3) Equipment, (4) Power Generation, 
(5) Power Distribution. It was proposed that 
the Standards Committee should have nine mem- 
bers, four of whom should be the chairmen of 
the other committees, four of whom should be 
appointed from lines of work taken up by the 
other committees, and a ninth member appointed 
at large. All recommendations of the other four 
committees for standards are to pass to the 
Standards Committee for approval and reporting 
to this association. 


The report of the Committee on Maintenance 
and Inspection of Electrical Equipment was a 


voluminous document containing recommenda- 
tions and specifications for testing carbon, 
brushes, insulating repair materials, gears and 
pinions and for the inspection and renewal of 
lubrication, armature and axle liners, trolley 
wheels, air compressors, control apparatus, etc., 
ete. The most interest of this session was dis- 
played in the matter of testing carbon motor 
brushes. The committee started with a very 
general classification, as: (1) coke brushes for 
slow-service and up to s0-HP. motors—a brush 
With considerable abrasive and polishing effect; 
(2) part coke and part graphite brushes for 
motors of 50 to 100 HP., on interurban and 
suburban service—a brush with slight abrasive 
effect; (3) graphite brushes for 100-HP. motors 
and larger—a brush with very low abrasive and 
high lubricating effects. It was recommended 
that a class 1 brush should have about 5% ash 
(Fe, O, + SiOz), and a class 2, 2 to 3%, and a 
class 3 less than 2% to secure, the desiréd 
abrasion. The brushes are to be given a me- 
chanical test in a special device to be known 
as a “vibrator.” This consists of a broad-faced 
ratchet wheel, 914 ins. in diameter, having eight 
1/16-in. teeth. The brush is held against the 
face of this wheel by a standard brush holder. 
The ratchet should be run backwards at a speed 
of 250 r. p. m. so that the brush is gently raised 
and suddenly dropped, 2.000 times per minute. 
Tt is suggested that a class-1 brush should stand 
20,000 revolutions; a class 2, 30,000; and a 
class 3, 50,000 revolutions without breaking or 
chipping. The current capacity of the brush 
is to be determined while running against an 8- 
in. slip ring, revolving at about 500 r. p. m., 
with a pressure of about 7 Ibs. per sq. in. of 
brush surface. It was recommended that a 
Class 1 should carry 100 amps. per sq. in. with- 
out glowing; that a class 2 should carry 150, 
and a class 3, 200 amps. The recommendations 
represent the first attempt to have standard re- 
quirements for testing these most important 
electrical supplies. The recommendations were, 
on the whole, approved by the carbon manufac- 
turers present. It was made plain, however, 
that while the tests proposed would give a re- 
liable indication of whether or not a kind of 
brush would prove serviceable, yet the test con- 
ditions imposed were not like practical condi- 
tions. 

As a part of the discussion on this report Mr. 
E. E. F. Creighton, of Schenectady. N. Y., read 
a paper in which he first sketched the lightning 
troubles that might occur on a typical railway 
circuit—13.000-volt alternating-eurrent trans- 
mission and ©M}}volt direct-current distribution. 
These effects were briefly: (1) direct discharge 
from cloud to line, (2) induced charge from 
nearby stroke, (3) are from the alternating-cur- 
rent line to the ground, causing surges, (4) short 
circuit of one phase of the transmission causing 
surges in the other phases. It was stated that 
there was no adequate protection against the in- 
frequent direct strokes, but that the other effects 
might be relieved by new multigap and alumi- 
num arresters. The use of two types of alumi- 
num arresters, one for direct and one for al- 
ternating-current lines was described. In these 
the counter electromotive force of plates in 
liquid balances the normal potential, and only 
when excessive potentials arise is there an ap- 
preciable discharge. When the abnormal volt- 
age has been reduced by this discharge the 
counter electromotive force of the plates re- 
strains the flow of current from the generators. 
These arresters are used without spark gaps on 
direct current and with gaps on alternating cur- 
rent to reduce the charging current of the ar- 
rester acting as a conductor. The spark gap 
in these cases is set only slightly above normal 
voltage. 

The report of this committee with its recom- 
mended tests was adopted. 


The report of the Committee on Standardization 
considered only those subjects closely related to 
the establishment of a standard height of car 
equipment above the level of rails. These sub- 
jects were (1) standard automatic couplers, for 
interurban cars, and radial draft rigging, (2) 
standard heights of couplers for city and inter- 


urban cars, (3) standard height of platforms, 
bumpers and steps. 

It was reported that the standards recom- 
mended last year for axles, journals, brake fit- 
lings and wheels were being widely adopted by 
operating companies ‘and manufacturers gen- 
erally. 

The committee found no accepted practice for 
heights of equipment above car rails, and made 
the following recommendations for standard di- 
mensions: 

Interurban, City, 


ins. ins. 

Height from top of rail to center of coupler 35 20 

Ileight from top of rail to bottom of bumper 43 25 

Height from top of rail to top of bumper.. 51 31 

Width of bumpe n . 8 6 
Length of radial coupler from center of 

pocket-pin to pulling-face of coupler... 54 54 


The following additional figures were stated 
as good practice, though not recommended as 
standards: 


Interurban, City. 
ins. ins. 
Height from top of rail to top of tread of 


P/ eea Pie ashe eae 17 17 
Height from top of rail to top of tread of 

en, eh eee es sea ee ee 29 ie 
Height from top of rail to top of third step. 40 oe 
Height from top of rail to vestibule floor.. 51 31 
Height of raise from vestibule platform to 

foor rr ie e oS 8 10 


The committee held that no automatic coupler 
had been devised that allowed interurban and 
steam-road cars to be operated together over 
shurp curves and sudden grade changes. It 
was further recommended that the bumpers on 
cars should be equipped with castings of such 
design (corrugated or toothed) that they would 
engage and prevent one car riding over another 
and telescoping. Such castings should pre- 
ferably be on city cars, with lower platforms, 
and should have a pocket for coupling to inter- 
urban cars. 

The discussion on this paper was free and the 
height of car steps noted as “good practice” 
came in for much criticism. Mr. J. F. H. Wyse, 
engineer of the Ontario Railway and Municipal 
Roard, stated that a great number of prominent 
physicians in Ontario had formally demanded 
that the present steps be made lower. The pres- 
ent practice was close to that recommended by 
the committee. The general sentiment of the 
session that the steps noted were too high for 
the very young, the aged and the infirm. 

Mr. E. W. Olds, of Milwaukee, described a 
construction of city and interurban cars by 
which a low step had been secured. The side 
sills were placed above the car floorand the cen- 
ter sills below. With 36-in. wheels this gave a 
floor 42 ins. above the rails. With 33-in. wheels, 
for city cars, a floor could be built 38 or 40 ins. 
above the rails. This was cited to support the 
view that the physicians’ demands could be met. 

Mr. J. S. Doyle (Interborough Rapid Transit 
Co., New York) cited cases where the use of 
toothed bumper plates had prevented telescoping 
and had probably thus saved many lives. Much 
doubt was expressed by other persons as to the 
possibility of putting a bumper plate, 20 ins. 
high, above buffer beams on city cars that would 
prevent an interurban car overriding and tele- 
scoping the lower city car. 

The report was adopted, after being amended 
so that the dimensions of steps proposed as “good 
practice” were designated as maximums. 


The report of the Committee on Power Gen- 
eration contained results of a canvas of mem- 
ber companies to secure data on the practical 
operation of (1) steam turbines, (2) steam meters 
and (3) flue-gas analyzers. From a total of 234 
enquiries 32 replies were received on turbines, 
2 on steam meters and 14 on flue-gas analyzers. 
On account of the small number of railway sta- 
tions using steam meters the experience of 20 
industrial concerns was secured. 

A general survey of the answers to the ques- 
tions sent out shows, in reference to prime 
movers, that the cost of repairs and mainten- 
ance is favorable to the turbine; that there is 
no marked difference in fuel economy between 
turbine plant and a reciprocating-engine plant of 
the same capacity under the same load: that 
the turbine is considered by most operators as 
more reliable than the engine; that steam-driven 
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auxiliaries are preferred; that most stations 
superheat the steam for turbines; that the 
erosion of blades has not been a large factor in 
determining maintenance or economy. 

The committee found that steam meters have 
been used largely in industrial plants where the 
steam consumption was small, but that satisfac- 
tory results were obtained and that they were 
reliable for heavy duty in many ways, such as 
obtaining steam rates of power units, for ob- 
taining equal service from various boilers, for 
dividing steam charges to various sections of a 
power-generating station such as railway light- 
ing. stationary, power, ete., etc., and for de- 
termining losses through traps, pumps and in 
pipe condensation. 

Flue-gas analyzers were generally accepted as 
uf service, in detecting excess air, admitted to 
the fire or leaking in at different points. It 
was reported, as the consensus of opinions asked, 
that the best results had been secured with a 
recording analyzer in the main flue supplemented 
by indicating instruments in the breeching of 
each boiler so placed that the firemen could 
easily see the readings. 

In the discussion, Mr. Chas. Hewitt, of the 
Philadelphia Rapid Transit Co., stated that in 
Philadelphia it had been found that the com- 
bination of an exhaust turbine with a well-de- 
signed reciprocating engine was more economical 
than any possible arrangement of either tur- 
bines or engines alone. 


The Committee on Power Distribution laid out 
a plan of work to be followed by successive com- 
mittees in the standardization of practice and 
material. The work to be done includes the 
consideration of (1) high and low-tension feed- 
ers, (2) ordinary and catenary-trolley, third- 
rail, underground and local-contact working con- 
ductors, (3) return system, (4) conduit lines. 
The report of this year’s committee took up 
only the first and second items, and little was 
done with the first except to call attention to 
the abandonment of lead sheathing on certain 
underground feeders with reliance wholly on the 
moisture-repelling qualities of the rubber insula- 
tion. 

The committee recommended a standard height 
of trolley wire of 19 ft. above the rails. After 
noting the excessive deterioration of both wood 
and steel poles at the ground line, it was recom- 
mended that an iron sleeve, 2 ft. long, should be 
shrunk on each iron pole at such a point that 
it would project above the ground line 1 ft. 

Six roads reported on the results of third-rail 
operation; three of these were of under-running 
and three of over-running type. It was found 
that the spacing of supports varied from 5 ft. 
6 ins. to 11 ft., and the committee recommended 
the use of 10-ft. spacing with 30-ft. conductors 
and 11-ft. spacing with 33-ft. conductor rails. 
The breakage of insulators for the over-running 
constructions was reported as 2.766¢ per year, 
and for the under-running, 3.36%. Where the 
third-rail was supported on construction entirely 
independent of the track structure (Subway of 
the Philadelphia Rapid Transit Co.) there had 
been complete freedom from insulator breakage. 

This report also included a paper by Mr. R. L. 
Allen, of the Archbald-Brady Co., Syracuse 
N. Y., entitled “Application of the Theory of the 
Catenary to Electric Railway Work.” In this a 
method was outlined for adjusting a single 
catenary, unloaded, so that it would take a cer- 
tain deflection after being fitted with trolley wire 
and hangers. 

After some discussion as to the standard height 
of trolley wire the report of the committee was 
adopted. 


The report of the Committee on Control em- 
bodied two papers on railway motor control. 
one of these, by Mr. F. E. Case, of the General 
Electric Co., Schenectady, described the Sprague- 
General Electric system of automatic control, 
which by a system of current-limiting relays 
prevents more than a certain acceleration rate 
of the car. The second paper by Mr. William 
Cooper, of the Westinghouse Electric and Manu- 
facturing Co., described both alternating and 
direct-current motor controlling systems with 


special reference to automatic car acceleration 
and multiple-car train control. 


The report of the Committee on Car and Car- 
House Wiring related their labors with the 
Underwriters’ National Electric Association to 
secure less stringent rules for the installation of 
car heaters, lamps, etc., on insured cars and of 
car-house wiring and interior rail bonding in 
insured buildings. The committee’s work was 
only partially successful, and in accepting the 
report the convention requested the new stand- 
ing committee to assemble all insurance rules 
on cars and car-houses for the consideration of 
operators with a view of ascertaining all the 
desired changes. 


The report of the Committee on Operating and 
Storage Car Barns was a resume of the require- 
ments for the design of barns. The subject 
matter was arranged under several heads: (1) 
selection of location, (2) study of track layout, 
(3) design of building, (4) study of details. 


The report of the Committee on Way Matters 
was formed by three papers on track work: (1) 
“A Proposed New System of Street Railway 
Construction,” by Mr. C. B. Voynow, Philadelphia 
Rapid Transit Co.; (2) “Life of Manganese Steel 
Rail on Curves,” by Mr. H. M. Steward, Boston 
Elevated Railway Co.; (3) “The Open Tank 
Method of Preserving Timber,’ by Mr. H. F. 
Weiss, U. S. Dept. of Agriculture, Washington, 
D. C. 

The first paper was a rather general presenta- 
tion of a scheme for rails and car wheels with 
the flange on the rails and not on the wheels. 
The proposed wheels would have their tread 
the shape of the present tread of T-rails. and 
vice versa. 

The second paper gave the results of the use 
of some cast manganese-steel rails installed on 
sharp curves of the Boston elevated railway, 
where excessive wear was noted. It was found 
that the life was about 40 to 50 times that of 
open-hearth rail, 25 to 35 times that of ordi- 
nary Bessemer, 6 to 10 times that of high- 
carbon Bessemer, and 15 to 20 times that of 
nickel-steel. The comparative maintenance cost 
of one particular curve was given as S7.01 for 
manganese rail and, $41.50 for the ordinary 
Bessemer, for a period of eight years. 

The third paper of this report was a quite 
general outline of the ‘‘open-tank’’ method of 
treating wood with preservatives as developed 
by the U. S. Forest Service since 1904. It was 
stated that the moisture in the cells of green or 
seasoned wood could be driven out by soaking 
in hot oil. If the wood then be placed in cold 
preservative, either oil or aqueous solution, the 
cooling produced a tendency toward vacuum that 
drew in the preservative to a remarkable extent. 
It was stated that by this open tank treatment 
83% of total filling of air spaces had been se- 
cured. Plants were being built for this treat- 
ment for as little as $5. Plants for treating 
posts cost from $35 to $180, and have a capacity 
of 50 to 200 posts per day. The more complete 
plants, for treating large timbers, in which the 
liquid was moved rather than the wood, cost 
from $5,000 to $8,000. 

In the discussion of this paper it developed that 
the treatment of at least partially seasoned 
timber had been found much better than of 
green wood. Mr. E. F. Hartman, of the Car- 
bolineum Wood Preserving Co., in reply to en- 
quiries from delegates, stated that for wood 
structures where decay might be suspected to 
be under way could best be treated by brush- 
ing with coatings of some antiseptic preserva- 
tive. He gave the cost of dipping or brushing 
new timber as $8.33 per thousand board feet, 
an average of all sorts of lumber. The cost of 
treating cross ties averaged $8.68 per thousand 
board feet. 

TRANSPORTATION AND TRAFFIC ASSO- 
CIATION.—The address of the president, Mr. C. 
Loomis Allen, of Utica, was largely on the pro- 
posed work of this new association. The ac- 
countants, claim agents and engineers were held 
to be consumers of the gross earnings which it 
was the work of the transportation and traffic 
men to produce. It was held that this fact alone 


made the field of the traffic association broader 
than that of any of the other allied bodies, and 
necessitated the expenditure of much time, 
energy and money if useful results were to be 
obtained. It was believed that the work could 
be most successfully carried on through com- 
mittees which ‘should not merely meet a few 
weeks before the convention to wonder what 
facts should be presented or in what form, but 
Which should study traffic conditions on the 
properties of member companies, determine 
what was abnormal, find the remedy and finally 
reduce their work to written form for presenta- 
tion and discussion at conventions. The work 
of the association was further to be the insist- 
ence on traffic and transportation standards by 
the member companies, for the perfection of 
service to patrons and toward the adoption of 


` these standards by national, state and municipal 


commissions. It was Mr. Allen’s contention 
that the convention sessions should be largely 
devoted to the consideration of committee re- 
ports, with little time spent on individual papers, 
and these few on subjects not well adapted for 
committee work. The committees appointed, on 
Training of Employees,” Promotion of Express 
and Freight Traffic,” “Promotion of Passenger 
Traffic,” “Rules for City Operation,” “Rules for 
Interurban Operation,” were expected to show 
the wisdom of the plan inaugurated. 


The report of the Committee on Transportation 
Employees was a summary of the practices of 
member companies, so far as it had been pos- 
sible to obtain them, in respect to standards for 
acceptance of applicants for positions as motor- 
men and conductors, and for their Subsequent 
training, education and discipline. It was claimed 
that the selection and education of motormen 
and conductors had not kept pace with the evo- 
lution of electric railroading. But as 187 mem- 
ber companies had replied to requests for in- 
formation, it was believed that there was a live 
interest in the subject. Only 13 companies em- 
ployed motormen under 21 years of age and only 
18 went under that limit for conductors. Most 
of the roads attached no importance to height 
and weight requirements. Men without previous 
electric-railway experience were preferred by 104 
companies and only 8 preferred city to country- 
bred men. Of the companies reporting, 74 have 
no vision test, 88 have no color test, 88 have no 
hearing test, 97 have no physical examination. 
After accepting an applicant 148 companies put 
both conductors and motormen on a car with an 
instructor, and 20 companies more do this, but 
give the motorman shop instruction first. No 
Shop instruction is given to motormen by 100 
companies, and 150 have no training school 
plant. The length of instruction period is left to 
the judgment of the instructor in 114 companies. 
An examination at the close of the instruction 
period is given by 156 companies, and in 128 
cases it is oral. Educational work is maintained 
by only 81 companies. In maintaining discipline 
4.3 companies use a scheme of reprimand, sus- 
pension and dismissal; 26 use a merit or de- 
merit system, and the rest operate variously. 
After reviewing the practice touched upon in 
the foregoing, the committee made several 
recommendations, which were adopted. These 
provided for age limits of both conductors and 
motormen at 21 and 45 years: for a height limit 
of 5 ft. 6 ins.. and for motormen a minimum 
weight of 150 lbs.; for conductors the weight 
limits were 130 and 200 lbs. Standard physical 


examinations—general and _ special—were pro- 
vided by forms submitted with the report. The 
committee recommended educational work for 


the development of employees and the use of a 
merit and demerit disciplinary system. 


“How Can the Small Road Best Promote Traf- 
fic and Increase Revenue?” was the title of a 
paper by Mr. E. Gonzenbach, General Manager 
of the Sheboygan (Wis.) Light, Power & Rail- 
way Co. This paper was written in a rather 
picturesque style and with a tendency toward 
humorous vernacular, but there were many 
points of interest -to operators of small roads, 
particularly as they dealt with conditions not 
prevailing on most lines east of the Alleghenies. 
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It was stated that the problems that were great- 
est to the large Eastern systems did not worry 
the managers of Western interurban lines, whose 
struggles were for increasing traffic and revenues. 
They found it highly desirable to cultivate the 
riding habit among those classes who might be- 
come habitual riders—the workingmen and women 
shoppers. One way that had been found useful, 
in interesting the first-named class, was by 
“losing” strips of marked tickets in certain sec- 
tions of the city. The shopping traffic had been 
stimulated during a non-peak load part of the 
day by selling tickets, good only between 9 a. m. 
and 4 p. m., seven for 25 cts., at all the dry- 
goods stores. After this class of traffic had been 
developed for a year and a_half, the special rates 
were removed and the shoppers continued tc 
travel at full fare, but still in non-peak load 
parts of the day. It was contended that in 
most towns the headway and number of cars 
could be considerably reduced, and by holding 
the mortormen to a strict schedule a service 
equally acceptable to the public had been given 
The author advocated the cultivation of pleas- 
ure traffic, not by maintaining amusement parks 
but by keeping a good roadbed through wood- 
land or by some lake or river where an outing 
could be enjoyed. The author was very pro- 
nounced in his condemnation of the amusemen’ 
park as a reducer of net income by swelling 
operating and maintenance cost more than in- 
come. In the West special-express service had 
proven desirable for handling that class of traf- 
fic which would stand good remuneration for 
quick transportation. Employees were trained 
to be both conductors and motormen. These 
“trainmen” were shifted from time to time to 
keep them in practice in both capacities. 
Greater attention was urged for buying supplies 
in large quantities for cash prices. It was 
claimed that engineers and manufacturers were 
almost in connivance to force the operators to 
install greater power equipment than was really 
necessary. It was claimed that it had been gen- 
erally demonstrated that the power input saved 
by the smaller cars and smaller motors and gen- 
erators far overbalanced any increase in repairs 
and depreciation due to having smaller equip- 
ment than generally recommended by the engi- 
neers and manufacturers and forced upon the 
promoters. 

AMERICAN ASSOCIATION. — All the sessions 
of this parent association were executive in 
nature and accredited delegates were admitted 
by ticket. The presidential address was pre- 
sented in manuscript, owing to the absence of 
the president, C. G. Goodrich, of Minneapolis. 
The address had for its main topic the advis- 
ability of holding the meetings of the various 
allied associations at different times and places. 
The step proposed, however, was so radical that 
no immediate action was taken. At a later ses- 
sion of this association a committee, consisting 
of the incoming president and seven other per- 
sons, was appointed to investigate the advis- 
ability of this move and to report to the mem- 
bers at least 30 days before the next convention 
of the association. 


The report of the Committee on Education was 
a discussion of the advisability and means of 
educating employees preparatory to employment 
and during such service. An investigation was 
reported on the technical schools and colleges 
of the country. It was found that very few 
had established complete courses in electric rail- 
way engineering, but that all give courses in 
such subjects as a part of the general electrical- 
engineering courses. The report described the 
methods of apprentice training of the New York 
Central Railroad, of the Edison Electric Com- 
panies, of the trustees of the Gas Educational 
Fund, and reviewed the Master Mechanics’ As- 
sociation report on apprentice systems. The 
present work on street railway systems was 
found to be very limited, and the committee 
quoted statements of officials of the Public Ser- 
vice Ry. Co. of New Jersey, and the Rochester 
Ry. Co. as showing desirable practice. Mr. R. 
M. Searle, of the Rochester company, informed 
the committee that: 


It has been our practice every year to put on a number 
of cadet engineers, at, say, $50 or $60 a month, the idea 
being to give them a salary that would clothe and 
board them, and let them maintain sufficient self-respect 
to take up that which for two years is ordinarily a post- 
graduate course. 

About two men out of five stick or succeed along the 
channels we lay out. They are given everything to do 
from shoveling coal to actual executive work, and one 
of the chief things we teach them now is the necessity of 
having tact, not only with men under them, but with the 
public. 

The fact that we are continually approached by outside 
companies for our cadets after training is a gratification 
to us, and indicates that the lines we are following ap- 
proach good practice. We have found that the average 
college graduate in true commercial lines at the outset 
of graduation is almost useless and hopeless, leaning too 
much on what he has learned at college and not using 
it to his advantage. It takes him at least two years to 
reach his equilibrium, and then if he has an initiative 
left he manifests to his colleagues or competitors the 
superior benefits of his technical education. 


Mr. R. E. Danforth, of the Public Service Ry., 
made this statement of the practice of that cor- 
poration: 


Applications from graduates of technical schools have 
been regularly coming in for years, and as specially 
trained college graduates were being successfully em- 
ployed as apprentices or cadets by the gas department of 
the Public Service Corporation, the management of the 
railway authorizcd the employment, and education along 
systematic lincs, of a number of cadet engineers. 

It has been found that college graduates having natural 
mechanical instinct, or being naturally inclined toward 
the railroad business, and with ambition, learn the rudi- 
ments of the road with great ease and rapidity and that 
after weeding out the constitutionally unfit, the remainder 
drop into positions in the organization where they be- 
come valuable to their superiors by reason of their loy- 
alty, eagerness to learn, and to do well their various 
tasks. In order to make it unnecessary for the company 
to look outside for foremen, superintendents and other 
employees having the administration of the company’s 
affairs in hand, an effort is being made to have in train- 
ing an understudy for each foreman or head of depart- 
ment and to gradually work into the organization as many 
well-trained men as possible, so that eventually the lead- 
ing positions of trust and responsibility shall be held, 
as far as possible, by those capable of further advance- 
ment. ° 

The education of young men is now being carried on 
under two heads, ‘‘Apprentices’’ and Cadets.“ The 
former are employed by the various departments and re- 
main in such departments. The latter are given work in 
each branch of the business according to a fixed sched- 
ule, after completing which they may be used where they 
can be of the greatest service to the company. This work 
in the various departments gives them a broader fleld 
than that open to other employees and they may there- 
after be moved from department to department as seems 
best. 

Cadet engineers are at present working according to the 
following schedule: 


Maintenance of cars and equipment. .6 months, as follows: 


General repair ho⸗ùhhſſſ 9 PEE 5 months 
Car house pits eetas 1 month 
Maintenance-Of-w-wayy ccc eeees 4 months, as follows: 
Timekeeper and inspecttouWuuprjkkkk 1 month 
Sub-foreman of track gang 3 months 
Maintenance of overhead line....... 2 months, as follows: 
Repair wagon ...ssssossssesseesonsooaso 1 mont 
Bond testing Car... nese iin i 1 month 
Transportation department.......... 7 months, as follows: 
Car eus 6 ee ES 3 months 
Iüsp eee a a S 2 months 
In division superintendent's office......... 1 month 
In general superintendent's office. 1 month 
Claim department ...ssssssssssososoeseressseo 3 months 
Power stations: 3 months 
In the discussion on this report Mr. H. F. 


Grant, of Seattle, described the system followed 
by the Stone and Webster corporation. While 
they did not go into the work of training shop 
men or apprentices, they did have what they 
called a student course.” They secured from 
some of the technical schools a few of the best 
men who desired to enter street railway prac- 
tice. They were first placed in the Boston office, 
where they were given opportunity to study the 
systems of reports and details of operation of 
the 30 odd companies controlled by the corpora- 
tion. These men were usually started at $60 
per month. Later they were sent to the various 
properties of the corporation; some went into 
power stations, some into the substations, some 
into more general mechanical or electrical en- 
gineering and some into transportation depart- 
ments. From the large number of men secured 
each year it has been possible to discover those 
men with proper qualifications for filling the 


more important positions. The speaker stated 
that he had in mind four students who entered 
the corporation’s employ less than six years ago 
who were now managers of small operating com- 
panies. 


A report was made by the Committee on State 
and Federal Regulations of which Gen. G. H. 
Harries, of Washington, D. C., was chairman. 
No official account of the contents of this report 
or of the nature of the discussion on it was 
given out. It was currently reported, however, 
that at the time set for the discussion of this 
report that Mr. T. N. McCarter, of the Public 
Service Ry., Newark, N. J., attacked the prin- 
ciple of giving broad powers to public-service 
commissions like that of New York State. It 
was reported that he favored a commission of 
the type existing in Massachusetts. In reply to 
this Mr. W. Caryl Ely is reported to have vlgor- 
ously maintained that the New York State 
Commission provision was no more radical than 
that in Massachusetts, but that Massachusetts 
was more prepared to have its public utilities so 
regulated and that they needed such control less. 
This matter is more fully discussed on our edi- 
torial pages. ` 


A NEW REVOLVING SEWAGE SPRINKLER. 


A revolving sewage sprinkler for percolating 
filter beds, designed by a Mr. Cutler for the pro- 
posed new sewage works at Belfast, Ireland, is 
described as follows in a report on Sewage Puri- 
fication for Belfast by Prof. E. A. Letts, of 
Queen’s College, Belfast: 


The revolving sprinkler or spreader which it is pro- 
poscd to use in the sewage works has been designed by 
Mr. Cutler to obviate the loss of head usually involved 
in driving the sprinkler, and to secure as nearly as pos- 
sible the distribution of equal quantities of sewage per 
unit arca on the percolating filter beds. The sprinkler 
depends for its action on the following principles: 


(a) The area of bed to be sprinkled by each unit 
length of an arm of the sprinkler is proportional to the 
distance of the center of that unit length from the cen- 
ter of revolution of the sprinkler. 


(b) The discharge per unit time from an orifice is pro- 
portional to the square root of the head of liquid above 
the orifice. 


(c) The head produced by centrifugal force at any 
point in the arm {s proportional to the square of the 
distance of that point from the center of rotation. {The 
head necessary to ovcrcome friction and to produce the 
flow along the arm is provided by giving the necessary 
inclination to the arm.] 


If G = maximum quantity to be distributed over each 
square yard of bed in gallons per 24 hours, 


A = total area in square fect of the orifices occupy- 
ing one foot length of the arm, 

R = mean distance in feet of those orifices from the 
center of rotation, 

Q = quantity to be delivered by those orifices in 
cubic feet per second, 

H = head in feet produced by centrifugal force at 
distance R ft. from the center of rotation, 

N = number of revolutions of the sprinkler per min- 


ute, 
Then H = .00017 N? Ra, 
and Q = 4.97 AVF: 
2 * 3.14 RG 
also Q = ; 
4,860,000 
G 
from which A = .00002 —, 
N 


assuming that distribution in any part of the bed is 
from one arm only. 

This result shows that uniformity of distribution can 
be obtained with a mechanically driven sprinkler by 
making the orifices in the arms of equal size and equal 
distances apart, and that whatever means be adopted to 
secure uniformity of distribution over the bed, such uni- 
formity can only be maintained when G/N is constant. 

In the above calculation the ordinary formula (with 
coefficient .62) for discharge through orifices has been 
used, which is based on the assumption that discharge is 
taking place into an atmosphere of the same presure 
as that on the surface of the liquid; but it is manifest 
that the formula requires modification if accuracy is 
cesired in determining the quantity passing through the 
orifices, as they are sometimes moving with and gome- 
times against the wind, and as at all times, even in a 
still atmosphere, there must be a reduced atmospheric 
pressure on the side of the arm from which the jets are 
issuing. 


cd 


October 22, 1908. 


ENGINEERING NEWS. 


451 


ENGINEERING NEWS 


A Journal of Civil, Mechanical, 
Mining and Electrical Engineering 


* Published every Thursday by 


THE ENGINEERING NEWS PUBLISHING CO. 
220 BROADWAY, NEW YORK 


BRANCH OFFICES 


CHICAdO: 1636 Monadnock Block 
WASHINGTON. D. C.: Home Life Building 
ATLANTA: Candler Building 
RUDOLPH MOSSE, BERLIN AND HAMBURG, GERMANY 
Z. P. MARUYA & CO., Ltd., Tokyo, JAPAN 


GEORGE H. Frost, President 

CHARLES WHITING BAKER, Vice-President 
HarwooD FROST, Secretary 

Francis W. FROST, Treasurer 


ALFRED E. KORNFELD, Manager 
Epwix HUNT FROST, Ass t Manager 


CHARLES WHITING BAKER, M. N. BAKER, 
E. E. R. TRATMAN, F. E. SCHMITT, Editore 


SUBSCRIPTIONS 


United States and Possessions, Mexico and Cuba, One 
Year, $5.00. 

Canada, $7.00 a Year. 

Foreign Countries, Regular (Thick Paper) Edition, One Year, 
9900. (£1-18-0.), 45 Francs or 37 Marks. 

Foreign Countries, Thin Paper Edition (Construction News 
Supplement Omitted), $7.00. 29 Shillings, 35 Francs or 
29 Marks. Remit directly to our office. 

Pay no money to canvassers for subscriptions. _ 

Remit by Post-Office or Express Money Order, I raft on New 
York or London, or by Registered Letter. 

Notice of change of address should reach us one week in 
alvance of removal. The old 
should be sent. 

Subscriptions cannot be dated to commence with past issues. 

All subscriptions commence with current issue and back 
numbers can be supplied only by special order. 

Receipts for Subscriptions will not be sent unless requested, 
the changing of the expiration number being considered sufti- 
cient. The number on the address label Indicates when sub- 
scription expires, the Jast figure indicating the year and the 
one or two preceding figures the week of that year. 52-7 means 
the 52d week or December 26, 1907. 


as well as the new address 


ADVERTISING 
“Contract: Rates furnished on application. 
For Sale”: $1.50 per inch. 
„Proposal: $2.40 yr inch. 
“Want”: ee Want Pages. 


Copy for regular, or Contract, Advertisements should be 
received at least ten days before publication: For Sale and 
“Situations Wanted” Advertisements by Monday. and 
“Proposal” and ‘Situations Open Advertisements by 
9 A. M. Wednesday. . 


Entered at the New York Post-Office as Second-Class Matter. 
. —. — E E E E ES a 


Two weeks ago the city of Hartford, Conn., 
spent many thousands of dollars in a three-day 
celebration of the opening of a magnificent new 
masonry arch bridge across the Connecticut River 
and a fine boulevard along the river front leading 
to the bridge approach. No doubt the cample- 
tion of the bridge and boulevard were made the 
occasion to demonstrate that love of the spec- 
tacular which people in our modern and prosaic 
age are ashamed to yield to without some spe- 
cial excuse. Doubtless, too, the advertising the 
city received fully repaid its citizens for the 
time and money expended; but in spite of the 
materialistic view, the city has the right to a 
pardonable pride in its work. 

And this pride need not be so much in the 
bridge itself, although the extra expenditure of 
perhaps a million dollars for a permanent and 
beautiful structure is a trifle unusual, but rather 
in the appropriation of a million and a half for 
the construction of a wide and spacious boule- 
Yard where before had been dingy storehouses, 
noisy and ill-smelling yards and poor and dis- 
reputable rookeries. 

The river front of an American city is usually 
its most squalid district. In cases where a river 
is used for commerce, there is of course neces- 
Bary a certain district where wharves and ware- 
houses and railway terminals occupy all the 
Space; but it is not essential that the entire water 
front be devoted to such uses. The aesthetic 
Possibilities of water frontage for parks and 
Public pleasure grounds and for high class resi- 
dence sites are beginning to be appreciated in 
this country. European cities are an object 
lesson to us in this respect. The Seine with the 
beautiful bridges across it is the glory of Paris. 
Warehouses and other facilities in connection 
with the water traffic are confined to one par- 
ticular section of the city away from the part 
Where art and architecture reign supreme. In 
London the upper reaches of the Thames are a 
center of attraction for recreation and sport. 
Many other English cities have by the building 
of dams and locks created beautiful streams for 
boating, and choice sites for residences out of 
streams which in their natural state were dirty 


tidal estuaries with ragged banks and foul 
shores. 

However, we have the beginning here of bet- 
ter things, particularly in the Eastern states. 
The Schuylkill parks in Philadelphia, the River- 
Side Drive in New York, the Rock Creek Valley 
development in Washington, and Boston's 
Charles River improvement are all examples of 
the enormous value of fine water frontage when 
Properly improved for recreation and pleasure. 

It is pleasant to record the admission of Hart- 
ford to the list of municipalities which have 
awakened to the artistic value of its water 
frontage. Already the city had an admirable 
system of parks, and its railway entrance, with 
its charming outlook upon state-house and sur- 
rounding grounds, is unique in presenting the 
best view of the city first. Hartford is to be 
complimented on its good beginning in the deco- 
ration of its back gate now that the front is so 
well taken care of. 

— . ——— 


Any dust of combustible material, floating in 
the air in sufficient quantity, may under proper 
conditions give rise to an axplosion. This fact 
ought to be indelibly written in the mental note- 
book of every engineer. The most recent illus- 
tration of this physical fact is the disaster at 
Richford, Vt., described in this issue, in which 
some 17 persons lost their lives and property 
to the amount of nearly half a million dollars 
was destroyed. 

It may seem strange to some that so small 
an amount of dust as will float in air can actually 
cause an explosion; but if one will recall a lit- 
tle elementary chemistry, the difficulty disap- 
pears. Practically all combustible materials 
met with in the form of organic dusts are hydro- 
carbons and combustion is merely the process 
of chemical combination with oxygen, the hydro- 
gen and oxygen forming water (H, O) and the 
carbon and oxygen forming (if complete com- 
bustion takes place) carbon dioxide (C Oz). 


In both these combinations the oxygen re- 
quired weighs several times as much as the 
combustible, and as the air contains less than 


one-fourth (by weight) of oxygen, the quantity 
of air required is over four times as great as 
the amount of oxygen. Thus, when we allow 
for necessary dilution of the products of com- 
bustion, it appears that for every pound of 
hydrogen burned in a furnace some 50 Ibs. or 
more of air must enter, and for burning ordi- 
nary soft coals probably as much as 30 to 40 
Ibs. of air- per lb. of coal is required. The air 
in a room 10 ft. square and 8 ft. high would 
weigh about 60 lbs.. and it would require less 
than two pounds of dust disseminated through it, 
to use practically all the oxygen in the air. 
Probably a much smaller quantity of dust, per- 
haps half a pound or less, would be sufficient to 
propagate a dust flame through the air and 
cause an explosion. 

It may be worth while to explain, too, the fact 
that such an explosion is merely combustion 
taking place very suddenly. Even the so-called 
explosion of gunpowder is merely a combus- 
tion process, and this may be rapid, as in the 
case of small arms powder, or slow, as with the 
large grain powder used for heavy artillery. 
Whether it be the carbon and.sulphur in gun- 
powder uniting with the oxygen locked up in 
saltpeter, or the hydrogen and carbon in a com- 
bustible gas uniting with a mixture of air, or 
the hydrogen and carbon in particles of the dust 
of flour or sugar or soft coal uniting with air— 
the result of sudden combustion is the same 
viz., the almost instantaneous liberation of a 
great quantity of gaseous products, many times 
in volume that of the elements before combus- 
tion, and enormously expanded by the heat gen- 
erated by the chemical combination. It is this 
great volume of gases which does the mechani- 
cal work—pushes the projectile, rends asunder 
the rocks, or does destructive work—in that form 
of combustion which is commonly called an ex- 
plosion. 

The important thing for an engineer to bear 
in mind is that an extremely small amount of 
dust floating in the air can cause an explosion, 
and that under favorable conditions a small 


flame or spark from any source may be the 
initial starting point of an explosion. A match 
trodden under foot, an overheated bearing, fric- 
tional electricity from a belt, or a discharge of 
lightning, are examples of common sources of 
flame about any industrial plant, and it is far 
easier to guard against dust in the design and 
operation of the plant than to guard against 
such accidental sources of fire. 

It may be said, however, that while the danger 
of combustible dust is Known we arą more or 
less in the dark as to the limitations of these 
dangers. It would be an interesting line of re- 
search for some of our college laboratories to in- 
vestigate the combustibility of different organic 
dusts and the mixtures of dust and air neces- 
sary for a flame to be propagated through the 
mass. 

>————_-— 
In discussing the proposed system of reser- 


voirs in the upper Ohio River Basin, in our issue 
of June 11 last, we called particular attention 
to the value of storage reservoirs on a stream in 
maintaining the low water flow, and referred to 
the condition of the Monongahela River at 
Pittsburg during seasons of prolonged drought. 

The dry weather of the present summer and 
fall has given abundant illustration of the need 
of river regulation, to maintain the low water 
flow, all through the Ohio valley and indeed all 
over the North and East. The following press 
dispatch from Parkersburg, W. Va., dated Oct. 
6, tells the story in condensed form: 


PARKERSBURG, W. Va., Oct. 6.—The continued drouth 
throughout this State is again becoming serious. In some 
localities the conditions are such that the health of the 
community is in grave danger. This is true in some sec- 
tions near the smaller streams, which are drying up to 
such an extent that the fish are dying off by the thou- 
sands. In order, if possible, to prevent an epidemic of 
any kind, the dead fish are being buried. 

The situation is also reported grave at points along the 
Ohio River, owing to the filth which finds its way into 
the river from the Sewerage systems of many of the 
cities and smaller towns. 

It may be claimed that this report is ex- 
aggerated; but many other press items of simi- 
lar purport indicate its substantial accuracy. 

At Columbus, O., reports refer to ‘‘the terrible 
nuisance arising from the low water of the 
Scioto River during the summer months. It 
appears that a State dam holds the water of the 
river in a standing pool during low water periods, 
and although it is the intention ultimately to 
treat all the sewage before discharging it into 
the river, at the present time a considerable pro- 
portion finds its way there. 

The upper Ohio River appears to be at a lower 
Stage than ever before recorded. At Wheeling. 
W. Va., during early October the river ranged 
3 to 6 ins. below the low-water mark on the 
gage. Of course this means that all the tribu- 
tary streams are at a similar low stage. 

It is an interesting question to consider what 
the situation would be in the Ohio River to-day 
were the complete system of slack-water navi- 
gation by locks and dams in operation as recom- 
mended by the Government engineers. Definite 
statement is, of course, impossible, but it may 
be queried whether with the greatly increased 
evaporation from the pools which the dams 
would create and with the ‘considerable amount 
of leakage at the movable dams, the flow of the 
river might be reduced to such an extent that 
navigation would be interfered with. Of course 
it is understood that the water used for lock- 
age from one pool flows into the pool next be- 
low and becomes available for use there. In 
the Monongahela pool at Pittsburg, however, 
there are said to be over 12,000,000 bushels of 
coal loaded in barges and awaiting shipment. 
It is claimed to be difficult to maintain the 
height of this pool even now with navigation 
suspended, and if water were being drawn off 
to pass boats down-stream, the pool depth might 
be seriously reduced. 

But even if this were not the case, the sani- 
tary condition of the river at extreme low water 
when reduced to a series of stagnant pools, and 
receiving all the sewage and filth of the cities 
along its banks gives reason for apprehension. 
There is not the same amount of aeration in 
the slow movement of the water in a big pool 
that exists in a stream flowing naturally. This 
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is the water, it must be remembered, which 
Cincinnati and Louisville and other cities along 
its course rely upon for their potable supply. 


We believe these matters should be given 
serious consideration by those who are studying 
the great question of river regulation with a 
view to definite action. Even if it be demon- 
strated that the reservoir system cannot be car- 
ried out on a scale sufficient to control floods 
or to reduce the amount of work necessary to 
complete, the slack water navigation system, it 
may yet be found advisable to build some reser- 
voirs on the most advantageous sites for the 
sake of supplementing the low water flow of 
our streams. 


— — . — — 


STREET RAILWAYS AND STATE COMMISSIONS. 


The Public Service Commission law in New 
York has been generally considered a long step 
in advance in the control by the State of natural 
monopolies. The law has been criticised, it is 
true, by a certain class who would take far more 
radical measures with the so-called trusts, and 
also from an opposite direction by another class 
of men who find their operations in high finance 
interfered with. 

It is passing strange, however, that Mr. 
Theodore P. Shonts, who not long since held a 
high position of trust under the Federal Gov- 
ernment, should go out of his way, in his speech 
at the recent Deep Waterways Convention at 
Chicago to denounce this law. The following 
extracts fairly represent Mr. Shonts’ position: 


We have in New York State to-day practical operation 
of transportation lines by commission. The commissions 
may compel railroads to change or add to their struc- 
tures, to change or add to the operations of trains, to 
change their rates, or to change the kind and quality of 
rolling stock, their terminal facilities, motive power or 
any other property or device used. 

We do not know who the next commission will be or 
what it will do. Until legitimate regulation is sub- 
stituted for the physical operation which is now author- 
ized there can be no railroad progress in New York or 
any other state which has analogous laws. 

Rather than see this anomalous condition become gen- 
eral and permanent, I, as a railroad man, would prefer 
governmental ownership and operation of the rail- 
roads, dangerous as that would be to the maintenance 
of our liberties, because operation without ownership not 
only destroys the initiative by destroying the hope of 
reward to the individual officers and dries up the foun- 
tains of money supply, which are necessary to keep the 
railroad development abreast of the traffic requirements, 
but also because of the fact that the commissions which 
operate the railroads have no financial responsibility and 
are not held accountable for results. 

The idea of operation through commissions is the il- 
logical outcome of public measures at first preventive and 
justified, but which, with the swing of the pendulum, 
have become a dangerous interference in matters which 
have their private as well as public concern and which, 
if extended, will portend disaster. 

The danger is not in the commissions as they are now 
made up, but in the law itself; in the fear on the part of 
the investors in railroad securities that the management 
of their properties will be taken out of the trained hands 
which now direct them and placed in charge of men who 
know nothing about railroad operation and have no finan- 
cial responsibility. 

Do not misunderstand:me. I believe in supervision or 
regulation by commission. I think the welfare of the 
country and the welfare of the railroads require the 
existence of such bodies, and that they be clothed with 
powers sufficiently broad to enable them effectually to 
protect the public welfare. 


Let us study this last paragraph of Mr. Shonts’ 
speech a little. He says that he believes in Commis- 
sions, and believes that they should have power 
enough to protect the public. But if he really 
and heartily believes this, on what grounds does 
he object to the New York law? As we read 
that statute, the Commission are clothed with 
only such powers as practical experience has 
shown to be essential for the protection of the 
public. Mr. Shonts is a newcomer to New York 
and may be unfamiliar with recent history there. 
The fact is that the kind of Commissions of 
which Mr. Shonts apparently approves—the 
kind which “protect the public welfare” on 
paper, only—has been thoroughly tried in New 
York. 

Many beautiful theories have been broached 
about the power of publicity and the influence 


of a Commission with merely advisory powers. 
New York had tested these theories and found 
them wanting. Indeed, she had done more than 
this, for the old Railroad Commission and Gas 
Commission in New York, which were abolished 
when the Public Service Commission came into 
being, had very considerable powers of control 
over the corporations under their jurisdiction. 
The Public Service Commission Law which Mr. 
Shonts so deplores, was not, therefore, the 
Swing of a pendulum to an extreme, as he claims. 
It was merely one step farther in the necessary 
public regulation of natural monopolies in trans- 
portation. 

And now let us turn to Mr. Shonts’ charges in 
detail. He intimates that the operation of New 
York’s railways is in the hands of the Public 
Service Commissions. That they have broad 
supervisory powers to protect the public interest 
is true, but the idea that the “physical oper- 
ation” of all the steam railways and street rail- 
ways and gas works and electric plants in the 
State of New York is being conducted by the ten 
men who make up the Public Service Commis- 
sions is absurd on its face. The Commission is 
not interfering and has no time to interfere with 
the normal operations of the corporations over 
which it has supervision. As for the abnormal 
operations—if the Commission had done nothing 
else, its exposure of the series of financial 
crimes in the recent history of the corporation 
which Mr. Shonts heads would alone have justi- 
fied the act by which this Commission was cre- 
ated. 

No, Mr. Shonts. The public of New York has 
tried that sort of mild regulation of its public 
corporations for which you profess an affection 
over a score of years. It was under that sort 
of ‘“‘let-alone’’ regulation that a long series of 
frauds was perpetrated on the public and the 
financial community in connection with your 
own corporation, extending all the way from Jake 
Sharp and his Broadway franchise steal to the 
Interborough-Metropolitan merger. 

Your corporation and its officials cannot well 
complain of the Public Service Commission Law, 
for it was the outrageous disregard of public 
rights and common honesty in connection with 
the New York street railways that had greatest 
influence in placing that law on the statute books 
and causing it to be framed on stringent lines. 

It is a pleasure, now, to turn from Mr. Shonts’ 
recent speech—which so far as we have seen 
has received not one approving word in the 
public press—to the American Street Railway 
Association Convention, at Atlantic City last 
week, 

One of the subjects scheduled for discussion 
there was the relation between street railway 
companies and State Commissions. The pro- 
ceedings of the association are conducted be- 
hind closed doors, but a report of the session 
bearing evidence of substantial accuracy was 
given in the Philadelphia: “North American.” 
According to this report, a leading part in the 
discussion of this subject was taken by Mr. Thos. 
N. McCarter, President of the company which 
controls all the street railways and other public 
service corporations in the New Jersey suburbs 
of Greater New York. Mr. McCarter criticised 
the Public Service Commission of New York City 
on the ground that it had caused the collapse 
of the corporation of which Mr. Shonts is the 
head, and also because of its expense to the 
public. Mr. McCarter, like Mr. Shonts, then 
proceeded to express his approval of the con- 
servative State Commissions “like that of 
Massachusetts.” 

Mr. W. Caryl Ely, Past-President of the As- 
sociation and formerly prominent in connection 
with the Buffalo street railways, at once replied 
to Mr. McCarter. He showed that the Massachu- 
setts legislation was not conservative, in the 
sense that is so often claimed, but radical. The 
Massachusetts Commissions have long had ex- 
tensive powers over rates, routes and capitaliza- 
tion. He declared that the collapse of the New 
York City street railway aggregation was in- 
evitable. The Public Service Commission merely 
pricked the bubble; and, said he, if New York 
had adopted radical ideas as early as Massachu- 
setts did, the conditions that preceded collapse 


‘are asserting themselves. 


in New York would never have arisen. Con- 
tinuing he said: 


Gentlemen, 
state. 


this movement is not confined to any 
It is sweeping over the whole world. The people 


We might as well seek to dam 
Niagara as to stop this. 


It is impossible to stop it. Deep down in our hearts 
we know it is right; let us be men enough to recognize 
it; let us cooperate with the people and let them under- 
stand that we are working together; be frank with them 
and we shall find that they are not unreasonable, but 
only want fair, square treatment. 

We have had trouble because there was captious fight- 
ing against proper measures, which would not have been 
so drastic in some cases if the proper spirit had been 
shown, and the public service side was presented in the 
right manner. Let us deal with the people in the most 
open way possible, and fare trouble and all other troubles 
will disappear. 

It is a pleasure to record that Mr. Ely's frank 
statement was received with hearty applause by 
the delegates. Deep down in his heart, as he 
said, every man knows that the movement for 
public control is right. A few men have rolled 
up enormous fortunes, first by exploiting street 
railway franchises and the public, and later by 
defrauding investors on a colossal scale. Such 
men and those whom they control will naturally 
lift thelr voices against all forms of State con- 
trol or supervision, and particularly when such 
State control promises to be effectual in check- 
ing their plans for further similar work. But 
such men are in the small minority, even among 
those in charge of the actual operations of elec- 
tric railways. Most operating officers, on whose 
ability and efficiency the character of street rail- 
way service inevitably rests, fully appreciate 
the necessity that public control in some form 
should be exercised. Such control does not—as 
is claimed—check real enterprise and initiative 
and block engineering work. Instead, it fosters 
and protects it. The corporations where the honest 
and efficient and enterprising engineer or super- 
intendent finds no reward for ability and no 
chance of promotion are the corporations in 
which graft rules supreme from the top down- 
ward. Hence it was that while Mr. Ely's re- 
marks may have been distasteful to some street 
railway magnates, the operating officials at the 
Atlantic City Convention gave them hearty 
approval. 


LETTERS TO THE EDITOR. 


The Proposed Ohio River Reservoir System. 


Sir. Referring to the discussion which has been going 
on in your paper and elsewhere on the matter of reser- 
voirs for ‘improving the Ohio River, etc., and referring 
particularly to an editorial in your number of Oct. 8. 
1908, I obtained the impression from this editorial that 
you were in favor of stopping all construction work on 
the locks and dams on the Ohio River until ‘‘the care- 
ful and comprehensive studies advocated by Mr. Leigh- 
ton” could be made. I hope I read wrong, for it would 
seem a great pity for a journal of your standing and 
influence to advocate such a course. 

I do not believe that Mr. Leighton or any one else 
advocates improving the Ohio River by reservoirs alone 
for the upper 300 miles, but all agree that locks and 
dams will be needed for that section, although Mr. 
Leighton contends that a few of these might possibly be 
omitted. It is improbable that they could, but even so, 
it would be the omission of one or two isolated dams, 
while a regular flow would have to be maintained in 
that stretch of river. This would probably not com- 
pensate for the money saved on the dams. At all events 
the difference would not be much. This being true, why 
should not this part of the work proceed witheut delay? 
It includes 28 or 29 dams, all told, and is absolutely 
independent of the remaining 25 or 26 dams. If any one 
desires, omit such dams as may be considered doubtful 
but proceed with the rest. Before this section is com- 
pleted sufficient studies can be made to determine 
whether the present plans should be changed for the 
lower river or not, but in the meantime let no obstacles 
be placed in the way of this much needed improvement. 

You refer in your editorial to the assistance the water- 
ways would get if the questions of water storage, power 
development, and flood prevention should induce the 
municipal governments of Pittsburg, Louisville, Cincin- 
nati, etc., the legislators of the Ohio valley States, 
etc., to demand a comprehensive improvement of this 
river for purposes not only of navigation but the other 
matters referred to. I do not believe from the present 
feeling and beliefs exhibited by the people of the Ohio 
valley, as well as the entire country, that it will be 
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necessary to obtain this assistance before this water way 
js completed. Because the work of improving the Ohio 
River has gone on for 80 years without very hearty 
support from Congress does not argue that water stor- 
age, power development, and flood prevention are needed 
to get that support. One might as well argue that be- 
cause they have done nothing in the past 80 years to help 
navigation legislation you could not expect them to do 
anything in the future to help it. Either argument is 
unsound. Conditions have changed. With the assist- 
ance of water storage, power development, and flood pre- 
vention, or with the assistance of anything else, un- 
doubtedly more money would have been spent on the 
Ohio River in the last 80 years, with what results we 
can only conjecture, but it is also true that more would 
have been accomplished on the Ohio River if the present 
jdeas on waterways had prevailed for the last 80 years. 
I repeat, I hope I was mistaken in thinking you de- 
sired a complete cessation of Ohio River work until 
“careful and comprehensive studies’’ could be made. A 
good many have been made in the last 80 years, and if 
the work be stopped again, now since it seems to -have 
gotten up some momentum, the delay will mean not one 
of a month nor yet of a year; it will mean a delay 
of a good many years. Very respectfully, 
F. W. Altstaetter, 
Captain, Corps of Engineers, 
Assoc. M. Am. Soc. C. E. 
U. S. Engineer's Office, Wheeling, W. Va., Oct. 13, 
1908. 


[We have not even hinted that in our opinion 
the improvements to navigation in the Ohio 
River now in progress ought to be stopped for 
any purpose whatever. We simply urge and 
continue to urge that the Ohio River problem, 
as well as the problems of other streams of the 
country, be considered in a broad and compre- 
hensive manner, instead of from single, narrow 
and often isolated viewpoints. Navigation is 
not the only use to which the water of the Ohio 
drainage basin can be put, and we can see no 
reason why propositions for a broader view of 
the possibilities of that and other streams should 
not be fully investigated.—Ed. ] 
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Farther Examples of the Injury of Concrete Subject to 


Tidal Influence. 

Sir: I was greatly interested in your article on the 
“Decomposition of Concrete in Sea Water’’ in your issue 
of Aug. 27, 1908, p. 238, as I had a very similar experi- 
ence during the construction of a piece of work in Port- 
land, Me., although not to such a marked degree, or of as 
serious a nature as indicated by the illustrations in your 
article. 

In August, 1906, the abutment concrete for a bridge 
under construction at Portland, Me., was placed. This 
concrete was placed wet, so wet that the men working 
in it would sink up to their knees; it was mixed in the 
proportion of 1:214:5 using Portland cement, a good local 
sand and run of crusher stone up to 2% ins. Great care 
was taken to spade the concrete back from the forms so 
as to eliminate honeycombing on the face, and the work 
as a whole was of a very good nature. The tidal range 
at this particular point is about 9 ft. The concrete base 
of the abutment stopped at + 8 (low water being datum), 
the rest of the structure being granite ashlar. The con- 
crete base is entirely covered by a protective filling of 
sand which in turn is protected by a granite block pav- 
ing or riprap. Immediately after the construction of the 
abutment, the protective filling of sand was placed, but 
severe weather sct in before the paving could be laid, and 
as a consequence a great deal of the filling was washed 
away by the winter storms thus exposing the concrete to 
the action of the tide and elements. 

The winter of 1906 and 1907 was a particularly cold and 
severe one, and ice collected to a great thickness on and 
around the work. When the spring thaws came and 
after the ice had left, it was noticed that the concrete 
was decomposed and scaly. All sharp corners were gone 
and the concrete rounded. Careful investigation with a 
hammer and drill showed, however, that the decomposition 
only extended to a depth of about 2% ins. and that the 
general body of the concrete was good. It was also found 
upon removing some of the sand filling still in place that 
the concrete which had been protected by it was still in 
perfect condition; one inch below the surface of the sand 
the concrete was so hard and perfect that the grain of 
the form boards could be plainly seen. 

It was determined to conduct a series of experiments 
to ascertain if possible the cause or causes of this decom- 
position, as follows: A set of standard briquettes: (1:3) 
were made, mixed with fresh water; half of these were 
stored in fresh water and half in salt water in the 
laboratory after being 24 hours in moist air. “A second 
set were made mixed with salt water and stored in the 
same way, and a third set was made mixed with fresh 
water, one-third of them being stored in the laboratory 
in fresh water, a second third buried in the sand of the 
filling about a foot below the surface, and the rest placed 


in a crate fastened to a pile at about half-tide elevation 
so that they would be submerged and exposed to the air 
alternately and for about equal periods of time. 

A set of three 12-in. cubes were mixed in the labora- 
tory, one of these was dropped to the bottom in about 
10 ft. of water, the others left on the ground. Lastly 
a set of blocks about 4 x 4 x 12 ins. were made of sam- 
ples of concrete taken from the large buckets while on 
their way to other parts of the work so as to get the 
practical concrete and to eliminate all laboratory con- 
ditions. These blocks were about equally divided between 
1:2:4 and 1:2%:5 concrete. Lots of these blocks were 
allowed to dry in air for periods of one, six and twelve 
days and were then put into crates secured to piles at the 
mean tide elevation. All of this work was done in the 
spring of 1907. 

The briquettes of the first two cases, i. e., those mixed 
with fresh and salt water and stored in fresh and 
salt water in the laboratory, were tested in the machine 
at one, three and six months and little or no difference 
found in them. In the briquettes of the third class, i. e., 
those made with fresh water and stored in the laboratory, 
buried in the filling and stored at mean tide, the bri- 
quettes stored in the laboratory and those buried in the 
filling showed little or no difference up to the sixth 
month, but those briquettes left in the fill for a year test 
showed swelling and checking after about ten months. 
The briquettes stored in the crate at mean tide disinte- 
grated entirely in about three months and at no time 
could a test be made with any of them. 

The 12-in. cube was removed from the bottom of the 
river after being submerged for nearly a year and was 
found to be in perfect condition, as were also the two 
cubes left lying on the surface of the ground. During 
the winter of 1907-1908 all these cubes were placed on 
the mud flats at about half tide elevation, but as this 
winter was very mild and the period of observation short 
after placing the cubes no change was noticed in them. 

The 4 x 4 x 12-in. blocks retained their sharp edges, and 
remained in perfect condition throughout the summer 
(1907), but began to disintegrate with the setting in of 
cold weather, and before the winter was over had crum- 
bled to mere shapeless masses. 

It may be of interest to note that the concrete founda- 
tions of several piers which were normally entirely sub- 
merged (being built to 0) were carefully examined both 
at the low run of spring tides and lower down with the 
aid of a diving suit, and were found to be in perfect con- 
dition after having passed through two winters. 

I regret very much that I am unable to give actual 
figures and dates, but unfortunately a lot of data which 
I had collected and prepared on the subject was de- 
stroyed by fire and I have had to draw on my memory 
and a few general notes. 

The conclusion which I have arrived at as a result of 
(1) Concrete is affected by 
the observations made are: 
salt water only in cold 
weather and then only in 
such portions as lie be- 
tween the tidal ranges, and 
which come into contact 
with the water. (2) That 
the decomposition is due to 
alternate freezing and 
thawing, the water enter- 
ing the concrete at high 
tide and freezing when the 
tide recedes and exposes 
the surface to the cold air. 
The water expanding as it 
freezes loosens the surface 
of the concrete. When the 
concrete is again submerged 
the water in the concrete 
thaws and a new supply en- 
ters the enlarged pores and 
extends a little deeper into 
the mass. This operation is 
repeated at every tide and 
gradually works into the 
mass. (3) It is perfectly safe 
to use concrete in salt water when it will be entirely 
and perpetually submerged. 

Thanks are due Prof. Wm. H. Burr, who was consult- 
ing engineer on the work in question, for advice during 
the tests. Thanks are also due Mr. H. U. Fuller, who 
was my assistant and conducted the laboratory experi- 
ments. 


Figs. 1. 
FIGS. 1 AND 2. CIRCUIT BREAKER FOR SMALL MOTORS. 


Tyrrell B. Shertzer, 
Assoc. M. Am. Soc. C. E. 
57 West 111th St., New York City, Oct. 14, 1908. 


[Since the article in our issue of Aug. 27 was 
published, a member of the staff of this journal 
has made an examination of various concrete 
sea walls and other structures at the Brooklyn 
Navy Yard. It was found that the disintegra- 
tion of concrete between high and low tide is 
going on there nearly or quite as extensively as 
in the structures illustrated in our former 


Closed Position. 


article at the Charlestown Navy Yard. The 
cause assigned is the same as that given in the 
previous article and quoted by our correspond- 
ent above, viz., the freezing of the water in the 
pores of the concrete during the intervals be- 
tween high and low tide. It will be seen that 
this cause would operate just the same in fresh 
water as in salt water. In fact the fresh water 
would freeze and thaw more readily than sea 
water. It is the daily tidal range resulting in 
constant freezing and thawing, therefore, that 
is the governing factor in causing disintegration. 
and the fact that the water is salt instead of 
fresh has nothing to do with it. Concrete 
exposed in any other way so as to be 
alternately wet and dried at frequent intervals 
where the temperature ranges below the freezing 
point might be expected to disintegrate in simi- 
lar fashion. 

It occurs to us that if the cement facing mor- 
tar, or, better yet, all the cement used in the con- 
crete laid above the low water mark were made 
thoroughly waterproof either by some of the 
patented compounds or by the admixture of 
clay, as proposed by Mr. Gaines, it might be 
feasible so thoroughly to exclude the water from 
the pores of the concrete that disintegration 
would not occur. We trust that some of our 
readers will undertake experiments or actual 
construction along these lines and report the 
results.—Ed. ] 


INEXPENSIVE CIRCUIT BREAKER FOR SMALL MOTORS. 
By J. C. McQUISTON,* Assoc. Am. Inst. E. E. 

Circuit breakers of the common types are too 
expensive for use with motors in the smaller 
installations. For this reason fuses are often 
used, in spite of the inconvenience of replacing 
them when blown, and although fuses are in 
many cases dangerous as well as expensive and 
troublesome to maintain. It is not an infrequent 
sight to find a blown out fuse replaced by so 
heavy a wire that it could burn out only with 
a current which would severely damage the ap- 
paratus it is supposed to protect. 

The general use of circuit breakers has been 
limited because of the first cost of the in- 
stallation. In order to provide a breaker which 
shall be able to compare in price with enclosed 
fuses, the Westinghouse Electric & Mfg. Co. has 


Fig. 2. Tripped Position. 


developed the small carbon-break circuit 
breaker, known as Type F, shown in the accom- 
panying illustrations. The circuit breaker is 
of compact and neat construction, suggesting the 
appearance of a cartridge fuse. The tripping 
device is inside the movable arm, which may 
also be tripped by hand with the small insulat- 
ing handle shown in Fig. 1. In addition, an 
auxiliary magnet coil may be attached to pro- 
vide for tripping the switch from a distance, 
as is required in connection with automatic limit 
switches on machine tools. 


There circuit breakers are made in four sizes 
for 121%, 25, 50 and 75 amperes. Each has an 
operating range of from 80 to 160%; that is, the 


*Manager, The Westinghouse Companies’ 


Publishing 
Department, Pittsburg, Pa. 
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tripping device may be set for any current within 
these percents of the rated capacity. Adjust- 
ment is made by a knurled nut, which may just 
be seen at the lower end of the arm in Fig. 1. 
These breakers are made in single pole types 
for direct current up to 250 volts and alter- 
nating current up to 440 volts, and are approved 
by the National Board of Fire Underwriters. 

The standard circuit breaker is mounted on 
a porcelain base, similar to the mounting of a 
fuse, with all the connections on the face of the 
porcelain to permit its being placed directly on 
the wall. However, it is also supplied for 
switchboard and control tablet work where the 
connections are made on the back. Two screws 
are provided for mounting under these condi- 
tions. The outfit as a whole takes up practically 
no more space than an enclosed fuse of the 
Same capacity. 


PROTECTION OF RAILWAY EMBANKMENTS FROM THE 
EFFECT OF HIGH WATER BY RIPRAP OR OTHER- 
WISE.* 


PITTSBURG & LAKE ERIE R. R.—Riprapping banks 
on this road is a very important matter, as this road 
runs close to the banks of the Mahoning, Ohio, Youghio- 
gheny and Monongahela rivers at several points between 
Youngstown on the Mahoning River, New Haven on the 
Youghiogheny River, and Brownsville on the Mononga- 
hela River, for a distance of 165 miles along these rivers. 

At some points where riprapping is required and the 
tracks are far enough away from the harbor line to per- 
mit, the riprap is done by throwing the stones over the 
bank, letting them roll or slide down, making a slope 
about 1 on 1%, slope varying in thickness from 2 ft. 
to 4 ft. For this work quarry spalls are used or small 
stone such as can be handled by one man, and in some 
cases furnace slag, which becomes hard from the effects 
of the weather and makes very good riprapping, costing 
from one to two dollars per square yard. At points 
close to the harbor line stone such as can be handled 
by oue man are used and laid in place by track laborers 
on a slope of 1 on 1, varying in thickness from 2 to 3 ft., 
costing about $3 per sq. yd. The accompanying figure 


shows riprapping where stones are laid in place along 
the banks of the Ohio and Monongahela rivers at Pitts- 
burg. 

In riprapping piers and abutments of bridges, in some 
cases where the current is not very rapid, small stone 
such as can be handled by one man are used, and where 
the current is very rapid large breakwater stones, usually 


Riprapping of River Banks Along Line of Pittsburg 
& Lake Erie R. R. 


dropping them around the piers or abutments, allowing 
them to find their own bearing. In all cases the large 
breakwater stones filled in with small stones are pre- 
ferable, to fill up the crevices between the large stones 
and make the riprapping as compact as possible to pre- 
vent any washing. 

NORTHERN PACIFIC RY.—On most waterways of the 
railway through the prairie country of North Dakota, 
boulders are used which can be picked up on the prairie 
and loaded on cars for $1 per cu. yd. and placed for 75 
cts. per cu. yd. Stone is used for protection of banks 
from wave wash where permanent protection is required. 
For temporary protection in times of occasional high 
water sand bags and fascines are placed. 


*Extract from Committee Report to the Association of 
Railway Superintendents of Bridges and Buildings, An- 
nual Meeting, Washington, D. C., Oct. 20-22, 1908. 


Portable snow fence is also used in emergencies. This 
fence is made in panels 16 ft. long and when placed 
along the bank will break the force of the waves. 

At one place where a mile of track is exposed to oc- 
casional wave wash, the banks have been sodded, but 
there has been no high water there since the banks were 
sodded, so it cannot be said what the benefit will be; 
it is believed it will give good protection. At the cross- 
ing over the Missouri River there has been all kinds of 
trouble from bank cutting for approximately two miles 
above the bridge. The bridge itself is protected by dikes 
built of piles, fascines and rocks. For the protection 
of banks above the bridge dikes were built of mat- 
tresses composed of willows and stone and held in place 
by piling. Most of this work was done by the govern- 
ment, as the cutting of the banks endangered Mandan 
on the west side of the river and would also have de- 
stroyed the harbor for boats at Bismarck on the east 
side of the river. 

ST. LOUIS SOUTHWESTERN RAILWAY CO.—Several 
methods have been used for protecting river embank- 
ments on this line from cav- 
ing, the principal difficult 
streams being the Mississippi, 5 6 7 


ditions. In general the use of long spans is desirable, 
especially when a high voltage is used on the trolley, re- 
ducing the number of insulators to be taken care of. 
This point applies where a steam traffic is to be main- 
tained on the same tracks, as the exhaust is liable to 
cause trouble with the insulators. 

Where the foundations are in soft ground, bridges have 
the advantage in that each structure is stable in itself 
owing to the wide base. On the other hand, there are 
places where the use of brackets may be necessary be- 
cause of obstructions on one side of the right-of-way. 
Where more than four tracks are to be crossed a span 
wire is probably the best solution, although this involves 
either a guyed pole or very heavy foundations. In cer- 
tain parts of the country where good wooden poles are 
cheap and readily obtainable, they will be found to reduce 
the first cost, although the saving is not a very large per 
cent. of*the total cost of the overhead construction. 

It is suggested that there .may be advantages in the 
use of long spans through city streets where there are 
usually great objections to frequent poles. The writer 
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and the entire bank is then 
riprapped with rock all the way and about ten feet at 
the top of bank, so that the high water cannot cut in 
behind it. It will cost approximately $8 per running 
foot of embankment. j 

Another method has proven very effective. Deflecting 
dikes are driven, piles being driven about every 8 ft. 
apart, dikes spaced about every 30 ft.; 2 x 6-in. planks 
are spiked onto piles about 6 ins. apart from the top of 
piling to bottom of stream. These deflecting dikes will 
collect the debris and the chambers will gradually fill in 
and form a bar. This method is effective in case of very 
rapid currents and will cost approximately $6 per lineal 
foot all complete. 5 

There are other methods being used, some of them 
being quite effective, as, mudrafts and hollow fascines.* 
The latter are constructed out of willows and poles, then 
put into proper position and anchored, They will gradually 
fill in with sand and silt from high waters and sink 
in place, and embankment usually fills in behind it. It 
also has a tendency to check the current. However, this 
is expensive work, costing $9 per lineal foot. The mud- 
rafts cost about $6. 


APPLICATION OF THE THEORY OF THE CATENARY 


TO ELECTRIC RAILWAY WORK.' 
By R. L. ALLEN. : 


The term ‘‘catenary construction” has been applied to 
a method of suspending the trolley wire by hangers from 
a messenger cable. As this enables the use of a steel 
messenger cable having a unit working strength of over 
three times that of hard drawn copper we can have longer 
epinx, fewer supports and a contact wire which is prac- 
tically level. But to obtain these advantages the de- 
sig must be carefully worked out in every detail as the 
strains are greater and the construction more compli- 
atid. In many respects an overhead contact wire 
may be considered as a track, the same qualities being 
deircd and similar troubles met with as in the track 
work. The moving load is, of course, the upward pres- 
gure on the construction exerted by the trolley wheel or 
pantagraph. As in a track, it is desirable to have the 
contact wire slightly elastic in order to cushion the effects 
of the moving load. To obtain this cushioning effect uni- 
formlz at all points is one of the difficulties met with; 
the other is to take care of the expansion and contraction 
of the copper trolley wire due to change in temperature. 

The strains due to wind and sleet are the least of the 
difficulties encountered, and can be readily taken care 
of with tne materials at hand. In this respect it may 
be noted that while a span of about 300 ft. between sup- 
ports is the limit at the present time, it is possible to 
use much greater spans without exceeding the safe work- 
ing strength of steel cable. The question of the lateral 
swaying of the trolley is not so important as it looks 
on paper and may be taken care of by pull-offs. The 
supports may be wooden or steel poles, span wires, or 
steel bridges, each of which has its advantages and dis- 
advantages, depending to a certain extent on local con- 


*See article by Mr. C. H. Miller on the David Neale 
system, p. 436 of this issue. 

From a paper presented at the convention of the Amer- 
ican Street and Interurban Railway Engineering Associa- 
tion, Oct. 12-16. 

tEngineer, Archbald-Brady Co., Syracuse, N. Y. 


CURVES FOR DETERMINING SAG IN 300-FT. SPAN CATENARY. 


sees no reason why spans of 300 ft. or even more may not 
be used, especially where the line is straight. A construc- 
tion of this kind would present a handsome appearance 
and would not be so liable to be cut in case of fire. The 
cost should not much exceed that of the usual 100 ft. 
span construction, as the cost of steel poles does not in- 
crease in proportion to their strength. 

The loads to be considered in preparing designs, are 
the dead weight, sleet and the wind load. Sleet is gen- 
erally assumed at -in. thick on all cables. The wind 
may be assumed at 1 lb. per running foot of cable, as 
being well on the safe side. With these loads the struc- 
ture should be so designed that the safe working stress 
is not exceeded. This should be about two-thirds of the 
elastic limit for steel, one-fourth of the ultimate strength 
for wood. In the writer's judgment, hard drawn cop- 
per may be stressed up to about 30,000 lbs. per sq. in. 
under these conditions and an excessive load will cause it 
to stretch instead of breaking. 

In stringing the messenger cable it is desirable to ad- 
just it for sag before the weight of the trolley and 
hangers is put on. In order to do this the elasticity of 
the cable must be taken into consideration. The cal- 
culations are rather complex, involving a long cubic 
equation and, in order to obtain a quick method for prac- 
tical use, the writer has worked out the graphic solution 
shown in the accompanying figure. This is not original, 
being based to a certain extent on methods suggested 
by Mr. H. W. Buck, of the Niagara Falls Power Co., and 
also by Mr. Harold Pender. 

By this method we find the true unstressed length 
of the cable by comparing two curves, one of which ex- 
presses the stretch of the cable under its own weight for 
various sags; the other, the difference in length between 
the true parabola and the chord between the points of 


support. The curves for stretch are derived as follows: 
The center strain in any suspended cable is, 
W Le 
a fe ee 3 (1) 
8 d 


Where W = load in Ibs. per running ft. 
L = span in ft. 
and d = sag in ft. 
By substituting in this the weight of a square inch of 
material one foot iong, we obtain, for steel cable, the 
stress per square inch. 


L 
Po nce ccc a ces (2) 
2.35 d 
and for copper 
r pp 12 
(3) 
2.08 d 
The stretch is 
LP 
St ge eee ES (4) 
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where “Af” is the modulus of elasticity. 
Combining (2) and (4), the stretch of a steel cable due 
to its own weight is 


L& 
Soca Ses dia eve Rat ee (5) 
2.35 d M 
and for copper cable 
L3 
HSSS ia A (6) 
2.08 d M 


Equations (5) and (6) are close approximations. 
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The length of a parabolic curve for a span “L” is 


8 da 
L + 
3 L 
and the difference between the chord and the curve 18 
8 da 
A L —— ͤ K es ee seesneve eee (7) 
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In the figure the sag is plotted on the vertical and the 
stretch on the horizontal scale. The straight line repre- 
sents changes in length due to temperature. The point 
where the curves cross is that at which the cable will 
sag if its original unstressed length is the same as the 
span. Thus a steel cable 300 ft. long, strung between 
supports 300 ft. apart, will sag down 3 ft. 10% ins. under 
its own weight. The horizontal distance between the 
curves (A) represents the difference between the un- 
stressed length of the cable and the chord between the 
points of support. For sags below the point of inter- 
section of the curves the unstressed length of the cable 
is less than the chord, above this point greater than the 
chord. Where an additional load is put on the cable, as, 
for instance, the trolley wire and clips, we can express 
this load as a multiple of the weight of the cable itself 
and the stretch will be increased in proportion. In the 
case of a certain single catenary the messenger supports 
a dead load of 314 times its own weight and has a net sag 
of 6 ft. 6 ins. By plotting a new curve for stretch from 
the original, which may be done by the dividers or by 
direct multiplication of the abscissae at two or three 
points, we can obtain the new position of the cable since 
the horizontal distance “A” between the curves will 
remain constant—in this case at 0.09 ft. 

For instance, if it were desired to string a messenger 
so that it would have a sag of 6 ft. 6 ins. with an addi- 
tional load of 214 times its own weight, it should be 
strung to a sag of 4 ft. 9% ins. In a similar way the 
effects of temperature may be ascertained. Since any 
variation in temperature affects the true length of the 
cable, we must add or subtract this from the distance 
“A” and then find the point between the two curves to 
which it corresponds. If, in the example above, it were 


desired to obtain the effect of a drop in temperature of 


say 50°, we find this will shorten the cable 0.10 ft. 
The algebraic sum of +0.09 ft. and —0. 10 ft. is —0.01 ft. 
and we find the curves are —0.01 ft. apart at 5 ft. 10 ins. 
sag. It will be noted that the elasticity of the cable tends 
to reduce the effect of the additional load and of the 
change in temperature. In the former case the fact that 
the load is multiplied by 314 does not increase the strain 
in proportion and in the latter case the sag does not 
vary as much as might be expected. 

As the stretch is a direct function of the stress per 
sq. in., this can be determined also by reading the scale 
at the top. The normal stress per square inch in the 
example given above at a sag of 6 ft. 6 ins. would be 
V. 500 lbs. 

In preparing these curves the value of M“ for steel 
is taken at 22 x 10°. The value commonly used is 29 x 
1, which is no doubt correct for a steel bar but it does 
not take into consideration the fact that in a stranded 
cable there is a tendency for the wires to draw to- 
gether under stress, which causes the cable to increase 
in length more than would a solid bar of like cross sec- 
tion. The modulus 22 x 10° is derived from several 
tests of steel cable, the stretch being measured on a 
length of 100 ft. in order to reduce the probability of 
error. The pull was measured by a dynameter which was 
checked before and after the tests by lifting a pile of 
steel beams of known weight. 

As regards the raising of the contact wire from the 
upward pressure of the trolley, some observations taken 
from a catenary trolley of 300 ft. span may be of interest. 

The net sag of the messenger cable at that time (in 
winter) was 5 ft. 8 ins., the contact wire being cambered 
10 ins. at the center, and was very tight; the hangers 
were spaced 10 ft. apart. A scale was applied to the 
trolley at 5 ft. intervals along the span and lifted until 
it registered 25 lbs. The net rise of the trolley was then 
measured. This increased gradually from %-in. under the 
bridges to 2% ins. at the center of the span. It may be 
noted that there was practically no difference between the 
stiffness of the trolley at the hangers and at a point mid- 
way between them. l 

The change in length of copper due to changes in tem- 
perature is one of the greatest difficulties in the main- 
tenance of overhead work. A drop of 100° in tempera- 
ture will cause a copper bar to contract approximately 
1 in for every 100 ft. of length. If it be restrained at 
the ends, this will mean an additional stress of 2,500 lbs. 
in a 0000 trolley. In span wire construction this is par- 
tially taken care of by the variation in sag of the trolley 
wire In catenary construction where the trolley is sup- 
ported at short intervals there is no chance for the trolley 
to take up the slack by sagging, consequently it is Hable 
to become very slack in warm weather. For this reason 
the writer believes that unless there is some counter- 
weight devised for maintaining a constant tension on the 
trolley, the hangers should be spaced not closer than 
Dt 
A system has been developed on the continent consist- 
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ing of a single catenary with an auxiliary messenger 
which is parallel with the trolley and about 3 ins. or 4 
ins. above it. This secondary messenger is hung at in- 
tervals of about 30 ft. by hangers from the supporting 
cable, and supports the contact wire by sliding clips lo- 
cated about 10 ft. on centers. The trolley wire is kept at 
a constant tension by counterweights located at long 
intervals. This construction also provides a practically 
uniform cushioning effect, as the trolley clips are very 
light and slide up and down on the secondary messenger. 
It remains to be seen whether this complication is neces- 
sary and whether practically the same results cannot 
be obtained by a development of the single catenary 
system on the lines suggested above, as follows: 

(a) The use of a light plow steel messenger cable strung 
to a small sag. This will allow full advantage of the 
elasticity of the material. 

(b) The hangers themselves should be as light and 
flexible as is consistent with strength and durability. This 
will tend to prevent sparking at the points of support. 

(c) The hangers should be spaced 20 ft. or 30 ft. apart 
to take care of the expansion and contraction. 

(d) There is no reason why spans of 300 ft. or more 
cannot be used. 
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RAILWAY MOTOR CONTROL.* 
By WILLIAM COOPER. f 


INTRODUCTION.—The use of an electric motor for any 
purpose demands the interposition of some kind of con- 
trolling apparatus in the supply circuit with the motor. 
The function of the control apparatus is to regulate the 
speed or change of speed of the motor shaft as well as the 
turning force. The amount and complication of control 
apparatus necessary for any given case depends upon the 
kind and size of motor to be controlled and the results to 
be accomplished. A desk fan motor, for instance, may be 
started by a simple snap switch, but if it is desired to 
regulate the speed of the motor some mechanism more 
complicated will be required. Motors of quite large 
power, however, can be started successfully by a single 
switch when connected to certain kinds of load if tha 
characteristics of the motor are right. 

In practically all the motors used for railroad work 
there is a fixed relation between the two elements that 
constitute the energy input to the motor and the two 
elements that compose the energy output. The turn- 
ing effort is a function of the current input, and the 
speed is a function of impressed pressure. From this 
it would seem necessary to provide means for regulat- 
ing both the current and pressure or voltage. But, as 
it is the voltage that produces the flow of current, it is 
only necessary to regulate the voltage. This point must 
be kept constantly in view in considering any control 
problem. The turning effort of the motor is the func- 
tion that is to be controlled, and, as this depends on 
the motor current it is evident that the current is the 
element that must be regulated. Under any given con- 
dition the amount of current flowing is determined by 
the impressed voltage. It is, therefore, necessary to con- 
trol the impressed voltage to regulate the turning effort. 

The desideratum of electric motor control is to maka 
the rate of change of pressure during acceleration abso- 
lutely constant. There are but few devices of practical 
application that fulfill this condition. A water rheostat 
used in connection with a direct current motor and an 
induction potential regulator in connection with an al- 
ternating current motor might be said to fulfill this 
condition. 

In practically all the apparatus used to control rail- 
way motors the voltage is changed in steps or in- 
crements. . From the very nature of their construction 
this is true, as the connections are made with a certain 
limited number of switches. These switches may be 
either a set of contact fingers in conjunction with a re- 
volving drum or consist of separate and independently 
operated switches. Since it is necessary to increase the 
impressed voltage in steps or increments, the value of 
and the rate of application of these increments consti- 
tutes the problem of control in any given case. 

Consider first a motor at rest. The voltage that can 
be impressed on the motor at once without giving an ex- 
cessive flow of current and consequently an excessive 
torque is determined by the inherent characteristics of 
the motor. This is easily determined, but the value of 
the torque that can be used is not so easily determined. 
From the control standpoint it is desirable to make the 
first application of current as large as possible as well as 
for each succeeding step. 

The average rate of acceleration that can be maintained 
without discomfort to passengers depends very largely 
upon the fluctuations. An acceleration of 5 mi. per hr. 
per sec. can be maintained without discomfort to the pas- 
sengers, provided the rate is constant or nearly so. As 
it is manifestly impossible to keep the rate constant with 
a control apparatus in which the change in impressed 
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voltage on the motors is made in steps, the problem is 
to ascertain the limit of fluctuation allowable. This 
limit seems to be more a matter of change of rate than 
& question of average rate—that is, a certain change in 
rate will cause an uncomfortable jerk, no matter what 
the average rate may be. If the rate of acceleration is 
3 mi. per hr. per sec. and it is instantly changed to 4 
mi. per hr. per sec. there will be an uncomfortable jerk. 

In designing a control for any given case, this is the 
first point to be considered and the total number of steps 
in the apparatus adjusted accordingly. As a general 
proposition the numbcr of steps must be such that the 
change in rate of acceleration when changing from point 
to point will not be greater than 0.6 mi. per hr. per sec. 
for passenger service. 

Having determined the allowable fluctuations of cur- 
rent in the motors and from this the total number of 
steps in the whole sequence of acceleration, the next 
consideration is the method of obtaining these steps. In 
the control of direct current motors it is obvious that, 
Starting with a constant line voltage, the impressed 
voltage must be regulated to a greater or less extent 
by inserting resistance in the circuit and cutting it out 
step by step. If more than one motor is used certain 
combinations of the motors may be employed. 

In the control of alternating current motors it is not 
necessary to use resistance or to change the combina- 
tions of the motors, as a variable voltage is readily ob- 
tained by the use of a transformer with various tape 
brought out. 

In making a determination of the increments of voltage 
to be impressed upon the motors during the period of 
acceleration the nature of the service has & very im- 
portant bearing on the subjcct. As stated, if it is for the 
passenger service a certain change in rate of accelera- 
tion is allowable. This same variation is not at all al- 
lowable in freight service or where the question of ad- 
hesion or capacity of motors enters into the problem. 
In freight service the rate of acceleration is usually 
quite low. This is allowable, as the time consumed in 
acceleration is but a small part of the total time, for 
the reason that the full specd is low. Under freight 
haulage conditions the change in rate of acceleration 
must be measured jn percentage of total drawbar pull 
rather than in miles per hour per second. The fluctua- 
tions of drawbar pull should not be more than 15%, and 
if it is desirable to get the maximum pulling power it 
must be even less. 

Thus it is seen that in the use of electric motors for 
any kind of railway work some kind of control apparatus 
must be used to regulate the impressed voltage on the 
motors, the nature and refinement of which depencs upon 
the kind of service. 

GENERAL DESCRIPTION OF APPARATUS.—The 
numbcr of different kinds of control apparatus used is 
even greater than the different kinds -of motors. There 
are two distinct types that cover practically the entire 
field, commonly known as the drum type and the unit- 
switch type. 

The marked distinction bctween the two types is that 
in the drum type the various combinations of circuits 
are made by a set of contact fingers arranged to make 
contact with a revolving cyfinder having suitable seg- 
ments arranged to connect the fingers together in certain 
combinations. The unit-switch type consists of a set of 
Separate switches, independently operated by power. 
These switches perform the same functions as the con- 
tact fingers and drum segments in the drum type. As 
a matter of fact, the contact fingers and drum seg- 
ments are nothing but switches. In the drum type the 
sequence of the combinations is controlled absolutely by 
the motion of the drum or cylinder carrying the contact 
segments, as it is obvious that during a given motion of 
the drum the contacts will be presented to the fingers in 
a certain order. It is also obvious that a reverse motion 
of the drum will make the combinations in an exact 
reverse order. In the unit-switch type the sequence of 
operations of the switches is usually secured by elec- 
trically interlocking the actuating circuits. This ar- 
rangement determines the order in which the control 
combinations are made, but it is not unusual to allow 
all switches to open simultaneously, no matter what 
the position may be. This is always the case when au- 
tomatic acceleration is used and sometimes when man- 
ual control is used. 

As already pointed out, a controller for an electric 
motor or motors is intended primarily to graduate the 
application of the line voltage to the motor during the 
period from standstill to the time when full line volt- 
age is impressed upon the motor. If this is not accom- 
plished with ease and precision, then one of the func- 
tions of the controller has failed. Another function of 
a controller is to make and break the circuits in chang- 
nig the combinations of the motors and in the final 
breaking of the circuit. If the controller docs not ac- 
complish this without serious deterioration, then it is 
a failure in another important function. If it fails in 
both these functions, then it is Indeed a complete failure. 

DIRECT-CURRENT CONTROL.—In designing. a con- 
troller for direct-current work to fulfill the first condi- 
tion there are two general methods follawed—that of 
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plain rheostatic control and that of series-paralleling 
the motors. The first arrangement must of necessity 
be used when only one motor is employed and can be 
used when more than one is employed by connecting 
them in either series or parallel permanently. If the 
control {s to be plain rheostatic, the main consideration 
is the number of steps to be used. This point is often 
considered more from the point of simplicity of construc- 
tion of the controller than from perfection of operation. 
Since the fulfillment of both of these conditions is obvi- 
ously impossible, a compromise must be made. The 
number of steps used should be regulated by the service 
conditions, but is usually made about the same for all 
kinds of service. It is safe to say that the number used 
is always less than desirable. 

When two or more motors are used on direct-current 
work, it is desirable to arrange the motors, in some 
kind of serles-parallel combination. The common method 
is to connect the motors in series with a certain amount 
of resistance and cut this resistance out leaving the 
motors operating in series with the full line voltage 
divided between them. In the case of two motors each 
motor will have half the line voltage and with more 
than two a proportionate part. It is a very simple mat- 
ter to connect two motors in series with a few steps of 
registance and then cut this resistance out. but it is not 
as simple to change the connections and get the motors 
in parallel especially if it must be done without any 
change of torque of the motors. There are several ways 
of changing the motor connections from series to parallel 
while the motors are in motion. There are three that 
have becn used extensively. They are known as the 
‘“‘shunted-motor,’’ open-circuit’ and ‘‘bridging’’ systems. 
The last system is the only one that fulfills the condi- 
tion of continuous torque on the motors, or in other 
words, is the only perfect system. 

The shunted-motor system short circuits one motor, if 
there are two in series, first inserting resistance in the 
circuit to equal the volts drop on the motor short 
circuited. The motor short circuited is then connected 
in parallel with the other motor and the reinserted re- 
sistance cut out. The objection to this system is that 
at the instant of inserting the resistance in series with 
the two motors in series the torque of both motors is 
reduced. When the motor is short circuited there is no 
great change in torque as the one motor takes practi- 
cally double the current of the two in series after the 
resistance has been inserted. Another objection to this 
system is the unequal loading of the motors. This is, 
however, of no great moment in service as the time of 
transition is relatively very short. 

The open circuit system, as the name implies, opens 
the circuit to both motors and re-arranges the connec- 
tions with the motors in parallel and in serics with a 
certain amount of resistance. This system is obviously 
not as good as the shunted-motor system for the reason 
that the torque of the motors ceases entirely. 

In the bridging system, a circuit is maintained through 
each motor throughout the whole period of acceleration 
and the torque of the armatures is kept practically con- 
stant. This result is accomplished by arranging the 
motors first in series and in series with a certain 
amount of resistance and then cutting the resistance out 
leaving the motors in serics across the line. The re- 
sistance is then arranged in two groups and connected 
directly across the line with the middle point con- 
nected between the motors. This establishes two paths, 
one through the motors and one through the resistances, 
with a point of equal voltage of the two connected to- 
gether. If the value of the resistances is such that the 
current flowing through the resistance is equal to the 
current flowing in the motors, the bridging connection 
between the motors and resistance can be broken without 
making any change in armature current. This system 
of direct-current control is so far superior to any other 
that it is the only one that should be given considera- 
tion. This is not only true with two motor equipments 
but is equally true when using four. The use of this 
system in connection with automatic acceleration gives 
results that cannot be attained by any other known 
system. 

Controllers with an insufficient number of steps have 
been in use in so many different places and on so many 
different equipments that the users have come to believe 
that the conditions they impose are a necessity. As 
before stated the design must be a compromise, but let 
the compromise be such that the completed machine will 
reasonably fulfil] the conditions. 

The design of the resistance for direct-current opera- 
tion plays as important a part as the number of steps. 
If the resistance is not properly designed good opera- 
tion cannot be secured no matter how many steps there 
are in the controllers. 

There are only two conditions of the motor circuit 
that affect the design of the resistance, the ohmic re- 
sistance including the motors and the counter electro- 
motive force of the motors. The value of the resistance 
cut out on each step must be such that the increase in 
current will be the same for each step cut out. While 
the speed of the motor is low, the regulating resistance 
left in the circuit checks the flow of current. After 


the motor speeds up due to cutting out a portion of the 
resistance the counter electromotive force has a greater 
effect and the remaining resistance less. 

ALTERNATING-CURRHNT CONTROL.—In the con- 
trol of alternating-current railway motors, the con- 
troller designer is not hampered by many of the limiting 
conditions of a direct-current motor. There must, how- 
ever, be a limit to the increase of current in the motor 
per step. This condition is not, however, nearly as ex- 
acting as in direct-current operation, owing to what is 
commonly known as ‘‘rubber’’ in the circuit. It is of 
no advantage to series-parallel the motors as any num- 
ber of voltages are easily obtainable. This at once 
eliminates the question of resistance losses and operat- 
ing speeds. There are no resistance losses and any 
number of operating speeds are obtainable. There are 
two points to consider in regard to the arrangement of 
the motors. Arranging the motors in series reduces the 
volume of current to be handled as compared with the 
parallel arrangement but increases the voltage. The ad- 
vantage of the smaller current is a reduction in size of 
all current carrying parts, which is more a matter of 
first cost and weight than one of maintenance or oper- 
ation. On the other hand, the motor circuits as well 
as the control apparatus must be subjected to the higher 
voltage. Also the higher voltage current is more diffi- 
cult to handle on the circuit making and breaking de- 
vices. This part of the problem is quite different from 
direct-current control. In direct-current work the motor 
and control voltage is fixed by the line while in alter- 
nating-current work the motor voltage is independent 
of the line and may be made anything that makes the 
best design. 

The question of selecting the proper voltages for the 
different steps of the control is governed by the same 
limitations as in the direct-current. The increments of 
current per step must be kept within certain limits and 
should be the same for each step. There are three 
things that affect the increase of voltage per step to 
give an equal increase in current; the resistance of the 
circuit, the counter electromotive force and the induc- 
tive voltage. The resistance and counter electromotive 
force represents the energy or inelastic portion of the 
circuit, while the inductive voltage represents the elas- 
tic and non-energy portion. The combination of the 
two tends to keep down an increase of current due to an 
increase in impressed voltage. The energy component 
of the voltage and the inductive component are at right 
angles. That is, there are two forces acting at right 
angles, the result being that they are effective in re- 
sisting the impressed voltage in an indirect proportion to 
their value. 

As in direct-current operation, no alternating-current 
control system is worth a moment’s consideration in 
which the circuit is interrupted during acceleration of 
the motors. In alternating-current work the motor con- 
nections can be changed from one voltage to another by 
first connecting either a preventive resistance or a pre- 
ventive coil across the two voltages. The value of this 
preventive resistance or preventive coil should be such 
that the value of the short-circuited current will be 
equal to or greater than the working current. One of 
the best methods of transferring the motor connections 
from one voltage to another, is by the use of small auto 
transformers having three connections. If the two ends 
of the coil are connected to two taps from the main 
auto and the center connected to the motors the im- 
pressed voltage on the motors will be that intermediate 
between the two connections to the transformer. This 
impressed voltage will remain the same irrespective of 
the amount of current flowing as the action is that of an 
autotransformer, there being no choking effect. In 
changing from one voltage to another, one connection 
is broken and re-connected to the next higher or lower 
tap than the one left remaining. While the one connec- 
tion is broken there will be a slight reduction in im- 
pressed voltage due to the choking effect of taking the 
current through one-half of the coil. This drop in volt- 
age with a well designed coil is small. The advantage 
of this arrangement over any in which coils or resist- 
ance are used for transferring, is that two switches are 
connected in parallel to carry the main motor current. 

An elaboration of this scheme consists in using three 
such small auto transformers, two being connected to 
the main transformer and the third being connected to 
the two middle points of the ethers, the main motor 
current being taken from the center of the third coil. 
This arrangement reduces the size of the transformer 
switches still further as there are four in parallel for 
the main current. Also there is practically no drop 
in voltage when changing from one transformer tap to 
the next higher. 

Another condition that is quite different from direct- 
current control is that every point is a running point. 
The apparatus used in making the combinations and 
connections of circuits is in all essential details the same 
for both alternating-current and direct-current opera- 
tion. There are, however, some characteristics of the 
two currents that are quite radically different, the prin- 
cipal one being the magnetic field produced. An alter- 
nating current produces, of course, an alternating mag- 


netic fleld. This alternating magnetic field has the pe- 
culiar characteristics of inducing local currents in any 
piece of metal that may happen to be within its range. 

The value of these local currents is very largely con- 
trolled by the extent of this metal and are very materi- 
ally reduced by dividing the metal into small parts. 

In rupturing the circuit the magnetic blowout is useful. 
It 1s not, however, quite as effective on alternating-cur- 
rent as on direct-current, owing to the local currents 
in the metal parts of the circuit, which tend to throw 
the magnetic flux out of time with the current. 

Alternating current of necessity passes through zero. 
This characteristic assists very materially in breaking 
the circuit and many drum controllers are in successful 
operation, without any blowout of any kind, handling 
heavy currents at from 200 to 300 volts. There are 
even a few operating at twice that voltage. This char- 
acteristic is also shown in the comparative ease with 
which a high voltage alternatiag-current circuit is 
opened under oil. The oil cools the arc, which breaks 
at the zero point. This is a very fortunate condition, 
as it is very difficult to break a high voltage circuit 
in the open air. An oll switch is practically inoperative 
in opening a direct-current circuit, but fortunately a 
direct-current circuit of any of the, at the present time, 
commercial voltages can readily be opened with a mag- 
netic blowout switch. 

AUTOMATIC ACCELERATION.—As the principal func- 
tion of a control apparatus is to graduate the applica- 
tion of the voltage to the motors in such a manner as 
to maintain the current within certain limits it follows 
that it must be actuated at certain fixed intervals. This 
can be done automatically with far greater precision 
than is possible manually even by the best trained op- 
erator. 

In operating railway trains there is one great object 
to be accomplished. That is to transport a given num- 
ber of passengers or tons of freight a certain distance 
at a minimum expense, and within a certain time. As 
one of the principal items that make up the total ex- 
pense is wear and tear or maintenance, it is obvious 
that anything that will reduce this item, without re- 
ducing the capacity of the system, will be an economy. 
The maintenance of rolling stock is directly affected by 
the manner in which the propelling power is applied. 
It needs no argument to show that there will be less 
wear and tear if the power is applied evenly and smoothly 
and at the proper rate than if it is applied at an im- 
proper rate and unevenly. The current in the motors 
regulates the tractive effort and this determines the 
mechanical strains put upon the driving mechanism. In 
addition to this the current in the motors determines 
the heating and deterioration. For any given service 
there is only one rate of acceleration and time of cur- 
rent on the motors that gives the minimum heating ef- 
fect in the motors. 

All these conditions have been long recognized by 
those in charge of railway equipment and there has 
been a demand for some device that would prevent abuse 
of the equipments by careless or unskilled operators. 
There are many careless operators but there are many 
more unskilled ones. On ordinary hand controllers, 
many so-called ‘‘auto-motorneers’’ have been applied. 
All these devices are operated on a time basis, that is, 
a certain time must be used in changing the controller 
from one step to another. This method, in itself, is a 
step in the right direction as it certainly limits the 
current input into the motors under certain conditions. 

Automatic acceleration can be secured properly only 
by a current limiting device. There are no such de- 
vices applied to drum controllers. It may be possible 
to design such a device, but attempts in that direction 
have not thus far met with success. In the use of unit 
switches, that are separately power-operated, automatic 
acceleration can be secured by connecting the operating 
circuits through small contact making devices which 
are actuated by the main switches in closing and open- 
ing. By this arrangement the closing of some certain 
switches sets the actuating circuits for certain other 
switches, but these cannot close until the current- 
limiting device says that the current does not exceed 
the proper value. After the current has fallen to the 
proper value the current-limiting device closes the cir- 
cuit to the switches and certain other switches will 
close, increasing the impressed voltage on the motors 
and increasing the current. This acts to lift the current 
limit and to stop the progression of the switches until the 
current again falls to theproper predetermined value. This 
produces a uniformity of action of the switches and a 
smoothness of operation that no operator can reproduce 
manually, no matter what his skill may be. 

There are several modifications of this method of con- 
trol that are adapted to certain special conditions. For 
instance, if a road has heavy grades and it is necessary 
to start on these grades, it will, of course, be necessary 
to set the current limit high enough to give the torque 
required on the grades. This may be too high for proper 
operation on level track and it may also be so high as 
to be detrimental to the motors if used continuously. 
One way of meeting this condition is to use a time-limit 
relay that will operate the switches the same as the 
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current limit, this time limit being set so that it only 
comes into action under the most severe conditions. An- 
other ts, in four motor equipments, to throw the motors 
all in series, thus, for the time being, doubling the 
current per motor. Still another way is to have a small 
push button or switch to cut the current limit out tem- 
porarily. This is operated to pull in one switch at a time 
untH the point of hard pull is over. This arrangement 
is simple and is not open to the objection that the op- 
erator will use it at all times for the simple reason it is 
jess work for him not to use it. 

There is another method of connecting the current 
limit that is of considerable value in connection with 
direct-current roads, having a limited supply of power. 
If the current limit is connected in the trolley circuit, 
the acceleration will be at a constant current from the 
line irrespective of whether the motors are in series or 
parallel. It is necessary with this arrangement to ac- 
celerate with a larger current per motor with the motors 
in series than when using constant-motor current. That 
is, it is necessary to push the acceleration with the 
motors in series in order to give the same average. 
The advantage of this arrangement is that the fluctua- 
tions of power on the line are very much reduced. When 
using constant current per motor the demand on the 
line is, of course, twice as great when the motors are in 
perallel as when in series. By using constant line cur- 
rent the maximum demand on the line can be reduced 
from 20% to 35%. This point is of more importance 
than it may apr-ar at first sight. 

Practically all car equipments operating with auto- 
matic acceleration are of unit-switch type, but not all 
unit-switch control has automatic acceleration, although 
there is one type of unit-switch car control apparatus 
that is only used in this manner on direct-current work. 

The advantages of automatic acceleration as applied to 
direct-current operation are equally as great as applied 
to alternating-current operation, although the question 
of fluctuation of line current does not enter into the 
consideration to the same extent. Some equipments are 
in operation on alternating-current using two current 
limits, one to limit the motor current up to a certain 
value of lime current and then limiting by the line cur- 
rent. 

MULTIPLE CONTROL.—Of all the different functions 
and characteristics of railway motor control, the ability 
to handle a number of different power units simultane- 
ously ts ef vastly more importance than any other. It 
makes possible the fulfillment of service conditions that 
would be impossible without it. It is of as much impor- 
tance to electric train service as the introduction of air 
brakes was to steam train service. It makes available 
the greatest inherent advantage of the electric motor for 
traction- purposes, the subdivision of the power into 
small units without loss of efficiency. It makes availa- 
ble every wheel on every car for driving purposes as well 
as for braking, thus securing the maximum speed regu- 
lating facility. 

There have been a great many different schemes pro- 
posed for accomplishing this result, but only a few have 
ever been put into operation. Almost any scheme that 
is correct in principle can be made to do the work no 
matter how complicated or intricate it may be. It is 
only a question of perfection of the mechanism and de- 
tails. There are, however, certain conditions that must 
be fulfilled or the apparatus will fail. First, the ques- 
tion of safety must be as absolute as possible. There 
must be no possibility of false operations of the control 
apparatus, such that a train will start unintended, and 
the ability to cut the power off at will must be equally 
as certain. 

To fulfill these conditions, the apparatus must have 
certain characteristics. A failure of any part to per- 
form its proper function ‘must be negative in its re- 
sults rather than positive. This is a condition that is 
well recognized by all designers of automatic machinery. 
It is safe to say that ‘‘what can happen will happen.” 
This is appreciated by no one more fully than by one 
who has been connected with the development of a sys- 
tem of multiple-unit train control. 

As the operation of the apparatus on each car must 
be controlled by electric circuits carried from car to 
car, the integrity of these circuits must be maintained. 
It Is not only necessary that these circuits be well and 
properly insulated, but that they be kept so separated 
at the working ends that no false circuits will be estab- 
lished. With a set of unit switches arranged for auto- 
metic acceleration, it is not very difficult to get the 
different circuits so inter-connected that a false circuit 
will be established from car to car. Some of these cir- 
cuits are so much involved and are so difficult to trace 
that they are only discovered when several cars are con- 
nected together. The precision and safety with which 
the trains are handled on the roads using multiple unit 
control would seem to indicate that the difficulties above 
mentioned have been pretty thoroughly overcome. 

Ia developing apparatus to meet the requirements of 
multiple control.and automatic acceleration as set forth 
above, the engineers of the company with which the 
writer is connected have followed consistently and con- 
tinuously certain well defined lines: (1) the operation 
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of the control apparatus is entirely independent of the 
main power circuit; (2) maintaining relatively high pres- 
sure on all switch contacts; (3) low-voltage non-grounded 
circuits from car to car; (4) automatic acceleration; (5) 
all direct-current car equipments operated on the bridg- 
ing system of control. 

These features have been maintained in all the appa- 
ratus put into operation and as the term of service in- 
crcases the value of them becomes more and more pro- 
nounced. 

The value and advantage of operating the control ap- 
paratus independently of the main powcr circuit consists 
in being unaffected by any variations of line voltage and 
ability to operate control apparatus when the power is 
off. One of the advantages of this is that the motors 
may be ‘‘bucked’’ in case of an emergency. Also the 
control apparatus can be operated for inspection with- 
out power on, thus removing any possible chance to acci- 
dent. These advantages and some others not mentioned, 
more than offset the trouble and disadvantage of main- 
taining the small storage battery used for the control 
circuits. 

The question of switch pressure contact ts under per- 
fect control, as compressed air is used to operate the 
switches, thus making it easy to get any pressure re- 
quired. The comparative heating with low pressures is 
excessive and often causes a welding together of the 
switch contacts. The principal advantage of the ability 
to get high contact pressures is that the switch can be 
made much narrower and a magnetic field of proper 
strength for blowout purposes can be more readily se- 
cured. With this construction, it is possible to make 
single switches of several thousand amperes capacity 
for direct-current operation. For alternating-current op- 
eration the capacity of a single switch has another lim- 


itation, that of secondary currents in the metal parts 


of the switch exposed to the action of the magnetic fleld 
uscd to blow out the arc. 

The use of low-voltage, non-grounded circuits for the 
train line has two very great advantages over a high- 
voltage train line: immunity from short circuits and 
grounds, and the absence of sparking or burning at the 
master controller or interlock contacts; also, from an 
inspection standpoint, there is no danger of getting a 
shock from handling the current carrying parts. 
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THE OPEN-TANK METHOD OF PRESERVING TIMBER.* 
By HOWARD F. WEISS. f 


The purpose of this paper is to discuss briefly the his- 
tory, theory and practical application of the open-tank 
or non-pressure process of preserving timber. 

The successful impregnation of wood with preserva- 
tives without pressure was first brought before the pub- 
lic in 1867 by Prof. Charles A. Seely, a citizen of New 
York. The principles which Prof. Seely then described 
are in a large measure the same as those now accepted 
and employed. The general impression at that time that 
our timber supply was inexhaustible, coupled with the 
comparatively low price of lumber, caused Prof. Seely's 
process to attract very little attention. In fact, records 
show no trace of its commercial application and practi- 
cally no progress was made with it until the Forest Ser- 
vice carried on a series of tests at the Louisiana Pur- 
chase Exposition at St. Louis, in 1904. At the exposi- 
tion a number of different kinds of wood were treated 
by the open-tank process, and many efficient results 
were secured. These led to its more extensive study—a 
study which the Forest Service is still actively develop- 
ing. A similar series of tests was carried on at the St. 
Louis Fair by the promoters of the Guissani process. 
The principles involved were in a large part identical 
with those of Seely. I believe there are two commercial 
plants in Italy in successful operation treating wood 
by the Guissani process. The Forest Service has carried 
on a large number of tests in various parts of the United 
States to develop the open-tank method. Different kinds 
of timber have been treated in cooperation with tele- 
phone, mining, lumber, railroad companies, etc., and 
enough information has been obtained to place it on a 
sound practical basis. 

All wood is more or less porous and contains various 
amounts of air and water. If the wood is thoroughly 
saturated with water, no preservative can be forced into 
it. It is essential, therefore, in any preservative pro- 
cess to reduce the amount of moisture to a point where 
a satisfactory treatment can be obtained. In the open- 
tank method this is accomplished chiefly by air season- 
ing. The same means are also employed in a number 
of protesses where pressure is applied. There is no 
doubt but that air-seasoned wood is in a better condi- 
tion for treatment than green wood. The chief draw- 
back to air-seasoning is that it necessitates a large stor- 
age yard and a tied up stock which is subject to a fire 
risk and accumulating interest. Moreover, demands of 


*A paper presented at the convention of the American 
Street and Interurban Railway Engineering Association, 
Atlantic City, N. J., Oct. 12-16. 

TChief, Section of Research, Office of OR N 
tion, U. S. Forest Service, Washington, D. 
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business sometimes make it imperative to cut the tim- 
ber in the woods and ship it to the preserving plant for 
immediate treatment. In such a case no recourse can be 
had to air-seasoning. Again, if the timber is not prop- 
erly piled and is held for a long period in a seasoning 
yard it is liable to decay, especially in certain por- 
tions of the South where the atmosphere is warm and 
damp. It is frequently necessary to devise some means 
whereby the wood can be quickly seasoned and the fol- 
lowing methods are practised: steam seasoning, oil sea- 
Boning. Saturated steam is practically the only kind 
now used. Superheated steam is so- difficult to regulate 
properly that the wood is in great danger of being 
charred and its use has now been largely abandoned, 
The chief objection to saturated steam is that it does 
not dry out the wood; it is effective only as a heating 
medium, and a vacuum must be subsequently applied in 
order to get the moisture out of the wood. If seasoned 
wood is subjected to saturated steam, it will take up 
water. When green wood is heated in oil at a tempera- 
ture above the boiling point of water, it decreases in 
weight because the sap and water which it contains are 
vaporized and driven off. Its effect as a heating medi- 
um, therefore, is directly opposite to that of saturated 
steam. Few plants employ oil as a heating medium, but 
it seems highly probable that it will come into more 
general use. The chief difficulty at present is to drive 
out the moisture without affecting the physical proper- 
ties of the wood. Oil-drying is used in the open-tank 
method to prepare green timber for the reception of the 
preservative. It takes considerably longer and it is 
more expensive to dry out wood containing 80% moisture 
than it is to dry out that containing only 20 or 30%. 
Seasoned wood, therefore, is recommended for the open- 
tank process whenever possible. 

Wood is made up of a mass of united ‘bodies called 
“cells.” These vary in number, size, composition, form, 
density, etc., according to the character of the wood, or, 
more properly, the character of the wood depends upon 
these factors. The cells are bounded by cell walls com- 
posed chiefiy of cellulose. All tests made thus far fail 
to detect the presence of creosote in cell walls. If this 
is the case, it can occur only in the cellular and inter- 
cellular spaces of the wood. In the open-tank process 
impregnation with a preservative is accomplished by 
heating the air and moisture in the wood and then 
cooling them. The cooling causes a vacuous condition 
which is destroyed by the entrance of the preservative. 
An illustration in which the figures are all approximate 
May serve to show this more clearly. A cubic foot of 
&ir-seasoned loblolly pine weighs approximately 35 Ibs. 
This is made up of a solid (cellulose), liquid (sap) and a 
gas (air). Assume now that the air and sap are driven 
out of the wood by heating. The cubic foot of wood then 
weighs 30 lbs., and will be made up of 30% solid matter 
which cannot be impregnated; 70%, however, will be 
cellular and intercellular space, which, if completely 
filled with creosote, will give an absorption of 45.7 lbs. 
This may be termed the maximum theoretical absorp- 
tion. In practice all of the air and water cannot be 
driven out of the wood by heating. Neither can a per- 
fegt vacuum be obtained by cooling. The maximum 
practical absorption, therefore, is always less than the 
theoretical absorption. An absorption of 38 lbs. of oil 
per cubic foot, or an efficiency of 83%, based on a the- 
oretical absorption, has been obtained by the open-tank 
method with the species mentioned. 

The resistance offered by the cell wall ta the entrance 
of the preservative is a problem of great practical impor- 
tance, and one which is not at present well understood. 
Sap. wood can almost without exception be far more 
easily treated than heartwood. This resistance appears 
a distinct problem altogether from the density of the 
wood, and may be due te the lignification of the cell 
walls. Heart red gum, subjected to a pressure of 800 
Ibs. per sq. in., could not be penetrated, although this 
wood is by no means of a dense structure. In such 
cases, therefore, it seems very improbable that the ap- 
plication of pressure alone will assist the treatment to 
any appreciable extent. 

It is safe to state that the sap wood of practically any 
species can be completely impregnated by the open-tank 
process. The amount of preservative injected per cubic 
foot can be varied without affecting the penetration. In 
other words, a ‘‘full’’ or ‘‘empty’’ cell treatment can be 
easily obtained. Tests made on loblolly mine props 
showed a penetration of 3% ins., while the absorption of 
the creosote varied in amount from 6 to 18 lbs. per cu. 
ft. The amount of absorption is controlled largely by 
the degree and duration of the heating and cooling peri- 
ods. If held for a long time in hot oil, and then sub- 
merged in cold oil until no further cooling takes place, 
the wood will be thoroughly saturated. If heated in hot 
oil and then submerged in cold oil for only a short 
period, the cells of the wood will be only partially filled 
with the preservative. A similar result can be obtained 
by heating, cooling and then reheating the oil and wood. 

When it is desired to impregnate the wood with an 
aqueous solution, such as zinc chloride, it is first heated 
in oil and then submerged in the cold water solution. 
Poles cut from western yellow pine were treated in thig 
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manner in California and the zinc chloride penetrated 
to a depth of 4 ins. The absorption of dry zinc chloride 
varied from % to 2 lbs. per cu. ft. The amount of ab- 
sorption was controlled by the strength of the solution 
and the duration of the hot and cold baths. 

It can be seen that the open-tank process admits of 
a wide range of successful treatments for round timbers, 
such as posts, poles, props, etc. A mistake commonly 
made with sawed or hewn timbers, especlally with cross 
ties, is that heartwood or some species unadapted to 
treatment is specified. It happens at present that the 
more abundant and cheaper woods are almost always 
the ones best suited to preservative treatment. In a 
great many cases these can be more advantageously 
used than the more expensive varieties. Tests made in 
Louisiana without pressure on heart long leaf pine ties 
showed the creosote had penetrated % in., which is a 
good treatment for this class of material. The heart- 
wood of practically all species is very difficult to treat 
by any process, and in some the heart wood cannot be 
treated at all. 

In all pressure processes all portions of the timber are 
given the same treatment; thus the top of a telephone 
pole or fence post gets as much preservative as the 
butt. It is well known that in many parts of the United 
States a top treatment is not necessary. In the open- 
tank process the whole pole, or only a portion of ft, can 
be treated. This saves very materially in the cost of 
the preservative. Fence posts were treated in Alabama 
in which the butt portion was penetrated with ercosote 
to a depth of 1% ins., while the top was only given 
34 in. There is no good reason why the top of a post 
should be preserved longer than the butt. The open-tank 
process enables the treatment to be adapted according 
to the conditions to which the wood will be subjected. 


This must, in many cases, be acceded to be a distinct | 


advantage over any pressure process. 

There are at present two general types of open-tank 
plants in use. In one the wood is moved during the 
baths, while in the other the preservative is moved. 
The former is the simpler type and the one best suited 
to the treatment of fence posts and other small tim- 
bers where a cheap plant is desired, or when only a 
small amount of timber is to be treated. These plants 
may be built for as little as $5. Those commonly used 
by the Forest Service cost from $35 to $180 each, and 
have a capacity of from 50 to 200 posts per day. When 
large, heavy timbers, such as cross ties, mine props, 
poles, etc., are to be treated, it is cheaper to build a 
more expensive plant and to move the liquid rather than 
the wood. These plants are largely patterned after the 
pressure plants, but can be built at a much less cost 
on account of the lighter material and machinery used 
in their construction. A plant, including a treating cyl- 
inder 50 ft. long and 6 ft. in diameter, will cost about 
$8,000. Plants of this type consist of a horizontal cylin- 
der of %4-in. steel, with swinging doors locked by bolts. 
A small dome is fitted on the top of the cylinder and 
connected with a surface condenser. The vapors which 
pass off from the wood and oil during the hot bath are 
run through the condenser and can be turned back into 
the treating cylinder or into a waste. The cylindere is 
fitted with a track for running the cars in and out, with 
steam coils for heating the oil, and with thermometers 
for recording its temperature. One or more closed 
measuring tanks are built either directly over or to one 
side of the treating cylinder, so that the preservative 
‘can flow by gravity. These tanks are fitted with a gage 
which shows the absorption of the preservative. A re- 
ceiving tank is built in a pit so that the oil may run 
from the treating cylinder into it by gravity. It is then 
pumped back into the measuring or storage tanks. 

To recapitulate: Practically all kinds of wood adapted 
to preservation can be satisfactorily treated by the open- 
tank process in a wide variety of forms, such as ties, 
poles, piles, posts, shingles, props, etc. The process can 
be varied so that the cells of the wood can be thoroughly 
or only partially filled with the preservative, thus giving 
what is called the ‘‘full’? and “empty” cell treatments; 
it is adapted to the use of oils or salts or combinations 
of the two; it enables a variation in the treatment of 
the same stick, thereby economizing in the absorption 
of the preservative and concentrating it where it is 
most needed; and lastly, the absence of high pressure 
enables the construction of plants which will be rela- 
tively low in cost. 

‘The practical development of this process is very re- 
cent, and there are a great many problems remaining to 
be solved. The latter is also true of the various pres- 
Bure processes, and in order to test all thoroughly and 
impartially, and to determine the best use to which each 
is adapted, the Forest Service is erecting a laboratory 
in Washington that will be the most complete of its kind 
in existence. This laboratory will have retorts capable 
of withstanding pressures up to 500 lbs. per sq. In., and 
will have a complement of force, air and vacuum pumps 
so that a wide range of methods may be tested. It is the 
policy of the Forest Service to encourage the preserva- 
tion of timber just as vigorously as its means will per- 
mit, and it will welcome all criticisms and suggestions 
tending to advance the work, and by so doing aid in 
jts endeavors to conserve our forest resources. 


CAST MANGANESE-STEEL RAILS ON CURVES, BOSTON 
ELEVATED RAILWAY.* 
By H. M. STEWARD.f 


Within a few months after the elevated division of the 
Boston Hlevated Railway Company was opened for 
traffic (June, 1901), it was found that the rails on the 
curves were wearing out at an unprecedented rate. As 
about 40% of the entire length of the line is curved, the 
questlon of maintenance and the cost of rail renewals 
became, and still is, a serious problem. 

The tracks on the elevated division were first laid 
with Bessemer rail having a low carbon content (about 
0.45%) and the life of the outer rail on the sharp curves 
was very short, averaging about 60 days. On account 
of this excessive rail wear, the railway company de- 
termined to make a trial of manganese-steel rail, and a 
curve in the subway near Park St. station, having a 
center radius of 82 ft., was selected for the trial. In 
1902 the outer rail of the curve was relaid with manga- 
nese rails. These rails were cast in 20-ft. lengths, con- 
forming as nearly as possible to the Am. Soc. C. E. 85- 
Ib. section, and were purchased of William Wharton Jr. 
& Co., Inc. 

The Bessemer rail which was in the track immediately 
preceding the installation of the manganese rail wore 
down 0.065 ft. in 44 days, as shown in Fig. 1. The 
manganese rail remained in service up to August, 1908, 
when it was removed on account of an accident. It 
will, however, be replaced in the track within a short 
time and will be allowed to wear out completely. Fig. 


Fig. 2. Cast Manganese- 
Steel Rail. Laid April 
26, 1902. Worn Section 

1908 


Fig. 1. Ordinary Besse- 
mer Rail. 85 Ibs. per 
yd.; Am. Soc. C. E. sec- 


tion. Laid March 13, traced Aug. 3, 
1902. Removed April 26, (Rall still in service). 
1902. Life: 44 Days. 


Life until Aug. 3. 1908. 

2.291 days = 6 yrs. 3 

m. 7 d. 

Figs. 1 and 2. Original and Final Sections of Ordi- 
nary Bessemer and Manganese-Steel Rails, 
Outer Rail of Curve Near Park St. Station, Bos- 


ton Elevated Ry. 


2 shows the result of this experiment after the manga- 
nese rail had been in service 6 years, 3 months and 7 
days, or 2,291 days. The amount worn from the top of 
the rail is only 0.016 ft., which is certainly remarkable 
and illustrates the great resistance this metal offers to 
rolling friction. 

The traffic over this piece of track in 1902 was, of 
course, much less than at present, averaging probably 
1,000 cars, or 36,000 tons, per day, as against 1,700 cars, 
or 62,000 tons per day, at present. Consequently the 
manganese rail, on account of the constant increase in 
traffic, has given even better service than the compara- 
tive results show. 

Other instances could be cited, but in these cases the 
manganese rail has not been in service such a long 
period of time, although the comparative results are 
equally as good. This one example, however, is probably 
sufficient to illustrate the long life and value of rails 
made from this metal. 

From time to time we have made other experiments 
with special rollings of Bessemer, nickel-steel and open- 
hearth rails. In 1903 the Cambria Steel Company fur- 
nished us with some Bessemer rail having a carbon 
content of about 0.78%, the wearing qualities of which 
were very satisfactory when compared with ordinary 
Bessemer rail and were far better than the nickel-steel 
and open-hearth rail which we have obtained up to the 
present time. None of these rails, however, approached 
the manganese rail in length of life. 

As it is of interest to compare the Hfe of different 
brands of rails under the same conditions, I have se- 
lected five curves of short radii and have prepared a 
tabulation showing the comparative life of five different 
kinds of rail (see table below). We have not been able 
to actually test all of these rails on each of the curves, 

*A paper presented before the American Street and 
Intcrurban Railway Engineering Association at Atlantic 


City, N. J., Oct. 16, 1908. 
tRoadmaster, Boston Elevated Ry. Co., Boston, Mass. 


but from the actual results obtained on curves of similar 
radius we are able to closely estimate the life of the rails. 

The general use of manganese steel on tangents does 
not seem to me to be advisable. Even under the severe 
traffic of the elevated division ordinary rail has given 
fairly satisfactory service for over seven years. Our 
tangent rail does not, of course, receive such hard usage 
as that on steam roads and the joints do not suffer from 
the pounding of heavy locomotives. Manganese steel, 
while offering great resistance to grinding friction, will 
not, in my opinion, offer as great resistance to heavy 
blows on account of its ductility. Under heavy locomo- 
tive service I should say that the joints would batter 
and bend down some time before the rail would other- 
wise wear out. Its high cost also prohibits its use for 
this purpose. 

In our service we find that manganese rail will not 
withstand side wear equally as well as top wear. The 
grinding friction from the flat of the tire does not seem 
to have the same effect on manganese steel as the cutting 
action of the flanges, and we have found it advisable to 
protect the side of the head of manganese rail, holding 
the flanges away from it by means of a check or guard 
rail fastened securely to the inner rail of the curve. As 
the guard rail can be readily lubricated, it does not wear 
out particularly fast and we can afford to allow it take 
the side wear and in this way protect the manganese 
rail. 

On account of the excellent results obtained from man- 
ganese steel, the railway company purchased during the 
last two or three years about 4,700 lin. ft. of this rail 
at an average cost of $6.70 per ft. 

In 1902 and 1903 the railway company purchased about 
700 ft. of manganese rail at an average cost of $5 per 
lin. ft. The cost of Bessemer rail, to this company, 
averages about 0.39 cts. per lin. ft. 

All the manganese rail used by the company up to 
the present time has been cast in lengths not exceeding 
20 ft. On account of its having been necessary to cast 
the rail, the cost has been exceedingly high, due not so 
much to the cost of the metal as to the labor involved 
in making the patterns, casting, and especially in finish- 
ing the rails. As it is not possible to machine the 
metal, the only way it can be finished to form is by 
grinding. 

Recently the question of rolling manganese rail has 
been taken up by two companies in this country and at 
least one in England. It is proposed to roll manganese 
rails in lengths up to 33 ft. and of any section desired. 
The Boston Elevated Ry. Co. has not as yet obtained 
and made a trial of rolled manganese rail, but is about 
to do so and has already placed orders for a limited 
quantity. When the rolled manganese rail is received 
the company proposes to make a comparative test with 
cast manganese rail of the same quality as was used on 
the Park St. curve. If the rolling of manganese rail is 
found to be successful and the metal is as good as when 
cast, the cost ought to be very much less than at pres- 
ent and the use of the material for track purposes should 
increase. 

We have also used manganese steel extensively in 
frogs, switch points, etc. The difference in life between 
Manganese steel and ordinary frogs and switch points 
is great enough to warrant its use and will more than 
pay for the difference in first cost alone, while if the 
cost of maintenance is taken into consideration manga- 
nese steel is the cheapest metal that can be used. 

As to the comparative cost of maintenance, the general 
maintenance of track, outside of rail renewals, should 
not vary appreciably whether the track be laid with 
Manganese rail or Bessemer rail. 

Taking the curve at Park St. as a basis, and assuming 
that the life of manganese rail at this point would be 
eight years and that of Bessemer rail about two months, 
I should say that the following figures would be a fair 
estimate of the comparative cost of maintenance per lin. 
ft. of single rail for a period of eight years: 


Cost of manganese rail per foot.........+..+.+-. $6.70 
Bonds, spikes, eto OD 
Labor S . aS E, 22 

Total cost of maintenan eee 57.01 


Cost of Bessemer rail per foot (50 renewals).... $19.50 
Spikes, bonds, etc....... 3.25 
Renewals of ties, account “spike killing’. 8 2.90 
((/ AA 15.50 


I y ss Seb lo 
This comparison, you will understand, is made from 
one specific case in which the costs can be very closely 
estimated. The same proportions might or might not 
apply in other instances. 
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COMPARATIVE LIFE OF RAILS ON TYPICAL SHARP CURVES, BOSTON ELEVATED RY. 
Speed of trains from 8 to 10 miles per ‘hour. 


Loeation of Curve. Radius 
Park St. (Subway), southbound track..... wer... 82 ft. 
Adams Sq. (Subway), northbound track.. cay. So. 
Park St. (Subway), southbound track..... ase e 
Haverhill St., northbound track 100 
Sullivan Sq. L Opp )3%%ͤ 88 106 


*Still in service. 


High 
Ordinary Carbon Nickel Manganese Open- 
Bessemer Bessemer Steel Steel Hearth 
Rail. Rail. Rail. Rail. Rail. 
— ——— — : — —— 
Mos. Days Mos. Days Mos. Days Mos. Days Mos. Days 
2 3 8 187 8 12+ 76 4“ 1 11 
2 17 10 15 4 47 80 10 1 27 
2 18 10 111 4 37 66 15% 1 207 
4 8 11 13 6 19 128 97 2 21 
3 T 18 8 5 77 101 . 87 2.7 


TEstimated life from actual results on ouryes of similar radius, 


October 22, 1908. 


A REMARKABLE SEWAGE-DISPOSAL PROBLEM AT 
BELPAST, IRELAND. 


The growth of enormous quantities of green 
seaweeds in the bay adjacent to the city of Bel- 
fast, Ireland, has given rise to a series of inter- 
esting reports on these growths and on the gen- 
eral subject of improved means of sewage dis- 
posal for Belfast. We are indebted to Dr. E. A. 
Letts, Professor of Chemistry and Joint Lecturer 
on Sanitary Science in Queen’s College, Belfast, 
for a copy of his final report on the subject 
(dated May, 1908.) The report is over a hundred 
pages in length and is accompanied by a number 
of folding plates. It includes studies designed to 
show the character and extent of the pollution 
of Belfast Lough, as the bay is called, and also 
a summary of various experiments on the treat- 
ment of Belfast sewage with a view to producing 
an effluent that would not give rise to the growth 
in question, which is chiefly Ulva latissima. 

It appears that this growth is greatly acceler- 
ated by both free ammonia and nitrates. The 
problem of sewage treatment to prevent the 
growth is complicated by the fact that in ordi- 
nary methods of treatment the reduction of the 
free ammonia is accompanied by a production of 
nitrates. The proposed solution of the problem 
is virtually a combination of a nitrification and 
denitrification process. 

In opening his report, Dr. Letts states that the 

Belfast problem is 
an entirely new one in the history of sewage-purification 
methods,. and is exactly the reverse of that which the 
earlier workers on these methods endeavored to solve, 
namely, the utilization of the constituents of sewage 
for the cultivation of crops. 
He adds that subsequent to his investigation he 
has found that Ulva latissima grows in abundance 
in other places where sea-water is polluted by 
sewage, notably at Teignmouth, Falmouth, South- 
ampton and Chichester. Nuisances due to the 
Same cause have also been reported from Bar- 
mouth, Cromer, Margate, Penzance and else- 
Where. He has heard of no instance of Ulva 
occurring in quantity in unpolluted water. 

Dr. Letts experimented with double contact 
beds alone, septic tank and double contact beds, 
a septic tank and sprinkling filter, and finally a 
Septic tank, sprinkling filter and denitrifying fil- 
ter. The report does not make quite clear just 
what the character of the denitrifying filter was, 
but there seems reason to think that it was or 
resembled a contact bed. 

He states that the denitrifying beds will not 
add materially to the cost of a sewage-treatment 
plant, since under ordinary weather conditions 
the storm filter beds (which he assumes will be 
necessary) can be used for denitrification. This, 
he says, will keep the storm filter beds “in an 
eficient condition for the purification of the di- 
lute sewage passing through them during peri- 
ods of storm.” Moreover, sprinkling filters will 
be required under this plan for the treatment of 
only a portion of the sewage. 

The conclusions and recommendations of Dr. 


Letts’ report, in so far as they relate to the char- 


acter of sewage works proposed, may be quoted 
as follows: 


After screening, and the removal of road detritus, the 
sewage should be submitted to a process of sedimenta- 
tion in suitable tanks for a period of six hours, then a 
portion thus clarified should be treated on sprinkling 
filters, after which the resulting effluent should be mixed 
with the remainder of the tank effluent, and the mixture 
submitted to further treatment on a denitrifying bed, 
then discharged into ponds or lagoons, and thence into 
the Lough. Provisionally, a mixture of equal volumes 
of the tank and sprinkler effluents may be treated on 
the denitrifying beds, and the working cycle of the lat- 
ter may be four hours contact and two hours rest; but 
it is quite possible that future experience may show that 
these conditions may be so modified as to induce a more 
complete purification than that hitherto obtained, which 
amounts to about 80% in those factors which affect the 
growth of the Ulva. 

The process of purification proposed thus involves three 
principal and consecutive operations, the effects of which 
may be summarized as follows: 

(1) Removal of road detritus (by catch-pits), gross 
solids (by screening), and the greater portion of the 
suspended solids (by sedimentation). These solids have 
hitherto affected the Lough in two ways— (a) by causing 
deposits which have to be dredged, and (b) by slowly 
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evolving ammonia which has encouraged the growth of 
the Ulva. 

It is probable that from % to & of the total of the 
above-mentioned solids will be got rid of by the process 
named, and that the effect {n relation to the ammonia 
will be a purification of about 17 to 20%. 

(2) Treatment of the sedimented sewage by sprinkling 
filters followed by a short period of sedimentation to re- 
move the solids breaking away from the filters and 
which subside rapidly. This, so far as the Belfast prob- 
lem is concerned, involves (a) the removal of the remain- 
der of the suspended solids, (b) the removal of free am- 
monia, (c) the production of nitrates. 

It is somewhat difficult to give a definite statement as 
to the degree of purification to be expected from this 
method of treatment, but the mean of all the different 
experiments made shows a total of about 70%. 

(3) Treatment by denitrification. This will probably 
induce a further purification of 10 to 12%, or a total of 
80 to 82%. 

— — a ine 


THE PREMATURE EXPLOSION of a blast in ths 
Ingleside lime quarry, 18 miles from Fort Collins, Colo., 
Oct. 15, killed seven men and injured 23 others. 

— . — 

A TYPHOID FEVER EPIDEMIC at West Pullman, 
III., appears to be traceable to milk supplied by a dairy- 
man in whose family three cases of typhoid occurred. 

— . — — 

THE EXPLOSION OF A BOILER at West Seneca, N. 
Y., Oct. 18, killed one man and injured two others. 
The boiler was being used by a sewer construction 
company to supply steam for a pump. 


— —ꝛ 

A FIRE IN CHICAGO, Oct. 16, consumed the docks of 
the International Salt Co. on the Calumet River at 
103d St. and destroyed the offices of the Eigin, Joliet 
& Eastern Ry. and 50 freight cars. The fire started in 
the salt company’s cooperage shop. It is reported that 
650,000 bbls. of salt were destroyed. The loss is esti- 
mated at $1,060,000. 

p 


THE TIMBERS OF A SEWÐR TUNNEL GAVE WAY 
at Portland, Ore., Oct. 6, and two men were killed in 
the cave-in which followed. The accident occurred 300 
ft. from the mouth of the tunnel in the Brooklyn sewer 
between East Sixth and East Seventh Sts. 


——_-—__# 


FOREST FIRES have again broken out in New York, 
Connecticut, Massachusetts, Vermont, West Virginia, 
Pennsylvania, Indiana, Ohio, Wisconsin and Michigan. 
The fires in the northern portion of Michigan’s Lower 
Peninsula have been the most destructive, having 
spread over the counties of Presque Isle, Alpena, Mont- 
morency, Cheboygan and Otsego. Less destructive fires 
are reported in other adjacent counties, and in the east- 
ern end of the Lower Peninsula. Two villages, Metz 
in Presque Isle Co. and Koss in Menominee Co. have 
been partially burned. A relief train on the Detroit & 
Mackinac Ry., loaded with refugees from Metz, was 
derailed while attempting to run through a stretch of 
burning forest. The passengers found themselves be- 
tween burning piles of ties on one side and burning 
cars of bark and lumber on the other. Eighteen were 
burned to death and many others are missing. The 
total number known to have died as a result of the fires 
in Michigan is given as 41. More than 500,000 ft. of 
cut timber have been burned in Otsego Co. 

In New York the fires in the Adirondack region have 
destroyed large areas of standing timber and several 
villages and hamlets have had narrow escapes. The 
condition in Pennsylvania is equally bad. Forest fires 
are said to be burning in 20 counties in Indiana. In 
Wisconsin the country for six miles east of Namekagon 
Lake is described as a mass of burning timber. Lesser 
fires are reported in the vicinity of Williams, W. Va.: 
Lisbon, Ohio; Winchester, Conn.; the Berkshire Mts. in 
Massachusetts and the foothills of the Green Mountains 
in southern Vermont. 

— . — 


RAILWAY ACCIDENTS during the week have been 
reported as follows: A burning bridge on the Missouri 
Pacific Ry., two miles east of Shannon, Kan., gave way 
under a westbound passenger train Oct. 14. The bed of 
the stream spanned by the bridge was dry. The ap- 
proach to the bridge is at the end of a sharp curve so 
that the engineer did not discover the fire in time to stop 
his train. The rear coaches went down with the col- 
lapse of the bridge and were burned, but the occupants 
escaped. . 

A hot box caused the derailment of a car in a freight 
train on the Lake Shore & Michigan Southern Ry. at 
Amherst, O., Oct. 14. The cars immediately following 
were wrecked and the hot box set fire to the wreck- 
age. A tank car loaded with gasoline exploded, se- 
verely burning six firemen and spectators. 

A head-on collision between a passenger train and an 
extra stock train on the Atchison, Topeka & Santa Fe 
Ry., 13 miles east of Newton, Kan., took place Oct. 18. 
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Twenty-two ‘passengers were injured, and the engineer 
of the stock train and 40 head of cattle were killed. 

A passenger train on the Chicago, Rock Island & Pa- 
cific Ry. collided with an extra freight at a siding mid- 
way between Ramah and Mattison, Col., Oct. 18. Three 
men were seriously injured. 

The boiler of an eastbound freight locomotive on the 
Southern Ry. exploded at Mayo, Va., Oct. 13, killing the 
engineer and injuring two firemen. The train, which 
was drawn by two locomotives had stopped to take 
water, and the engineer was engaged in oiling the en- 
gine when the explosion occurred. His fireman, who was 
presumably in the cab, was hurt about the head and 
claims to remember nothing about the accident. 

— J? — 

THE COLLAPSE OF A BRIDGE PIER is reported 
from Oxbow, Sask., but without particulars. The pier 
was part of a concrete structure being built for the 
Canadian Pacific Ry. 

— — 

A MONORAIL STREET-RAILWAY will probably be 
built in New York City. The Interborough Rapid 
Transit Co., which, besides operating the subway and 
owning and operating the elevated railways, owns sev- 
veral short stretchcs of surface railway in outlying 
parts of the city, has sold the Pelham Park & City 
Island R. R. Co., a short horse-car line in the ex- 
treme northeastern part of Bronx Borough, to the Mono- 
road Construction Co. The latter concern has now 
made application to the Public Service Commission to 
construct a monorail road on this line. H. B. Reed 
is Chief Engineer of the company, and H. H. Tunis is 
Consulting Engineer. 

— . 

A RAILWAY FROM LARISSA TO ATHENS and thence 
to the Piraeus was opened for traffic a month ago. An 
extension from Larissa (in northern Greece) to the 
Turkish frontier is now under construction and will be 
completed shortly. About 50 miles will then be lacking 
to give connection with the railway system of Turkey 
and via the Turkish lines with central Europe. 

— . 

THE LONG WATER RATE WAR between the city and 
county of San Francisco and the Spring Valley Water Co. 
bas taken on a new phase through an interlocutory in- 
junction against the enforcement of the 1908-9 rates re- 
cently fixed by the county supervisors. The water rates 
have been at issue since an action brought by the company 
in 1903. Since then the company has been collecting 
the rates of 1902, although the rates are supposed to be 
fixed by the supervisors yearly. The year 1905 was 
largely occupied in taking testimony, which, perhaps 
partly owing to the earthquake of 1906, has never been 
submitted to the court. The present decision upholds 
the right-of the city (or county) to fix Just and rea- 
sonable rates.“ The value of the water- works, for rate- 
making purposes, is set at $27,550,000 and on that 
amount it is held that the company is entitled to earn 5% 
interest, above taxes, operating expenses and deprecia- 
tion. Earthquake damages are excluded from depreciation 
allowances, the latter being set at $160,000. Pending a 
final decision on the points at issue, the company may 
charge a rate 15% in excess of the recent ordinance rate, 
but all moncys collected in excess of the ordinance rate 
must be paid into court and there held until final de- 
cision is reached. The company was given ten days to 
accept the restraining order, failing which the prayer 
for the injunction would be denied. 


— . — 

AN INJUNCTION AGAINST THE PASSAIC VALLEY 
trunk sewer has been applied for in the name of the 
Attorney-General of New York State. The U. S. Supreme 
Court has set Jan. 4, 1909, as the date for answering the 
application. The application alleges that the proposed 
discharge of the sewage of Newark, Paterson and other 
municipalities into New York Bay would be a menace to 
health and a damage to the harbor, and that under a com- 
pact of 1833, New Jersey granted New York police juris- 
diction over the waters adjacent to the New Jersey shore. 

The effect of the action just outlined is to prevent the 
Passaic Valley District Sewerage Commission from pro- 
ceeding with the trunk sewer project, possibly for several 
years to come. It is now nearly fifteen years since the 
agitation for cleaning up the Passaic River began. A 
number of years were occupied in more or less superficial 
investigations by temporary committees. Then a per- 
Manent district commission was appointed. Just as the 
commission was about to sell bonds for a trunk sewer 
the statute under which it was acting was declared un- 
constitutional. The remedial legislation secured made it 
optional whether or not the several municipalities within 
the district should enter the scheme. Most of the munici- 
palities have decided to do this. The latest decision of 
moment has just been made by the.city of Paterson, 
which heretofore has done much to oppose and postpone 
the sewer. Paterson's acceptance of the scheme, however, 
was conditional on the final estimates coming within the 
preliminary estimate of some $12,000,000 for the trunk 
sewer and accessories.’ The acceptance was also made 
with the idea that probably it would precipitate the in- 
junction application already outlined. . ; < 


460 


ENGINEERING NEWS. 


Vol. 60. No. 17. 


A LARGE BRIDGE IS BEING BUILT over the Vistula 
River at Marienwerder, Germany. to furnish a double- 
track crossing for a new railway line between Schmentau 
and Riesenburg. The river at the crossing is about 5,000 
ft. wide between levecs, but to shorten the bridge one of 
the levees was shifted, thereby reducing the length to 
3,475 ft.; less than half this space is occupied by the 
normal channel. The river has a flat cross-section, in 
rather soft bottom. This fact, and the necessity of safe- 
guarding against scour required the picr foundations to 


go down from 30 to 50 ft. below water surface. Long 
Spans were dictated by these coaditions, but more 
strongly by the ice conditions in winter, which are 


such that the navigation authorities wcre led to demand 
minimum obstruction of the total channel width by 
piers. In response to this the bridge was de- 
signed with ten spans, of which five are par- 
allel-chord truss spans each 256 ft. long c. to c. 
end pins (two at left bank, three at right bank), 
and five are curved top chord truss spans each 426% ft. 
long e. to c. end pins. The clear width of the roadway 
is 37 ft., of which about 11 ft. is available as a highway 
crossing, while the rest of the wicth accommodates the 
two railway tracks. The trusses have a simple triangular 
web-system with intermediate vertical stays to subdivide 
the panel lengths and a further subdivision by a bottom 
subvertical system. The main pancls are 64 ft. in the 
shorter spans and S6% ft. in the long spans, making 
the subpanels 16 ft. and 2114 ft. long, respectively. The 
connections are of course all riveted. The total weight 
of the ten spans is about 13,000 tons. The construction 
of the bridge was begun in 1905. Pneumatic caissons 
were sunk for the nine piers, while the abutments were 
founded behind cofferdams. The picrs are at present 
all completed, and six spans of the superstructure have 
been erected. The spans are erected on pile trestle 
falsework having 40-ft. spans for navigation and logging. 
The bridge will probably be completed within a year. 
The total cost will be over two million dollars. The 
piers were built by P. Holzmann & Co., of Frankfurt 
a. M., and the superstructure is being built by a syndi- 
cate of three companies, the Harkort Co., of Duisburg, 
the Gutehoffnungshiitte of Oberhausen, and the Ver- 
einigte Königs & Laurahiitte Co. of Königshütte. The 
work is under the direction of the Prussian Railways. 
— — — | 

MUNICIPAL CONTROL OF PUBLIC UTILITIES IN 
GERMANY.—There are now 58 citics in the Empire con- 
taining over 50,000 inhabitants. In these cities the lead- 
ing utilitics are owned and conducted by the municipall- 
ties to the following extent: 


Public utilities. Number 

of cities. 
Gas works o e 44 
Electric power plant e Ke eines wie deeds 38 
Water-wWorks ....sscesesoesoseooos ee ere ere 43 
Abbate 8 e e 47 
Bath houses wee e os 8 42 
Street railroaddwW0w ceca nr ccce e 10 
Removal of garbage and sewage e 56 
Market. Halle reens ares as a eA ee ee eS 16 

Tenement houses (chiefly for municipal em- 

ployees and laborers) ) eee 22 


In regard to financial results the gas works make the 
best showing. Their total profits amount annually to 
$10,100,000. Of this sum about $2,500,000 is required 
for interest on the investment. Electrical works show 
a profit of $4,200,000, of which $1,300,000 is expended 
for interest. Water-works return on an average of 8.0% 
of the capital invested. Market halls and tenements 
yield bu little profit. The entire capital invested by 
German municipalities in plants for public utilities is 
now estimated at nearly $1,000,000,000. The value of 
forests and meadows, as well as the capital of municipal 
banks and loaning organizations, is not included in this 
total. 

While so much activity in this field Is developed by 
the German cities, there is but little evidence of a ten- 
dency to invade indiscriminately the economic territory 
of general industrial competition. Municipal control is 
established when there is simply the choice between 
a public and a private monopoly, as in the case of gas, 
water, electricity, etc., or else when the desirability of 
a utility is unquestioned, but the uncertainty as to profit- 
able returns fails to attract private capital. There is but 
little probability that German municipal enterprise will 
step outside these limitations. The telegraph and tele- 
phone in Germany are owned and managed by the Im- 
perial Government, and most of the railway lines are 
the property of the different statcs.—From the report 
of Consul T. H. Norton, of Chemnitz, in the October 
Consular and Trade Reports. 

l — — 
PERSONALS. 


Mr. T. S. Leake, Supervisor of Buildings of the Mis- 
gouri Pacific Ry., has resigned to engage in general con- 
tracting in Chicago. 

Mr. T. F. Barton has been appointed Master Mechanic 
of the Delaware, Lackawanna & Western R. R., at Kings- 
land, N. J., succeeding Mr. A. C. Adams, resigned. 


Mr. G. L. Wetmore, Division Engineer of the Lake 
Superior Division of the Canadian Pacific Ry., has been 


transferred to the Atlantic Division, with headquarters 
at St. John, N. B. Mr. Frank Taylor, Assistant Engil- 
neer at Montreal, will succeed Mr. Wetmore as Division 
Engineer at North Bay, Ont. 


Mr. James McNaughton, M. Am. Soc. M. E., has suc- 
cecded Mr. R. J. Gross, resigned, as Vice-President of 
the American Locomotive Co. and Manager of the Salcs 
Department. Mr. Wm. L. Reid, M. Am. Soc. M. E., will 
succeed Mr. McNaughton as Manager at the Schenectady 
works. 


Mr. B. A. Behrend, M. Am. Inst. E. E., Chief Engi- 
necr for five years of the Electrical Department of the 
Allis-Chalmers Co., has severed his connection with the 
Allis-Chalmers interests. Mr. David Hall, Assoc. Am. 
Inst. E. E., Assistant Chief Engineer of the Electrical 
Department, and Mr. Allan B. Field, Assoc. Am. Inst. 
E. E., in charge of altcrnating current work of the same 
company, have also left their positions. 


The following appointments at the College of Applied 
Science of the State University of Iowa are announced: 

Mr. Sherman M. Woodward, M. Am. Soc. M. E., Ir- 
rigation Engineer, U. S. Department of Agriculture, has 
become Professor of Hydraulics and Engincering Ma- 
terials, and acting head of the Department of Mechanical 
Engineering. Mr. Woodward holds degrees from Wash- 
ington University and Harvard. 

Mr. Arthur W. Hixson has been appointed Instructor 
in Mining and Metallurgy in charge of the Department 
of Mining. Mr. Hixson graduated at the University of 
Kansas in 1907. 

Mr. John E. Boynton, who graduated at the University 
of Wisconsin in 1905, has been appointed Instructor tn 
Steam Engineering. 


Obituary. 


William Trethway, Underground Superintendent of the 
Amyegdaloid branch of the Calumet & Hecla mine at 
Calumet, Mich., was struck by a skip and instantly 
killed Oct. 15. 


James Daly, who was for many years connected as a 
civilian with the Corps of Engineers of the U. S. Army, 
died at his home in Washington, D. C., Oct. 12, at the 
age of 80 years. 


Bennett H. Brough, Secretary of the Iron & Steel In- 
stitute, died at Newcastle-on-Tyne, England, Oct. 3. Mr. 
Brough was the author of a ‘‘Treatise on Mine Survey- 
ing’’ and of numerous papers on mining and metallurgy. 
He was formerly Instructor in Mine Surveying at the 
Royal School of Mines. 

Frederic A. C. Perrine, M. Am. Inst. E. E., died of 
Bright’s disease, Oct. 20, at his home in Plainfield. N. J. 
Mr. Perrine was born in Manalapan, N. J., in 1862. He 
graduated at Princeton in 1883 with the degree of A. B., 
took up post-graduate work during the two following 


years, specializing in electrical engineering, and in 
1885 received the degree of D. Sc. He then became 
Assistant Electrician of the United States Electric 
Light Co., and remained with them until, in 18899, he 


entered the employ of the John A. Roebling’s Sons Co. as 
Manager of the insulated wire department. Leaving this 
company in 1892, he became Treasurer of the Germania 
Electric Co. In June, 1893, he married Miss Margaret 
J. Roebling and, in the same year, was appointed Pro- 
fessor of Electrical Engineering at Leland Stanford, 
Jr., University, where he remained until 1900. During 
his last two years at Stanford, Mr. Perrine acted as 
Chief Engineer of the Standard Electric Co., of Cali- 
fornia, which was at that time engaged in the construc- 
tion of long, high potential transmission lines taking 
power into San Francisco from hydro-electric plants in 
the mountains. He returned to the East in 1900 as 
President of the Stanley Electric Mfg. Co., of Pittsfield, 
Mass., and occupied this position for four years. Since 
1904 he has maintained an office as a consulting engineer. 
Mr. Perrine has contributed several articles on topics of 
interest to mechanical and electrical engineers to the 
technical journals and to society proceedings. He was 
an editor of the Journal of Electricity,” published ifn 
San Francisco, from 1894-6, and of ‘‘Electrical Engi- 
neering’ in the two following years. He is survived by 
his wife, two daughters and a son. 


William Hankins, Principal Locating Engineer for the 
Carolina, Clinchfield & Ohio Ry., died Sunday noon, Aug. 
23. The final cause of his death was heart failure, but 
he had never fully recovered from the effects of an acute 
attack of grippe which he suffered last winter. Mr. 
Hankins was the son of George J. Hankins, of Bacon's 
Castle, Surrey Co., Va. He was born in 1849, was at 
one time a student at William and Mary College, Will- 
lamsburg, Va., and graduated with honor in civil engi- 
neering at the Virginia Military Institute in 1873. In 
the same year he secured a position as Assistant to the 
Resident Engineer in the construction of the Chesa- 
peake & Ohio Ry. in West Virginia. During the remain- 
ing 35 years of his life, Mr. Hankins was connected—in 
most cases as engineer in charge of location work—with 
22 different railways, mainly in the southern and south- 
western states. From 1879-80 he was Assistant Engi- 
neer on the location of the Denver & Rio Grande R. R. 


in Colorado and New Mexico; from 1887-88, Engineer in 
Charge of Surveys and Location of the Tennessee Midland 
Ry. (now part of the main line of the Louisville & 
Nashville Ry.); 1890-92, Engineer in Charge of Location 
and Division Engineer in charge of construction of the 
Gcorgia, Carolina & Northern Ry. (now a part of the 
Seaboard Air Line Ry.); in 1899-1900, Chief Engineer 
of the Greenbrier Ry., a 100-mi. branch of the Chesa- 
peake & Ohio Ry. His last position, which he had held 
since June, 1905, was that of Principal Locating Engi- 
neer of the South & Western Ry. and Division Engineer 
of the Blue Ridge Division. This road has recently 
become the Carolina, Clinchfield & Ohio Ry. 

The ability of Mr. Hankins as a locating engineer is 
well exemplificd by his work in planning the line for 
the loop construction of this railway down the southern 
slopes of the Blue Ridge Mountains, and in the location 
of the line south of and supplementing the Blue Ridge 
development. He is survived by his wife, formerly 
Miss Marcella Barrett, of Goochland Co., Va., two sons 
and a daughter. 

— 


ENGINEERING SOCIETIES. 


COMING MHETINGS. 


AMERICAN ELECTROCHEMICAL SOCIETY. 
Oct. 30-31. Fall meeting at New York City. Secy., 
Dr. J. W. Richards, Bethlehem, Pa. 
ROADMASTERS AND MAINTENANCE-OP-WAY A880 
CIATION OF AMERICA. . 
Nov. 10-12. Annual meeting at Milwaukee, WIS. 
Secy., W. E. Emery, West Chicago, III. 
AMERICAN RAILWAY ASSOCIATION, 
Nov. 18. Annual meeting at Chicago, III. Secy., W. 
F. Allen, 24 Park Pl., New York City. 
SOCIETY OF NAVAL ARCHITECTS AND MARINE EN- 
GINEERS. 
Nov. 19-20. Annual meeting at New York City. Secy., 
W. J. Baxter, 29 West 39th St., New York City. 
EMENT o SOCIETY OF REFRIGERATING ENGI- 
Nov. 30-Dec. 1. Annual meeting at New Tork City. 
Secy., W. H. Ross, 154 Nassau St., New York City. 
AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 
Dec. 1-4. Annual meeting at New York City. Secy., 
Calvin W. Rice, 29 West 39th St., New York City. 
AMERICAN INSTITUTE OF ARCHITECTS. 


Dec. 15-17. Annual convention at Washington, D. C. 
5 Glenn Brown, The Octagon,” Washington, 


WESTERN RAILWAY CLUB.—At the meeting held in 
the Auditorium Hotel, Chicago, Oct. 20, Mr. E. W. Mc- 
Kenna, Second Vice-President of the Chicago, Milwau- 
kee & St. Paul Ry. Co., gave an address on the subject, 
“A Constituency Without Representation.” 


CANADIAN SOCIETY OF CIVIL NMNUINEERS.— A 
meeting of the Electrical Section is to be held in Mon- 
treal, Oct. 22. A paper on Straight Air Brake Equip- 
ment,’’ by Mr. J. B. Parkham, will be read. There will 
be a meeting of the Mechanical Section at Montreal, 
Oct. 29. 


RAILWAY: SIGNAL ASSOCIATION.—At the closing 
session of the annual meeting at Washington, D. C., 
Oct. 15, officers were elected as follows: President, L. 
R. Clausen, Division Superintendent, Chicago, Milwaukee 
& St. Paul Ry., at Chicago; First Vice-President, H. S. 
Ballictt, Signal Engineer, Electrical Division, New York 
Central & Hudson River R. R.; Second Vice-President, 
C. E. Denney, Signal Engineer, Lake Shore & Michigan 
Southern Ry. 


NATIONAL SOCIETY FOR THE PROMOTION OF IN- 
DUSTRIAL EDUCATION.—The second annual conven- 
tion will be held at Atlanta, Ga., Nov. 19-21. The meet- 
ings of this convention will be held at the State Capitol, 
House: of Representatives, and there will be arranged in 


the corridors of the Capitol an exhibition of ‘the work of 


trade school pupils. Among the addresses to be given 
are the following: Industrial Training Through the Ap- 
prenticeship System,” E P. Bullard, Bridgeport, Conn.; 
„Promotion of Industrial Education by Means of Trade 
Schools,’ George N. Carman, Chicago, and Joba M. 
Shrigley, Williamson, Pa.; “Industrial Education in the 
Public Schools,“ Thomas M. Balliet, New York City, and 
L. D. Harvey, Menomonie, Wis. 


AMERICAN SOCIETY OF MECHANICAL ENGI- 
NEERS.—The November meeting will be held in the En- 
gineering Societies’ Building, 20 West 39th St., New York 
City, on Tuesday evening, Nov. 10. Mr. Franklin Phil- 
lips, President of the Hewes & Phillips Iron Works, New- 
ark, N. J., will make an address on ‘‘The High Powered 
Rifle and Its Ammunition—Instruments of Precision,’ 
illustrated by lantern slides. Mr. Phillips is an expert 
marksman, and is now Ordnance Officer of the Second 
Infantry of New Jersey. He has participated in tests of 
rifles and ammunition at Sea Girt, N. J., by men con- 
nected with the N. J. National Guard, which have led 
to marked improvement in arms and ammunition and to 
an entire change in the powder used by the government, 
thereby greatly increasing the accuracy of the shot. The 
improvement has been extended to large guns and instead 
of 2% hits which were made at Santiago, 80% is now 
the average in some ships. 
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CONSTRUCTION ON THE PATHFINDER DAM, NORTH 


PLATTE PROJECT, U. S. RECLAMATION SERVICE. 
By E. H. BALDWIN,* M. Am. Soc. C. E. 


One of the larger masonry dams under con- 
struction by the U. S. Reclamation Service is the 
Pathfinder Dam. This is being built near the 
central portion of Wyoming, in a granite canyon 
on the North Platte River, 3 miles below the 
junction with the Sweetwater River and 45 mi'es 
southwest of Casper, a town of about 1,000 in- 
habitants, on the Chicago & 
Northwestern Ry. The canyon 
at the dam-site is about 190 ft. 
deep, 80 ft. wide at the bottom 
and 180 ft. at the top, the sides 
being almost perpendicular for 
the upper 100 ft. The surface of 
the ground at the top of the can- 
yon is comparatively level, af- 
fording admirable conditions for 
the construction of a large struc- 
ture, giving ample room for the 
necessary plant and for storage 
purposes. 

The North Platte River has a 
drainage area above the dam 
vf approximately 10,500 sq. mi., 
the greater part of the water 
coming from the Continental Di- 
vide and from other ranges sur- 
rounding the North Park in 
Colorado and the Encampment 
country in southern Wyoming. 
The average yearly run-off is 
about 1,500,000 acre-feet. Dur- 
ing the flood season a maximum 
flow of about 13,000 cu. ft. per 
sec. is reached, while the mini- 
mum flow is about 400 cu. ft. per 
sec. The temperature in the 
vicinity of the dam varies from 
a maximum of about + 100° toa 
minimum of perhaps — 40° F., 
though such extreme temper- 
atures are rare and for very 
short periods. 

During the season of 1905, and 2 
preliminary to the letting of 
the contract for the construction 
of the dam, a tunnel 480 ft. 
long was driven by the Kil- 
patrick Bros. & Collins Con- 
tracting Co. While the dam is 
being built the river is di- 
verted through this tunnel, which will serve as 
the outlet for the water in the reservoir, and 
the discharge will be controlled by two sets of 
gates operated in separate shafts. The cross- 
section of the tunnel is about 10 x 13 ft., the 
bottom and the lower 2 ft. on the sides being 
lined with concrete. Two shafts, about 185 ft. 
in depth, were constructed with the tunnel; the 
upper shaft contains the high-pressure emergency 
gates described in Engineering News, Jan. 2, 
1908. This set of gates was installed during the 


*Engineer-in-Charge, U. S. Reclamation Service, Path- 
nder, Wyo. 
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past winter and has been successfully operated 
by hand, the gate-house not being ready to re- 
ceive the operating machinery. The gate cast- 
ings are concreted into a chamber, excavated 
for the purpose, at the junction of the shaft and 
tunnel, and the shaft is lined with concrete to 
the floor of the gate-house above, the cross- 
section being that of an ellipse with minor and 
major axes of 8 and 16 ft., respectively. At 
some future time it is intended to install regu- 
lating gates in the lower shaft, but for the time 


w 


— : M, 
y — * 


JAN. 31, 1906. 


being it will be capped with a reinforced- con- 
crete cover. 


In order to care for the low-water flow of the 
river while the emergency gates were being in- 
Stalled, which necessitated the closing of the 
upper end of the tunnel, two lines of 36-in. cast- 
iron pipe were built through the dam, the eleva- 
tion of the invert of the pipes being about 5 ft. 
above the bottom of the tunnel. To still further 
prevent the water from reaching a height suffi- 
cient to endanger the temporary bulkhead placed 
at the entrance to the tunnel, also to prevent 
the dam being flooded and thereby cause sus- 
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pension of masonry work, an opening was built 
through the dam about 15 ft. above the pipes. 
This opening is 4 x 4 ft., with a semicircular top, 
except at the entrance, where it is considerably 
enlarged. 

The contract for building the dam was awarded 
Sept. 1, 1905, to the Geddis & Seerie Stone Co.,’ 
of Denver, Colo. The total price was some- 
thing in excess of $600,000, which, in addition 
to the dam proper, includes the construction 
(see plan, Fig. 1) of the gate-house, spillway 
dams, guide wall and the haul- 
ing of cement from Casper to 
the dam-site. 

At spillway level the dam will 
impound 1,000,025 acre-feet, or 
326,000,000,000 gals. of water. 
It is being built of cyclopean 
rubble and will have the dimen- 
sions given in the table on p. 462.“ 

When sufficient plant had been 
received to begin operations. 
work was commenced on the 
temporary diversion dam (late 
in 1905). On account of the 
river bottom being studded with 
large boulders and rock frag- 
ments from the canyon walls, it 
was not considered feasible to 
use sheet piling, so a rock-fill 
dam, faced with gravel, was de- 
cided upon. Much of the exca- 
vation from the tunnel approach 
was dumped into the river to 
aid in making this dam, and a 
large quantity of rock was blast- 
ed from the canyon walls for 


the same purpose. Sufficient 
rock was placed to divert the 
greater portion of the river 
through the tunnel, but even 


after the rock was faced with a 
large quantity of earth and 
gravel the leakage was consider- 
able. This was partly due to 
the fact that the work was done 
in winter, the cold was exces- 
sive, anchor ice forming over 
the crevices between the rocks 
and preventing the finer ma- 
terial from entering. To get 
rid of this undercurrent a 
trench was excavated a short 
distance down-stream from the 
rock-fill dam, as deep as pos- 
sible, and in it a sand-bag core was built nearly 
to the level of the diversion dam. This core was 
back-filled with gravel and cut off considerable 
of the seepage. Below the sand-bag dam a siml- 
lar dam was built, but not as high, and on it a 
timber flume 2.5 x 2.5 ft., 260 ft. long, was built 


*The original plan called for a dam about 226 ft. 
long, terminating at bastions at either end, with a guide 
wall at each side of the canyon to carry the waste water 
away from the toe of the dam; during the past winter 
the design was considerably modified; both bastions and 
the southerly spillway and guide wall were eliminated 
and the dam carried out on the south side to the full 
height. Minor changes will yet be made in the plan of 
the southerly extension of the dam, but it will not affect 
the height or length, 
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DIMENSIONS OF THE PATHFINDER DAM. 

Elevation of spillway above sea level....in feet... 5,850 
Elevation of top of dannn “oe 5,860 
Total height of dam, from lowest point 

of foundation to top of parap et e 218 
Thickness of dam at too oe 10 
Thickness of dam at bottom.............. ou Hi 94 
Length of dam, maximum............... ue 425 
Radius of ess 8 N 150 
Batter of up-stream facꝶ )) per cent. 15 
Batter of down- stream fackde nk per cent. 25 
Approximate amount of masonr cu. yds.. 58,000 


across the area to be excavated for the founda- 
tion, terminating at a second temporary dam, 
built below the dam-site to prevent back water 
flooding it. This flume carried the seepage from 
the upper dams. Three 6-in. centrifugal pumps, 
operated by electric motors and discharging into 
the flume, were sufficient to handle the seepage 
from the lower sand-bag dam, on which the 
flume rested. 

Excavation for the foundation was pushed as 
rapidly as possible, but the extreme cold weather 
greatly delayed operations, as it was necessary 
to excavate large quantities of ice as well as 
rock, gravel and other loose material. An ex- 
cellent foundation was eventually secured, at a 
reasonable depth. The lowest point in the foun- 
dation was about 21 ft. below mean low water 
and about 14 ft. below the bed of the river. 
The average depth of excavation over the entire 
foundation was only 10 ft. ‘Rock suitable for 
` masonry work was saved while all other ma- 
terial was dumped outside the temporary dams 
to strengthen them. The foundation would have 
been ready for masonry laying early in April, 
1906, but on account of high water coming 
earlier, and lasting longer, than usual, this por- 
tion of the work had to be abandoned for about 
four months. Conscquently it was Aug. 15, 1906, 
when the first stone was laid. 

A very efficient plant was installed (Fig. 2). 
This includes 10 guy derricks, with 60-ft. 
masts and 50-ft. booms, 10 double-drum hoist- 
ing engines, four boilers with a total capacity 
of 200 HP., two cableways with spans of 350 
ft., operated by Lidgerwood engines and having 
capacities of 10 and 15 tons each, one air com- 
pressor, three steam drills, one No. 4 Gates 
crusher with élevator and screens, one No. 2 Ran- 
some coricrete mixer, one Iroquois mortar mixer, 
three 6-in. centrifugal pumps with electric 
motors, one 25-KW. generator and one 8)-HP. 
stationary engine which operates the gene- 
rator, crusher and all the machinery in the mix- 
ing house. 

The arrangement of the plant is such that 
operations can be carried on with a minimum 
amount of labor. The main power supply is 
obtained from three horizontal boilers. These 
are connected to a S-in. main steam line which 


supplies all machinery except that used in the 
face-stone quarry, which is somewhat isolated 
and is supplied from a separate boiler. The four 
derricks on the dam are operated by engines 
placed at the edge of the canyon walls, so that the 
enginemen can overlook the work. The mixing 
house is so arranged that the. cement is re- 
ceived on the upper floor, where there is storage 
room for 800 bbls. From the storage room the 
cement is dumped into chutes that carry it to 


system. Railroad tracks run from the cement 
storage shed and main quarry to the mixing 
house, crusher and cableways. The tracks are 
laid with a slight down grade in the direction of 
the load so that a few men can, without diffi- 
culty, push a car loaded with a 10-ton stone tò 
@ point beneath the cableway which picks it up 
and lowers it onto the dam. All material is de- 
livered on the dam by the cableways, the larger 
one handling stones, spalls, etc., while the smaller 


FIG. 1. GZNERAL PLAN OF PATHFINDER DAM 


the concrete or mortar mixer on the floor be- 
low. The bins for sand and broken stone are 
also on the upper floor, and by a system of levers 
the man in charge of the mixing readily obtains 
the material wanted, automatically measured. 
Water is piped from a large storage tank to 
the mixing house and connected to the mortar 
and concrete mixers. When mixed, the concrete 
Or mortar is dumped into sheet-iron skips that 
are placed on flat cars running on tracks on the 
ground below. This arrangement enables one 
man to handle something over 700 sacks of ce- 
ment in a day of 8 hours and a second man to 
mix an equal amount into mortar and concrete 
in the same time. 

The economical handling of material is further 
assisted by a vcry complete industrial railway 


FIG. 2. CONTRACTORS’ PLANT FOR THE PATHFINDER DAM, AS SEEN FROM THE SOUTH 
SIDE ON SEPT. 14, 1908, 


AND SPILLWAY AND CROSS-SECTION OF DAM. 


one handles the mortar and concrete. Tracks 
beneath the mixing house extend under the 
cableways; when a batch of mortar or concrete 
is mixed, it is run out beneath a cableway, 
picked up and delivered to one of the derricks 
on the wall. 

The method of construction is perhaps some- 
what unusual, particularly in the manner in 
which concrete is used. Both faces of the dam 
are built of selected stone, roughly cut to give 
vertical and horizontal joints not exceeding 2 
ins.; the up-stream face is laid in 2:1 mortar, 
while in the down-stream face 2%:1 mortar is 
used. After leveling up, a course is laid on 
each face. Then backing stone, varying in size 
from 1 to 10 tons, with perhaps 4 tons for an 
average, are set closely together, on a heavy 
bed of 2%:1 mortar and the vertical joints filled 
with concrete, mixed in the proportion 1:214:4, 
very wet and worked into place with shovels. 

The main body of the dam is constructed of 
broken range rubble, laid to break joints and 
thoroughly bond the work in all directions. The 
quarry furnishes stone of very irregular shape. 
and generally with rough beds which require 
spalling up. The wall is kept as rough as pos- 
sible, adjacent stones being usually of unequal 
height. With this exception, that no vertical 
joint shall be less than 6 ins., the stones are 
placed as close'y together as possible. When a 
considerable area has been covered with back- 
ing stone. a concrete gang starts at one end of 
the area thus prepared, filling the vertical joints 
cnd leveling up for another layer of stone. The 
concrete is placed in layers of about 1 ft., the 
exact depth depending on the height of the ver- 
tical joints formed by the lower backing stones. 
As the backing stones will average from 3 to 4 
ft. high, it takes three or four layers of con- 
crete to cover a stone, but as adjacent stones 
are of varying heights small beds are formed 
with each layer of concrete but always in a new 
position on the wall; in this way joints are 
broken vertically and a thorough bond secured. 

Spalls and one-man stone are floated in the 
concrete where the mass is sufficient to allow 
of it, but are never permitted to come above the 
concrete, as by so doing they would spoil the 
bed for another stone. The concrete is mixed 
in batches of 1 cu. yd., dumped into vertical 
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joints and carefully worked into all crevices; 
the lower portions of joints that are small and 
deep are first filled by shoveling directly into 
them, then the upper portion is filled by dump- 
ing. 

With the exception of building the derrick 
on account of the rock excavation on canyon 
walls being behind, the entire wall is carried as 
nearly level as possible. The governing idea 


show a “hard spot,” the stone was considered 
set, surplus mortar picked up and the bed joint 
finished off by the second mason. If the bed of 
the stone was somewhat rough, as is generally 
the case with the stone furnished by the spill- 
way quarry, after the stone was shaken down to 
make an impression it was raised by the derrick, 
spalls were placed in the mortar where needed 
and hammered down, hard spots in the concrete 


FIG. 3. GENERAL VIEW OF PATHFINDER DAM, LOOKING UP-STREAM, SEPT. 14, 1908. 
(The top of the dam, proposed, will be 10 ft. above the top of the derrick masts.) 


in placing a!l masonry, whether of stone or con- 
crete, is to have all voids thoroughly filled, for 
in no other way can leakage be prevented, es- 
pecially where the section of the dam is as light 
as the oneunder discussion. Also, to use as large 
a percentage of stone and as littlé concrete as 
possible, thereby saving cement, the average 
cost of which at the Pathfinder Dam is about 
$6 per bbl. During the past spring, when the 
water was 90 ft. deep at the upper face, there 
was no trace of dampness on the lower face. 
Backing stones are not placed on a bed pre- 
pared as above until the concrete has thor- 
oughly set. Before placing the mortar bed for 
a stone the area to be worked on is thoroughly 
swept and then wet with a hose. If there is 
any suspicion of dirt the area is washed. A 
heavy bed of mortar is then spread that will 
cover a little more area than the bed of the 
stone selected. The bottom of the stone is in- 
spected for dirt, seams or scales, and, if satis- 
factory, is wetted and lowered onto the mortar 
bed and shaken down with iron bars, one at each 
end, working opposite. If the bed of the stone 
was fairly even and the shaking down did not 


SHOWING MASONRY FACE, UPPER SIDE, IN DETAIL, 
APRIL 27, 1908. 


(if any) were dug out, a light coating of mortar 
spread over the bed and the stone shaken down 
again. If it floated when rubbed down it was 
considered set. Usua'ly, after the masons be- 
came skilled in the work, it was seldom neces- 
sary to lift a stone more than once, unless the 
bed of the stone was particularly rough, in which 
case it often had to be raised several times. 
While the capacity of the plant is about 200 
cu. yds. of masonry in 8 hrs., and could be in- 
creased to 250 cu. yds. by lowering stone and 
spalls at night, the maximum quantity of 
masonry laid in one month was 5,040 cu. yds., 
or 168 cu. yds. per day. Several unavoidable 
conditions and circumstances exist that limit 
the progress of masonry laying. Where the 
ends of the dam connect with the canyon walls 
considerable excavation is necessary, partly on 
account of seamy and disintegrated rock,-but at 
the north end mainly to obtain a satisfactory 
bond, the canyon wall at this end making quite 
an angle away from a radial plane to the end of 
the dam. E 
The horizontal area of the dam is so small that 
it can be worked over in a day, and as concrete 


FIG. 5. 


placed in the morning is seldom hard enough 
to lay stone on before night nothing would be 
gained by increasing the force. The maximum 
monthly progress cannot be made regularly, as 
the derricks on the wall have to be raised every 
six or eight weeks, which causes a delay of from 
six to eight days. On account of high water, 
work on the dam could not be carried on for 
several months during the seasons of 1906 and 
1907. During the cold weather, from the middle 
of November until the first of March, masonry 
work was impossible; this gave a working sea- 
son of from five to six months. While work in 
the quarries, spillway, etc., was carried on dur- 
ing this period of enforced idleness at the dam, 
the force was somewhat disorganized and the 
completion of the work considerabiy delayed. 
At the north end of the dam (Fig. 1) is a 
natura! spillway, about 450 ft. long and, with 
the exception of two small depressions, the rock 
surface is approximately at the elevation se- 
lected (5,850) for the spillway level. As a spill- 
way length of at least 600 ft. was desired, it 
was decided to excavate the rock at the north 
end of the spillway to E'ev. 5,850 and use it in 
the construction of the dam, thus obtaining an 
adequate wasteway at practically no expense. 
This is called the main, or spillway, quarry; it. 
is now excavated to give a spillway length of 
about 650 ft. The rock in this quarry is not 
suitable for face stone, being somewhat seamy 
and hard to work. It is now used wholly for 
backing and in the crusher for concrete ma- 


terial. Two other quarries have been opened 
for face stone. No. 2 furnishing some backing 
stone also, while No. 3 furnishes face stone 
only. ‘ 


Portland cement is used exclusively. It is 
furnished by the United States and delivered to 
the contractors at Casper, Wyo., which is the 
nearest railway station. The hauling of the 
cement to the dam-site is quite an item and 
furnishes work for a large number of teams. 
Freighting outfits of all kinds and sizes are 
used, from a sheep wagon drawn by two horses 
and a mule and carrying 24 sacks of cement, to 
a string team of 22 horses drawing five wagons 
coupled together and hauling 327 sacks of ce- 


ment, weighing 31,000 Ibs. A typical string 
team, of a size that has given the best satis- 
faction, consists of 16 horses drawing three 


wagons and carries 250 sacks of cement. Stor- 
age room at the dam has been provided for 15,- 
000 bbls. of cement, and at one time was com- 
pletely filled. 

At the end of this season the dam will be com- 
pleted to Elev. 5,830, which is 184 ft. above the 
lowest point of the foundation and 34 ft. below 
the top of the parapet wall. The contract time 
expires Aug. 1, 1909, and the dam will undoubt- 
edly be completed before that time. 

The Pathfinder Dam is a portion of the North 
Platte Project, of which Mr. Chas. E. Wells, M. 
Am. Soc. C. E., was Supervising Engineer until 
December, 1907, since which time the project 
has been under the supervision of Mr. I. W. Mc- 
Connell, Asoc. M. Am. Soc. C. E. 


DAM IN FLOOD, SEEN FROM BELOW, 
JUNE 8, 1907, 
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A COMBINED CONCRETE AND STEEL GIRDER BRIDGE, 
MONROE ST., BROOKLAND, D. C. 


J. DOUGLAS, M. Am. Soc. C. E., and W. P. 
DARWIN, Assoc. M. Am. Soc. C. E. 


The Monroe St. bridge, crossing the double 
tracks of the Baltimore & Ohio R. R. at Brook- 
land, a suburb of Washington, D. C., consists of 
concrete abutments with a girder superstructure 
of a combination of concrete and steel somewhat 
different from the usual type of reinforced-con- 
crete girder bridge. In this superstructure the 
steel is first erected and is so designed that it 


By W. 


giving a floor system of less depth, reduces the 
efficiency of the bridge of the through type, be- 
cause frequently it is desirable to haul across 
the bridge, loads having widths between 14 and 
17 ft., so that where the three-girder through 
type of bridge is used there should be a clear 
width in each roadway of 20 ft. in order to ac- 
commodate loads having much greater widths 
than the average load. 

The dimensioms and make-up of the steel 
framework may be readily understood from the 
drawings; the theory of the distribution of the 
load and the computation of the stresses need 
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takes directly a certain portion of the total load 
as well as acting as a support for the concrete 
forms during construction, thus precluding the 
necessity for falsework which might obstruct 
the railway right-of-way beneath. 

The superstructure (see Fig. 1) consists of two 
61-ft. 5%-in girders, made up of steel Howe 
trusses, completely encased in concrete, carrying 
the 30-ft. roadway on a reinforced-conerete slab 
resting on concrete-encased built-up steel floor 
beams which are riveted, every 6% ft., to the 
trusses. The sidewalks, 6% ft. wide on each 
side, are reinforced-concrete slabs carried on 
concrete brackets, reinforced, as shown in the 
figures, by self-supporting angles and round 
rods. The only exposed metal on the bridge is 
in the heavy iron pipe railings on the outer edge 
of each sidewalk. 

The abutments are U-shaped, of heavy con- 
crete masonry with rather ornamental pilasters 
at each end, guarded by concrete railings (Fig. 
6.) The foundations of these abutments were 
strengthened with concrete piles, along the outer 
perimeter of the footings, where the maximum 
pressure obtains. The soft clay foundation was 
figured safe for 1% tons per sq. ft., but the 
pressure on the toe of the walis reached 2% 
tons, so some additional support was thought 
necessary. 

On account of the more satisfactory appear- 
ance obtained with the arch than with any 
other form of bridge, an arch bridge was first 
thought of for this site, but in order to meet the 


conditions of clearance over the railway tracks 


and of the street grades, it became necessary to 
adopt a form of bridge similar to a plate girder. 
It will be noticed in Fig. 1 that the concrete 
girders are curved so that the grade of the 
roadway gives a transition curve between the 
tangents of the approach grades. The abutment 
coping is tangent to the roadway curve. This 
was mandatory in order to give a maximum 
clearance with a minimum street grade. For a 
similar reason it was desirable to make the floor 
system as shallow as possible. 

An intermediate girder was not deemed eco- 
nomical, as it was very objectionable from an 
esthetic as well as practical standpoint. In 
narrow plate-girder bridges the use of three gir- 
ders, cutting the roadway into two parts, while 
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some further explanation. Before designing the 
reinforcement for the maln girders, careful con- 
sideration was given to the various customary 
forms of reinforcement, and after this consider- 
ation the existing type was adopted because of 
its ease of erection. The reinforcing trusses 
were fabricated complete at the shops and were 
placed in position by means of the two derricks 
which had been previously emp'oyed in the con- 
struction of the abutments. The comparative 
certainty with which the stresses could be cal- 
culated, the certainty of having the steel located 
in the actual construction in accordance with 
the theoretical relation to the concrete, the pos- 
itive anchorage obtained for all members, par- 
ticularly as to the connection of the web mem- 
bers and the girder reinforcement, the simplifi- 
cation of the form work, the decreased cost of 
depositing concrete, and the great saving in the 
cross-section of the steel compression members 
on account of stressing the steel in compression 
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to approximately 16,000 Ibs., are all factors in 
favor of this type of construction. 

It was assumed that the forms for the entire 
structure were to be suspended from the steel 
reinforcement of the girders and floor beams. 
In addition to the dead load the bridge was de- 
signed to carry a uniform live load of 150 Ibs. 
per sq. ft. over the roadway and 100 lbs. per sq. 
ft. over the sidewalks with further provision 
for an 18-ton road roller and a 30-ton derailed 


Sectional 


electric car. The girders were so designed that 
the maximum unit stress in the completed struc- 
ture, due to live and dead loads, would be 16,000 
Ibs. in the steel and 500 lbs. in the concrete. 
The steel in tension was designed to take all the 
tension stresses and the steel in compression to 
take all of the hereinafter described “primary 
stresses” and such part of the balance of the 
stresses as could enter into the steel compression 
reinforcement, on the basis of the ratio of the 
moduli of elasticity of the concrete and the steel. 

In the customary designs for girders on the 
basis of 500 Ibs. per sq. in. compression of con- 
crete and a ratio of moduli of elasticity of 12, 
the steel in compression can only be stressed 
up to 6,000 lbs. per sq. in., or assuming a ratio 
of 15 the stcel can only be stressed up to 7,50) 
Ibs. per sq. in.; therefore, by adopting the design 
in question, the steel in compression has been 
cut down to something more than half, which 
results in a considerable saving. 

In the design, the loadings on the girders were 
divided into two sets, which for convenience we 
will term “primary” and “secondary.” The 
primary loads consisted of the weight of the 
steel, the forms, the concrete of all floor beams 
up to the bottom of the slab, and the green con- 
crete of the girders. The secondary loads con- 
sisted of the roadway and sidewalk floor slabs, 
the roadway asphalt and the live load. In order 
to get the theoretical primary stresses into the 
main girders it was necessary to concrete the 
beams of the roadway and sidewalks before con- 
creting the main girders. Then the main girders 
were concreted, and when they were about seven 
days old the balance of the concreting was exe- 
cuted. In order to simplify the calculations, the 
compression members (the girders being assumed 
as trusses for convenience of ca'culation), were 
treated as reinforced-concrete columns. The 
area of the concrete in the top chord was as- 
sumed as 24 x 24 ins., a little less than the area 
of the upper third. The area of the compression 
diagonals was figured on the basis of an area of 
20 x 18 ins. The steel in the compression flanges 
of the 24-in. built-up I-beams was of smaller 
section than the steel of the tension flanges, due 
allowance being made in the design for the com- 
pressive value of the concrete. Bronze bed- 
plates shown at ends of girders were provided in 
order to carry out the idea of complete steel 
protection. 

Forms for the superstructure, in that portion 
of the floor system directly over the railway 
tracks, remained in place for 40 days to protect 
the concrete from the impact of the locomotive 
cinders. The flexure of the floor beams under 
the slab load was ¥4-in.; that of the main girders 
after jacketing was also Min. The end of the 
cantilever brackets of the sidewalks deflected 
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about the same amount under the dead load of 
the concrete. 

In addition to the reasons given herein for 
the type of reinforcement used, it might be well 
to state that it is believed that ultra-conserva-— 
tive engineers who stress the steel in reinforced 
concrete to low values, with the design adopted, 
would be willing to increase these values because 
of the somewhat greater certainty of the me- 
chanics of the design. In large girders for 
bridges, which are exposed to the elements, it 
is thought that this method of reinforcement and 
construction is a particularly good one because 
the amount of flexure in the girder is cut down 
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to a minimum (after the girder concrete has set), 
therefore the possibility of the formation of in- 
cipient cracks in the tension flange of the con- 
crete is cut down also to a minimum. Whether 
or not these tension cracks of exposed girders 
are important is a matter of conjecture rather 
than fact, but where locomotive gases and rain 
water threaten the life of the metal these in- 
cipient cracks are worthy of some consideration. 
It is further believed that this system will re- 


sult in great saving in long-span high rein- 


forced-concrete trestles where the cost of sup- 


A REPORT ON AUTOMATIC STOPS AND CAB SIGNALS 
FOR STEAM RAILWAYS. 


In accordance with the instructions received from the 
executive committee, sub-committees were appointed at 
the first meeting held in January to formulate reports on, 

1. Various cab signals and automatic stops which are 
worthy of recommendation. 

2. Proper location of automatic stop trips for varied 
conditions of traffic. 

3. The advisability of the use of cab signals as a sub- 
stitute for fixed signals or adjuncts thereto. 

In order that the committee might become informed re- 
garding the latest state of the art, and secure the assist- 


FIG. 3. 


porting the form work enters largely into the 
total cost. 

The original estimate for this bridge was made 
on the basis of abutments of sandstone backed 
with concrete and a superstructure of unpro- 
tected steel, with a solid floor. This estimate 
for the work was $44,000; the actual cost of the 
bridge as built was $35,000. This will show the 
possibility of getting a reasonably sightly design 
in concrete without increasing the cost over that 
of the old-fashioned inartistic bridges in stone 
and steel. 


The bridge was designed and constructed in 
the office of W. J. Douglas, M. Am Soc. 


VIEW OF MONROE STREET BRIDGE. 


ance and cooperation of inventors and manufacturers of 
automatic stop and cab signal devices, a letter was pub- 
lished in the technical journals asking those interested 
to send to the committee plans, descriptions and specifi- 
cations of their devices. Arrangements were made that 
specifications received were to be forwarded to each mem- 
ber of the committee in turn in order that comments 
might be made thereon and sent to the chairman. Few 
specifications were received and the recommendations of 
this committee have been based upon the knowledge and 
experience of the members rather than upon a study and 
consideration of the descriptions of automatic stops and 
cab signal devices which have been submitted. 
HISTORICAL. 

Automatic stops were probably thought of and in- 

vented shortly after the introduction of the air brake. 


vention which each patent is assumed to possess. A ma- 
jority of the designs show the inventor to be ignorant of 
the conditions under which a device of the kind must be 
used. Comparatively few of the devices which have been 
patented have been tried, and this committee is not aware 
that any of these have passed the experimental stage 
and are in regular use on a surface road in the United 
States. 

Automatic stopping devices are in successful use on the 
Boston elevated, Chicago elevated, New York elevated, 
New York subway and the Hudson tunnel roads. On 
these roads, snow and ice do not collect in sufficient 
quantity to interfere with the working of the apparatus, 
and the road clearances are ample for the construction 
used. The results have shown the automatic stop to 
be a valuable safeguard and to have prevented a number 
of collisions that might have resulted in a loss of life. 

Of the automatic stop and cab signal devices which 
have been given the most extended trial in the United 
States, might be mentioned the Miller cab signal, the 
Kinsman automatic stop, the Rowell-Potter safety stop. 

Descriptions of these devices may be found in the fol- 
lowing publications: 

Miller Cab Signal—Railroad Gazette, pp. 
206 and 207, year 1902. 

Kinsman Automatic 
June 8, 1894; 
March 14, 1908. 

Rowell-Potter Safety Stop—Railway & Engineering Re- 
view, p. 65, Nov. 2, 1895; p. 2, Jan. 6, 1900; p. 199, 
March 15, 1902; Railroad Gazette, p. 547, 1894; p. 378, 
1902. 

In England and on the continent, cab signals are in 
use on several roads, there being a need of these on ac- 
count of the dense fogs, and the unsatisfactory service 
and large expenditure required for fogmen. No attempt 
has been made to use a train control device in connection 
with the cab signal, as the discipline is such that operat- 
ing officials do not believe the use of the stop to be ad- 
visable or necessary. So successful have the cab signal 
devices been, the board of trade of England, at the recom- 
mendation of Col. Yorke, have allowed roads using an 
approved form of cab signal to dispense with the distant 
signal, and it is the understanding of your committee 
that this has been done by one or more roads in a num- 
ber of instances. 

The cab signal systems, as used in England, are of the 
intermittent contact rail type and similar to a number 
that have been tried in this country. A full description 
of the Raven cab signal, which is used on the North- 
Eastern road, was published in the “Railroad Gazette” 
of Feb. 14 and 21, 1908. From the trials made on Ameri- 
can roads, it is evident that devices of the type used in 
England cannot be made to work in this country on ac- 
count of ice and snow forming on the contact rails suf- 


128, 172, 219, 


Stop—Railroad Gazette, p. 400, 
Railway & Engineering Review, p. 211, 
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C. E., Engineer of Bridges, District of Columbia; 
W. P. Darwin, Assoc. M. Am. Soc. C. E., As- 
sistant Engineer, under the direction of Maj. 
Jay J. Morrow, U. S. A., M. Am. Soc. C. E., 
Engineer Commissioner, and Capt. E. M. Mark- 
ham, Assistant Engineer Commissioner, D. C., 
and Mr. C. B. Hunt, M. Am. Soc. C. E., Engi- 
neer of Highways. The contractor was C B. 
Cark & Co., of Baltimore. 
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The negligence or incapacity of enginemen had resulted in 
a number of accidents which would not have occurred if 
an automatic device had been used to apply the brakes 
and stop the train iħ the event of a failure of the engine- 
man to obey the signals. A number of patents have been 
issued for automatic stop and cab signal devices. Many of 
the devices are so much alike that a decision of a court 
would be required to determine the particular merit or in- 


*Report of a one to the Railway Signal Associa- 
tion, Oct. 13, 
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FIG. 4. DETAIL SECTIONS, SHOWING METHOD OF SUPPORTING 
FALSEWORK ON MONROE STREET BRIDGE. 


ficiently to prevent a contact being made between the part 
on the engine and the part fastened to the track. 


DESCRIPTION OF TYPBS. 
Automatic stops and cab signals may be divided into 
four general classes based upon the method used in 


Information concerning the Miller system was pub- 
lished in Eng. News, Vol. XLVI., p. 113; Vol. XLVIII., 
pp. 523 and 527; Vol. XLIX., pp. 1, 15. The Rowell- 
Potter safety stop is described in Eng. News, Vol. XLII., 
pp. 327 and 354.—Ed. 
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transmitting to the engine or moving train the impuls? 
necessary to opcrate the automatic stop and give a signal 
indication in the cab. These with their various subdivi- 
` sions are as follows: 
Mechanical Trips. 
Overhead. 
Ground. 
Insulated Engine Parts. 
Contact Rails. 
Continuous. 
Intermittent. 
Inductive. 
Alternating Current. 
Hertzian Wave. 
MECHANICAL TRIPS—OVERHEAD ARRANGEMENT. 
—Devices of this type are most generally arranged to 
transmit to the moving train the operating impulse to 


out 25/0 Steel PI. 


Expansion C/ Hand 


Rail Post 


Base of 
Parapet - 


“Expansion 
Join 


Plan of 
Sidewalk 
Expansion 
Joint. 


News. 


FIG. 5. 


apply the automatic stop by means of a hanging arm or 
weight arranged to strike a valve or handle placed on the 
top of the cab or car and apply the air, in case the signal 
should be passed when In the stop position. 

These systems must of necessity be arranged for the 
hanging arm or weight to come within the maximum 
clearance line, and in such position would be apt to strike, 
with probably fatal results, a man riding on the top of 
a car. The absence of the arm will result in a failure 
to stop a train when a signal which in indicating stop 
is run by. Up to the present time, as understood by the 
committee, these devices do not conform to several of 
what they regard as essential requirements for a safe 
and reliable automatic stop and cab signal system. These 
requirements have been given at the end of this re- 
port and the overhead arrangement of mechanical trip, 
automatic stopping deviccs do not comply with Nos. 
1, 2, 3, 4. 6. 7 and 11. 

MECHANICAL TRIPS GROUND ARRANGEMENT.— 
Devices of this type are arranged with a movable arm or 
inclined plane, which when in the operating position 
is made to come in contact with parts sultably located 
on the moving train and cause the brakes to be applied, 
when the train runs by a signal that is indicating stop. 

The difficulty met with in operating devices of this 
type is that the parts on the ground or those on the en- 
gine must extend inside of or beyond the permissible 
clearance lines, in which position they are likely to be 
broken or knocked out of place, for the parts placed on 
the ground and the parts on the train are likely to be hit 
by objects other than the engaging arm, and the brakes 
be applied when they should not. Ice and snow seri- 
ously interfere with the operation of devices of this kind, 
and these systems, so far as the committee is aware, do 
not at present meet requirements Nos. 1, 2, 3, 4 and 7. 

INSULATED ENGINE PARTS.—With these systems it 
is usual to insulate one truck from the other of the en- 
gine or car, insulate an engine from its tender or insulate 
one wheel from the other by means of a split axle or in- 
sulated wheel center. Pressed fiber is the material by 
which this insulation is most generally accomplished. 
With any of the above-mentioned arrangements it is 
necessary that the Indication be conveyed to the mov- 
ing train during the interval of time in which the insu- 
lated part is passing over a short insulated section of rail 
or an insulated joint in the track. The operating im- 
pulse is, therefore, momentary and is not continuous. 

The principal difficulty met with in systems of this 
kind is to properly construct and maintain the insula- 
tion of the engine parts and to insure that the parts on 
the moving train will operate properly in the short in- 
terval of time available. These systems, it has been 
found, do not conform to essential requirements Nos. 1, 
2, 3 and 11, as recommended by the committee. 

CONTACT RAILS—CONTINUOUS TYPE.—Devices of 
this type are arranged to conduct the operating signal 
impulse to the moving train by means of a shoe at- 
tached to the train making contact with a third rail 
placed alongside of the main rail, between the main rails, 
or above, or on the side of the train. 

The difficulty experienced with devices of this type is 
to secure a continuous contact on the third rail, for, un- 
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Icss this is done, the device operates and the brakes are 
applied when there is an opening in the third rail, ir- 
respective of whether or not the operating conditions 
make it necessary or desirable that the train brakes be 
applied. 

The continuous type of contact rall system, as at 
present understood by the committee, does not conform to 
requirements Nos. 1, 2, 3, 4 and 11. 

CONTACT RAILS—INTERMITTENT TYPE. — With 
these systems the contact is usually of moderate length 
and is placed at a point where it is desired to convey the 
operating signal impulse to the moving train. These 
points are at the commencement of a block, or where a 
home or dwarf signal is placed. The indication given 
on the train is continued from the time a train passes 
one contact to the passing of the next contact, or to one 
where the indication is changed. 


: Section through 

Portion of Parapet 
and Hand Rail. Detail Section through Hand 

75 Rail and Cast Iron Post . 


DETAILS OF EXPANSION JOINT ON MONROE STREET BRIDGE. 


The principal difficulty to be overcome in the develop- 
ment and use of devices of this type is to insure that the 
indication will be received on the moving train, and when 
received will not be improperly changed before the next 
contact point is reached. 

These systems, as far as developed, do not fully meet 
requirements Nos. 1, 2, 3, 4, 7 and 11. 

INDUCTIVE—ALTERNATING CURRENT TYPE.—The 
committee is not aware that apparatus of this type has 
been tried. As described, the system is quite similar to 
the Intermittent contact rail scheme, except that the 
operating impulse is conveyed to the moving train by 
induction, a coil of wire attached to the track acting on 
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a suitably arranged coil placed on the train. The ar- 
rangement can be made to keep within the clearance lines 
and seems to be capable of successful development pro- 
vided the neccssary alternating current is available at the 
Many points where same will be required. 

Requirements Nos. 1 and 2 do not appear to be com- 
plied with by systems of this type of which the commit- 
tee has knowledge. 


INDUCTIVE—HERTZIAN WAVE TYPE.—This type of 
apparatus makes use of a generating device, placed on a 
train or at a fixed polnt, from which the Hertzian waves 
are sent out, preferably in the direction in which it is 
desired to give the indication. A collector of suitable 
form and arrangement is placed on tha train or point at 
which an indication is to be reccivecd and the proper 
Hertzian waves are supposed to be collected and actuate 
the apparatus to give an indication. 

The principal difficulty with apparatus of this type is 
in selecting the particular train or fixed point which is 
to receive the intended indication and to provide pro- 
tection for a train when there is a failure of the wave 
generating apparatus. 

It is understood by the committce that these systems 
do not comply with the following requirements for safe 
and reliable working: Nos. 1, 2, 3 and 6. 


RECOMMENDATIONS. 


Up to the present time, descriptions and drawings of 
automatic stop and cab signal devices referred to this 
committee have not included those which seem to be the 
best and the most practicable. Your committee is not 
In a position to, and does not think it advisable, to recom- 
mend for trial any type of cab -signal or automatic stop 
device with which they are familiar, believing that dem- 
onstrations of the practical workings of these systems 
should be made by the patentee, the manufacturer, or 
under the auspices of the block signal and train control 
board of the Interstate Commerce Commission. 

That those interested in the design and manufacture of 
automatic stop and cab signal devices for use on surface 
railroads may know of the operating conditions under 
which these systems will be used, and the requirements 
as to safe and reliable working which must be met in 
order that these devices may have the approval of this 
association, your committee submits for adoption the 
following requisites of installation to which automatic 
stop and cab signal systems must conform, to be con- 
sidered safe and reliable in operation: 

REQUISITES OF INSTALLATION.—1. Apparatus and 
circuits so constructed that a failure of any essential 
part will cause the display of a stop signal indication 
and also the working of the automatic stopping device. 
The apparatus shall, if possible, be so arranged that the 
stop shall not be operative or effective at speeds less than 
5 miles per hour. 

Note: To comply with this requirement, it is practi- 
cally necessary that circuits be arranged with power 
supply at one end and controlled relay or operating 
device at the other end of each circuit. 

2. The train control feature must be applicable for use 
with the absolute or the permissive block system. 

With either system the release of the stopping device 
must be within the control of the engineman or train- 
man, but only after the speed of the train has been re- 
duced to five miles per hour or less. 

3. The automatic stopping device must be operative 
only in the direction of traffic, except in connection with 
signals governing reverse movements. 

4. The system must be operative under all weather 
conditions and at any speed in excess of five miles per 
hour. 

5. The system must be adaptable for use 
block system using track circuits. 

6. The system where track circuits are used must 
give protection against a broken rail, the ends of which 
have separated, or where a rail or section of a rail has 
been removed from the track. 

7. The parts on the moving train must not extend be- 
yond the maximum clearance lines and the parts on the 
ground must not extend within the maximum clearance 
lines, except for a space of 2 ft. above the top of the 
rail, within which distance the parts must clear the mar- 
imum equipment line. 

8. An overlap equal to the braking distance for the 
maximum permissible speed must be provided for an au- 
tomatic stopping device. 

9. Emergency application of the brakes should be 
made only when a home or dwarf signal has been run by, 
when indicating stop. If the system is arranged to cause 
an application of the brakes when a train passes a dis- 
tant signal that is indicating caution, the application 
of the brakes must not occur if the home signal is in- 
dicating proceed, or if the speed of the train is under 
such control that the train will be stopped before pass- 
ing the home signal. 

10. The circuits must be arranged to allow two or 
more engines to be used with one train, or to allow one 
train to push another train without having the automatic 
stop applied at each home signal, or to require the 
speed to be reduced to five miles per hour when passing 
a home signal that is indicating proceed. 

11. The automatic stop must be adaptable for use 
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with electric traction systems, using direct or alter- 
biting current for train operation. 

12. The automatic stop and cab signal should be con- 
sidered only as adjuncts to a fixed signal system. 

Note: This is on account of the impossibility of prop- 
erly checking the work of the engineman if a cab signal 
or automatic stop is used without a fixed signal and also 
from the necessity of informing the engineman of the 
exact Commencement of the block and the point at which 
the indication received in the cab shall become effective. 

Committee, W. H. Elliott (chairman), A. R. Raymer 
“ice-chuirman), E. M. Weaver, G. D. Fowle, J. V. 
Young, G. N. MacDougald, W. E. Bullard, G. H. Dry- 
den, E. C. Graham, J. A. Beoddy, W. McC. Grafton, H 
J. Foale, D. M. Case, E. E. Mack, Wm. Hiles, A. C. 
Holden, J. R. Decker, G. W. Hulshizer. 
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FORESTS AND FLOODS : EXTRACTS FROM AN AUS- 
TRIAN REPORT ON FLOODS OF THE DANUBE, WITH 
APPLICATIONS TO AMERICAN CONDITIONS. 

By Lieut.-Col. H. M. CHITTENDEN,* M. Am. Soc. C. E. 


In collecting data for a paper on the influence 
uf forests upon stream flow, published in the Sep- 
tember Proceedings of the American Society of 
Civil Engineers, I made some study of a very ex- 
haustive report upon the great floods of the 
Danube in 1897 and 1899, prepared by M. Ernst 
Lauda, Chief of the Hydrographic Bureau of the 
Austrian Government. In the “Concluding Re- 
marks“ of this report the author discusses the 
relation of forests to floods and gives the most 
complete chronological record of the Danube 
floods that has ever been prepared for that or 
probably any other stream. Believing that these 
features of M. Lauda’s report will be of interest 
to American engineers at this time, when simi- 
lar questions are so prominently before the pub- 
lic, I offer the following extracts, and append 
thereto some criticisms and conclusions based 
upon conditions in our own country. The para- 
graphs of the following translation are numbered 
fur convenience of reference in the commentary. 
I would like to add in my own behalf, without 
any purpose of criticising the style of this very 
able report, that certain portions of it were ex- 
tremely difficult to understand, and I am not sure 
that a precise equivalent is here given for some 
of the more involved passages. The translated 
extracts follow: 


(1) A discussion of the causes of floods, such as 
those here considered, and of the factors influencing 
their origin and course of action, is not strictly within 
the province of the hydrographic service; but this report 
- would not be complete without some reference to it, be- 
cause of the great public interest which the subject has 
attracted. 

(2) Undoubtedly the origin of such occurrences is to 
be found solely in the reciprocal action of atmospheric 
phenomena. Although the logical course would be to 
commence with this branch of the subject, I shall 
nevertheless consider first certain erroneous beliefs that 
have crept into the popular mind. For example, it is 
_universally believed that forests have an influence in 
moderating and preventing floods, and deforestation upon 
their origin and more frequent occurrence; yet this be- 
lief is mo better established from a hydrographic stand- 
point than the entirely unfounded belief that the floods 
of the past few years in Austria are due to deforesta- 
tion. Likewise untenable are the frequent assertions 
that the greater frequency of floods in recent times is 
the result of artificial interference with stream-flow due 
to works of river regulation. 

(3) No doubt the interests of hydrography are indi- 
rectly affected by forests through their property of pre- 
serving the earth's surface from denudation and the 
water courses from sediment; and also through the pro- 
tection of snow masses deposited during the winter from 
the action of the sun's rays, the wind and warm rains. 
These features are enough to warrant the greatest possi- 
ble development of forestry. Moreover, on account of 
the slower melting of the snow, less water reaches the 
streams, and consequently less sediment, and in this way 
only can the washing away of fertile soil and the terri- 
ble devastation of civilized regions be successfully pre- 
vented. 

(4) But with these benefits, the advantages of forests 
in controlling floods are exhausted. That forests have 
a certain retentive capacity in holding back the precip- 
itation is evident from the fact of the greater scarcity of 
the water in the streams in dry seasons after lands have 
teen cleared up. But this beneficial influence, charac- 
teristic of vast forest areas, is local only and can affect 
favorably only those valleys in the immediate vicinity of 


the forests. This retentive capacity does not exercise a 


„Corps of Engineers, U. S. A., 124 Fifteenth Ave., N., 
Beattle, Wash. 


decisive influence upon the cause, extent and nature of 
high floods, such as have visited Austria and are the sub- 
ject of our present oonsideration. Moreover, this ca- 
pacity is quickly exhausted during great rain storms, 
when both atmosphere and soil are saturated with moist- 
ure. At such times the forests may even increase runoff 
over what it would be in the same region if free of 
forests, for in the latter case considerable quantities of 
water are lost in evaporation, whereas the foliage of the 
forests retards this process. 

(5) Even admitting the favorable influence of forests 
as just described, the proof of an equally favorable in- 
fluence upon the lower courses of the streams could 
not be regarded as conclusive. For the magnitude of a 
great flood is very largely dependent upon the coinci- 
dence of water-height culminations from the tributarics; 
and it is easily seen that the retentive effect attributed 
te forests and the consequent postponement of the flood 
culminations may augment the flood in the trunk stream, 
if we consider that the high waters of tributaries may be 
postponed so that they will arrive in the main stream 
coincidentally with later culminations from other parts 
of the drainage area. 


(6) Against the popular belief in the favorable influence 
of forests upon floods resulting from excessive rains 
may be adduced the interesting fact that lands richest in 
forests are frequently visited by the severest floods. For 
example, in 1897 the richly wooded valleys of the Elbe, 
Iser, Aupa, Neisse, as well as the densely wooded 
sources of the Wien, Erlauf and PielAch; and further- 
more in 1899 the regions of the Traun, Enns, Ybbs, etc., 
likewise richly covered with forests, were the very ones 
most affected by the high water catastrophes. 

(7) A consideration of precipitation conditions preced- 
ing these catastrophes corroborates the conclusions above 
arrived at. In the great flood of 1897 there fell in the 
course of two days in the basin of the lower Inn 5.8 
ins. of rain; in the basin of the Traun, 7.3 ins.; of the 
Ybbs, 6.7; Erlauf, 6.8; Pielach, 6.6; Traisen, 6.3; and 
Wien, 6.8 ins. In the entire storm period of six days 
(July 26-31) there fell in the basin of the Danube [area 
not stated] about 425 billion cubic feet of water. In 
18%) in a period of seven days there fell 565 billion 
cubic fect, of which the following depths fell in a 
period of two days upon the principal tributary area; 
Salzach, 6.7 ins.; Traun, 8.2; Enns, 7.8; Ybbs, 8.2, and 
Traisen, 6.6. l 

(S) The relative quantities of precipitation produced 
a corresponding relation between the runoffs of the two 
years, the flood of 1899 considerably exceeding that of 
1897 both in magnitude and extent. If we consider the 
enormous volumes of water which these atmospheric 
eruptions furnish within a few days for the production 
of floods, we cannot ascribe to an increase or decrease 
of forest areas by a few hectares (for this is all it 
amounts to in an entire river basin) any material in- 
fluence upon the origin, frequency or behavior of such 
catastrophes. 

() There remains to be considered the objection often 
made against works of river regulation, viz.: that these 
works increase the frequency and height of floods by 
causing an artificial interference with the flow of water 
in the streams. This objection can be answered at once 
by the single question: Have the frequency and extent 
of these catastrophes increased in the course of years? 
They have not. Even the recent lamentable disasters are 
not unparalleled and must be considered as repetitions 
of similar occurrences within unforgottén times. As 
proof of this a retrospect is here given of the floods of 
the Danube near Vienna from the year 1000 to the 
present. 

(10) Of the eleventh century we have knowledge of only 
one great flood, that of the year 1012, which destroyed 
many people and, to use the language of the chronicler, 
appeared with such violence that the inhabitants of the 
unfortunate regions had no recollection of anything 


like it. 

(11) More than 100 years later followed the flood of 
1118, which brought into these regions such an unusual 
amount of water, that the same had not been so abundant 
since the time of the great flood.” According to de- 
scriptions, these two catastrophes, as well as the next 
one, in the year 1126, were probably due to enormous 
precipitation; whereas those of 1193 and 1194, and prob- 
ably also that of the year 1195, were due to, melting 
snow. 

(12) In the 13th century the year 1210 is especially 
noteworthy on account of the many lives sacrificed, but 
in a greater degree on account of the high August waters 
following a seven days’ rain. The “Kornenburg,’’ consist- 
ing at that time of two parts, connected by a bridge, 
was completely destroyed by the floods of the Danube. 

(13) In the years 1234 and 1235 the melting of the ice 
at Wien (Vienna) and Krems caused devastating inun- 
dations, and a year later, 1236, the Danube overflowed 
so violently that for many years no such flood had oc- 
curred. The years 1275, 1280, 1281, 1284, 1285 and 1295 
were equally noted for their repeated high floods in the 
summer months; and the year 1280 for the breaking of 


the ice in the spring. 
(14) Of the floods of the 14th century (1312, 1315, 1316, 


1317, 1340, 1342 and 1359) that of February, 1342, is 
especially to be mentioned, as having cost the lives of 
6,000 people. 

(15) Notably rich in water was the first decade of the 
15th century, in the course of which seven high-water 
years were recorded. The worst of these was the year 
1402, which had several floods during the summer. On 
June 20 the danger was greatest. A moving sea appeared 
before Vienna and for ten days the water remained at 
the same height. Dearth and famine followed and con- 
tinued for a long time. The years 1404, 1405 (June), 
1406, 1407 and 1408, and finally the year 1409 caused 
additional damages. 

(16) After 25 years of rest the Danube, in the year 
1444, rose so high that the Lobau and all the other 
islands and meadows stood entirely under water and 
scarcely the highest trees of these islands projected 
above the flood. On Feb. 17, 1439, the stream rose so 
high through the melting of the ice that many people 
Jost their lives and many others their possessions. The 
Chroncile of Krems reports that the breaking up of the 
ice on Ash Wednesday night drove the floods of the 
Danube across the city walls and drowned 70 people. 

(17) A singular event is reported for the year 1445: 
On Ascension Day [early in May] and repeatedly for 
three days thereafter snow fell, after which great show- 
ers followed. 2 ay 

(1S) In 1464 the Danube Island near Vienna, in 1465 
also the island Mölk, were flooded to the tops of the trees. 

(19) Destructive were also the floods of 1490 and 1499, 
of which the latter destroyed several places in the Tull- 
nerfeld, but furnished the soil with rich fertilizers for the 
development of an extraordinary fertility. 

(20) In regard to the high water of 1500 detailed data 
are not preserved; they are, however, for the catastrophe 
of August, 150], which in magnitude equalled those of 
1342 and 1402. All places along the Danube suffered 
great devastations; houses and barns were torn away, 
and boats were used on the streets of Vienna. The 
water stood 14 yards above the usual height. A large 
number of people lost their lives in the flood. 

(21) After 1508, in which year two summer highwaters 
are reported, followed the period of 1520 to 1527, with 
annually recurring damages by water, which led to the 
construction of protective works at Nussdorf for the 
safety of Vienna. 

[The author continues in increasing detail as records 
become more recent and better preserved, and it is not 
important to give the full list of floods. Only two or 
three additional instances will be noted because of their 
special features.] 

* $ + + Ld + + + 


22) Special mention should be made of the autumn 
high water of 1757 which, with that of 1730, is regarded 
in the reports as the greatest of the 18th century and 
cxtended over the entire Danube valley, the Inn, the 
Salzach, the Traun and the Enns. Concerning the 
catastrophe at Vienna the Vienna “Times” of Nov. 3, 
1787 says: 

Since Monday, Oct. 29, the Danube has risen so ex- 
traordinarily, that it has overflowed its banks and 
flooded all regions on both sides. The same fete befell 
also Leopoldstadt and the suburbs lying on that stream, 
and until Nov. 1 the water increased so that it extended 
into the interior of the city at the Red Tower. In the 
meantime every possible care is taken by the public in 
behalf of the flooded regions to prevent misfortune as 
much as possible and to provide the inhabitants with all 
the necessities and conveniences of life. 

As is reported from Linz [the paper says at another 
place] the water of the Danube on Monday overflowed 
there so that at both water-gates it flowed into the city 
and one could go out and in only in boats. The Enns 
and the Traun have likewise risen much. In the Salz- 
burg region the Salza has overflowed and has flooded in a 
devastating manner the city of Salzburg—where aiso the 
bridges were torn away—as well as the surrounding 
region; here too the water was higher than in the 
previous greatest floods. 

(23) Of the recorded high waters of the Danube and 
its tributaries the years 1815, 1819, 1824 and 1829 are to 
be mentioned as high water years. The metropolis, 
however, did not become the scene of a catastrophe again 
until the fateful year 1830, a catastrophe of unparalleled 
extent, which has never been repeated again in such a 
devastating manner, thanks to the gigantic walls and 
the mighty embankments, which have since been erected 
as a protection for the imperial city. 

* + * $ $ $ * $ 


(24) The causes of this catastrophe were sought at the 
time in the rapid melting of a large part of the heavy 
accumulation of snow in the mountain regions of Upper- 
Austria, Bavaria, Württemberg and Tyrol; further in 
the insufficient passages under bridges, etc., but not— 
as to-day—in deforestation, for a certain Dr. Joseph W. 
Fischer, in Kornenburg, closes his discussion concerning 
the high overflowing of the Danube at Vienna, published 
in the Vienna “Times” of March 20, 1830, as follows: 

Although the Danube formerly had more water than 
now, because larger forests existed, yet on account of the 
more rapid changes in temperature these floods, especially 
after a winter of continuous cold weather and much 
snow, will hereafter be repeated with more damage, be- 


cause the space necessary for carrying the water is re- 
duced by artificial meats; for the existing openings 
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under the bridges (usually located at shallow places), 
are for extraordinary occasions not sufficient. 
s + * * + + s $ 


25) To conclude from this chronological record of the 
Danube floods that these catastrophes have increased 
ia number, extent and frequency in modern times would 
be as absurd as to maintain the opposite. The history 
of the past tells of floods which were not subordinate to 
those of the present in any of the above particulars. 
Two conclusions clearly follow from this retrospect: 

(a) The floods of 1897 and 1899 were not abnormal or 
unusual phenomena in the history of the river. 

(b) Regulation works have had absolutely no influence 
in increasing the heights of floods. 

(26) Regulation works have no effect upon the origin 
of high waters, for these must be regarded as ele- 
mental ocurrences, produced by natural causes which 
man, notwithstanding his dominion over the world, is to- 
day unable even to explain, much less to control. That 
floods are always due to rain catastrophes and these in 
turn to atmospheric disturbances or eruptions will not be 
denied. The quantity of rainfall and of melting snow 
is the sole prerequisite for floods in their origin, although 
their course and progress may be modified by other con- 
ditions. Thus the duration and intensity of the rain, 
the condition (fullucss) of the stream before the flood 
takes place, the presence of vegetation hindering the 
movement of the water, a high temperature favo:lag 
evaporation, a dry soil preceding the rain; but prin- 
cipally the arrival of the flood waves of the various 
tributaries with the main stream, whether separately and 
at sufficient intervals so that each can flow away quictly, 
or uniting their culminations to swell the onward rush 
to the utmost, all have their effect upon the progress of 
floods after the precipitation has taken place. Again, if 
special localities are considered, the orographic and geo- 
logic structure as affecting runoff, the slope and cross- 
section of the water courses, the narrowing of the chan- 
nel in gorges, or the widening of the same in open 
valleys—all have an important bearing upon the de- 
velopment of a flood, as do many other circumstances 
dependent upon the particular case considered. As a 
rule, the magnitude of a flood is proportional to the 
precipitation; yet the foregoing conditions may be such 
that relatively high precipitation may produce relatively 
small fioods, and the reverse. 

The remainder of the author’s report is devoted 
to an exhaustive inquiry into the meteorological 
conditions accompanying the tremendous rains 
that caused the floods, and does not have any 
direct bearing upon the subject here under con- 
sideration. 

The number of floods cited by the author is 
about 125. Many of them were accompanied by 
ice gorges which render close comparison with 
other floods by means of discharge or gage data 
rather uncertain. A noteworthy feature of the 
record is the occurrence of flood years in 
groups. In nearly the entire period, high flood 
years were bunched together, showing that pre- 
cipitation moves in cycles. The same law is very 
characteristic of our own country, aS any one 
can see by examining rainfall records for the 
past fifty or sixty years. Just now we are in the 
midst of a period of high precipitation, and it is 
this fact, not a change in our forest areas, that 
is producing the abundant crop of high floods of 
the past few years. 

The broad conclusion to be drawn from M. 
Lauda’s paper is that the changes produced by 
man in the valley of the Danube, so far as these 
changes are matters of record, have had no ap- 
preciable influence upon the origin or behavior 
of great floods. He advances the very conclusive 
argument (Par. 4) which our forestry friends 
always overlook, or at least never mention, that, 
however correct the theory as to the retentive 
effect of the forest bed may be in average con- 
ditions, it ceases to apply when the bed has be- 
come so saturated that its retentive capacity is 
exhausted. If the author had also been considering 
the subject of low water he would doubtless have 
drawn attention to the other extreme of forest 
influence, viz.: that in mid-summer when the rate 
of evaporation is high and showers are few and 
far between, the forest absorbs practically all of 
the precipitation, giving it off in evaporation, 
and thus yields less runoff to the streams than 
the open country. 

These considerations are of the very highest 
importance, The conventional forest theory 
touches only the middle ground, leaving the ex- 
tremes unconsidered. But it is with the ex- 
tremes alone that we are really concerned. If 
the floods and low waters are provided for, the 
middle stages will take care of themselves. 

This very common and very material oversight 


in the forestry argument is well illustrated by 
an experiment now being used to some extent 
by lecturers on forestry. The lecturer exhibits 
a smooth impervious surface that sheds water 
readily, as representing the cleared land, and on 
Some portion of this he places a piece of blotting 
paper or other absorbent material to represent 
the forest bed. He then sprinkles the entire area 
and the audience readily sees how the water im- 
mediately runs off from the hard smooth sur- 
face but is largely retained by the absorbent sur- 
face. The lecturer coolly assures them that the 
action of the blotting paper represents the nor- 
mal effect of the forest bed in restraining the 
runoff from rainfall. Sometime, I apprehend, a 
listener of more inquiring mind or more cour- 
ageous disposition than the rest will interrupt 
proceedings somewhat after this fashion: 

Mr. Lecturer, will you not carry your illustration to its 
logical conclusion. Please sprinkle more copiously and 
continue until that blotting paper is completely satu- 
rated so that we may see if the water will not then run 
off from it as quickly as from the other surface. Then 
sprinkle in small showers with considerable intervals be- 
tween them. If the air of the room is warm, as in the 
hot summer time, that portion which falls on the paper 
will all, or a large part, be evaporated between the 
Showers and practically none will run away; although 
a considerable part of that which falls on the smooth 
surface will run off. If you will add these featurcs to 
your illustration your audience will see that in times of 
great rainfall forests cannot diminish floods in the least 
digree, and in periods of prolonged hot weather they 
yield to the streams less water than does the open 
country.” 

Such an interruption would no doubt be em- 
barrassing to the lecturer, but it would be highly 
instructive to the audience. 

In (5) and (26) the author refers to a feature 
of prime importance in the behavior of forests. 
The forest bed may store up a considerable por- 
tion of the earlier rains of flood-producing 
storms, and by yielding up the stored waters 
later when the crisis of the storm is on, may pro- 
duce flood combinations that would not have oc- 
curred had the earlier rains flowed more promptly 
into the streams. As in a great freight yard or 
dispatching point it is important to transmit in- 
coming freight promptly and thus avoid conges- 
tion with later traffic, so a great river, other 
things being equal, will be less liable to become 
congested, in times of heavy precipitation, if it 
carries away promptly the runoff from earlier 
rains instead of delaying and possibly being com- 
pelled to carry it away with a greater runoff 
which may come later. 

In (3) the author refers to the effect of for- 
ests upon snow melting and here commits a capi- 
tal error: one, however, which runs through 
nearly all the literature on the subject and is 
firmly rooted in the popular mind. Yet it is an 
error so evident that it will at once be recognized 
when attention is called to it, and it is inex- 
plicable how it should have survived so long. In 
my paper above referred to I have discussed this 
subject in much greater detail than can be 
done here; but I will at least summarize the 
leading arguments. 

Forests almost invariably concentrate and in- 
tensify the runoff from melting snow. This re- 
sults, first, from the fact that the forests break 
the wind and prevent the formation of drifts 
which are very important regulators of runoff 
from snow and in the mountains are among the 
most perfect reservoirs known. 
vents their formation entirely and spreads the 
snow in an even blanket over the ground. In 
the second place, the heavy shade of the forest, 
evergreen forests particularly, prevents melting 
under the sun’s rays and holds the snow for a 
greater or smaller length of time, depending 
upon the latitude, altitude and exposure. This 
is often cited as an advantage, in giving the 
water from the snow a chance to sink into the 
ground. But this result does not ensue. The 
snow is absorbed in its own mass, until it is re- 
duced to a fourth or fifth of its volume, the 
ground still remaining comparatively dry. This 
continues until the genuine warmth of the ad- 
vancing season has arrived, and the soft air and 
rains find a maximum surface exposed to the 
melting influences. The snow turns into water 
very rapidly, and often causes destructive fresh- 
ets where the nelghboring open country is yield- 
ing only an ordinary flow to the streams. The 
melting, once begun, lasts but a little while, when 
the forest snows are all gone. 


The forest pre- 


In the open country, on the other hand, the 
great mass of the snow has been heaped into 
drifts by the winter winds. Melting begins early 
in the spring through sun action, the thin areas 
being attacked first, and the streams rise and 
fall daily following the action of the sun. No 
flood or freshet ever comes from this source. By 
the time the heat of the later season arrives, 
which makes such quick work of the forest snows, 
the open-country snows are confined to the large 
drifts where the volume is great but the exposed 
area small. These drifts continue for weeks and 
perhaps months after the forest snows have dis- 
appeared. They have equalized the flow and 
have carried it far into the summer. The for- 
ests have concentrated it into a brief perlod with 
correspondingly increased intensity. The great 
value of these drifts is well understood by ranch- 
men who live near the mountains and who watch 
their formation during the winter with keen in- 
terest. 

Then there is an actual loss of moisture through 
the greatly increased evaporation from snow in 
the forest (due to its extensive area of exposure 
both on the ground and over the foliage of the 
trees at certain times) and through the heavy 
draft from the soil for maintaining a dense for- 
est growth, naturally diminishes the quantity of 
water that reaches the streams. While, there- 
fore, it is constantly asserted that our mountain 
forests are necessary for the supply of water for 
irrigation, the exact reverse is the case; and 
the supply would be more copious and more uni- 
form if the forests were not there. This, of 
course, is not intended as an argument against 
the forests, for they are so necessary for timber 
and other economic purposes that their value for 
these purposes more than offsets the disadvan- 
tage to the water supply.* 

Of course, this influence is less pronounced in 
deciduous than in evergreen forests, for in de- 
ciduous forests both wind and sun have freer 
play; but the principle applies proportionately 
as the conditions prevail, and it will always be 
found that snow melting in the spring time be- 
gins and ends in the open country and is con- 
sequently more prolonged and uniform than in 
the forests. 

On the Pacific Coast, where the densest for- 
ests in the world exist, with the deepest beds 
of humus and most perfect retentive action while 
it lasts, are found some of the most torrential 
streams in the country. This is due in part to 
the continuous succession of rains when the rainy 
season begins, and the resulting saturation of 
the forest bed; but in large part to the effect 
of forests upon the snow fall. Heavy falls of 
snow are distributed evenly over the ground and 
throughout the branches and foliage of the trees 
so that the surface exposed is developed like the 
cells of the lungs and is a thousand fold greater 
than in the open country. Following these snow- ` 
falls there frequently come warm ocean winds 
and rains which melt the snows with great 
rapidity, and snow and rain—yesterday’s storm 
and to-day’s—go down to the sea together in 
raging torrents that exhibit a destructive energy 
scarcely to be seen in any other section of the 
country. 

In (3) the author refers to the protective agency 
of the forest in preserving the soil on the moun- 
tain sides from denudation, thus preventing the 
destruction of fertile lands and the silting up of 
rivers. The history of certain regions in South- 
ern France on the slopes of the Maritime Alps, 
and also in Italy and Austria, where great de- 
nudation at one time followed injudicious efforts 
at clearing and cultivation, have given this mat- 
ter a degree of importance in Europe which does 
not find its counterpart in this country. More- 
over, the author's bare statement of fact fails to 
place the responsibility for this denudation where 
it really belongs. Forest cutting in itself—even 
forest burning—very rarely results in soil erosion. 
A soil that will maintain a heavy forest growth 
will immediately put forth a new growth when 
the forest trees are cut down, and this new 
growth will invariably be of a denser, closer char- 
acter—briars, young trees, and shrubbery of all 
kinds—than that of the virgin forest itself. Our 


2 would invite attention in this connection to an ex- 
tremely well-written and instructive article in “Science” 
for April 10, 1896. 
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second growth woodlands, our slashings, full of 
tangled undergrowth, are certainly better pro- 
tected against erosion than the areas of tall, clean 
timber, and far better than will be the well- 
groomed forests under scientific supervision. It 
is only where timber cutting is followed by road- 
building, extensive grazing, and particularly by 
clearing and breaking of the soil, that erosion 
results. 

It is not the absence of forest trees but the 
presence of cultivation in all its forms that leads 
to erosion. The question of arresting or con- 
trolling such erosion, is one of dispensing with 
or improving cultivation. If these cultivated 
grounds can better be abandoned and turned into 
forests, let that be done. If they cannot be— 
and this, of course, is the case with most of 
our cultivated lands—then the evil, so far as it 
exists, cannot be helped by forestry at all but 
only by better methods of cultivation. 


The evil itself has been most absurdly exag- 
gerated in these later days. We are told over 
and over again that a thousand million tons of 
soil is carried by our rivers into the sea every 
year, and that this represents a direct loss to 
our fertile soils. As a matter of fact, probably 
not more than one-fifth comes from lands that 
have ever been cultivated or are likely to be for 
generations to come. The vast down wash from 
the Bad Lands and desert regions of the West 
and from the high mountains, represents by far 
the greater portion of this soil and every par- 
ticle so washed down is a benefit to humanity; 
for it not only reduces inaccessible and useless 
lands to some approach to accessibility but de- 
posits the eroded material where it can be made 
some use of. The actual loss to our farming 
lands on the average is extremely small. It is 
doubtful if it amounts to a quarter of an inch 
in a century. It cuts no figure in the condi- 
tion of our rivers when compared with the vast 
load that comes from other sources over which 
man as yet exercises no control. 


It is said on the authority of a high gov- 
ernment official that this billion tons of soil is 
worth a billion dollars, which immense sum—al- 
most equalling the cost of running the govern- 
ment for a year—represents the annual loss from 
soil wash alone. As already stated, probably 
four-fifths of this quantity represents the trans- 
fer of soil from places where it is of no earthly 
use to places where it is of some use, and in 
many cases of very great use. This transfer is 
certainly a benefit and not an injury, except as 
to the relatively very small percentage that gets 
into ditches, canals and reservoirs on its way 
to the sea. Let us estimate the value of these 
operations of nature at only 25 cts. per ton, and 
allow the estimated dollar a ton for the por- 
tion that comes from agricultural lands. It will 
appear that, instead of a billion dollars annual 
loss, mature’s account pretty nearly balances 
itself. 

Recently in a public address another official 
of the government who stands high as an au- 
thority on these matters made the following 
statement: 

We have the most wonderful system of rivers to be 
found in any civilized country and the least used. There 
ig less transportation on our rivers, taken altogether, 
now than there was fifty years ago, and in spite of the 
vast sums spent upon them thcy are less navigable now 
than they were then. We have allowed them to be 
clogged with the soil washed from our fields and moun- 
tain sides and have wasted their value for naviga- 
tion. The fertile soil which has clogged our rivers has 
been washed from our fields, and every one of the 
hundreds of millions of tons so lost every year helps to 


make the farmer poorer and to reduce the product of our 
farms. 


Here, by implication, if not by direct assert- 
ion, the low state of navigation upon our inland 
waterways is charged up to soil wash and this 
to deforestation, and the natural inference is 
that the restoration of navigation is dependent 
upon reforestation. In the first place our inland 
waterways, at least the principal streams, are 
not less navigable than they used to be. Their 
navigable condition is much improved. If the 
steamboat men of fifty years ago could have had 
the rivers we have now they would have con- 
sidered themselves in clover. That our rivers 
are less navigated than they used to be is per- 
fectly true, and there has never been the least 
doubt as to the real reason. It is only very 


recently that a new reason has been suggested. 
The Missouri River, for example, is in a better 
navigable condition to-day than it was when 
boats piled its entire navigable length of 2,285 
miles; but no boats run there to-day for the 
simple reason that they cannot live and carry 
freight at the same rates at which the railroads 
carry it. The natural difficulties of navigating 
that stream are too great. This and similar rea- 
sons apply to the Mississippi and Ohlo and their 
tributaries. The railroad comes to the people’s 
doors; it carries them and their produce in the 
direction they want to go; it carries them 400 
miles a day as against 50 to 100 by the river; 
it operates in winter as well as in summer; in 
the fall of the year when crops are harvested 
and freight is most abundant and transportation 
most needed, the railroad is in the best physical 
condition of the entire year while the rivers 
(through low water) are in the poorest; and 
finally the railroad carries so cheaply that the 
profit is taken out of the river business. There 
is no mystery about all this. It is a simple case 
of the survival of the fittest. The railroad satis- 
fles the needs of the people better than do the 
rivers and it gets the business. In Europe rail- 
roads do not serve the people as well or as 
cheaply, while far greater attention is given to 
the development of waterways than here, and 
this fact and the greater density of population, 
are the true reasons why the inland waterways 
of Europe are used more than they ure in this 
country. 

But now a new era is dawning in the history 
of our inland waterways because of the enor- 
mous development of the country and the con- 
sequent increase of freight traffic. So great has 
the volume of business become that the rail- 
roads are physically unable to handle it. With 
the utmost practicable expansion, it looks as if 
they will continue to be unable to handle it. 
And so we must look to our rivers again. Pub- 
lic sentiment, which a few years ago severely 
criticised a river and harbor bill that carried 
$25,000,000 for two years’ work, now wants a 
guaranty of $50,000,000 annually as a regular 
thing; and we devoutly hope it will come; for 
it is this, and not anything that may be done 
through the agencies of forestry and soil-wash 
control, that will place our waterways in a con- 
dition to. compete with the railroads. 

Perhaps the most remarkable feature of this 
forestry propaganda is the unquestioning ac- 
ceptance by the public of theories and state- 
ments of fact that are utterly unfounded and 
untenable. It is certainly a great proof of 
the deference paid by the public to those in 


authority and who are supposed to know 
whereof they speak. Marsh, speaking of 
the unfounded claim that deforestation re- 


duces precipitation (‘‘The Earth as Modified by 
Human Action“), criticises this tendency in the 
following terms: “The scientific reputation of 
many writers * * * has led the public to sup- 
pose that their assertions rested on sufficient 
proof.” There is too great a readiness to do this 
in our own country at the present time. Let 
the over-credulous reader who accepts at their 
face value the perfervid utterances of magazine 
writers and public lecturers upon these subjects 
(accepts them because they profess to be based 
upon data given out by official authority) do a 
little thinking on his own account. He has seen 
forests and fields and rivers as well as they 
whom he trusts so implicitly. Let him verify 
their theories and assertions by his own ob- 
servation. Let him consult the records both in 
this country and Europe and find out how utterly 
without foundation is the claim that floods or 
low waters are more frequent or pronounced now 
than they used to be. If he is still uncon- 
vinced and really feels that in spite of the facts 
there must be some hidden virtue in the forestry 
argument—that where so much smoke is there 
must be some fire—let him ask what relief for- 
estry can give, assuming its theory to be true. 
Can the total forest area of our country be in- 
creased? Not by so much as a single acre. Re- 
member that, so far as runoff is concerned, the 
second growth timber, the woodland generally, 
as distinguished from the native forest, is just 
as effective in controlling runoff as the virgin 


growth and more effective than will be the clean 
and raked-up forest under culture. Now it will 
never be possible to increase this woodland area. 
The requirements of cultivation and occupancy 
will rather cause it to be reduced. There will 
doubtless be a shifting of forest areas, but the 
grand total cannot be increased. Here is an 
impassable barrier. The remedy, if a real one, 
cannot be applied. The possible changes in for- 
est acres are so small as to be utterly insig- 
nificant in comparison with the whole area 
affected. As the author well says (8), “We can- 
not ascribe to an increase or decrease of forest 
areas by a few hectares * * * any influence upon 
the origin, frequency or behavior of such 
catastrophes |floods].” 

Marsh, in the celebrated work just quoted 
from, devotes his main energy to the forestry 
argument and is the forerunner of the propa- 
ganda as it exists to-day; but he is compelled 
to surrender his entire position so far as it re- 
lates to floods, as may be seen in the following 
quotations: “I am unable to refer to a single in- 
stance where the record of the rain gage for a 
considerable period before or after felling or 
planting of extensive woods can be appealed to 
in support of either side of the question” [of 
precipitation] (p. 192); and “floods will always 
occur in years of excessive precipitation, whether 
the surface of the soil be generally cleared or 
generally wooded” (p. 473). In other words, 
forests have no influence upon precipitation and 
are helpless to prevent floods when the requisite 
precipitation comes. This is the whole case in 
a nutshell. It is a position that has never been 
successfully assailed and never can be. 

In a letter from M. Lauda, replying to one in 
which the influence of forests upon melting 
snow was pointed out, the distinguished engineer 
assented to the correctness of the views ex- 
pressed, but added naively, “I should not wish 
to be quoted as opposed to forests.” This, I 
suspect, is the attitude of many engineers in 
our own country who understand the utterly 
unreliable and untenable character of much of 
the forestry argument. We all believe in for- 
ests, appreciate fully the necessity for them, 
desire to see them developed in every legiti- 
mate way and endorse the excellent work being 
done to this end by both public and private 
agencies. 

Doubtless in most cases the disposition is to 
let pass without notice assertions that would 
ordinarily be met with instant challenge and 
even rebuke, Knowing that the movement itself 
is a good one and believing that the misrepre- 
sentations which characterizes its propaganda 
can do no harm. But they are doing harm, 
just as the promulgation of error in any form 
does harm. I do not refer at all to the tend- 
ency of these teachings to discredit the work 
which the government has done and is now doing 
in the improvement of its inland waterways, 
but solely to their effects upon the best interests 
of the waterways and of forests themselves. 
The public has been led to believe implicitly, as 
any one can see from the literature of the day, 
that in forestry may be found a sure relief 
from the evils of high and low water and ob- 
structed river channels—that through their 
agency floods will cease to be and that our rivers 
will flow clear and limpid to the sea, as they 
used to before the forests were cut away! As 
a matter of fact the forests will have, can have, 
no more practical influence upon these matters 
than have the changes of the moon. The false 
hopes thus being built up must, of course, end 
in bitter disappointment. 

Teaching the public to think that if they will 
only spend their money in planting forests they 
will not have to spend it in protecting them- 
selves from floods or in improving their chan- 
nels for navigation, is a species of false prophecy 
that cannot be frowned down any too soon. 
These floods will always come until the order 
of nature in its atmospheric behavior is radically 
changed or brought under human control. They 
can be dealt with successfully only by direct 
artificial means. There are three principal 
agencies by which they can be controlled: re- 
moving natural or artificial obstructions from 
the channels, storing flood waters in reservoirs, 
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and building protection works on the banks. 
These means are given above in the inverse 
order of their practical importance. In some 
cases the gorging effect of obstructions can be 
removed and thereby secure a degree of local 
relief. To an increasing extent reservoirs will 
be used to mitigate floods, but their control can 
hardly be decisive. The great means in the 
future as in the past will be the arbitrary confine- 
ment of floods within designated channels by means 
of levees or other similar works. [Italics ours.— 
Ed.] The public should not be led to believe 
that it can ever evade the cost of these works 
and it should not be encouraged to defer grap- 
pling with these problems wherever they exist 
in the hope that they will somehow solve them- 
selves indirectly through tree planting, soil-wash 
prevention or any other similar means. 

As it seems to me, the cause of forestry itself 
must suffer by linking it so closely with a sub- 
ject with which it really has no practical con- 
nection. If it were not for the erroneous as- 
sumption that forests have a regulative effect 
upon our rivers and so are beneficial to navi- 
gation and useful in controlling floods, would 
we think of selecting the rugged and inacces- 
sible mountains as the home of our future for- 
ests? In the western mountains this is, of 
course, to a great degree necessary, because for- 
ests will not grow anywhere else; but it is not 
so in the east, where the bulk of the population 
dwells and where forests grow anywhere. The 
increased cost to the people of timber procured 
in the mountains is relatively very great. A 
recent editorial expression in Enginecring News 
pointed out this fact very effectively in these 
words: “The cutting off of the forests on the 
remote mountain slopes has only become pos- 
sible with the high price of lumber that has 
prevailed for ten years past.” This is the tax, 
amounting to 25 to 100%, which must always be 
paid for lumber from these sections. If the 
people are to give their good money to build up 
National forests would it not be far better to 
locate them in the lowlands, convenient to trans- 
portation, convenient for access and enjoyment 
by the people, than to locate them in the moun- 
tains? There is scarcely a county east of the 
meridian of Omaha that would not sustain such 
a forest. In most sections there are tracts ill- 
suited to agricultural operations and better 
adapted to forest culture than to anything else. 
Local communitles would feel a more direct in- 
terest in such forests, for their benefits, both in 
timber and in the enjoyment of access, would 
come more directly home to them. Undoubt- 
edly states, counties or other local agencies 
would willingly contribute to the first cost of 
these forest lands, and even if the government's 
share in such cost were several times what 
similar areas would cost in the mountains, they 
would be cheap in comparison, for they would 
in a few years return by their greater benefits 
the difference in original outlay. These forests 
are presumably to be maintained indefinitely, 
and the first and most important consideration 
in their location is to see that it will satisfy most 
completely the purpose for which they are to 
be established. 

Whatever the present propaganda may claim, 
the primary and the only basis for these for- 
ests that will justify their creation and main- 
tenance at public expense is the timber which 
they are to supply. I apprehend that very few 
have stopped to consider, in this campaign for 
an Appalachian reserve, that it is proposed to 
select for this enormous purchase (running up 
probably to ten million dollars) the poorest and 
least available lands for this purpose that can 
be found between the Atlantic and the Misssis- 
sippi. The very fact that the native timber on 
these lands has remained uncut until it is gone 
elsewhere and until the price of timber has 
doubled and trebled over what it was not many 
years ago when the supply came from the low- 
lands, is sufficient proof of this statement. How 
much better it would be to take this ten million 
dollars, invite local communities to add as much 
more, and commence the building up of forests 
in carefully considered locations all over the 
country! 

But the influence upon stream-flow, some one 


will say, makes it necessary to maintain the 
forests on the mountains whence comes most of 
the water supply for our rivers. I have endeav- 
ored to show on how slender a basis this argu- 
ment rests, but admitting its validity for a 
moment, it is still an indubitable fact that the 
same forest bed will exert a greater retentive 
effect in a comparatively level country than on 
one of steep slopes. If any one doubts this, let 
him take the standard illustration of the for- 
estry service—the smooth, hard surface and the 
absorbent material, even the blotting paper 
Which is as unreasonable a parallel as could be 
thought of on account of the total dissimilarity 
of texture—and tilt these surfaces up to a highly 
inclined position and he will quickly learn how 
much less water any absorbent material in the 
shape of a thin covering will retain than when 
lying nearly horizontal. But, there is so much 
more rainfall in the mountains! Yes, but will 
a pan hold more than its capacity simply be- 
cause more water is poured into it? And will 
it hold as much tipped up sidewise as when 
standing level? And will it not hold less the 
more it is tipped up? But the question of 
erosion? In that respect the mountains will 
take care of themselves wherever they are not 
reduced to cultivation, and in such places it is 
a question for the agriculturalist. In a coun- 
try of such abounding vigor of vegetable growth 
as is the whole region of these mountains it is 
impossible to make the soil barren by the simple 
cutting of timber. If the whole Appalachian 
forests were burned off to-day, within a year 
they would be replaced by a rising growth that 
would protect the drainage areas just as well. 

No! the forestry argument, as applied to these 
mountains, will not “hold water,” whether it is 
a question of regulating stream flow in our 
rivers, preventing soil erosion, or providing a 
timber supply for future generations. 

Like M. Louda, I would not wish that the 
views above expressed should be construed as 
antagonistic to the true interests of forestry. No 
one, it seems to me, can fail to appreciate the 
importance of this cause nor wish to restrict its 
expansion in any legitimate direction. In par- 
ticular I would yield to no one in admiration 
of the remarkable work which the present chief 
of the government forest service has done and 
is doing—a work which affords another example 
of the historic fact that every great movement 
sooner or later brings into its service the in- 
dividual best qualified to carry it to success. 
But while this is true, it is also true that the 
forestry argument is being carried into fields 
with which it has no legitimate connection, and 
to the detriment of its own and the invaded ter- 
ritory alike. An example of this may be seen in 
the following claims for the beneficial effects of 
forests as quoted from “Forestry and Irrigation,” 
April, 1907. 

The great flood [January, 1907] which has wrought 
devastation and ruin in the Upper Ohio Valley is due 
fundamentally to the cutting away of the forests on the 
watersheds of the Allegheny and Monongahela rivers, 
+ * * The ruin of the mountains is accomplishing the 
ruin of the valleys. * * * Disease will come later when 
its fruitful germs have multiplied on every foot of the 
inundated valley. The value of the property destroyed 
in this one flood is probably sufficient to buy enough land 
at the headwaters of these streams to fully protect them. 

Now it is absolutely impossible to establish by 
any proof worthy of the name a single count in 
this indictment, if it may be so called. Theory 
and records are alike wholly against the possi- 
bility that forests, no matter how extensive, 
could have moderated the intensity of that flood 
at all. It would be easier to prove that they 
would have aggravated it. The direct inference 
from such assertions is that the planting of for- 
ests on these drainage areas will prevent similar 
disasters in the future and the suggestion is 
directly made that public money for flood con- 
trol should be expended in this way. Let us 
suppose that the city of Pittsburg should raise 
ten million dollars and turn it over to Mr. 
Pinchot with carte blanche as to its use subject 
only to the condition that it should secure the 
greatest measure of relief the money is capable 
of securing. Accepting this responsibility, and 
realizing his obligation to accomplish a specific 
purpose, would he dare to expend it in reforest- 
ing the drainage area to the omission of works 
of flood protection in the city itself or in the 


building of reservoirs? And would he be will- 
ing to guarantee to the city of Pittsburg that 
the cost of these purely artificial measures could 
be reduced in the least degree by anything that 
he might do on the drainage areas in the line 
of tree planting? I do not think he would. 

Of course I do not question for a moment that 
Mr. Pinchot and his associates implicitly believe 
in the theories which they are so earnestly pro- 
mulgating; but it is a belief born of zeal in a 
cause which is very dear to them rather than 
from a clear understanding of the principles of 
Stream flow involved. The education of the 
public in these erroneous theories is regrettable 
from the standpoint of stream flow and forestry 
alike. On the one hand, it creates expectations 
that must end in disappointment and tends to 
postpone measures which alone can accomplish 
desired results. On the other hand, it locates 
the sources of a large portion of our future tim- 
ber supply where they will not serve the public 
to best advantage. 

ADDENDA. 

In the foregoing criticism, as well as in the 
American Society paper, the flood side of the 
forestry problem is given more attention than 
the drought side, because it has been until quite 
recently more prominently before the public. In 
the last-mentioned paper, however, the following 
reference to it was made: 


Rarely does one stop to think how far better it is for 
the country to have these wet periods, even with all their 
floods, than the dry periods that will surely follow. A 
single dry year may cause more loss to the country 
. . . than the floods of an entire cycle of wet years. 


Scarcely was the ink dry upon this statement 
When fresh proof of its correctness was at hand. 
For upward of two months (writing Oct. 1, 1908), 
throughout a large portion of the northern and 
eastern section of the country, there has been 
practically no rain, and the resulting distress and 
loss has been very great. 

It requires no gift of prophecy to foretell that 
this circumstance will be immediately seized 
upon in certain quarters as an added proof of 
the evils of deforestation; and as this feature 
of the forestry propaganda may have consider- 
able prominence in the immediate future, it is 
desirable to give it at least a passing reference. 

First, as to the cause itself of the drought— 
lack of precipitation—there is nothing whatever 
in rain gage records in this country or in 
Europe to show that a greater forest area would 
have increased precipitation a particle. The 
primary cause of the drought thus remaining the 
same, how would an increase of forest areas 
have affected the interests of various kinds 
which suffered from the drought? The principal 
of these interests are stream flow and agricul- 
ture. I have indicated in both my papers upon 
this subject the reasons for believing that for- 
ests diminish the flow of the larger streams more 
than does the open country in periods of pro- 
longed drought. If there are occasional show- 
ers, the yield to the streams is undoubtedly 
greater in the open country than in the forests 
where practically all of such showers is absorbed 
and lost in evaporation. In regard to agricul- 
ture, it is impossible to believe that any prac- 
ticable increase of forest areas in the region 
affected would have helped matters at all. It 
would not have increased the rainfall or the dew, 
nor even the supply from the ground itself; for 
the forest soil, as is now well recognized, is 
dryer, except at the immediate surface, than that 
of the open country. In short, from whatever 
point of view considered, it is evident that the 
calamity of a great drought cannot be modified 
in the least degree by anything that can be done 
in the domain of forestry. 

“But are we helpless then?” it may be asked. 
“Is there no possible relief?” Let us be honest 
with ourselves in answering these questions, and 
not, ostrich like, hide our heads in the sands of 
some popular delusion, blindly hoping that our 
old enemy will not see our bodies, although these 
are just as much exposed as ever. There is some 
relief of a definite and positive character. So 
far as stream flow is concerned, these excessive 
shortages can be largely overcome by storage 
reservoirs. It does not take much water, rela- 
tively, to keep up a generous low water flow in 
most streams. Canals, mills, domestic supply, 
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and all other interests dependent upon the direct 
use of running water can be greatly aided in this 
way. On the farm itself there will gradually be 
introduced, even in the eastern sections of the 
country, means of irrigating those crops that 
are most dependent upon a continuous supply of 
water; but it can hardly be expected that this 
resource will reach the great body of agricul- 
tural land. As to other relief, no one can hon- 
estly hold out any substantial hope; unless he 
can present some plan for producing rainfall. 
One other fact in regard to forests should be 
referred to, and that is that, in times of drought, 
they are the greatest menace to life and prop- 
erty in existence. Dried out by two months’ lack 


New Grade 
Old ” 


of rain, a large forest is a tinder-box—a veritable 
death-trap to population located within or near 
it. A forest fire when driven by wind (and a 
great conflagration develops its own wind) is 
as nearly uncontrollable as any of the elemental 
forces of nature. Houses, villages and human 


lives by the hundred have been swept away by. 


them. While such fires are practically irresist- 
ible, no matter what the topography, their in- 
tensity is increased on steep mountain slopes, 
particularly on south and west exposures; for 
such slopes dry out more completely under the 
sun and they increase the force of the winds 
(prevailing winds are southwest) sweeping up 
against them. The most unfavorable place for 
fighting a forest fire is on a steep mountain side 
with the fire ascending the slope. 

This is another illustration of the importance 
of scattering forests throughout the lowlands in 
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Fig. 2. New Column Bases for Lengthening the 


Columns of the Elevated Railway. 


relatively small and compact bodies, instead of 
massing them in the mountains. Forest fires can 
be more surely prevented in that way, and such 
as do break out can be more easily controlled. 
Forest culture, combined with proper patrol 
work, will accomplish a great deal, and the evil 
of these conflagrations ought gradually to be 
overcome. 


RAISING THE CHICAGO & OAK PARK ELEVATED RY.; 
CHICAGO. 


The raising of an elevated Structure above its 
original lewel is a class of work which has been 
required at different points of the elevated rail- 
way system of Chicago, owing as a rule to the 
elevation of the tracks of steam railways which 
pass beneath them and which were originally 
built at the street level. Such work involves pe- 
culiar difficulties in view of the necessity of 
avoiding interference with traffic upon the struc- 
ture and in the streets beneath it. 

The latest piece of work of this kind has been 
nade necessary in order to allow the Chicago & 
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cross girder and riveted to the end of that girder. 
There are small knee-brace connections. Each 
brace consists of a flat plate having its ends bent 
so as to be riveted to the inner face of the column 
and the bottom of the girder. The plate is stiff- 
ened by a tee bar riveted upon its upper side. 
The columns are seated in cast-iron shoes having 
sockets shaped to fit the channels, lead being run 
in to make a tight joint. These bases are an- 
chored to concrete pedestals. 

When the structure was raised (in the manner 
described below), the column shoes were removed, 
and the ends of the old columns riveted to base 
sections of proper length. These new portions 
(Fig. 2) are box columns having two 15-in, 45-ib. 


Double Deck 


Chicago Riv. 
Drawbridge 


FIG. 1. 


5 “Track Stringers =, 


Plan. 


PLAN AND PROFILE OF THE CHANGE OF GRADE ON THE CHICAGO & OAK PARK 


ELEVATED RY., CHICAGO. 


Northwestern Ry. to build the four-track elevated 


approach to its new terminal station. This line, 


will cross Lake St., which is occupied by the 
Chicago & Oak Park Elevated Ry. (formerly 
known as the Lake St. Elevated Ry.). The lat- 
ter line has been raised therefore to give the 
necessary clearance for railway trains. The maxi- 
mum raise was about 6 ft. This part of the line 
was originally at a considerable height, owing to 
grade conditions, and at the highest point the 
new tracks are now nearly 40 ft. above the street. 
The general arrangement is shown by the plan 
and profile, Fig. 1. 

The change of grade extends from the west end 
of the Chicago River drawbridge to Union St., 
a distance of about 2,100 ft. It includes a bridge 


over railway tracks just west of the drawbridge. 


The line was originally level as far as Milwaukee 
Ave. and then descended 
by a grade of 0.59% to 
Union St, where the 
rails reach their normal 
elevation of about 25 ft. 
above the street. AS now 
altered, there is an as- 
cending grade of 0.526% 
from the river to the 
crossing of the Chicago 
& Northwestern Ry., be- 
yond which there are de- 
scending grades of 8 
0.427% and 1.247% to 2 
the original elevation at S 
Union St. 

The structure of the 
elevated railway consists 
of columns at the curb 
lines of the street, sup- 
porting transverse plate 
girders. Between these 
girders are four lines of 
plate-girder track string- 
ers on which the track 
ties are laid. This ar- 
rangement is shown by 
the plan in Fig. 1. The 
cross girders are of 45-ft. span, and the longitud- 
inal girders vary from about 30 to 50 ft. Each 
column is composed of two 15-in. 35-lb. channels, 
set with the flanges inward and having 4 x 7/16- 
in. lacing bars riveted to the flanges with %-in. 
rivets. The channels are 14 ins. back to back, 
and their webs are parallel with the track. The 
outer channel is carried up to the top of the 
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channels (with the flanges outward), and two side 
plates x 21% ins. riveted over the flanges. The 
backs of the channels fit against the backs of 
those of the old columns. The plates and chan- 
nels are drilled for -in. rivets, and when the 
new portion is in place, it serves as a template 
for drilling the old columns. The new work is 
of open-hearth steel, made to the ‘‘Manufactur- 
ers Standard” specifications. 

No cast-iron shoe is used, but the new column 
has a flat base plate. On each side, at the bot- 
tom, is a sleeve for a 14-in. anchor bolt. These 
bolts are 8% ft. long, threaded at both ends. The 


lower ends pass through anchor plates and have 
square nuts below these. The upper ends pass 
through the sleeves on the column and have hex- 
agonal nuts bearing on %-in. washer plates 4 x 
47 ins. 


At the street level the column is sur- 
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FIG. 3. DETAILS OF A-FRAMES USED IN RANG THE ELEVATED 


RAILWAY. 


rounded by a cast-iron wheel guard, as shown. 
There were about 125 tons of steel work used for 
the new columns and knee braces, and about 20 
tons of cast-iron for the wheel guards and the 
pedestals on the bridge noted below. 

Before raising the structure it was necessary 
to give a more rigid connection between the col- 
umns and cross girders than that afforded by 
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the column attachment and the old knee braces. 
Latticed braces were applied therefore (below the 
old braces), one end having a saddle riveted to 
the bottom of the girder and the other end hav- 
ing large connection plates riveted to the side 
flanges of the column. 

The structure was lifted by pressure applied 
under the cross girders. Just inside of each col- 
umn was placed a timber A-frame, the apex bear- 
ing against the bottom of the cross girder, and 


the structure. These inclined longitudinal struts 
were set up tight by means of jacks. 
When the structure was supported by the 


` A-frames, the anchor bolts of the columns were 


released, and by means of screw jacks under the 
sills of the A-frames the structure was raised to 
the desired elevation. This work is shown in Fig. 
4. The height of raise in each case was chalked 
upon the column for the information of the fore- 
man. Wedges were driven laterally from each 


FIG. 4. RAISING THE CHICAGO & OAK PARK ELEVATED RY. ON LAKE ST., CHICAGO. 


(The men are working simultaneously on the jacks under the two A-frames supporting the first cross girder. 


This girder has both the old and new knee-braces in place. 
Next to it is one of the portable air-compressor plants. The 


forming a portable office, with telephone equipment. 


Beyond the A-frame on the left is the wagon 


working platform on the second cross girder is supported by rigid steel hangers, instead of by ropes, thus giving 


a steadier platform. 


* 


the horizontal base timber or sill resting at each 
end on a pile of blocking. The construction of 
the A-frames is shown in Fig. 3. A part of the 
work in progress is shown in Fig. 4, with the 
men at work on the jacks of one pair of A-frames. 
This view shows also the character of the struc- 
ture, and the old and new knee braces. It will 
be noted that the cross girders are drilled for 
the attachments for four additional lines of track 
stringers. This is to provide for a future four- 
tracking of the road, and was done at the time 
the girders were manufactured. The large cov- 
ered wagon near the A-frame on the left side of 
the view is the superintendent’s portable office, 
with telephone equipment. Beyond this is one of 
the portable electric air-compressor plants for 
serving the drills and other pneumatic tools. It 
will be noted, also, that there is comparatively 
little obstruction of the street by the blocking. 

In a few cases the A-frames would have ob- 
structed a diagonal street intersection or the en- 
trance to a fire-engine station. In these cases, 
vertical posts were used, being placed against the 
columns and supported on short lengths of 
I-beams carried by blocking. At one point (at 
the intersection of Milwaukee Ave.), it was im- 
possible to use even this small amount of block- 
ing at the column. The timber post was set 
therefore at a distance of several feet and was 
capped by a cantilever of I-beams, the end of 
the cantilever carrying the cross girder of the 
elevated railway. At the Canal St. station, spe- 
cial supports had to be provided for the stair- 
ways and for the foot-bridges which pass under 
the structure. 

Lateral bracing for the columns was provided 
by inclined timbers having the upper end butted 
against a shoe consisting of a steel angle bolted 
temporarily to the face of the column, while the 
lower end was seated on blocking. These were 
made rigid by jacks or wedges between the strut 
and the blocking. This is shown in Fig. 3. End 
bracing of a similar character was used also for 
the river side of the first cross girder beyond the 
drawbridge. Here the trains come down grade 
to the bridge and are likely to have the brakes 
applied, thus exerting a longitudinal thrust upon 


mainly with pneumatic 


side as the jacks were turned, so that the latter 
were never relied upon to carry the load. When 
any bent had to be raised any large amount (as 
for an additional course, of 12-in. blocking), a 
man was stationed above to signal when the track 
was clear. Shims and small blocks were filled in 
as the work rose, until the 12-in. blocks could be 
placed. When the full elevation had been at- 
tained, the jacks were removed. 

The old cast-iron shoes were then taken from 
the columns, 
the pedestal, the concrete demolished, and sup- 
plementary blocking fitted under the suspended 
column to relieve the strain upon its top con- 
nections. The new column sections were then 
adjusted in place and riveted to the old columns. 
New concrete pedestals were built in the pits to 
the required elevation, 
with anchor bolts in the 
necessary positions. 
When the concrete had 
set, the columns were 
lowered slightly to land 
them on the _ pedestals, 
and the nuts were 
screwed on the anchor 
bolts. The cast-iron 
wheel guards (made in 
two pieces) were then 
set in place and grouted 
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An excavation was made around 


knee braces) were supported by L-shaped steel 
hangers. The top of the vertical (and longer) 
leg was formed with an eye which fitted a bar 
laid across the top chord of the girder. This ar- 
rangement, which is shown in Fig. 4, gives a 
much more steady platform than if the planks 
had been suspended by ropes, and the men were 
able thus to work to better advantage. ; 

At the point where the new four-track line o 
the Chicago & Northwestern Ry. will pass under 
the elevated railway (near Clinton St., Fig 1), 


five of the present spans will be removed, and 


replaced with two short girder spans and a 
through truss bridge of 155 ft. span over the 
railway. The abutment bents for this bridge will 
have three columns each; one on each curb line, 
and one in the middle of the street. It would be 
impossible to use a pile driver here without 
bjocking traffic, and it was decided, therefore, 
to build six foundation piers in steel caissons 
sunk by the pneumatic system. These will be 
10 ft. diameter, and sunk to rock or hardpan at 
a depth of about 94 ft. 

Special methods were required for raising the 
track on top of the bridge carrying Lake St. over 
the railway tracks east of Canal St. (and men- 
tioned above). This is a _ three-truss double- 
deck bridge carrying the street on the lower 
deck and the elevated railway on the upper deck. 
The track stringers of the elevated structure are 


. carried by cross girders which rest on the top 


chords of the trusses. These girders were raised 
to bring the track to the new grade, and their 
ends are now supported by cast-iron pedestals 
seated on the chords. 

The work of raising this upper deck was com- 


. plicated by the fact that the cross girders were 


not continuous, but were separate for each 
track. They had to be raised therefore by jacks 
at the middle truss as well as at the side trusses. 
The general arrangement is shown in Fig. 5. At 
the side trusses, vertical posts were placed under 
the girders and close against the trusses. These 
were seated on longitudinal blocking on the floor, 
and had a screw jack under each post. The 
street railway tracks, however, are laid close to 
the middle truss, so that there was no room to 
set posts between the cars and the truss. As 
the truss is of the lattice type, the triangular 
upper panels were filled solid with blocking 
which carried transverse caps at such a height 
as to clear the roofs of the cars. These caps 
were just long enough to carry a line of string- 
ers on each side of the truss, the stringers being 
bolted together. Upon the stringers was placed 
blocking, with a screw jack seated under each 
cross girder. The entire floor was raised simul- 
taneously. Fig. 6 is a view of the bridge, show- 
ing the blocking along the middle truss. In the 
bottom panels of the truss may be seen the cast- 
iron pedestals which were set upon the top 


Side Truss 


with cement. 


The drilling, reaming, 


and riveting were done Cross 


FIG. 5. 
tools. Electric drills were 


also used. Compressed 
air was supplied by two 
portable outfits, each consisting of a motor, com- 
pressor and receiver mounted on a hand truck. 
One of these is shown in Fig. 4. Electric current 
for the motors and drills was obtained from the 
railway system by means of flexible cord con- 
ductors. At 
to be made, as the lateral bracing and other 
details had become badly rusted. The working 
platforms required for this and all other over- 
head work (including the erection of the new 


Section. 


the station, extensive repairs had. 
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Longitudinal Section Xx. 


DIAGRAM SHOWING ARRANGEMENT OF BLOCKING AND 
JACKS FOR RAISING THE UPPER DECK FLOOR GIRDERS OF THE 
BRIDGE ON LAKE ST. 


chord, when the cross girders had been raised. 
At the right is one of the new eolumn bases. 

The work was carried on continuously by 
three eight-hour shifts, and during the main part 
about 200 men were employed in each shift. The 
men were paid by the day, so that the force 
could be increased or reduced flexibly as the 
work required. No trains were stopped, and 
there was no interference with traffic of the ele- 
vated railway or in the street. 
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The contract for all this work (including the 
foundation piers for the new bridge) was awarded 
to George W. Jackson, Incorporated, of Chicago. 
The new steel members were built at the shops 
of this firm. Work was commenced on July 5B. 
It was completed (with all construction material 
cleared away) by Sept. 15. Mr. I. J. Crowley was 
General Superintendent in direct charge of the 
work for the contractors. He had an office ina 


4 A 
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believed that the recommendations should be 
found useful in developing American practice 
along safe and efficient lines. The report 
further reads: 


Our investigations and recommendations relate primar- 
ily to questions of safety in mining; but in this con- 
nection we have been greatly impressed with another 
closely associated phase of the industry, the large and 


permanent loss of coal in mining operations in many 
portions of the United States. This is a serious, per- 
manent, and national loss. It seems to be a natural 


> 
7 


FIG. 6. BRIDGE CARRYING LAKE ST. AND ELEVATED RAILWAY OVER RAILWAY TRACKS; 
SHOWING THE ARRANGEMENT OF BLOCKING AND JACKS AT THE MIDDLE TRUSS FOR 
RAISING THE CROSS GIRDERS OF THE UPPER DECK. 


special wagon (Fig. 4) which was equipped with 
telephone apparatus and stationed in one of the 
side streets. This gave ready communication at 
all times between the superintendent on the 
work and the shops and offices of the engineers 
and contractors. 

The work was done at the expense of the Chi- 
cago & Northwestern Ry., whose engineers de- 
signed the new steel construction. The plans 
had the joint approval of Mr. E. C. Carter, Chief 
Engineer, and Mr. W. C. Armstrong, Terminal 
Engineer, of this road; and Mr. C. M. Mock, 
Chief Engineer of the Chicago & Oak Park Ele- 
vated Ry. 

— eaen — 


THE PREVENTION OF ACCIDENTS IN MINES. 


The United States Geological Survey has pub- 
lished the report submitted by three foreign en- 
gineers, Victor Watteyne, inspector-general of 
mines, Belgium; Carl Meissner, councilor for 
mines, Germany, and Arthur Desborough, H. M. 
inspector of explosives, England, who have been 
in the: United States for six weeks at the in- 
vitation of the United States Government to as- 
sist the Federal authorities in beginning the 
investigations authorized at the last session of 
Congress. The report consists of a series of 
recommendations with an explanatory intro- 
duction. In this latter part, it is stated that 
the recommendations are the result of examining 
the American coal-mining industry in the light 
of their experience in their own respective coun- 
tries. Typical mines in the more important 
fields have been visited and conferences have 
been held with operators, miners and state in- 
spectors. It is stated that the great differences 
between American and European mining condi- 
tions have been taken into account and that al- 
though the rapid development of the industry 
has prevented thorough organization, although 
the men are largely unfamiliar with mining 
methods and even with the English language, 
and. although the price of coal at the mine is 
less than half that in Europe, nevertheless it is 


outcome of the ease with which coal has been mined in 
the United States and the enormously rapid growth of 
the industry. Certainly much of this loss can be pre- 
vented through the introduction of more efficient mining 
methods. 


To be effective, investigations for the benefit of mining 
must be continuous. The opening up of new mines, 
the deepening of old mines, the meeting with new condi- 
tions, the changing of explosives, and the inauguration 
of new processes and methods will call for continuous 
. to be followed by continuous educational 
work. 

The cordial reception everywhere accorded us leads us 
to believe that these recommendations will be received 
by the operators and miners in the same spirit of good 
will as that in which they have been prepared. But the 
success of this movement for greater safety and effi- 
ciency will depend upon the hearty and patient coopera- 
tion of the operators and the miners, working together 
for the accomplishment of this purpose. 

The recommendations of the three experts are 


given intact in what follows: 


A.—SELECTING THE EXPLOSIVES TO BE USED. 

(1) We recommend that the Government of the United 
States examine the explosives now and hereafter used 
in mining, with a view to eliminating the more dan- 
gerous explosives and to improving and standardizing 
such explosives as may be considered most suitable for 
such use, these to be designated by the Government 
permissible explosives.” 

The term ‘‘permissible explosives” is suggested for 
the reason that no explosives are entirely safe, and all 
of them develop flame when ignited: and we advise 
therefore against the use in the United States of the 
terms safety explosives” or ‘‘flameless explosives,” as 
these terms may be misunderstood and this misunder- 
standing may endanger life. 

(2) We recommend that the operators and miners of 
coal use only such explosives as are included in a list 
of ‘‘permissible explosives,’’ when the same has been 
published by the Government, in all mines where there 
is risk of igniting either dust or gas, selecting that one 
which their own experience indicates can be used to the 
best advantage under local conditions. 

(8) We also recommend that investigations be con- 
ducted to determine the amount of charge of such 
‘permissible explosives” which may be used to the best 
advantage under different conditions with a view to re- 
ducing danger to the minimum. 

B.—CARRYING THE EXPLOSIVES INTO THE MINES. 

(1) All explosives should be made into cartridges and 
placed in closed receptacles before being carried into the 
mine, and the quantity carried into the mine during one 
day by any miner should be limited as nearly as practi- 


cable to the quantity needed by him for use during that 
day. Handling loose explosives and making them into 
cartridges by an open light in the mine should be pre- 
vented. 

(2) Detonators or caps should be handled with great 
care, and should be carried only by a limited number 
of responsible persons. 

C.—USE OF EXPLOSIVES IN THE MINE. 

(1) Shooting in or off the solid should not be prac- 
ticed. 

(2) The depth of the shot hole should be less by at 
least 6 ins., than the depth of the cutting or mining. 
The use of very deep shot holes should be avoided as 
unnecessarily dangerous. 

(3) The overcharging of shots (the use of a larger 
charge than is required to do the work satisfactorily) 
should also be avoided as unnecessary and dangerous. 
The proper standardization of explosives used in coal 
mining will greatly facilitate the carrying out of this 
recommendation. (See also “A,” 1.) 

(4) Shots should never be tamped with fine coal or 
material containing coal. Clay or other suitable mate- 
rial should be supplied and used for this purpose. 

(5) The firing of two or more shots in one working 
place, except simultaneously by electricity, should not 
be allowed until a sufficient interval has elapsed be- 
tween the firings to permit an examination of the work- 
ing place, in order to see whether any cause of danger 
has arisen. 

(6) Before a shot is fired the fine coal should be re- 
moved from the working place, as far as practicable, 
and the coal dust on the floor, sides, and roof, for a 
distance of at least 20 yds. from the place where the 
shot is to be fired, should be thoroughly wet, unless it 
has been demonstrated that the dust in the mine is not 
inflammable. (See also “E,” 1.) 

(7) If gas is known to occur in the mine, no shot 
should be fired until, in addition to the watering, an 
examination made immediately preceding the time for 
firing, by a competent person, using a lamp which will 
easily detect 2% of gas, has shown the absence of that 
amount of gas from all spaces within 20 yds. of the 
point where the shot is to be fired. 

(8) Believing that such will be one of the greatest 
advances which can be made in safeguarding the lives 
of the miners, we recommend the adoption of a system 
of electric shot firing, in all mines where practicable, 
by which all shots in the mine, or in each ventilation 
district of the mine, may be fired simultaneously, at a 
time when all miners and other employees are out of 
the mine. 

D.—KEEPING THE MINE ROADWAYS CLEAN. 

(1) The roadways of the mines should be kept as 
free as possible from loose coal which may be ground 
into dust and of rubbish in which such dust may accum- 
ulate, in order to facilitate the removal and wetting of 
the dust. 

E.—WETTING THE COAL DUST. 

(1) In all coal mines where explosives are used it 
is desirable, and in all mines containing gas it is highly 
important, that the dust on the walls, timbers, and 
floors of the working places and roadways should be 
kept continually wet prior to and during the work in 
the mine. If, however, conditions of roof or lack of 
water render this general watering impracticable, at 
least the dust within 20 yds. of each shot should be 
wet before each firing, and other precautions against 
explosions should be practiced with unusual care. 

It is our opinion that a system of watering which 
occasionally sprinkles the floor only and leaves dry the 
dust on the walls and timbers of the roadways is use- 
less and is also dangerous in that it may generate an 
unwarranted feeling of security against an explosion. 


F.—SPECIAL PRECAUTIONS FOR MINES CONTAIN- 
ING GAS. 

(1) In any mine where as much as 2% of gas can be 
detected by suitable method only locked safety lamps of 
an approved type should be used so long as such con- 
dition exists or is likely to recur. 

All safety lamps should be maintained in good condi- 
tion, cleaned, filled, kept in a special room at the sur- 
face, and carefully examined both when delivered to 
the miner and when returned by him at the close of 
each day’s work. A defective safety lamp is especially 
dangerous because of the false feeling of security it 
engenders. 

In the filling of lamps with benzine or other low- 
flash oils, which should always be done at the surface, 
special precautions against fire or explosions should be 
taken. 

G.—USE OF ELECTRICITY. 

(1) Electricity in mining operations offers so many 
advantages, and has been so generally adopted, that no 
reasonable objection can be made to its use under proper 
restrictions. The electrical equipment, however, should 
be installed, maintained, and operated with great care 
and so safeguarded as to minimize danger from fire or 
shock. The fact that the effectiveness of some insulat- 
ing materials is soon destroyed in most mines should 
not be lost sight of. 


We recommend the following precautions: For distri- 


bution underground the voltage should not exceed 650 
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direct current or 500 alternating current; these volt- 
uges being intended for transmission to machincry op- 
erating at 500 volts direct current and 440 volts alter- 
nating current, respectively. Even lower voltages are 
preferable. The trolley wires should be installed in 
such a manner as to render shocks least likely; that is, 
placed either high enough to be beyond easy reach or 
at one side of the track and properly protected. 

Where current at a potential of more than 650 volts is 
employed for transmission underground, it should be 
transmitted by means of a completely insulated cable; 


and where a lead or armored covering is used, such 
covering should be grounded. 
In all mines having electric installation special pre- 


cautions should be taken against the setting on fire of 
coal or timber. Inclosed fuses or cutouts are recom- 
mended, and each branch heading should be so ar- 
ranged that the current may be cut off when necessary. 

No live electric wire should be permitted in that part 
of any mine in which gas ís found to the amount of 2%. 

In all mines producing gas in dangerous quantities, 
as indicated by a safety lamp which will detect 2% of 
gas, the working places should be examined for gas by 
a qualified man, using such a lamp, immediately before 
any electric machine is taken or operated there. 


H.—PRECAUTIONS AGAINST MISCELLANEOUS AC- 
CIDENTS. 

(1) In all new construction, shaft lining and super- 
structures about the entrance of the shaft (or slopes 
or drifts) should be built as far as practicable of non- 
combustible materials. 

About the entrances to mines every possible precau- 
tion should be taken to prevent fircs or the injury of 
the equipment for ventilation and haulage. Ventilating 
fans should be placed at one side of the mine opening, 
and hinged doors or light timbering should render easy 
the escape of the explosive force in direct line of the 
shaft or slope. 

Proper precautions should be taken for immediately 
preventing the entrance into the mine of heat and gases 
and for facilitating the escape of the men in case of 
surface of shaft fircs. 

(2) The surface equipment for handling the coal 
should be so arranged as to prevent coal dust from en- 
tering the mine shaft. 

(3) In all new mines, and in all old mines as far as 
practicable, suitable man roads should be provided for 
the men separate from the main haulage roads. 

(4) In connection with the system of ventilation it 
is recommended that in the more frequented roads 
connecting the intake with the return air courses, two 
doors be provided, these doors to be placed at such a 
distance apart that while one is open the other is closed. 

(5) In view of the large number of accidents from 
falls of coal or roof, under the existing practice with 
shingle props, more attention should be given to the 
introduction in mines where the roof is bad of better 
systems of timbering, such as have been long in use 
with economy and safety in many well managed mines. 

(6) In undercutting coal by hand, the premature fall 
of the coal should be prevented by sprags or other suit- 
able supports. 

(7) We believe that the difficulties and dangers en- 
countered in the working of coal scams which are thick 
and steeply pitching, or of which the coal is highly in- 
flammable in character or subject to firing from spon- 
‘nneous combustion, and in mines where the subsidence 
of the surface must be avoided, may be successfully 
and economically overcome in many cases through the 
adoption of the flushing system of mining—that is, the 
filling with sand or other similar materials of the space 
from which the coal is removed. This system originated 
in the United States and is now successfully practiced 
in portions of Germany, Austria, Belgium and France. 

1.—MINE SUPERVISION AND INSPECTION. 

(1) We can not too strongly emphasize the fact that 
thorough discipline about the mine is absolutely essen- 
tial to safety, and that thorough discipline can de 
brought about only through the hearty cooperation of 
the operators, the miners and the State. 

(2) We are of the opinion that the responsibility for 
safety in the mine should primarily rest with some 
person, such as the manager or superintendent, clothed 
with full authority; and that such person can greatly 
facilitate the attainment of safety through the employ- 
ment of a sufficient number of foremen, and also of on? 
or more inspectors whose special duty it shall be to 
see that the regulations are strictly enforced. 

(3) The State can not exercise too much care con- 
cerning the experience, technical training, and selection 
of its inspectors. Their positions should be made inde- 
pendent of all considerations other than that of effi- 
ciency; and their continuance in the service should be 
coexistent with good behavior and proper discharge of 
official duty. 

J.—TRAINING FOR MINE FOREMEN, INSPECTORS, 
ETC. 

We are of the opinion that the cause of both safety 
and efficiency in coal mining in the United States would 
be greatly aided through the establishment and main- 
tenance In the different coal regions of special schools 


for the training of fire bosses, mine foremen, superin- 
tendents, and inspectors. The instruction in such schools 
should be practical rather than theoretical. 

The work of these schools would supplement most ef- 
fectively that of the colleges already established in 
many parts of the country for the more thorough train- 
ing of mining engineers. 


a a a 


ANNUAL MEETING OF THE ASSOCIATION OF RAILWAY 
SUPERINTENDENTS OF BRIDGES AND BUILDINGS. 


The 18th annual convention of the Association 
of Railway Superintendents of Bridges and 
Buildings was held at the Arlington Hotel, Wash- 
ington, D. C., Oct. 20-22, 1908. About 100 mem- 
bers and as many guests were in attendance. 
The usual delightful Washington autumn 
weather prevailed throughout the meeting, so 
that the entertainment features, which con- 
sisted mainly of excursions to nearby resorts of 
historical interest and in local sightseeing, were 
especially enjoyable. There was also in the 
parlors of the hotel a smali exhibition by the 
supply men of various waterproofing, flreprouo:- 
ing, painting and other construction details 
which were of interest to members of the Ascu- 
ciation. 

One of the principal acts of this annual con- 
vention was the adoption of a new constitution, 
which while changing several unimportant de- 
tails of administration, made the very important 
change of the name of the society to the Ameri- 
can Railway Bridge & Building Association. 
This was done because at present there is no 
uniformity in the title of the railway official 
who does the work of the superintendent of 
bridges and buildings so that the original name 
seemed a misnomer. Along with the revised 
title the qualifications for membership were also 
slightly changed so that they now read: 


A person who is actively engaged in railway service 
in a responsible position in charge of work connected 
with the construction or maintenance of railway bridges 
and buildings or other structures, or a professor of en- 
gineering, government timber expert or railroad archi- 
tect shall be eligible for active membership. ds. 


Mr. R. H. Reid (L. S. & M. S. Ry.), the 
President of the association, greatly facilitated 
the progress of the discussions by refraining 
from having read the printed papers which had 
been previously distributed among the members. 
These papers were read by title and were then 
followed by the discussion on the floor, a sys- 
tem well worthy of adoption by many other 
technical societies, where at present most of the 
time of each meeting is taken up by the tiresome 
verbatim reading of papers which have been in 
the hands of the members for some weeks pre- 
vious to the meeting. The discussions of this 
society are carried on by committee reports, 
some on subjects of passing importance and 
some which succeed from year to year. These 
various committee reports, the matter in which 
is largely procured from letters from various 
members, will now be taken up in detail. 


GASOLINE OR KEROSENE ENGINES FOR 
WATER-SUPPLY, DRAWBRIDGES, ETC.— 
Only one or two members had had any experi- 
ence with the use of kerosene engines in their 
work, so that the entire discussion turned to 
the relative efficiency of steam and gasoline 
power plants, principally in the supply of water 
to tanks and troughs. The committee, from 
various letters, reported as follows: 


The cost of fuel determines in a large measure the 
type of plant to be used. As a usual proposition, there 
is practically no saving in using gasoline, instead of 
coal, where the labor required cannot be used in con- 
nection with other work. The simplicity of installation 
and ease of operation of gasoline pumping plants make 
such systems preferable for water stations, in many 
situations, and since the cost of fuel is a matter of 
much importance, it is desirable to use a fuel which is 
as cheap as possible. 

Kerosene, which has a heat value 10% greater than 
that of gasoline yet costs only about one-half as much, 
is being used in internal combustion engines, designed 
for gasoline as a fuel, with some success. It appears, 
however, that some modification in the cooling system 
ig necessary in order to keep the temperature of the 
cylinder higher and that the engine must be started 
with gasoline in the usual manner. Also, because kero- 
sene is dirtier, closer attention is required in keeping 
ignitor and various parts clean. 

In summing up conclusions it may be said that our 


experience with kerosene in engines designed for gaso- 
line is not yet broad enough to make any accurate state- 
ments concerning the economy of its use, although, in 
comparison with gasoline where both have been tried in 
the same plant, it is cheaper. For the largest supply of 
water, steam gives the best results, as well as in cases 
where a small supply is desired. As to whether gaso- 
line should be used in a pumping station, this is de- 
pendent upon volume of water to be pumped. The data 
show that gasoline is more economical where a large 
amount of watcr is furnished and where the pumper 
performs other work in connection with pumping. For 
quick and efficient service required on drawbridg:s, 
turntables, etc., where the engine is used intermittently, 
gasoline may be considercd as tha bəst motive power 
with the exception of electricity. 


DWELLING HOUSES AND CARS FOR 
TRANSIENT WORKMEN.—Although this com- 
mittee was appointed to report on “Modern 
Dwelling Houses for Section Foremen and Sec- 
tion Men in Outlying Districts,” its report this 
year covers only cars used as dwellings by th: 


various gangs employed in construction and re- 


pair, the remainder of the subject to be taken 
up next year. Every railway has in its employ 
Fridge gangs, painters, erectors and others who 
are constantly employed at various places along 
the road, but who are never long enough in any 
one place for them to establish permanent homes. 
Cradually the managements of the roads are 
becoming impressed with the necessity for suit- 
ab'e dwellings for these men, realizing that the 
more cleanly and comfortable their homes, the 
b.tter the work they do. Formerly the dwelling 
cars were mere box cars with bunks, unsani- 
tary, uncomfortable and crowded, but now on 
most of the roads, full trains are provided for 
eich gang, the number of cars in the train de- 
pending upon the size of the gang. Usually the 
trains consist of a combination work-car and 
foreman’s office and sleeper, a tool and supply 
car, a dining and lounging car and a dormitory 
car for the gang, although in the smaller trains 
these several cars are often combined. It has 
been found advisable to provide cooking and 
eating facilities, the provisions being paid for 
by the men, and comfortable lounging and read- 
ing rooms, since both of these tend to keep the 
men in the train and away from the less pleas- 
ant activities of the town near which the car 
may be. The report shows plans of several of 
these cars, most of which have been constructed 
at small extra cost from box and passenger 
cars in service on the road. 


WATERPROOFING OF CONCRETE COV- 
ERED STEEL FLOORS.— The consensus of 
opinion regarding this subject is reported by 
the committee as follows: g 

The reports indicate that in all waterproofing elther 
some asphalt or tar is used, the tendency being more 
and more in the line of pure asphaltic compounds. In 
the majority of cases at the present time either a felt 
or a fabric such as burlap is used, which is thoroughly 
saturated and bonded together with an asphaltic prepa- 
ration, being generally applied when hot by the use of 
brushes or mops. In other cases the asphalt is used in 
a mastic form without any felt covering or fabric being 
introduced. This matter is still in an experimental 
stage with most of the railways. Considerable work is 
being done along this line, but sufficient time has hardly 
elapsed to fully determine the value of the different 
kinds of waterproofing with regard to durability and 
cffectiveness. 

The cases reported are for the most part on 
trough or buckle plate floors on which is laid 
concrete overtopped with the ballasted tracks 
and in the more successful instances the water- 
proofing upon the concrete was protected from 
the puncturing effect of the stone in the ballast 
by a layer of tile or flat brick well grouted to- 
gether with the hot waterproofing compounds. 
In some cases, however, this protection was se- 
cured by sand, or a selected dirt fill, Many roads 
report that in plate-girders, provided with solid 
floors, the floor-system is left open for a space 
of a few inches immediately alongside the gird- 
ers, on account of the difficulty in making an 
effective water-tight joint between the horizontal 
and vertical planes. When this opening is not 
left, an outstanding horizontal angle is riveted 
to the main girders, under which the concrete 
floor and waterproofing is stopped, thus afford- 
ing a protection against any downpour of water. 

REINFORCED-CONCRETE CULVERTS AND 
SHORT SPAN BRIDGES.—This report con- 
sisted mainly of a description of the standardg 
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of small reinforeced-concrete structures, designed 
by Mr. C. F. Loweth (Chicago, Milwaukee & St. 
Paul Ry.). The conclusions drawn from num- 
erous small bridges and culverts on that road 
are that for spans up to 10 ft., the rectangular 
flat-top design is the most economical, but 
above that the arch section will prove much 
better in every way. Many roads reported that 
wherever possible they were substituting con- 
crete for pipe and wooden culverts. 
PRESERVATION OF TIMBER.— This report 
of a standing committee, a continuation of sev- 
eral previous reports, recounts the various pro- 
cesses of preserving timber now in use which 
have been described in many other conventions 
and government reports, and calls attention to 
the increasing need of some methods of caring 


FIG. 1. 


for our depleted timber supply. One new pro- 
cess, recently used in England, is described. 
This is the Powell Process, in which the sap is 
replaced by saccharine in expensive or molasses 
in cheap wood. The essential part of the method 
consists in boiling the wood in a solution of 
sugar and water, after which it is dried and is 
ready for use. The report says: 


The claim is made that on account of the boiling 
point of sugar being higher than that of water, the 
moisture contained in the wood is converted into steam 
and escapes in the same manner as the released air. 
The moisture and air having been completely driven 
out, the solution is permitted to cool, during which 
stage it is constantly absorbed by the wood. In this 
way the cells and interstices are filled with sugar; and, 
when the weod is dried, the sugar is found to be thor- 
oughly assimilated by its tissues. Whether timber 
treated in this manner will give satisfactory results 
under all conditions the committee has not been able to 
ascertain. 


As a matter of general record the following 
items of cost of treatment in creosoting timber 
are given: 

Yellow pine square timber, 8 Ibs. of oil per cu. ft., 
about $12.50 per M. ft. B. M. 

Yellow pine square timber, 12 Ibs. 
$16.00 per M. ft. B. M. 

Yellow pine square timber, 16 Ibs. 
$20.0) per M. ft. B. M. 

Yellow pine piling, 12 lbs. per cu. ft., 
per cu. ft. 

Piling, 18 Ibs. per cu. ft., about 24 cts. per cu. ft. 

These prices are bascd on the price of oil about 7M 
cts. per gal. delivered at the creosoting works, and th? 
cost of labor, fuel, etc., about $4.50 per M. ft. B. M. 
To this must be added the interest charge on plant, de- 
preciation of plant and profit. 

Fer Burnetizing bridge ties, using %4-lb. of 100% solu- 
tion of chloride of zinc per cu. ft. of treated timber, 
£1.90 per M. ft. B. M., at the works. 


SMOKE JACKS FOR ENGINE HOUSES.— 
On account of the peculiarly hard service to 


per cu. ft., about 
per cu. ft., about 


about 20 cts. 


which they are subjected smoke jacks are among. 


the most troublesome features in an engine 
round-house. The gases from the locomotive 
stacks rapidly corrode any metal with which 
they come in contact and possible sparks make 


STREAMS PLAYING FROM 26 NOZZLES. 


wood for jacks a dangerous material. Proper 
firing and fuel reduce the wear or danger to 
the jacks, but economy prevents changing fuel 
for this purpose, and carelessness in firing can 
hardly be avoided, so any decided change will 
have to come in the material of which the 
smoke-jack is made. In the past metal, mainly 
cast-iron, has been largely used, but corrosion 
requires its replacement about every three years. 
Wood also is being largely used, and when 
proper care is taken for the first few weeks of 
use, the development of a coating of soot ren- 
ders the wood largely fireproof. However, in- 
surance underwriters do not regard timber with 
much favor for this use. Asbestos and asbestos 
compounds have been used quite successfully 
of late, but have not been in service sufficient 


FIG. 2, 


TEST OF THE NEW HIGH-PRESSURE FIRE PRO- 
TECTION SYSTEM IN NEW YORK CITY. 


A spectacular exhibit of fire streams from the 
new high pressure mains in the Borough of Man- 
hattan, New York City, was made on the after- 
noon of Thursday, Oct. 22, at West and 12th 
Sts. The hose streams used were supplied from 
eight hydrants, from each of which were run 
four lines of Bin. high-pressure hose. The de- 
livery nozzles were arranged in a line extending 
entirely across the broad plaza in front of the 
steamship piers on West St., covering a width 
of some 300 ft. In the first part of the test, 


streams were discharged from 26 nozzles, placed 
on tripods; 14 of the nozzles were 2 ins. in diam- 
and 12 were 1% ins. 


eter, At the beginning 


STREAMS FROM A WATER TOWER, FOUR STAND- 


PIPES AND TEN 2-iN. NOZZLES. 
EXHIBITION OF FIRE STREAMS FROM THE NEW YORK HIGH PRESSURE WATER SUPPLY SYSTEM, OCT. 22, 1908. 


time to be recommended. The committee re- 
ports that until these asbestos compounds have 
been more thoroughly investigated the wooden 
jack, properly designed and carefully watched, 
Should prove of most value. 


ERECTING TRUSS BRIDGES.—This report 
consists mainly of accounts by various engineers 
of -the erection of certain bridges on their lines. 
It is interesting to note that the railways reply- 
ing to the questions consider that in most cases 
it is cheaper for the road to erect bridges with 
its own gang than to employ contractors. One 
engineer writes that this is the case provided 
the railway has an inspector on the work who 
acts as timekeeper and also performs the same 
duties that would be expected of him if the job 
were being done by contract. In this way the 
foreman has another man back of him to insist 
on good work and can get better results from 
his men. 

In another report a committee gives the list 
of tools required by a bridge construction and 
repair gang. 


VARIOUS COMMITTEE REPORTS.— The fol- 
lowing committees did not procure enough in- 
formation to make a report at this time advis- 
able: “Protection of Structures against Ef- 
fects of Electric Currents,” “Fire Protection.“ 
“Fences, Road Crossings and Cattle Guards.“ 
and ‘“‘Coaling Stations and Cinder Pits.” The 
reports on “Protection of Embankments from 
the Effects of High Water by Riprap or Other- 
wise,” and “Pile and Frame Trestle Bridges,” 
were published in full in our issue of Oct. 15. 


OFFICERS. 


Following the custom of the society the officers 
were moved up in regular succession, so that 
the President for next year is Mr. J. P. Canty 
(Boston & Maine R. R.) and the First Vice- 
President, Mr. H. Rettinghouse (Chicago & 
Northwestern Ry.). The Secretary, as con- 
tinued, is Mr. S. F. Patterson (Boston & Maine 
Ry.), Concord, N. H, Next year the annual con- 
vention will be held in Jacksonville, Fla. 


of the test the eight hydrants were opened and al- 
lowed to discharge under the normal pressure 
from the city water mains, which, of course, gave 
a very slight flow from the nozzles, only rising 
a few feet above the pavement. After two 
minutes of this discharge, two pumps in the high- 
pressure pumping station were put into action, 
and then at short intervals four additional pumps 
were started, raising the pressure at the Ganse- 
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voort St. Pumping Station to 270 lbs. A view 
of the array of hose streams discharging under 
these conditions is shown in the accompanying 
Fig. 1. The view, however, is inadequate to 
represent the full volume and force of the 
streams, which are estimated to have been dis- 
charging as much as 28,000 gallons per minute. 
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The streams from the larger nozzles under the 
highest pressure reached from 100 to 150 ft. above 
the pavement. 

After the conclusion of this exhibition, four 
fire department wagons, with stand-pipes 
mounted thereon, were wheeled into position in 
the line, and also a water tower. Two of the 
3-in. hose lines were connected to each of these 
stand-pipe wagons, and on the water tower two 
hose lines supplied the deck pipe and two the 
high nozzle. In addition the 20 hose lines from 
the remaining five hydrants were siamesed into 
ten 2-in. nozzle streams. After these nozzles 
were connected, the water was again turned on 
as in the first test, and the power and height of 
the streams surpassed anything, it is believed, 
ever before seen in New York City. The water 
was thrown far above the top of the adjacent 
12-story building of the Western Electric Co., 
which faces on West St. In addition four 
streams from the stand-pipe in this building 
were put into action simultaneously, throwing 
water from the roof and gave an impressive ex- 
hibit of the value of water delivered at a high 
elevation for extinguishing fires. 

The test was carried out under the joint di- 
rection of the Department of Water Supply, Gas 
& Electricity, of which Mr. I. M. de Varona is 
Chief Engineer, and the New York Fire De- 
partment. 

ES E 


ANNUAL MEETING OF THE AMERICAN GAS INSTITUTE. 


The third annual meeting of the American Gas 
Institute was held at the United Engineering 
Societies Building in New York City, Oct. 21, 22, 
2.3 and 24. The total registration for the con- 
vention was 564. ö 
included excursions to gas and electricity plants 
about New York, theater parties, a banquet and 
an excursion to West Point. 

The Beale Medal for prize papers presented 
at meetings of the institute were awarded by 
special committees as follows: for 1905, to Mr. 
H. L. Rice for a paper on High-Pressure Distribu- 
tion; for 1906, to Mr. W. H. Gartley for a paper 
on the Delivery of Uniform Candle Power 
through all Seasons of the Year. The medal was 
not awarded for 1907, as that year’s committee 
had judged no paper worthy. 

The following officers were elected for the com- 
ing year. 

President, C. F. Prichard, of Lynn, Mass. 

Vice-Presidents, W. H. Gartley, of Philadel- 
phia; Donald McDonald, of Louisville, Ky. 

Secretary-Treasurer, A. B. Beadle of Phila- 
delphia. 

In the report of the Technical Committee it was 


stated that in the future the work of the in- 


stitute would be handled generally by two 
standing committees, the Technical and the 
Public Relations, with any subcommittees 


which it might seem advisable to appoint from 
time to time. A subcommittee of the Technical 
Committee reported a resolution, which was 
adopted by the meeting, defining the heating 
value of a gas as the number of B. T. U. liberated 
by complete combustion, with air, of 1 cu. ft., the 
gas being measured at 60° F. and under a pres- 
sure of 30 ins. of mercury and the air being at 
the temperature of the gas. This is practically 
what is commonly called “gross heating value,” 
although the committee refused to recognize the 
terms “gross” and “net” in this connection. 

A special committee was appointed to confer 
with the United States Bureau of Standards, the 
American Institute of Electrical Engineers and 
the Illuminating Engineering Society, with 
power to take final action, in the matter of an 
international standard of candle-power.* 

The Trustees of the Gas Educational Fund 
reported on the work of its Correspondence 
classes in gas engineering. Fifteen men com- 
pleted the course with the, 1908 group, and the 
709, 10 and ‘11 groups contain 19, 33 and 49 
members respectively. $4.551.20 was available 
for the year ending Sept. 30, ’08, and $3,994.34 
was spent in carrying on the work. 


— = 


„The matter of an international standard was more 
fully discussed in the report of the convention of the 
Illuminating Engineering Society, Engineering News, 
Oct. 15, 1908. 


The entertainment features 
¿successive test. 


The address of the President, Mr. Alexander 
C. Humphrey, President of Stevens Institute of 
Technology, was divided between the internal 
affairs of the institute and the activities of pub- 
lic-service commissions. It was stated that every 
effort should be made to make the American 
Gas Institute the authority on the generation, 
distribution and accounting sides of the gas in- 
dustry, and that the institute should work for a 
fair treatment of the public. The necessity of 
a certain amount of oversight or control over 
public utility concerns by the public was ad- 
mitted, as was the advisability of instituting 
such control early in the companies’ history, so 
that there need be no necessity of stringent 
regulation later. As an example of proper con- 
trol. Mr. Humphrey drew attention to the 
Massachusetts boards and as an example of a 
highly undesirable commission the New York 
State bodies were cited. The fault found with 
these latter were in the powers granted by the 
legislature which, it was claimed, gave them 
virtually legislative, executive and administra- 
tive powers simultaneously. Such “government 
by commission” was held to be “the beginning 
of the downfall of a republican form of govern- 
ment.” 

Mr. W. A. Castor, of Philadelphia, presented 
a report of the progress in the use of dipping 
gas meters (meters in which oil is used to keep 
the leather diaphragms non-porous) in Phila- 
delphia. It was claimed that the results showed 
that the superiority of dipping over non-dipping 
meters, along all lines previously claimed, had 
been demonstrated. It was said, also, that with 
meters removed for testing the passage of 
dry air (or gas) from the prover dried out the 
diaphragms so that it became faster for each 
It was claimed that some means 
should be taken to have the air (or gas) from 
the prover saturated, and that the first test only 
should be taken to show conditions in service. 

Mr. E. H. Earnshaw, of Newark, N. J., pre- 
sented the “Theory of Benzol Enrichment.” The 
laws stated governing the enrichment of air or 
a fixed gas with pure benzol are those govern- 
ing the evaporation of water vapor. It was also 
shown that the real problem was much more 
complicated as the gas to be fixed was not a 
simple fixed gas but is already partially satu- 
rated with hydrocarbon vapors, and as the com- 
mercial “benzol’? was a mixture of benzol, Toluol 
and xylol, each with a different vapor tension at 
the same temperature. The increase in candle 
power of gas by the absorption of “benzol” 
vapors or the decrease in candle power for a 
drop in temperature, due to condensation of 
such vapors, are then to be determined by actual 
test. The author emphasized the individuality 
of each case where it was proposed to enrich 
with benzol vapor and the need for studying 
each case as an independent problem and in the 
light of the laws outlined. 

Mr. T. J. Litle, Jr., of Gloucester, N. J., read 
a paper on “Better Gas Illumination,” in which 
he showed the scientific application and adoption 
of modern mantle lamps in place of older types. 

Mr. C. O. Bond, of Philadelphia, gave “Some 
Further Remarks on the Photometry of Gas,” in 
which he discussed (1) the use of hoods or pipes 
over the lamps for removing the foul gases so 
troublesome in gas-photometry laboratories, (2) 
the use of comparison screens of higher accu- 
racy and the employment of more competent 
photometrists, (3) reference and working stand- 
ards, (4) proper test burners, (5) future practice. 

The report of the Sub-Committee on Calori- 
metry was a compilation of historical matter 
and studies carried out by the committee at the 
University of Wisconsin. The calorimeters de- 
scribed were principally the Junkers, Boys, 
Simmance-Abady and the Sargent—all of that 
type in which the gas is burned under prescribed 
conditions and the heat developed is absorbed 
by a known weight of water passing through the 
instrument. 

Mr. J. D. Von Maur, of St. Louis, presented a 
paper on “High Pressure Gas Distribution.” 
This was largely a description of the scheme 
worked out for St. Louis to adapt the old system 
to the needs of the growing city. It is planned 
to place a manhole in each square mile of the 


Pittsburg, 


city’s area and to locate here a governor which 
admits gas from a high-pressure pipe to the low- 
pressure local distribution lines. 

The report of the Committee on Uniform Sys- 
tem of Accounts related the conferences held 
with the Public Service Commissions of New 
York State. The committee reprinted the ten- 
tative scheme evolved and expressed its warm 
appreciation of the courteous consideration re- 
ceived at the hands of the Commissions. 

“The Physical Theory of Coal Carbonlzat ion“ 
was the title of a formidable paper by Mr. W. 
H. Fulweiler, of Philadelphia. This gave first a 
resumé of the historical development of the coal- 
gas industry and in the methods of supplying 
heat for coal carbonization—the driving off of 
all the volatile matter. The effect of the com- 
position of coal, the process of carbonization, the 
composition and distribution of products, for- 
mation of impurities and effects of time, pres- 
Sure and foreign products in the retorts are all 
discussed with references to the latest knowl- 
edge and experiment. The paper shows that, 
from the author's standpoint, the conditions 
dictated by theory for the best production of coal 
gas are nearly the opposites found in practice 
and necessary from practical considerations. 

Vertical retorts, for coal carbonization, as in- 
Stalled at Lyons, Marsailles, Zurich, Cofogne, 
Mariendorf, Oberspree, and Manchester, N. H., 
U. S. A., were critically described in a paper by 
Mr. J. H. Taussig, of Philadelphia. 

Methods of using steam for keeping water, in 
gas-holder cups and tanks, from freezing were 
described in a paper by C. J. Ramsburg, of 
Philadelphia. These methods involve the use of 
steam by injectors. The best designs of simple 
injectors and fastenings for flexible-hose fast- 
enings were outlined. i 

Mr. F. M. Speller, of the National Tube Works, 
presented a paper on “Modern 
Wrought Gas Pipe.” He chiefly cited the ex- 
periences that had come under his observation 
in studying the relative corrosion of steel and 
wrought-iron pipes of comparatively small diam- 
eter. The conclusion he had arrived at was that 
the comparison of old steel and iron showed no 
advantages of one over the other, but that as 
new processes had been developed, to secure a 
more homogenous material, more resistant to 
corrosion, present steel pipe could be expected 


to be better than wrought iron from the point of 
durability alone. 
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THE PINTSCH GAS LIGHTING SYSTEM is now in 
use on over 156,000 railway cars and locomotives, ac- 
cording to a statement just issued by the parent Pintsch 
company at Berlin. The increase in four years has 
been over 35,000 cars. Germany leads in the number 
of cars equipped, the total number being 52,846 and 
nearly 8,000 locomotives in Germany are also equipped. 
The United States comes next with 32,455 cars equipped 
and then follow England with 20,459 cars, India with 
13,686 cars and France with 11,914 cars. It may be 
noted, however, that the large size of American cars 
compared with European and the much more lavish use 
of light in American cars make it practically certain 
that the United States leads all other countries. 


— — 


A CENTRIFUGAL PUMP FIRE ENGINE has been 
made and tested by Dennis Bros., of Guildford, England. 
The engine used is a four-cylinder, four-cycle, gasoline 
automobile engine of 40 HP. Ignition is effected by 
means of a high tension magneto apparatus, and a bat- 
tery and coil system with a separate set of spark plugs 
is provided for use in case of accident to the magneto 
system. A four-speed change gear transmits the power 
for the propulsion of the car through a shaft drive to 
the Dennis worm gear on the rear axle. The centrifu- 
gal pump is of a type known as Gwynne & Sargeant's 
patent and is supplied by a 5-in. suction line. Brackets 
are provided at the side of the vehicle to carry two 10- 
ft. lengths of 5-in. hose coupled up ready for use. The 
pump is mounted at the extreme rear of the car and 
is driven by a separate shaft drive geared to the engine 
shaft at the forward end. A water tank is provided for 
priming. The engine and pump is described as being 
capable of discharging from 350 to 400 gals. per min. 
at a pressure sufficient to supply two %-in. jets and 
deliver to a height of 120 ft., and better results are ob- 
tainable if the pump be connected to a main carrying 
water under pressure. Seats are provided on the car 
for eleven men including the driver.— The Contract 
Journal,” Oct. 7, 1908. 
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The burning of the Albany Day Line steamer 
“New York” while tied up to a pier at a New- 
burgh shipyard is another object lesson illus- 
trating the extreme combustibility of American 
steamboat construction. The hull of the vessel 
was of steel, but the great quantity of wood in 
her interior fittings made a fire so fierce that 
the Newburgh fire department were not only 
powerless to save the vessel but had great diffi- 
culty in preventing the fire spreading to the 
shipyard buildings and other vessels on the 
stocks. It is true the vessel’s own fighting 
equipment was useless, there being no steam on 
her boilers and that the fire broke out at mid- 
night, when all the crew left on board her were 
asleep save for one night watchman. Neverthe- 
less the rapid destruction of the vessel, and the 
loss of life on board her, certainly ought to call 
renewed attention to the need for reform in 
current methods of steamboat construction. 
Even if we cannot dispense wholly with the use 
of wood on shipboard, we can use less pine and 
more asbestos, less flimsy “gingerbread” trim- 
ming and decorations and more partitions of in- 
combustible material. The question whether an 
accidental fire shall effect complete destruction 
or be quenched is merely a question which shall 
work the faster, the fire fighters or the flames. 

— p 

Because the heavy rainfall of last spring 
caused a considerable amount of water to flow 
over the waste weir of the Croton dam, some 
New York City newspapers embarked on a cam- 
paign against the new Catskill supply as an un- 
necessary extravagance. The drought of sum- 
mer and fall has put an effective quietus on that 
campaign. Notwithstanding the fact that the 
reservoirs were all full and overflowing in May, 
the steady drafts during the months of light 
rainfall since have reduced the storage in the 
reservoirs at the present time to about 50,000,- 
WH) 000 gallons, according to published state- 
ments. Of course New York is still a long ways 
from a water famine, and it is to be hoped that 
ample rains during the winter months will again 
fill the Croton reservoirs; but in view of the 
t-normous interests at stake, all who understand 


the situation will feel more at euse as the work 
on the Catskill supply advances toward com- 
pletion. 

— — — 

May not a public water supply from under- 
ground sources be likened to a bridge with an 
unknown factor of safety? The bridge may 
have ample strength for any load that can come 
upon it, but on the other hand it may be seri- 
ously near the danger point. So, too, the water 
in the underground reservoirs may be sufficient 
for all demands in the longest drought; but on 
the other hand nobody knows how much there 
is to draw upon at any time or when the supply 
may fail. 

During the protracted drought of the past two 
months many towns and cities have been re- 
duced to sore straits for water; and there have 
been some notable instances where supplies from 
wells and springs have failed. We are by no 
means condemning underground sources of 
water supply. Such waters often have great 
advantages over any available supply from sur- 
face streams. It should be clearly understood, 
however, that the original source of an under- 
ground stream,as of a surface stream, is the rain- 
fall, and that the storage between the rainfall 
and the point where the underground stream is 
impounded as a spring or well, cannot be meas- 
ured as we measure the water in a reservoir on 
the surface. 

As a result of the drought of 1908, it is likely 
that many towns which take their ordinary sup- 
ply from underground sources will provide an 
emergency plant by which surface streams can 
be drawn upon. Further, while engineers under- 
stand fully the importance of large storage in 
any public water supply from surface streams, 
the great drought has brought that truth home 
to people in general. Many storage reservoirs 
will be constructed as a result of the experiences 
of the past few weeks. 


— — . — — 


We call the special attention of any of our 
readers interested in automatic stop devices for 
railway trains to the report of a committee of 
the Railway Signal Association, printed on p. 
465 of this issue. Automatic stops are being ex- 
ploited before the public in many different ways 
and it is common to hear the railways assailed 
for refusal or delay to adopt them. The 
enthusiastic inventor of a safety device believes 
that all the railways need to do is to put his 
invention into use and accidents will disappear 
as if by magic. 

But railway officers charged with responsibility 
for the safety of thousands of lives and millions 
of property cannot adopt an innovation with- 
out inquiring what consequences are to follow. 
Many if not most of the ‘safety devices” in- 
vented would produce greater dangers, if actually 
put into use, than those they are designed to 
avoid. We have in former issues of Engineering 
News explained some of the serious difficulties 
in the practical application of the automatic 
stop to steam railway service. The Signal As- 
sociation Committee’s report shows further what 
dificulties must be met if an automatic stop is 
to be really a safety device and not a cause of 
disasters. 

— — — 


New York City is well known to lack funds 
for greatly needed public improvements, par- 
ticularly for additional Rapid Transit subways. 
In many other directions, too, the needs of the 
city increase faster than the available revenue 
from taxation: In the face of these conditions, 
it is passing strange why the city authorities 
should go calmly forward with the plans for 
that monstrosity in engineering design, the pro- 
posed 700-ft. concrete arch over Spuyten Duyvil 
Creek. While the structure has been projected 
as a memorial to the explorer, Hudson, it could 
not possibly be completed till long after the 
Hudson Memorial celebration to be held next 
year. „Further, the Public Service Commission 
notified the Board of Estimate recently that the 
building of the bridge was not needed as part 
of any rapid transit system. As we showed in 


these columns months ago, nobody Knows how 


the bridge can be built, or what it will cost or 


whether it can be built at all. New York can- 
not afford to sink eight or ten million dollars in 
this structure. If the New York authorities per- 
Sist in carrying forward this foolish enterprise 
we venture the guess that somebody besides 
Henry Hudson will be remembered before it is 


done. 
— — — —— 


BREAKDOWN OF SERVICE IN ELECTRIC RAILWAY 
OPERATION. 


Concerning the question whether electric oper- 
ation of main-line railways has proven success- 
ful in those cases where tried, we already have 
the very enthusiastic statement made by Mr. 
W. J. Wilgus some months ago before the 
American Institute of Electrical Engineers. Re- 
cently the New York, New Haven & Hartford 
Ry., through its Electrical Engineer, Mr. W. S. 
Murray, has also put forward an _ optimistic 
Statement. Mr. Murray said: 


The most commercially valuable answer as to the suc- 
cess of electrification on the New Haven is written in 
the actual operating schedule in the electrification zone. 
The frain- minute delays suffered to-day by clectrical 
operation are but a small percentage of those incurred 
during the period of steam operation. 

It happened, unfortunately, that on the same 
day this statement came before us, Oct. 16, the 
New Haven electric zone was entirely paralyzed 
for a period of several hours. Not a train 
could be moved. As this mishap occurred dur- 
ing the morning commuting rush, the incon- 
venience of the tie-up was felt to its fullest 
extent. Such interruptions of traffic do not 
speak very favorably for “electrification,” even 
though, when averaged over a month, they show 
only a small average delay per train. 

There is evidently truth in the old*argument 
that electric operation of railways is open to.the 
danger of having the whole system laid idle 
when an accident happens, whereas on a steam- 
locomotive system the worst interruption is only 
local. 

To guard against a hasty assumption that the 
liability to such breakdown of service is peculiar 
to this or that ‘“‘system” of electric operation, 
we must refer also to the recent tie-up of sev- 
eral lines of the London Underground Electric 
Railways Consolidation, on Oct. 3, a tie-up of 
several hours’ duration. This occurred on a 
direct-current third-rail system, while the New 
Haven, of course, uses overhead high-tension 
Single-phase trolley. The only difference be- 
tween the two accidents is that the one in Lon- 
don was purely a power-house accident, while 
that on the New Haven was primarily due to the 
overhead trolley system. 

A reference to the causes of these interruptions 
may be interesting. On our inquiry, Mr. Murray 
sends the following statement in explanation of 
the New Haven trouble: 


The cause of our difficulties on Friday, the 16th [Oct.], 
was due to a peculiar combination of circumstances, 
which I can hardly believe will be duplicated in the 
future; the direct cause of our disturbance was on ac- 
count of our signal wires coming in contact with the 
single-phase system and the failure of the circuit breaker 
apparatus to handle the short circuit resulting. Coin- 
cidently with this happening, our arrangement of con- 
nections at the power-house were of a temporary nature, 
to which can be attributed the delay in getting the 
power back on the line. The permanent connections will, 
of course, preclude this unfortunate difficulty in the 
future. 


The London accident was just as serious, in 
Spite of the fact that the power-house had per- 
manent connections. The Electrician” of Oct. 
9 gives a detailed statement by Mr. J. R. Chap- 
man, Chief Engineer of the system, from which 
the following is extracted: 


The initial cause of trouble was a ‘‘short'’ between the 
primary and secondary windings of a series transformer 
in one of the conductors between a generator and its 
oil switch. ... The frames of these transformers, and 
one point in the secondary leading to the control board, 
are earthed. The copper earthing strips in the Chelsea 
generating station are of very large capacity and, of 
course, it only took a few seconds to develop sufficient 
internal pressure in the transformer to cause it to ex- 
plode. After passing through the transformer, the 
machine cable is carried vertically through porcelain 
insulators in the concrete floor above and into brick 
compartments containing the oil switch. In this in- 
stance, the force of the explosion drove the arc and 
flame up through the insulators, thus short-circuiting 
the cables leading to and from the base of the ofl switch. 
The opening of this switch failed to disconnect the ma- 
chine cables from the bus bars. This bus bar ts divided 
into five sections and oil switches of large capacity 
couple these sections. The surge of current, however, 
owing to the earthing of one phase, was so great that a 
number of the static dischargers on the feeder cables 
were overtaxed and bridged, so that it became necessary 
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to completely shut down in order to clear up the earth 
connections through the safety devices. The total dam- 
age was trifling. ... It took some little time, however, 
to clear up the earth connections on the 186 static dis- 
charge panels and thus make sure that it was safe to 
again put 11,000 volts on the bus bars. . Of the 357 
miles of three-phase cable to the substations there was 
not a single failure. 

That a large loss is caused by interruptions of 
this sort is rather obvious. We believe the or- 
dinary tendency is to underestimate the loss. A 
mere time-value appraisal is perhaps the only 
definite calculation that cun be made, and of 
course this is highly artificial. Using this 
method, we might figure that a delay of four 
hours during the rush period of the day, on a 
line transporting the moderate number of 10,000 
persons per hour, would produce an average de- 
lay of 2 hrs. for 4 x 10,000 persons, and at a 
blanket valuation of 50 cts. per hr. this would 
show a loss of production of $40,000. Inter- 
ruptions of this cost would not need to come very 
frequently to be equivalent to a very respectable 
capital value. 

Evidently, methods and devices for preventing 
such interruptions are worth while, even at high 
cost. Continuity of service has a large cash 
value. Even though the revenues of the public- 
service corporation be not greatly affected by 
interruptions, yet it is evident that sound en- 
gineering will require that electric railway equip- 
ment be surrounded with all possible safeguards 
against failure of the entire system. We had 
occasion to make a similar argument only a few 
weeks ago (Aug. 20, 1908). The cases here 
cited, however, raise the question anew in 80 
much clearer form that the argument is strongly 
reinforced. 

ore —— ͤ— —½ 


@ 
THE RELATION OF FORESTS TO STREAM FLOW. 


It is a fixed belief in the popular mind that 
the forests of a region have a strong influence 
on the flow of its streams. Probably most people 
of intelligence are well convinced that the re- 
moval of forests is largely responsible for the 
destruction wrought in recent years by great 
floods and likewise for the drying up of streams 
in time of drought. Many also hold the belief 
that forests have an actual influence on the 
climate, increasing the amount of rainfall. The 
advocates of forest preservation in this country 
have seized upon these popular beliefs and are 
using them with telling effect in their campaign 
for the maintenance and increase of Govern- 
ment forest preserves. 


Now on what scientific basis do these popular 
beliefs rest? What evidence is there to show 
that deforestation has increased floods or de- 
creased the low water flow of our rivers? 

There has been considerable discussion of this 
subject in the past among engineers; but we re- 
call no discussion at once so vigorous and so 
radical as that which is just now made by Col. 
H. M. Chittenden, of the Corps of Engineers, 
U. S. A. Col. Chittenden’s discussion has taken 
the form first of a very long paper in the Pro- 
ceedings of the American Society of Civil En- 
gineers for September,* which is to come up for 
discussion at the meeting on Nov. 5, and second 
of an elaborate paper contributed to this issue 
of Engineering News. Both these papers deal 
chiefly with the subject noted above—the rela- 
tions of forests to stream flow, although in the 
second part of his American Society paper, Col. 
Chittenden discusses the storage reservoir scheme 
of Mr. M. O. Leighton in a manner to which we 
shall refer later. 

Confining ourselves now to Col. Chittenden’s 
remarks on forestry, it is proper to say at the 
outset that he proclainis himself a friend to 
forest presefvation. He declares that forests 
are well worth preserving and re-creating be- 
cause of their timber product, as well as their 
advantages for scenery and recreation. He be- 
lieves, however,—and none will question the 
sincerity of his belief—that the stock arguments 
for forest preservation because of the relation 
of forests to floods, low water and even pro- 


„% Forests and Reservoirs in their Relation to Stream 
Flow, with Particular Reference to Navigable Rivers.“ 
Proc. Am. Soc. C. E., Sept., 1908 (Vol. XXXIV., No. 37). 
The paper will be presented for discussion on Noy. 4, 
908. 


tection of the soil from erosion, are all founded 
on popular fallacies. 

In his American Society paper Cul. Chittenden 
sums up his position respecting forests in seven 
conclusions, which we reprint in full below, 
since they summarize fairly well also his argu- 
ment presented in the paper in this issue. 


(1) The bed of humus and débris that develops under 
forest cover retains precipitation during the summer 
season, or moderately dry periods at any time of the 
year, more effectively than do the soil and crops of de- 
forested areas similarly situated. It acts as a reservoir 
moderating the runoff from showers and mitigating the 
severity of freshets, and promotes uniformity of flow at 
such periods. 

(2) The above action fails altogether in periods of 
prolonged’ and heavy precipitation, which alone produce 
great general floods. At such times the forest bed be- 
comes thoroughly saturated, and water falling upon it 
flows off as readily as from the Bare soil. Moreover, 
the forest storage, not being under control, flows out 
in swollen streams, and may, and often does, bring the 
accumulated waters of a series of storms in one part of 
the watershed upon those of another which may occur 
several days later; so that, not only does the forest at 
such times exert no restraining effect upon floods, but, 
by virtue of its uncontrolled reservoir action, may actu- 
ally intensify them. : 

(3) In periods of extreme summer heat forests operate 
to diminish the runoff, because they absorb almost com- 
pletely and give off in evaporation ordinary showers 
which, in the open country, produce a considerable tem- 
porary increase in the streams; and therefore, while 
small springs and rivulets may dry up more than form- 
crly, this is not true of the larger rivers. 

(4) The effect of forests upon the runoff resulting from 
snow-melting is to concentrate it into brief periods and 
thereby increase the severity of freshets. This results 
(a) from the prevention of the formation of drifts, and 
(bL) from the prevention of snow-melting by sun action 
in the spring, and the retention of the snow blanket 
until the arrival of hot weather. 

(5) Soil erosion does not result from forest cutting 
in itself, but from cultivation, using that term in a 
brond sense. The question of preventing such erosion 
or soil wash is altogether one of dispensing with culti- 
vation or properly controlling it. The natural growth 
which always follows the destruction of a forest is fully 
as effective in preventing crosion, and even in retaining 
runoff, as the natural forest. 

(6) As a general proposition climate, and particularly 
precipitation, have not been appreciably modified by the 
progress of settlement and the consequent clearing of 
land, and there is no sufficient reason, theoretically, why 
such a result should ensue. 

(7) The percentage of annual runoff to rainfall has 
been slightly increased by dcforestation and cultiva- 
tion. 

It follows that no aid is to be expected in the control 
or utilization of our rivers, either for flood prevention, 
navigation or water power, by any practicable applica- 
tion of forestry. Remember always that it is the ex- 
treme of flow, not the medium condition, that controls 
the cost of river regulation. It is the floods and low 
waters that measure the cost. Any scheme of control 
that is not based up%n these is worthicss. 


We believe that most engineers who give care- 
ful study to the question will find themselves 
forced to accept fully Col. Chittenden's most 
important conclusion given under (2) above. viz. 
That forests do not prevent floods. Theory is 
not needed to settle this point; nor do we even 
need to go back and study the record which he 
quotes of eight centuries of floods on the Danube 
River. It is perfectly well Known that great 
floods occurred in the rivers of New England, 
the Middle States and the South when the entire 
drainage area about their sources was covered 
with primeval forests. We could not in cen- 
turies, by the utmost endeavor which the most 
enthusiastic forestry advocates suppose possible, 
restore such forests as then existed, and even if 
we could, floods would still occur’ as they oc- 
curred then. 

Readers of Engineering News editorial pages 
may recall how the popular fallacy that forest 
preservation can prevent floods was combated 
by us a year ago, the specific case being the 
claims made that the floods in Pittsburg could 
be prevented by forests about the head waters.“ 
So far as this part of Col. Chittenden’s paper is 
concerned, therefore, we are in full agreement 


with him. 

But from most of the other conclusions reached 
by Col. Chittenden we find ourselves compelled 
ne 
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to dissent, in greater or less degree. We believe 
that Col. Chittenden, when he talks about stream 
flow and the effect of forests thereon, has chiefly 
in mind the great rivers or those fit for navi- 
gation, with which his professional work has 
chiefly to do. He claims—and with much show 
of reason—that on the large rivers, forest cover 
on their basin does not increase the low-water 
flow. His argument is that a river like the 
Ohio for example, will receive more water during 
a dry, hot summer when a local thunderstorm 
falls on a smooth area of cleared land and nearly 
all runs into the stream than it would if the 
same storm fell on a forest covered area where 
it would be largely absorbed by the forest litter. 

Forests, therefore, do not help out the navi- 
gation engineer who has to do with large rivers; 
and yet-—-and here is where we find ourselves 
compelled to differ from Col. Chittenden—they 
may help out materially the water supply en- 
gineer. It seems to us the weight of evidence 
indicates that forests do tend to maintain the 
low water flow in small streams. Col. Chitten- 
den himself almost admits this in his conclusion 
(1) where he shows how under all but except- 
ional storms the forest cover acts as a reser- 
voir. Manifestly it cannot store up the rain- 
fall and retard the runoff as he says it does with- 
out increasing the flow later. 

And here it may be noted that there is a 
vast difference between different forests in dif- 
ferent localities and climates. There are for- 
ests undoubtedly where the cover of leaves and 
humus would not absorb over half an inch of 
rainfall before rapid runoff would begin. 
There are other forests where several inches of 
rainfall might be absorbed without causing any- 
thing like high water in the streams flowing 
from the forest. 

Col. Chittenden in his conclusion (3) admits 
that small springs and rivulets may dry up 
more than formerly. Is it not a fact that all 
through the Appalachian section at least, the 
brooks do dry up more than they used? Is not 
the common observation of this phenomenon by 
people generally the real explanation for the 
popular belief regarding forests and stream flow 
which we referred to at the outset of this 
article? Is it not the case that the people are 
right, actually, in their observation of the small 
streams and that the fallacy—which Col. Chit- 
tenden is properly combating—consists in apply- 
ing the same rule to large streams. 

Unless we are greatly mistaken, observations 
of small brooks, draining areas say of three or 
four square miles in any typical section of New 
England or the Middle States, will show that 
those issuing from forest lands will have greater 
flow in times of drought than similar brooks 
issuing from adjacent cultivated lands of similar 
slope. 


And there is one reason for the regular flow 
from forest lands that Col. Chittenden seems to 
have overlooked. That is the effect on under- 
ground flow. There is no such profusion of 
springs in cleared pasture lands for example as 
is to be found in the forests adjacent. Is it 
not reasonable to suppose that the spongy cover 
of the forest soil, holding the water long in 
contact with the earth would allow it to soak 
in and reach the underground channels. If any- 
one doubts this we suggest a simple experiment: 
Two days after a heavy rain has ceased, go into 
the forest and dig down to the earth under the 
cover of dead leaves and humus and note its 
condition of moisture. At the same time visit 
a neighboring pasture or cultivated land and 
make a similar examination. 


Much more might be said, but we turn to 
another of Col. Chittenden’s contentions, 
noted under (2), the idea that the reservoir 
action of the forest floor may at times operate 
to actually increase flood heights. That this is 
a possibility must be freely admitted, but we 
cannot follow Col. Chittenden in his contention 
that it is a probability. Take for instance such 
a flood as visited Pittsburg last spring and sup- 
pose a stream emptying into say the Allegheny 
30 miles above the city. If this stream has a 
forested watershed, Col. Chittenden thinks the 
flow from it might be just enough delayed to 
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time with the crest of the flood from other 
sources in reaching Pittsburg, whereas if it 
flowed from open country its waters might go 
down stream before the flood reached full height. 
Perhaps, we say again, but by the theory of 
chances we should think the chances for floods 
materially lessened if the flow from this water- 
shed were poured out slowly instead of sud- 
denly. Surely whatever tends to prolong the 
time of runoff and increase the length of a flood 
wave lessens the height of its crest. That for- 
est cover on a drainage area tends in this di- 
rection is practically proved by Col. Chittenden’s 
conclusion (1). 

Turning now to conclusion (4), we find a most 
remarkable theory—that snowfall melts more 
suddenly in forests than on cleared lands and 
hence that on watersheds where heavy snows 
fall the forests actually tend to induce floods 
from melting snows. The instances cited by 
Col. Chittenden in support of this view are 
drawn apparently from the peculiar conditions 
existent on the highlands of the northern Rocky 
Mountains, and we can hardly believe they rep- 
resent typical conditions even there. His argu- 
ment in brief is that the snowfall in the forest 
is spread evenly over the ground and is shaded 
from the sun by the evergreens so that it does 
not begin to melt at all until late in the spring, 
and then it all melts suddenly. 

We can understand how in the high altitude 
of Yellowstone Park snow would melt in such 
a manner, but there are few forests under such 
conditions. Snow is as often melted in the 
spring by a warm south wind or “Chinook” or 
by a warm rain as by the sun. In fact, in the 
Appalachians, floods from melting snowfall are 
almost always so produced. The sun’s heat alone 
on snow never causes floods there. Fur- 
ther, the melting snow in the forest is 
conserved by the forest mold just as is 
the rainfall in Col. Chittenden’s conclusion 
(1) The fact is that the frost penetrates 
much less in the forest than in the open. 
Often very early in the spring the ground in the 
forest will thaw out under the snow and melt- 
ing goes on from the under side. Observe two 
brooks in the winter, one flowing from a forest 
the other from open land and it will be found 
that the forest brook runs steadily, when the 
other on open land may be entirely dry. And 
while both may be flooded, when a warm rain 
comes on the snow, we are much mistaken if 
the brook draining the open land does not carry 
the largest volume of water. 

Under (5) Col. Chittenden maintains that soil 
erosion is not a consequence of forest cutting but 
of faulty cu'tivation of land not in forest, and 
that the underbrush and other growths which 
follow forest cutting is just as effective in pre- 
venting eroSion as was the forest cover. 

In view of the great damage done by erosion 
in reducing fertile lands to a desert and in chok- 
ing stream channels with debris this is a most 
important matter. That other growths can and 
do replace the forest as conservers of the soil, 
in some locations and climates, is certainly true. 
The steep mountain sides of Wales, for example, 
are destitute of trees or even bushes and have 
been for centuries probably; but in that damp 
climate a heavy grass turf easily maintains it- 
s-lf. grows luxuriantly even at the highest ele- 
vations, and prevents any erosion. In many sec- 
tions of the northern Appalachians, too, removal 
of the forest is promptly followed by a growth 
of underbrush that protects the surface soil per- 
fectly. 


But- does this occur at all times and places? 
Grass does not grow in hot climates as it does 
in Wales or New England, and on sandy soils 
particularly, the removal of a growth of pine is 
apt to leave bare soil, exposed to the action of 
wind and weather. There are sections in the 
Adirondacks, in Michigan and in the Southern 
States where forest removal has left the land a 
barren sandy waste. 


We would call Col. Chittenden’s attention to 
the fact that wind erosion is often as powerful 
an agent as water erosion in stripping the fer- 
tile soil away and reducing land to a desert 
condition, There are great areas in the South 


and West as well as those to which he refers in 
Europe where the wind has done as much dam- 
age as is done by the washing of water on the 
steep slopes of humid regions. Surely it will be 
admitted, even by Col. Chittenden, that forests 
will prevent erosion of this sort in a way that 
no other growth can effect. 

We regret to see that Col. Chittenden carries 
his theories so far as to. oppose such measures 
as the Government reservation of the timber re- 
sources in the Southern Appalachians. Even if 
we admit his position regarding erosion, is he 
not arguing like an abstract scientist rather 
than a practical engineer? Suppose it is true that 
the erosion of the soil in the Southern Appa- 
lachians is a result of cultivation rather than 
removal of the forest. The fact remains that 
if the forest is removed, some part of the newly 
cleared and fertile land will be put under cul- 
tivation, and erosion is bound to ensue. We 
do not see, therefore, how the mere fact that 
other growths will prevent erosion as well as 
the forest itself lessens the argument for pre- 
serving the mountain forests. 

Nor are we impressed with Col. Chittenden’s idea 
that forests should be cultivated in the lowlands 
and other convenient places instead of on dis- 
tant and inaccessible mountains. The fact is 
that with the rapid increase in population and 
pressure on the means of subsistence all our 
lands are certain to be needed. By all means 
cultivate forests on lands in the valleys that can- 
not be better utilized for other purposes; and 
yet we shall need in the near future all the 
timber that the mountain slopes can produce. 

Space fails us for a longer discussion of Col. 
Chittenden's paper so far as it relates to for- 
ests. With his main conclusion—that forests 
have little influence on stream flow compared 
with what is generally bclieved—we have al- 
ready expressed our accord. It is when he goes 
further and almost seems to claim that forests 
are injurious rather than beneficial to the 
streams and the land that we find ourselves com- 
pelled to dissent. 

We referred above to Col. 
cussion in his “Am. Soc. C. 
Lecighton’s proposed reservoir system for the 
Ohio River. The conclusion which he reaches 
is that the reservoir system proposed is imprac- 
ticable. But—begging the colonels pardon for 
the comparison—we are reminded of the old 
story about “those who came to scoff remained 
to pray,” for in his “addendum” to the paper 
contributed to this issue, Col. Chittenden ac- 
cepts the reservoir system as the only relief 
possible from the evils of drought with which 
the country is now afflicted. Of course we 
understand that what Col. Chittenden rejects is 
the reservoir system as a remedy for floods and 
a substitute for locks and dams in river navi- 
gation. But his explicit acceptance of the idea 
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that storage reservoirs have a proper place in? 


any logical system of river regulation is a most 
important one. 


LETTERS TO THE EDITOR. 


Experience With Electric Welding of Reinforcing Bars; 
Cost of Work. 


Sir: In your issue of Oct. 1 appears an inquiry ‘‘as 
to the practicability of electric welding in place for con- 
crete reinforcing bars.“ Your correspondent may be 
interested in our experience with electric welding of 
reinforcing bars for the Bannock St. bridge in this city, 
although the bars were not welded in place. 

The work was done on plain 1%-in. square bars of 
“high-carbon steel.” The transformer was set up just 
outside of the storage shed, at one end of the bridge 
site. The bars, in lengths of 10 ft. and 30 ft., were 
carried by laborers from the shed to the transformer, 
thence to the power-driven hacksaw where they were 
cut to length, and finally to their placcs in the work. 
There were approximately 36 tons of these bars handled; 
the number of welds was 384. The work was done by 
a local manufacturing company, which furnished and 
set up the transformer and supplied the skilled labor 
necessary for its operation for 25 cts. per weld, the 
bridge contractor paying the power bill and supplying 
the common labor necessary to handle the bars. We 
have no means of knowing how much the cost of hand- 
ling was increased by the introduction of the welding 
operation, but we think it improbable that the work 


could have becn done by fewer men or in less time if 
the welding could have been omitted. The average time 
consumed per weld probably did not much exceed two 
minutes. The total power consumption was 420 KW.- 
hrs. This was paid for at 4 cts. per KW.-hr with a cash 
discount of 10%, making a total cost for power of $15.10. 
Exclusive of the labor of handling, above mentioned, 
the total cost of the welding was $111.10, being slightly 
less than 29 cts. per weld or about $3.09 per ton of 
bars. 

It was observed that while the joint was still red 
hot, and again after it had become entirely cold, the bar 
could be subjected to any amount of twisting, bending 
or other violent distortion without any sign of fracture 
at the weld. There seemed, however, to be a period 
just after the joint had become black, but while it was 
still hot, when the weld would part as the result of a 
smart blow with a hammer or from dropping the bar 
three or four fect to the ground. In spite of repeated 
trials we never succeeded in breaking a weld after it 
had become cold. Yours truly, 

Charles W. Comstock. 

Boston Bldg., Denver, Colo., Oct. 14, 1908. 
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A Survey Error in a German Tunnel: Correction of a 
Sensational Exaggeration. 


Sir: The alleged cost of the repairs necessitated by 
an error in the alinement of a tunnel on a branch of the 
Black Forest Railways, amounting to $875,000, accord- 
ing to a despatch from Heidelberg dated Sept. 12 and 
reproduced in your issue of Sept. 24, needs a reduction 
of about 99.89. The tunnel in question is about 525 ft. 
long and cost $40,000. The actual expense caused by a 
deviation of the heading on a curve was $1,500 (accord- 
ing to the official statement of the government of Sept. 
13, enclosed herewith), i. e., about 1/600 part of the 
amount given in the despatch. The appearance of the 
misleading, sensational and exaggerating account in the 
German daily press is surmised to be the outcome of 
gross ignorance or mean malice, most likely the latter. 

Yours truly, 
Wm. F. Waag, C. E. 

Akademie str. 3 Karlsruhe, Baden, Germany, Oct. 10, 
1908. i 


[The government statement referred to in the 
above is an official note in the “Karlsruher Zei- 
tung” of Sept. 13, which we translate as follows: 


A report in the “Heidelberger Zeitung,” which was 
also printed by a large part of the daily press, alleges 
that in the construction of a tunnel on the line Weisen- 
bach-Forbach the headings driven from the two ends 
did not meet in the middle but diverged by cight meters, 
which, it is further alleged, caused the State Railway 
administration a loss of 314 million marks. The occur- 
rence to which this report presumably refers was al- 
ready brought up in the last proceedings of the Cham- 
ber, and was discussed with the government. As is 
mentioned on pp. 14-15 of the report of the Budget Com- 
mittee of the Second Chamber on the railway budget 
for 1208S-’09, a query from the committee as to whether 
the report that errors involving extra cost had been 
made in the construction of the tunnel at Langenbrand 
was based on facts, elicited from the government the 
reply that an error had in fact been made in locating the 
tunnel axis, but that the cost of rectifying the error 
had fallen on the contractor. The circumstances in- 
volved were that, in starting the bottom heading of the 
160-meter Brach tunnel above Langenbrand, about 41 
m. of the tunnel heading were excavated off the proper 
alinement, as the result of a survey error. The mistake 
was discovered in time to permit the full-section exca- 
vation and lining to be done on the correct alinement. 
The loss to the contractor amounts to about 6.000 M. 

The report in the “Heidelberger Zeitung,“ therefore, 
is based on a gross distortion of a relatively unimportant 
occurrence. 


This explanation puts a rather different face 
on the matter. In our notice of the Heidelberg 
dispatch (p. 339 of our issue of Sept. 24) we 
pointed out that the triangulation and alinement 
Surveys of tunnels are always so carefully exe- 
cuted and so constantly checked (especially in 
European practice) that an error of the kind al- 
leged is virtually impossible. This is exactly 
true, for tunnels of some size. But of course the 
conditions on small work are materially differ- 
ent; a short 500-ft. tunnel through a rock spur, 
naturally, is not watched and checked so care- 
fully or frequently that an occurrence of the 
reduced proportions described might not be at 
least possible, though not very likely. The 41 
m. of heading may represent, say, a fortnight’s 
work, during which period no check survey may 
yet have been made. The very fact that the 
mistake was noticed so early proves that a de- 
parture from true alinement extensive enough to 
cost nearly a million dollars to correct (this 
necessarily occurring on a very large tunnel) is 
beyond the range of reasonable possibility. 

It is worth noting that the official explanation 
is silent as to the cause alleged in the original 
dispatch, a survey mark misplaced through ma- 
licious vengefulness. This allegation has little 
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probability in its favor, but if it has any foun- 
dation we can only suppose the survey party to 
have been negligent in its work. Even a 500=ft. 
tunnel is worth the trouble of setting an aline- 
ment monument or mark of sufficiently perma- 
nent and distinctive character to be proof 
against malicious displacing or substitution. A 
survey party careless enough to omit the ordi- 
nary precautions for this purpose would also be 
unreliable in other phases of its work, so 
that the error in question might as probably 
have resulted from a direct mistake as from 
malicious interference. The former, in fact, is 
the more probable. In the absence of any pub- 
lished evidence to the contrary we may fairly 
assume, therefore, that the surveyors simply 
made a mistake, without the unsuspected assist- 
ance of a vengeful ex-employee.—Ed. ] 
— — Uu—ꝓ 


Notes and Queries. 

Mr. Harry L. Whitney, of Auburn, N. Y., connected 
with the New York State highway work, raises two 
questions regarding details of macadam road construc- 
tion. His first point is that instead of spreading a 1-in. 
course of small stones on the rolled subgrade and then 
spreading a layer of large stones (3% ins., in New York 
State), it would be better to mix the two sizes as they 
come from the screens at the crusher. This, Mr. Whit- 
ney believes, would fill the voids better, give a more 
solid road, and at the same time help the contractor, 
who generally has a surplus of the smaller stones. 
The second point made by our correspondent is that a 
10-ton roller cannot compress a 530 g-in. bottom layer of 
stone to 4 ins. and a 2%4-in. top layer to 2 ins., especially 
when specifications cali for filling the voids of the bot- 
tom course with sand and those of the top coyrse with 
screenings. The result, he states, is 7 instead of 6 ins. 
of finished macadam. 

If the small stones now used in the first layer are 
not too small and are well mixed with the main layer 
we see no harm in mixing them as suggested. As to 
the possjbility of compressing 8 ins. of broken stone to 
6 ins., the usual assumption is that 9 ins. of loose stone 
can be compressed to 6 ins. in the finished road, but it 
is advised that only about 444 ins. in thickness be com- 
pressed in one layer. 


— — . —.— eS 


ANNUAL CONVENTION OF THE AMERICAN SOCIETY 
OF MUNICIPAL IMPROVEMENTS. 


It seems but a few years since this society was 
organized, yet it held its fifteenth annual meet- 
ing last week. Attendance at these conventions 
has generally been rather small, owing to the 
somewhat limited membership of the society in 
the past, but the notable increase in member- 
ship attained during the past year promises 
larger conventions in the future. The attend- 
ance at Atlantic City, Oct. 20 to 23, appears to 
have been considerably under a hundred. This, 
however, did not prevent a good meeting, thanks 
to the unusually well selected and varied pro- 
gram. 


After the usual preliminaries, the convention 


opened on Tuesday afternoon, with the address 


of Mr. Geo. W. Tilson, of New York City, Presi- 
dent of the Society. 

THE PRESIDENT'S. ADDRESS.—Half of the 
engineers of the country, Mr. Tillson said in his 
annual address, are engaged in municipal work. 
During the past ten years the engineering 
schools, he continued, have had difficulty in sup- 
plying the demands of the cities. 

There was a time when friendship between 
an engineer and a contractor was regarded as 
evidence of collusion. A good contractor, how- 
ever, is the best asset of the enginecr and there 
is no reason why the two should not work to- 
gether. 

While the engineer is supposed to deal chiefly 
with engineering, yet he has much to do with 
laws and ordinances. City laws should be per- 
missive rather than restrictive. If you wish to 
make the engineer responsible you must give 
him authority, and at the same time hold him 
accountable. All through city government it 
is necessary to be able to put your hand on some 
individual who is responsible for the conduct of 
subordinates. 

It is said that they do things better abroad. 
Perhaps they do. They have been at it longer. 
Paris existed five hundred years before it grew 
to the population of Rochester. We should 
study European city government because we 


can learn from its failures as well as from its 
successes. In conclusion, Mr. Tillson expressed 
the belief that some day New York City will 
have a model city charter which will give its 
executive officers authority and put the city in 
the front rank of municipal administration. 

REPORTS OF SECRETARY AND TREAS- 
URER.—Mr. A. P. Folwell, Secretary, reported 
a large gain in membership during the past 
year, including members just elected. At the 
opening of the convention of a year ago there 
were 143 active and 53 associate members, or 
a total of 196. At the last meeting 16 mem- 
bers were elected. This raised the membership 
to 212, but during the year 21 resignations oc- 
curred and 32 names were dropped for non- 
payment of dues, leaving 159 members, of whom 
125 were active and 34 associate. The addition 
of 107 members at the opening of the present 
convention (about 20 associates) raised the total 
membership to 266. 

Mr. L. V. Christy, of Wilmington, Del., re- 
ported a treasury balance of $605, against $715 
a year ago, but some hold-over bills had been 
paid during the year. 

MUNICIPAL STATISTICS.—Mr. J. W. How- 
ard, of New York City, as Chairman of the Com- 
mittee on Municipal Data and Statistics, pre- 
sented and commented on a compilation (from 
U. S. Census reports) of expenses and receipts 
of 148 of the largest cities of the country for the 
five years 1902-6. The largest per capita in- 
crease in expenses was for schools, some 25%. 
The increase in per capita receipts from taxes 
and licenses during the five years has been from 
$16.10 to $17.98. 

Evidently too large a percentage of municipal 
outlays is met from loans and too little pro- 
vision is made for depreciation. It also appears 
that fire department expenses might be reduced 
if more buildings of fireproof construction were 
only insisted on. 

Mr. A. M. Heston, City Comptroller of At- 
lantic City, N. J., presented some ideas on mu- 
nicipal accounting and outlined the system car- 
ried out under his direction. He favored 
Standardization of municipal financial reports 
rather than uniformity of bookkeeping, holding 
the latter to be impossible without uniform mu- 
nicipal charters. There was no discussion on 
either Mr. Howard’s report or Mr. Heston's 
paper. 

JOINT SEWERAGE DISTRICTS.—Some of the 
advantages of joint sewerage districts composed 
of a number of municipalities located in a single 
drainage area, as well as state legislation on 
the subject, a summary of existing and proposed 
districts and methods of distributing costs were 
presented by Mr. E. S. Rankin, Engineer in 
Charge of Sewers, Newark, N. J. 

At least eleven states have passed laws author- 
izing joint sewerage districts. These are: Ala- 
bama, California, Illinois, Kansas, Massachus- 
setts, New Jersey, New York, North Carolina, 
Ohio and Pennsylvania. The scope of the 
legislation in some of the states, however. is 
very limited. The most notable of the joint 
districts are the Massachusetts Metropolitan, the 
Chicago Sanitary, and those in New Jersey, which 
include (1) Elizabeth and six other municipali- 
ties discharging into Kill Von Kull, and (2) 
Orange and three other places discharging into 
the Passaic River. Proposed joint works in New 
Jersey include (1) the Passaic Valley District, 
Which will take in Newark, Paterson, the Orange 
joint outlet just mentioned and various other 
cities and town; and (2) Plainfield and near-by 
places. 

After reviewing methods of distributing the first 
cost of joint sewerage works, and stating that 
ratables or taxable valuations was the favorite 
basis, Mr. Rankin gave as his own conclusion 
that the best plan would be to distribute the 
cost of both construction and operation on the 
basis of volume of sewage contributed by the 
several municipalities. To illustrate the results 
under various methods Mr. Rankin took New- 
ark, N. J., in its possible relations to the Passaic 
Valley scheme. If Newark paid in proportion to 
its present ratable valuation [as the law pro- 
vides] it would contribute 52% of the whole 
estimated cost [$12,000,000]; on present popula- 


tion, 48%; estimated population in 1940, 31%; 
area, 10%; estimated ratables in 1940, 28%. 

TIGHT JOINTS IN PIPE SEWERS.—Mr. Benj. 
E. Briggs, City Engineer of Erie, Pa., reviewed 
his experience of many years in trying to gct 
tight sewer joints, during which he had used 
methods suggested by the specifications of many 
different cities. He now uses a fairly large 
gasket, which he soaks over night in a 1 to 1 
cement grout. For a gasket he employs a hemp 
packing, using one strand for 8-in. and two 
strands for 12-in. pipes. A good joint may be 
made with 1 part of coal tar and 3 parts of 
Portland cement. 

REINFORCED-CONCRETE INTERCEPTING 
SEWER.—Mr. Alex. J. Taylor, Engincer-in- 
Charge of Sewers at Wilmington, Del., told how 
he had built 1,300 ft. of 30 and 36-in. reinforced- 
concrete sewer along Brandywine Creek. The 
pipe lengths were formed in 4-ft. lengths, the 
shell being 3% to 4 ins. thick. The concrete 
was tamped in 2 or 3-in. layers. The forms 
were removed a day after they were filled but 
the pipe lengths were not lifted from their iron 
bed plates for four or five days and were stored 
two weeks before use. 

MOSQUITO CONTROL.—Prof. John B. Smith. 
of New Brunswick, who is State Entomologist 
of New Jersey, gave a most interesting and 
practical lantern-slide talk on mosquito control. 
Incidentally, he showed how the usual window 
screen and window sash admit mosquitoes 
through the narrow unguarded spaces, horizon- 
tal in plan, left when the windows are opened. 
Attention was called to the enormous number 
of mosquitoes which breed in the water retained 
in dirt pails beneath perforated manhole covers 
and in catch basins. A slight amount of oil 
will prevent this, and in the case of properly 
trapped catch basins the oil will not be lost at 
every rainfall. 

Already nearly 3,000,000 lin. ft. of ditches have 
been dug for draining the salt marshes of New 
Jersey, and by this means nearly all the breed- 
ing places from Secaucus to Tom’s River have 
been eliminated. The evolution of drainaze 
tools for this work, from ordinary ditching 
spades to 14-HP. gasoline-engine-driven ma- 
chines, was interestingly outlined and illus- 
trated by the speaker. The State of New Jersey 
owns six of these ditching machines (one has 
an oil instead of a gasoline engine), of which 
four are at work and two are in reserve. In 
both the hand and the machine ditching chunks 
of sod and clayey or other material the full 
width and depth of the ditch, or 10 x 30 ins., 
are removed. In some of the larger ditches a 
double cut is made, to give a width of 20 ins. 

The spacing between ditches was soon in- 
creased from 30 to 50 ft., and later was made 
200 ft. The sides of the ditches stand remark- 
ably well. Cross ditches are avoided, to facili- 
tate the use of the drained land. From some 
of this land 2 to 4 tons per acre of excellent 
salt marsh hay have been cut since draining. 
Mowing machines have been used and the hay 
drawn off at pleasure where formerly hand 
cutting, by men in hip boots, was necessary, 
and the hay could be removed only in winter. 

COMMITTEE ON WATER SUPPLY.—Mr. J. 
L. Ludlow, Winston-Salem, N. C., reviewed 
water-works doings and tendencies of the past 
year. Larger and heavier pipes are being 
called for in some cities on account of the in- 
crease in the height of buildings. The question 
of municipal as against private ownership of 
water-works seems to have been settled for all 
time in favor of public ownership. 

HOW TO OPERATE WATER AND SEWAGE 
PURIFICATION PLANTS.—When a man buys 
a good watch, horse or automobile, Mr. Geo. W. 
Fuller, of New York, stated in opening his 
paper, he expects to take care of it or else suffer 
the consequences of neglect. There has been a 
growing tendency of late to try to make water 
and sewage purification works fool proof, from 
which it may be inferred that engineers do not 
expect intelligent management of the works 
they design. 

The interests of the public call for central 
supervision of purification works, but this should 
be chiefly as to results, leaving the details to 


October 29, 1908. 


ENGINEERING NEWS. 


481 


local authorities. Consumers need to be edu- 
cated as to what to demand from water purifi- 
cation plants. 

For large plants, a mechanician and an ana- 
lyst will be required to give satisfactory oper- 
ating results, and it is possible to employ both. 
In the smaller plants a difficulty is experienced 
in the matter of superintendence. There is an 
opportunity here for technical graduates who 
have served an apprenticeship with larger works. 

Mr. A. P. Folwell, of New York City, remarked 
on questions incident to the division of respon- 
sibility for purity of public water supplies be- 
tween sewage and water purification plants. It 
is a question how far State Boards of Health 
should go in requiring all towns to purify their 
sewage. 

Mr. A. F. Eggers, of Newark, N. J., said that 
his city had acquired 10,000 acres of its water 
supply drainage area, had secured legislative 
authority to expend $1,000.000 more for this 
purpose, and has planted a large number of 
forest seedlings on its land. 


COMMITTEE ON REVIEW.—Mr. C. D. Pol- 
lock, of Brooklyn, N. Y., chairman of this com- 
mittee, said that in view of the fact that in 
previous years this committee had sent out 200 
inquiries for information on which to base its 
report and had received only 8 replies, he had 
concluded that this year he would depend on 
the technical journals for his subject material. 
He then outlined briefly, in classified form, some 
of the notable municipal works recently com- 
pleted or now in progress. 


SEWAGE PURIFICATION VS. WATER 
PURIFICATION.—Rational ideas on the proper 
division of responsibility for pure water, as be- 
tween sewerage and water departments, were 
presented in a forcible manner by Mr. Geo. C. 
Whipple, of New York City. 

In most cases reliance should be placed on 
water rather than on sewage purification to 
guard against the dangers of sewage pollution, 
since by this means the amount of polluting 
matter to be dealt with is greatly lessened. 
Double filtration of water may be resorted to. 
Sometimes sewage purification may be employed 
in addition, particularly where the volume of 
sewage is small as compared with the volume 
of water. 

New York State, through its Department of 
Health, exercises control over sewage disposal, 
often requiring purification works, but it at- 
tempts no control over water supplies. 

The Royal Commission on Sewage Disposal 
[Great Britain], in its recent report [Eng. News, 
Oct. 8, 1998] has placed the seal of approval on 
Some modern methods of sewage treatment and 
at the same time pointed out some of the weak- 
nesses of those methods. It is a notable fact 
that the commission regards sewage disposal as 
a means of preventing a nuisance and not as a 
matter of protecting public water supplies. 
Septic tanks and filter beds cannot be re- 
lied upon, in any event, to so purify sewage as 
to protect water supplies. 

Finally, the question as to who should bear 
the financial burdens of sewage disposal, is a 
question which jurists should settle as soon as 
possible. 

PARKS AND SHADE TREES.—A brief report 
by Mr. James Owen, of Newark, N. J., Chair- 
man of the Committee. on Park Development and 
Maintenance, served to introduce Mr. A. M. 
Reynolds, Jr., of Newark, Engineer of the Es- 
sex County Park Commission. Mr. Reynolds re- 
Viewed the work of the commission since its 
organization, a dozen years or so ago. When 
the commission was organized, there were but 
130 acres of parks in the whole of Essex County, 
Which includes the city of Newark and many 
residence suburbs of New York City. The park 
acreage now under the jurisdiction of the com- 
mission includes nearly 3,600 acres, in nine por- 
tions ranging from a small city park of 10 acres 
to a mountainous country reservation of 2,500 
acres. The outlay for land and improvements 
has been about $5,000,000; playgrounds have 
been provided in all the parks, and in the South 
Mountain Reservation 150 acres has been en- 
closed as a game preserve and stocked with 


deer, pheasants and hares. Thousands of dol- 
lars have been spent in mosquito-extermination 
work where needed. 

Another paper presented under the auspices 
of the Park Committee described the system of 
providing and caring for shade trees in East 
Orange, N. J. This paper was presented by Mr. 
William Solotaroff, Secretary of the Shade Tree 
Commission. About a dozen cities in New Jer- 
sey now have shade-tree commissions similar to 
the one in East Orange. These commissions are 


formed under permissive State legislation, and 
somewhat similar legislation, it appears, was 
enacted in Pennsylvania in 1907. The East 


Orange commission plants trees, provides them 
with guards, and stakes them where necessary, 
assessing the cost on abutting property owners. 
The cost is added to the yearly tax bills. The 
expenses of pruning, spraying, etc., are met in 
a general tax levy. Only one species of tree is 
planted on a given street. This paper was ac- 
companied by many lantern slides showing how 
trees should be cared for, and also showing the 
advantages and disadvantages of different spe~ 
cies of street shade-trees and different methods 
of pruning them. A particularly . undesirable 
species of tree for street purposes jis Carolina 
poplar [often planted because of its rapid 
growth]. The large roots of this tree lift flag- 
stones or break the concrete of concrete side- 
walks, and both the flowers and fruit of the tree 
are objectionable on account of their litter. The 
soft maple [another relatively fast grower] is 
objectionable on account of its tendency to have 
branches split and break off, particularly when 
loaded with snow. 

The advantages of having street shade-trees 
under public control instead of the control of 
property owners is well illustrated by the 
streets and avenues of Washington, D. C., where 
the trees have been publicly controlled for the 
past 25 years. : 

The first cost of tree planting is relatively small. 
In East Orange the combined cost of macadamiz- 
ing a 30-ft. roadway and providing a curb and 
a 4ft. sidewalk is $3.85 per running foot. Trees 
40 ft. c. to c. cost only 2 to 3% of this sum, in- 
cluding guards and stakes. 


PAVEMENTS AND ROADS.—One of the 
notable features of the American Society of 
Municipal Improvements has been the careful 
and detailed attention which it has given to 
pavements and roads, particularly the former. 
This subject received a large amount of attention 
at the convention last week. A hearing was 
given at this convention to representatives of 
a number of relatively new companies engaged 


in pavement and road construction. The first of 
these representatives was Mr. William B. 
Spencer, of New York City, Vice-President of 


the Imperial Roads Co. Mr. Spencer stated that 
the roads made by his company are composed of 
asphalt and asphaltic oil, scientifically mixed 
with dirt. He claimed for these roads that they 
are waterproof, dustless, noiseless, smooth yet 
not giving rise to skidding of automobiles, and 
that they are also resilient. This company first 
thoroughly pulverizes the subgrade of the road, 
then applies the asphaltic material, then re- 
pulverizes to work the material in, and adds 
more of the asphaltic material. Plows and disk 
harrows are used in this work. When the ag- 
gregate has been thus prepared, it 
with a 3-ton roller, composed of ten disks armed 
with teeth and provided with bars for scraping 
off any material that may stick to the teeth. 
The roadway is finished with an ordinary 
macadam roller, then sprinkled with asphaltic 
oil, and finally a light layer of screenings is 
applied. 


This sort of construction was first used in 
Kansas City five years ago. Its cost is about 
the same as for dustless macadam, but it is 
claimed that its life is two to four times longer 
than that of macadam. American asphalt and 
asphaltic oils are used. In answer to questions 
the author stated that neither the system of 
construction nor the tamper were in any way 
related to the petrolithic roads and tamper used 
in California. 

Mr. James Owen said that a section of this 


is tamped | 


road had been put down in Harrison, N. J., near 
Newark, but as the road had just been finished 
no results could be reported as yet. Mr. Mc- 
Clure, of Berkeley, Cal., stated that he was 
struck with the similarity of the Imperial and 
petrolithic road systems. In Monrovia, Cal., 
there are 20 miles of petrolithic roads, some of 
which are the finest of any roads he has ever 
seen. 


HOW TO CONSTRUCT BRICK PAVEMENTS. 
—A unique instance of the intelligent and effect- 
ive activity of manufacturers to see that their 
product is properly made ready for use after it 
leaves their hands, has been afforded for many 
years past by the National Paving Brick Manu- 
facturers’ Association. Mr. Will P. Blair, of 
Indianapolis, Ind., secretary of this association, 
presented a paper based largely on that portion 
of the brick-pavement specifications got up by 
the association which deals with the laying of 
the pavements. 

After stating that the subgrade and concrete 
foundation for brick pavement does not differ 
essentially from that for other pavements, Mr. 
Blair took up the sand cushion. This must be 
2 ins. thick. Expansion should be provided for 
at the curbs, but no transverse expansion joints 
should be allowed. The bricks should be de- 
livered to the paver, preferably end up, on a 
board or on a gravity carrier, and no tamping 
should be allowed. The edges of the bricks 
should never be allowed to touch. 

More errors are made in filling the joints of 
brick pavements than in any other part of the 
work. Nothing but cement filler should be al- 
lowed. Before it is applied, the brick should be 
wet down with a fine spray of water. The filler 
should be of Portland cement, 1:1 in the first 
course and 2:1 in the last course. After making 
sure that the sand is thoroughly dry, sand and 
cement should be mixed dry and thoroughly 
before water is added. The author described 
the special mixing-box designed to insure a good 
grout. This box should be kept close to the 
joints being filled. 

Municipal engineers are not to blame for non- 
compliance with their paving requirements, The 
execution of methods laid down by engineers is 
almost always left to the contractors’ foremen. 
The principal reason why good work cannot be 
secured is that for political reasons inspectors 
are employed who are fit for nothing else. En- 
gineers should be permitted to choose their 
superintendents and inspectors. This applies to 
all municipal contract work, so that every 
energy should be directed to the elimination of 
this baneful factor in municipal work. 


President Tillson and a number of other mem- 
bers of the association heartily commended Mr. 
Blair’s paper. Considerable discussion followed, 
as to the need for transverse joints in brick 
pavements, trouble from rumbling, etc. Mr. 
Blair was strongly of the opinion that a gen- 
eral investigation of pavements showing defects 
which might at first thought be attributed to lack 
of transverse joints, would show that improper 
construction or some other particular was the 
real cause of the difficulty. 

Concrete pavement of the Blome type (see 
Eng. News, Aug. 20, 1908) was the subject of 
a paper by Mr. H. S. Dewey, of the Rudolph S. 
Blome Co., of New York City. This was de- 
scribed as a granitoid block pavement, designed 
to stand heavy traffic, washable, non-slippery, 
and made feasible in point of cost by recent im- 
provement and cheaper methods of cement manu- 
facture. Expansion joints are used. The author 
stated that the use of rubber tires for vehicles 
and rubber-padded shoes for horses provides the 
resilience once deemed necessary in the pave- 
ment itself. 

Mr. J. W. Howard, of New York City, asked 
some questions regarding the novel features 
of and the patent claims on this pavement. The 
author stated that the chief claims were the 
grooving, the elimination of dust from the stone 
used in the concrete, and the sizes of the stone 
employed. The dust is removed by screening and 
blowing. The objections to continuous longi- 
tudinal joints are obviated by breaking these. 

Mr. L. L. Tribus, of Richmond Borough, New 
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York City, stated that in that borough they had 
made various experiments with pavements. One 
of these was based on the idea that the binder 
course of ordinary asphalt pavement might be 
rolled and made to serve as finished surface. On 
finding that the voids were not well filled, the 
mixture was changed accordingly. Such a pave- 
ment.can be laid under New York conditions, 
which include an eight-hour day, for $1.25 to $2 
per sq. yd., or perhaps $1.65 as an average. It 
is ealled bituminous concrete and is laid on a 
macadam foundation, or, where traffic is heavier, 
on concrete, : 

Still another style of concrete pavement was 
described by Mr. Claude A. McGill, of New. 
Haven, Conn., Manager of the Connecticut Has- 
sam Paving Co. The speaker urged that bitu- 
minous binders are not permanent, and that 
Portland cement has proved itself to be the best 
binder for broken stone. Accordingly, the 
macadam system, with the Portland cement 
binder, has been adopted by his company. This 
binder is introduced by grouting the broken 
stone after the latter has been put in place and 
compacted by rolling. Formerly the stone was 
placed and rolled and grouted in three layers, 
but difficulty was experienced in getting the 
workmen to so conduct the work as to avoid 
setting of the cement between the layers. Now 
the 6 ins. of broken stone are placed in layers 
and rolled without intermediate grouting. After 
the grouting of the whole mass at one oper- 
ation, the roller is again put on. A tandem 
steam roller is employed. 

Stone passing a 2%-in. mesh and retained on 
a l-in. mesh, is used. The grout is one part 
Portland cement and two parts sand, with water 
added to bring it to the consistency of cream. 

Transverse joints were at first used, but hav- 
ing been found objectionable they are no longer 
employed. Where used, the concrete broke off 
at the edges, and at times the expansion ma- 
terial was forced up onto the concrete. 


This kind of pavement was said to. be suitable 
for State highways as well as town and city 
roads. It was also said that concrete so made 
is used for a foundation for brick and other 
pavements. The Hassam pavement is now in 
use in eight or ten states, chiefly in the North- 
east and the Far West, and also in Canada. It 
was employed on the motor parkway on Long 
Island, of which nine miles has been constructed. 
Here the pavement is 5 ins. in thickness and 
has a woven wire reinforcement near the bot- 
tom. The only special appliances required for 
this work, over those used in ordinary road 
work, are the Hassam grout mixer and the tan- 
dem steam roller. The grout is piped to place. 

In answer to questions as to the setting of 
the cement before rolling was completed, Mr. 
McGill said that no difficulty was now experi- 
enced in this particular. A slow-setting cement 
is used, and no material set results inside of 
the three-quarters of an hour or so needed for 
rolling. The surface finish, the author of the 
paper said in reply to a question, is something 
like asphalt, only rougher. Some surplus ce- 
ment comes to the surface and gives rise to 
ridges at first, but these wear off after à little. 

MAINTENANCE AND REPAIR.—The cost of 
maintaining asphalt pavement, Mr. G. H. Lutz, 
of Kansas City, Mo., said at the outset of his 


paper, is the chief objection which has ever been 


urged against it. In Kansas City, for instance, 
the maintenance charge within the past few 
years has rapidly mounted up until it has 
reached $200,000 a year. The author then de- 
scribed the Lutz surface heater, for use in re- 
pairing asphalt pavements. Instead of using the 
flame direct on the asphalt, which the author 
stated often injures the material, he employs 
a large blast of hot air, the air being heated by 
oil. The hood is 10 ft. wide transversely of the 
street and 5 ft. in the other direction. Spoiled 
material is cut out and new material added im- 
mediately, while the old surface is still hot, with- 
out painting or other treatment. Old matcrial is 
removed and new material added to a depth of 
anywhere from 14 to -in. to 2 or 3 ins., accord- 
ing to local needs. The light depths named are 
for skin patches, for resurfacing wavy places. 


By the use of this machine and method, the 
author stated, repairs may be made at as low a 
figure as 18 cts. per sq. yd. where very little 
material is required. Kansas City contractors 
have taken repair work at 87% cts. per sq. yd., 
and paid royalties in addition for the use of the 
machine. Old prices sometimes ran to $1.50 and 
even $2. The machine has been satisfactorily 
used in repairing petrolithic and other kinds of 
bituminous pavements. With it, granite or brick 
can be heated without cracking, then painted or 
mopped with tar, and an asphaltic or other ma- 
terial added to form a new surface. 

Mr. Lutz also described a new mixing plant, 
devised by himself in conjunction with Mr. 
Blake. One of the chief features of this plant 
is the use of a hot-air blast for melting the as- 
phalt. A large drum, quite like a Ransome con- 
crete mixer, is employed for heating and mix- 
ing. Chunks of asphalt about as large as a 
man's fist are admitted to the drum through the 
hopper. 

MINERAL RUBBER ASPHALT MACADAM.— 
Mr. Lynn White, Engineer of the South Park 
Commissioners of Chicago, Ill., sent a paper 
which was read in part, describing an asphalt 
concrete wearing surface which may be laid on 
a base of cement concrete, macadam, bonded 
gravel, bituminous composition, or other stable 
material. In cost this stands between macadam 
and expensive pavements. The name ‘mineral 
rubber” has been chosen simply because it seems 
descriptive. The pavement has been developed 
in Chicago, where the first block was laid on 
Michigan Ave. in May, 1908. Other sections have 
been laid since, and some has been put down in 
two other cities of the Central West. 

CITY GOVERNMENT AND LEGISLATION.— 
Mr. Horace Andrews, Albany, N. Y., Chairman 
of the Committee on City Government and Legis- 
lation, read a report which consisted chiefly of a 
review of recent municipal legislation in New 
York State, which has been so voluminous as to 
be appalling. This was followed by some re- 
marks on the relative desirability of having mu- 
nicipal engineering works carried out under the 
charge of a centralized board of public works, as 
compared with separate commissions. The com- 
mittee was of the opinion that centralization 
was best. The fact that on many of the special 
commissions in New York City it has been found 
possible to get able, public-spirited men to serve, 
was put forth as a basis for the conclusion that 
good men could also be secured for a board of 
public works. 

OTHER PAPERS AND REPORTS.—A few 
committee reports scheduled on the program did 
not materialize, and a few other reports and 
papers were read by title. Among the latter 
were: “History and Operation of the Des Moines 
Plan,” by W. W. Wise, of Des Moines, Ia.; A 
Modern American Public Service Franchise,” by 
Charles Carroll Brown, Consulting Engineer, of 
Indianapolis, Ind.; and “A Municipal Franchise 
Is a Valuable Asset and Should Be Treated So 
by Those in Authority,” by Isaac R. Breen, City 
Attorney, Watertown, N. . 

OFFICERS AND NEXT MEETING PLACE.— 
Mr. James Owen, of Newark, N. J., was elected 


President; Mr. A. P. Folwell, Editor-in-Chief of 


the “Municipal Journal and Engineer,” 239 West 
39th St., New York City, was reelected as Secre- 
tary; and Mr. E. S. Rankin, of Newark, N. J., 
was elected as Treasurer. Little Rock, Ark., 
was chosen as the place for the next meeting. 

The committee on a badge for members of the 
society submitted a design for a badge, which 
was adopted. The badge consists of a circle en- 
closing a four-pointed star, with the letters 
A. S. M. I., one on each point. 

— — — 

THE CHARLES RIVER SHUT-OFF DAM between Cam- 

bridge and Boston was successfully closed at 11 a. m., 


‘Oct. 20, in the presence of the Governor of Massachu- 


setts and Council, the Mayors of Boston, Cambridge and 
Somerville, the Charles River Basin Commission and 
many prominent engineers. This dam is a temporary 
timber and earth structure erected above the site of the 
permanent dam and roadway of the Charles River 
Basin to enable the permanent work to be completed. 
This work has been described by articles in Engineering 
News of Oct. 6, 1904, Jan. 12, 1905, and March 1, 1906. 


PAILURE OF A REINFORCED-CONCRETE PRESSURE 
CONDUIT. 


A reinforced-concrete conduit recently com- 
pleted as part of the new water-works system of 
Richmond, Va., has shown marked cracking 
under a test pressure of 9 Ibs. per sq. in. The 
conduit, about 5,000 ft. long, is intended to carry 
the water-supply of the city, under a pressure of 
10 lbs. per sq. in., from the sedimentation and 
coagulation beds, about five miles from the city, 
to the main pumping station. It is located along 
the shore of the James River and is at all times 
partiy submerged and in flood season entirely 
under water, besides being covered with a rip- 
rapped dirt fill. This partially submerged con- 
dition led to the adoption of the concrete in- 
stead of the more costly cast-iron or of steel or 
wood-stave, which would rapidly deteriorate 
under the alternate wetting and drying. As 
constructed, the conduit is egg-shaped, 5 ft. 8 
ins. high and 5 ft. 2 ins. wide, with sides vary- 
ing from 7 ins. in thickness at the bottom to 


5 ins. at the top 
and reinforced on a 
circumferential line 


2 ins. from the in- 
terior with 4 x 3- 
in. Nos. 6 and 8 
wire mesh. {See 
diagrammatic sketch 
in accompanying fig- 
ure.) In the con- 
struction the invert 
was built about 100 
ft. ahead of the 
arch, rough joints and projecting wire being left 
to ensure a tight joint. 

The cracks, which occurred under a test pres- 
sure of 1 lb. per sq. in. less than the designed 
working pressure, are in nearly every case in a 
horizontal line along the joint between the in- 
vert and the arch sides. Although the two op- 
posing pieces at the cracks are in line, it is evi- 
dent that the breaks were caused by the upper 
portion pushing outward at the joint; after the 
pressure was released the two parts settled 
back into their original place. In one place the 
outward movement of this lower wall of the 
arch caused the crown of the arch to break 
under the resulting flexural action, but it seems 
certain that this was purely a secondary move- 
ment. 


A thorough investigation into the collapse is 
now being carried on, and until this report is 
made no exact statement can be made, par- 
ticularly as the conditions of water and dirt 
level preclude the possibility of local examina- 
tion. However, certain conditions that help to 
explain the cracks have been brought to light 
by the examinations of the city engineer’s office. 
The contributory causes so far ascertained are 
poor concrete and inadequate bonding. The 
concrete specified was a 1:3:4 Portland cement, 
sand and crushed granite mixture. These ma- 
terials were used and were of good quality, but 
from an examination of the concrete surround- 
ing the cracks it seems that the mixture was 
not as rich as specified and that the mixture was 
poorly made, so that a very porous material re- 
sulted. The bonding at the joint was weak both 
from improper joining of the reinforcing and 
from inadequate tamping. The wire mesh in 
the arch, which ought to have been tied to that 
in the invert at every wire (every 4 ins.) was 
really joined only every 18 ins. This, of course, 
made the entire joint dependent upon the con- 
crete, which although roughened for just this 
purpose did not form a tight joint, largely on 
account of the extension of the side forms to 
such a height as to prevent effective tamping 
in the side walls. As designed, the conduit 
should have been amply strong to withstand the 
comparatively low pressure of 10 Ibs. per sq. 1n. 
The entire fault seems to have been in the con- 
struction. As the concrete was about 50 days 
old when tested, it surely had reached an ef- 
fective set. 


The contractor is the Crouch Construction Co.. 
of Perth Amboy, N. J. The City Engineer is 
Mr. Charles E. Bolling. 
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A NEW SCRAPER EXCAVATOR. 


The use of scraper buckets handled by der- 
rick cars is a comparatively recent method of 
excavation which has been adopted with suc- 
cess On various classes of work. This method 
of working was described in our issue of March 
21, 1907, with descriptions of some of the scraper 
excavators then in use. 


to the engine drum; (2) the hoisting line, led 
over the boom to a block which is attached to 
the bucket by a chain sling. One end of the 
hoist line is carried from a block over a sheave 
to the rear of the bucket to dump it. The view 
shows the loaded bucket in position for dump- 
ing, which is effected by hauling in the dump 


line so as to tilt or invert the bucket. 


The machine is owned and operated by Mr. 
In several of these machines, the bucket has James O. Heyworth, of Chicago, who has a con- 
a swinging bail to which the hauling cable is tract for two miles of the channel, with about 
attached. With this arrangement, however, 880,000 cu. yds. of excavation. It has been 
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there is sometimes difficulty in regulating the 
depth of cut, and the bucket may ride over hard 
material instead of cutting into it. 

A special form of bucket, which is designed to 
overcome this difficulty, has been invented. This 
is shown in Fig. 1, the dimensions given being 
those for a bucket of 2%-yds. capacity. In this 
bucket there is a rigid attachment of the bucket 
to the bail, thus ensuring a positive depth of 
cut. The attachment is adjustable, so that the 
depth of cut can be varied to suit the character 
of the material. The bail is attached to pairs 
of side bars pivoted to the lower end of the 
mouth. To the upper end of the bucket are at- 
tached two side bars which are attached also 
to the bail, and thus maintain a fixed relation 
of the bucket to the bail. These side bars have 
in. holes for the 114-in. pins by which they 
are attached to the bucket and the bail. The 
dotted lines show the limit of adjustment. For 
excavating hard material, steel teeth may be 
fitted to the cutting edge, rivet holes being pro- 
vided for this purpose. 


The bucket is the invention of Mr. W. J. New- 
man, and the excavating machine equipped 
with this bucket is being put on the market 
(under the name of the Heyworth-Newman ex- 
cavator) by James O. Heyworth, Harvester 
Building, Chicago. 


Fig. 2 shows a Heyworth-Newman excavator 
in use on the Evanston channel of the Chicago 
Drainage Canal. The machine is a large re- 
volving derrick car, of steel construction, travel- 
ing on lines of wooden rollers laid under the 
sills. The turntable is 25 ft. diameter, and car- 
ries a frame on which are mounted the §85-ft. 
box-lattice boom, the 35-ft. steel mast, and the 
operating machinery. The mast is guyed from 
both ends of the frame. A topping lift pro- 
vides for varying the reach and height of the 
boom. The maximum width of cut is 75 ft. 

The bucket is of 3½ eu. yds. capacity. It has 
two operating lines: (1) the hauling line, at- 
tached to the point of the bail and led direct 
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FIG. 1. A NEW DESIGN OF 
BUCKET FOR SCRAPER 
EXCAVATORS. 


(James O. Heyworth, Chicago, 
Builder.) 


I x4x4103° 


working on the east side of the channel since 
Sept. 1, and another will soon be installed on 
the west side. The present machine is said to 
average 1,800 cu. yds. per day, and has to swing 
through 180° to the waste bank. The machine is 
operated by two men, an engineman and a fire- 
man; these work in three shifts. There are also 
three laborers (working two shifts); these men 
attend to grading the path of the machine and 
moving the rollers upon which it travels. 

The material is mainly a stiff clay; it is soft 
in places, while in others it is practically hard- 
pan. The average depth of cut is 28 ft. The 


channel has a bottom width of 30 ft., with side 
Slopes of 3 on 5. The material is being dumped 
in a spoil bank along the line of the work, a 25- 
ft. berme being left along the top of the cut. 


——— + a 


A CLOUDBURST AND TORNADO killed four persons 
and injured 20 others near Clayton, N. Mex., Oct. 19. 
The Union County court-house, recently erected at a cost 
of $40,000, was wrecked by the storm and several houses 
were torn from their foundations. 


—————— m —— 


A FLOOD IN NORTHERN LUZON, P. I., Oct. 12, re- 
sulted from the heavy rains accompanying the typhoon 
of that date. The level of the flooded rivers was raised 
in some cases 80 ft. Hundreds of houses and animals 
were carried away by the flood, and it is estimated that 
300 natives lost their lives. 


— — W — 


A ROUNDHOUSE ROOF collapsed on Oct. 20. The 
roundhouse is that of the Lehigh Valley R. R., at Wilkes- 
Barre, Pa. Repairs were going on, it appears, but the 
building was still in regular use, so that several locomo- 
tives were caught under the wreckage. One of the roof 
workers was killed. 

—_————_q—______ 


A CAR WAS BLOWN FROM THE TRACK of the 
Union Pacific Ry. near Lone Tree Creek, Wyo., 30 mi. 
west of Cheyenne, by the gale of Oct. 19. It was the 
caboose of a work train bound for Hermosa Junction and 
carried about 40 laborers. The wind threw the car from 
the rails, breaking its coupling, and it dropped 30 ft. 
down the embankment. The car was entirely broken up 
and six men were killed. 

— . — 


A COLLISION AT STICKNEY, N. B., on the Canadian 
Pacific Ry., Oct. 17, resulted in the death of two men. 
The accident is attributed to a heavy fog and wet rails. 
One of the trains, both of which were extras, was wait- 
ing on the main track for the second train, which was 
to take the siding at that point. The brakes of the 
second train failed to stop it in time to prevent the 
collision. 


——— -]——— 


A FIRE BROKE OUT IN A COAL MINE, known as 
the Washington No. 1, at Star Junction, Pa., Oct. 18. 
The mine is owned by the Washington Coal & Coke Co. 
The fire started near the bottom of the shaft and is as- 
cribed to the short circuiting of poorly insulated wires. 
The fans were stopped because of the rapid spread of the 
fire due to their draft, but the resulting accumulation of 
smoke and gas drove out the fire-fighters. Brattice work 
was then constructed at the rear of the fire and six men 
equipped with safety hoods attempted to check the 
flames. The extinguishment of the fire has not yet been 
reported. 

—— 4 —— 


THE BURSTING OF THE STEAM PIPE on the steam 
barge ‘‘Maggie Marshall,” on Lake Michigan, Oct. 20, 
caused the death of four men who were in the engine 
room. The steam valve is said to have fallen with the 
broken pipe in such a way as to block the trap door 
which afforded the only means of escape, so that the 
men were imprisoned and those outside could not go to 
their help. 


FIG. 2. A HEYWORTH-NEWMAN SCRAPER EXCAVATOR AT WORK ON THE EVANSTON CHAN- 
NEL OF THE CHICAGO DRAINAGE CANAL. 
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THE HUDSON RIVER STEAMER “NEW YORK,”’ of 
the Albany Day Line, Was burned to the water line 
while lying beside a pier at Marvel's ship yard, New- 
burg, N. Y., on the morning of Oct. 21. Four negro 
waiters, who were on board the vessel, were burned to 
death in their sleeping quarters below the deck. 

The boat had made her last run for the season on 
the previous day and had gone to the shipyard to be 
ovcrhauled and laid up for the winter. Fifty men of 
the crew were sleeping on board of the boat, having 
not yet been paid off and discharged. Steam was off 
the main boilers and the electric lights were not in 
operation. Fire broke out from an unknown cause in 
the quarters occupied by the colored walters aft. There 
was a night watchman on board, but he did not discover 
the fire until called to it by another employee. At- 
tempts to extinguish the fire with pails of water were 
unsuccesssful. There was no power for the pumps and 
only one hand pump was manned. The local fire de- 
partment was hampered by the distance from the pier, 
and the necessity of coupling hose from different fire 
companies, so that water was not turned on till 20 min- 
utes after the alarm sounded. Notwithstanding the fact 
that the flames were confined to the vessel's hold at the 
time and did not burst through the main deck till some 
20 minutes later, it was found impossible to cope with 
the fire, and it required the best efforts of the fire de- 
partment to prevent the flames extending to the ship- 
yard buildings and other vessels on the stocks. The 
New York” was built in 1887 and had an iron hull. In 
1808 she was cut in two and 30 ft. was added to her 
length. 

— . — — 

THE PANAMA CANAL ESTIMATES for the fiscal 
year ending June 30, 1910, call for an appropriation of 
K. 5,000. 000. 

— . —Uü— 

THE GEORGIAN BAY CANAL will be undertaken by 
the Canadian Government as soon as the Transconti- 
nental Ry. is completed, according to a statement made 
by Sir Wilfrid Laurier, the Canadian Premier, in a 
public address at Hull on Oct. 19. 

— . ——— 

PAY-AS-YOU-ENTER CARS on the line of the Chi- 
cago City Railway are reported to have reduced the 
number of fatal accidents by 16.2% and to have practi- 
cally eliminated minor accidents in getting on and off 
cars, 

— . 

ELECTRIC POWER is being purchased by the Chicago 
City Ry. Co. from the Commonwealth Edison Co. for 
the operation of street car lines. The basis of the price 
paid is $15 per kilowatt per annum of total capacity 
plus 0.4 ct. per KW.-hr. of current used. 

— 71 E — 

ELECTRIC TRACTION ON THE ILLINOIS CENTRAL 
R. R. in Chicago was approved by a meeting of the 
stockholders on Oct. 21. The stockholders adopted a 
resolution to the effect that ‘‘the board of directors 
should procced with all reasonable dispatch to electrify 
the service within the corporate limits of the city of 
Chicago,.“ On the same day the board of directors 
adopted the following resolution: 


The demand on the part of the city and citizens of 
Chicago that the railways entering the city should take 
such steps to reduce to the lowest possible limit the 
annoyance causcd by noise and smoke is a reasonable 
demand, and this company should and will give immedi- 
ate attention to the attainment of that end. 


nN pn — — — 


PERSONALS. 


Mr. Allen Wade, Superintendent of the City Water & 
Light Plant of Union City, Tenn., has resigned. 


Mr. C. W. Everett will succeed Mr. J. S. Reddoch as 
Superintendent of the Aguascalientes division of the 
Mexican Central Ry. 


Mr. C. P. Brown, Division Engineer of the Atlantic 
Division of the Canadian Pacific Ry., has been trans- 
ferred to the Eastern Division, with headquarters at 
Montreal, Que. ` 


Mr. Ray W. Reynold, of Lebanon. Ind., is to succeed 
Mr. Charles G. Lohman as General Superintendent of 
the Chicago, South Bend & Northern Indiana Ry. Co. at 
South Bend, Ind. Mr. Lohman has become Traffic 
Manager of the same line. 


Mr. A. M. McGill, Master Mechanic of the Lehigh 
Valley R. R., at Wilkes-Barre, Pa., has been made 
General Inspector of motive power and rolling stock. 
Mr. D. D. Robertson, Master Mechanic at Sayre, Pa., 
will succeed Mr. McGill at Wilkes-Barre. 


Mr. William J. Roberts, M. Am. Soc. C. E., Sanitary 
Engineer of the Washington State Board of Health, has 
resigned his position in the Civil Enginecring Depart- 
ment of the State College at Pullman, Wash., to en- 
gage in water supply and irrigation engin:ering. His 
present address is Medford, Ore. 

Mr. Charles Sutherland Hamner, M. Am. Soc. M. E., 
and Mr. Virginius Daniel Moody, Assoc. Am. Inst. E. E., 
have opened an engineering office at 25 Broad St., New 
York City, under the firm name of Hamner & Moody. 


Mr. Hamner graduated at Cornell University with the 
degree of M. E. in 1559. Mr. Moody is also a Cornell 
graduate, having taken the degree of M. E. in E. E. 
with the class of 1900. 


Mr. L. H. Van Allen, formerly General Superintendent 
of the Western District of the New York Central & Hud- 
son River R. R., is now in charge of the construction 
and operating departments of the Buffalo, Genesee & 
Rochester Ry., an electric line to be built between 
Buffalo and Rochester, N. Y. His headquarters are at 
Buffalo, N. Y. Mr. George A. Ricker, M. Am. Soc. C. 
E., Chief Engineer of the new line, is in charge of the 
location work, which is now nearing completion. 


Obituary. 
George Y. Robertson, Superintendent for 25 years of 
the Owego Water Co., died Oct. 17 at his home in Owego, 
N. Y. He was 68 years old. 


James M. Rinard, Mill Superintendent of the Carnegie 
Steel Co. at the Edgar Thompson Works in Braddock, 


Pa., died Oct. 19 as the result of an accident at the 
works. Mr. Rinard was born in Johnstown, Pa., in 
1867. 


Ossian Guthrie, geologist and engineer, and one of the 
oldest settlers of Chicago, died Oct. 25 at the age of &2. 
He was born in Turin, N. Y., in 1826, and went to Chi- 
cago in 1816. A few years later he was connected with 
the pumping works at Bridgeport (Chicago) where his 
father installed pumps of the Dutch breast-wheel type 
for raising water from the Chicago River to the Illinois 
& Michigan canal. These were replaced by centrifugal 
pumps in 1884. Mr. Guthrie made a study of geology, 
especially in regard to the conditions around Chicago. 
He is said to have been one of the first to propose a con- 
nection of the Chicago River with the Des Plains River 
valley through a low point in the divide, for the purpose 
of diverting the sewage-laden Chicago River from flow- 
ing into Lake Michigan. In 1900, he suggested a system 
of controlling works near the mouth of thé Chicago 
River for the purpose of regulating the flow to the drain- 
age canal. This was described in our issue of Jan. 3. 
1901. He became a member of the Western Society of 
Engineers in 1889. He leaves a widow but no children. 
He was a grandson of Dr. Samuel Guthrie, of Jefferson 
County, N. Y., who discovered the properties of chloro- 
form in 1831. 


— — —0 
ENGINEERING SOCIETIES. 


COMING MEETINGS. 


AMERICAN ELECTROCHEMICAL SOCIETY. 
Oct. 30-31. Fall meeting at New York City. 
Dr. J. W. Richards, Bethlehem, Pa. 


ROADMASTERS AND MAINTENANCE-OF-WAY ASSO- 
CIATION OF AMERICA. 
Nov. 10-12. Annual meeting at Milwaukee, Wis. 
Secy., W. E. Emery, West Chicago, Ill. 
AMERICAN RAILWAY ASSOCIATION. 
Nov. 18. Annual meeting at Chicago, III. 
F. Allen, 24 Park Pl., New York City. 


SOCIETY OF NAVAL ARCHITECTS AND MARINE EN- 
GINEERS. 
Nov. 19-20. Annual meeting at New York City. Secy., 
W. J. Baxter, 29 West 39th St., New York City. 


AMERICAN SOCIETY OF RHFRIGERATING ENGI- 
NEERS 


Nov. 30-Dec. 1. Annual meeting at New York City. 
Secy., W. H. Ross, 154 Nassau St., New York City. 


AMERICAN SOCIETY OF MBCHANICAL ENGINEERS. 
Dec. 1-4. Annual meeting at New York City. Secy., 
Calvin W. Rice, 29 West 39th St., New York City. 

AMERICAN INSTITUTE OF ARCHITECTS. 
Dec. 15-17. Annual convention at Washington, D. C. 
Secy., Glenn Brown, The Octagon.“ Washington. 
D. C. 


Secy., 


Secy., W. 


THE MUNICIPAL ENGINEERS OF THE CITY OF 
NEW YORK.—At the meeting of Oct. 28 in New York 
City, a paper entitled “Municipal Water-Works of the 
Far East” was presented by Mr. George A. Johnson. 


AMERICAN SOCIETY OF MECHANICAL ENGI- 
NEERS.—Nominations are announced by the Nominating 
Committee as follows: For President, Jesse M. Smith; 
for Vice-Presidents, Geo. M. Boad, R. C. Carpenter, F. 
M. Whyte: for Managers, H. L. Gantt, I. E. Moultrop, 
W. J. Sando; for Treasurer, Wm. H. Wiley. 


OHIO VALLEY IMPROVEMENT ASSOCIATION. — The 
annual meeting was held at Louisville, Ky., on Oct. 
22 and 23. The president, Mr. John L. Vance, urged 
the importance of securing action by Congress looking 
toward the prompt carrying out of the system of locks 
and dams recommended by the United States Enginecrs 
to maintain a minimum navigable depth of 9 ft. Mr. 
Joscph E. Ransdell, of the National Rivers and Harbors 


Congress, delivered an address on the importance of 
waterways as a mans of transportation. Major W. L. 
Sib-rt, Engineer Corps, U. S. A., delivered an address, 


in the course of which he objected to the proposed res- 
ervoir system for conserving the flow of the Ohio River 
and its tributarics. Other addresses were made by Mr. 
W. K. Kavanaugh, President of the Lakes-to-the-Gulf 
Deep Waterway Association, and’ Mr. George W. Theiss, 
President of the Monongahsla River Consolidated Coal 
& Coke Co. The latter stated that the loss to the coal 


traffic intercsts in consequence of the present low stage 
of water in the river amounts to some $500,000, while 
Shipping property aggregating a value of $7,000,000 is 
lying idle. 

The officers elected are as follows: President, John L. 
Vance, Columbus, Ohio; Secretary, J. F. Ellison, Cin- 
cinnati, Ohio. The next meeting will be held at Cincin- 
nati, Ohio, in 1909. 


WESTERN SOCIETY OF ENGINEERS.—At a meeting 
held in the Society's rooms at Chicago on Oct. 21, a pa- 
per on Macadam Road Construction” was read by Mr. 
A. N. Johnson, State Highway Engineer of Illinois. The 
paper will appear in our next issue. 

Mr. F. M. Button enquired as to the best character of 
stone to be used, and as to the method of repairing a 
macadam road that has not been rolled and is full of 
pockets or depressions. Mr. Johnson replied that differ- 
ent kinds of stone are suited to different conditions of 
traffic. Softer local stone may be used for the bottom 
course. The larger sizes should be used for the top, the 
size being 3% ins. for limestone or 2% ins. for trap and 
granite. As to the repair work, the road should be 
filled level and then well rolled. 

Mr. E. N. Layfield, Chief Engineer of the Chicago 
Terminal Transfer Ry., described some macadam paving 
done in connection with track elevation work. This in- 
cluded 12 ins. of blast-furnace slag, a covering of sand 
and clay (from a sand pit) as a binder, a course of 2-in. 
to 2%4-in. stone, and a thin binding course of limestone 
screenings. Each of the four courscs was thoroughly 


- rolled, more rolling being done than if the work had been 


done by contract. The work was very economical, as a 
track was laid on the street, and all material delivered 
direct by 50-ton cars with side doors. This avoided the 
expense of hauling and distributing by wagons. The stone 
was dumped as high as possible, without blocking the 
tracks, and was then leveled off with a Jordan spreader 
car. All work was done by the railway company's 
forces. f 

Mr. M. G. Nixon and Mr. D. W. Roper discussed the 
qualities of different stones for macadam, especially those 
available in Illinois. Mr. Johnson replied, explaining 
as to the varying character of different stone of the 
same general class. Thus some limestones will bind 
well, almost without rolling; others can hardly be made 
to bind at all. This depends largely upon the chemical 
compositions of the stone. At the request of Mr. Low- 
eth, the President, Mr. Johnson, gave a brief account of 
the work and duties of the State Highway Commission. 
These include the building of experimental sections of 
road in different localities, the preparation of plans for 
road bridges (which are mainly of concrete), the in- 
vestigation of traffic conditions on roads, and the con- 
duct of a general campaign of education as to the merits 
of good roads and the proper way of building roads 
which will be good, economical, and suited to the traffic 
conditions. 

Mr. E. E. R. Tratman (Associate Editor of Engineer- 
ing News), remarked that where bard stone is used for 
roads in England, the engineers aim at producing a mo- 
saic appearance, with the individual stones exposed to 
view instead of concealed by mud or dust. This ap- 
pearance is taken to indicate a good road. Furthermore, 
in some sections of that country the traffic is properly 
distributed over the road surface, while in this country 
it is usually concentrated at the middle of the road, 
teams turning out only to pass otber teams. This 
causes undue wear of even the best roads. He in- 
stanced a style of macadam paving now under con- 
struction wbich differs essentially from that covered by 
Mr. Johnson's specifications: (1) the roadbed is rolled; 
(2) the coarse bed of stone is laid (but not rolled); (3) 
a bed of screenings is laid, sprinkled and rolled; (4) the 
road is opened to traffic as soon as it is dry, in order 
to let traffic work tbe screenings into the coarse stone; 
(5) after some weeks, another layer of screenings is 
spread, sprinkled and rolled, completing the work. The 
consolidation by traffic is ineffective, as the traffic is 
confined to the middle of the road, where the screenings 
are soon crushed to a fine dust that becomes a nuisance, 
while the sides of the road are left undisturbed. 

On part of this work, gravel has been used as a binder, 
and was given a much heavier sprinkling than the 
screenings. These roads appear to be more compact and 
less dusty than where the screenings alone are used. 
Mr. Tratman called attention to the fact that lack of 
maintenance is the great cause of trouble with our coun- 
try roads. He also pointed out that the specifications 
presented by Mr. Johnson provided only for screenings. 
Mr. Johnson replied, however, that the Commission has 
used gravel binder and recommends it as better than 
limestone screenings alone. Where roads are built with 
Joliet limestone, the Commission insists on the use of a 
fine gravel binder. 

Mr. Loweth (C., M. & St. P. Ry.) referred to brick 
paving on a country road near Cleveland. This road 
has a very heavy traffic of milk and market wagons go- 
ing to the city every morning, the empty wagons return- 
ing in the afternoon and evening. Under these condi- 
tions the brick paving is both satisfactory and econom- 
ical. 
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A NEW REFUSE DESTRUCTOR FOR WEST NEW BRIGH- 
TON, BOROUGH OF RICHMOND, NEW YORK CITY. 


The completion of several refuse destructors in 
accordance with the best modern ideas, within 
the past year or two, gives reason to believe 
that the United States will not much longer lag 
behind Great Britain in this important branch 
of sanitary engineering, as it has in the past. 
One of the latest and most interesting of these 
installations has been 
recently put in operation 
at West New Brighton, 
Borough of Richmond, 
New York City. We re- 
print below an official 
report on the destructor, 
made by Mr. J. T. 
Fetherston, Superin- 
tendent of Street Clean- 
ing, Borough of Rich- 
mond. This report, com- 
bined with the general 
specifications on which 
bids for furnishing plans 
were invited (Eng. News, 
Dec. 6, 1906), will give 
a good idea of the West 
New Brighton destructor 
and the character of the 
material with which it 
has to deal. 

The destructor was 
visited by a member of 
the editorial staff of this 
journal a few days ago. 
So far as could be judged 
by a brief inspection, the 
installation and its work 
compares favorably with 
the best of the British 
plants, unless it be in 
that thus far no use is 
being made of the con- 
siderable amount of 
steam developed by the 
heat from the destructor. 
In the matter of heat 
utilization, those in 
charge of the plant have 
done well, we think, to 
proceed withcaution. It is 
expected that the steam 


will be utilized soon. 
No odors were noticed in or about the plant. 


There was a slight amount of smoke coming from 
the stack, and that was of light color. The 
clinker appeared to be of good quality, but much 
of it was in large chunks. 

Some difficulty has been experienced with leak- 
age through the reinforced-concrete roof. This 
concrete was originally treated with some one of 
the waterproofing compounds, we understand, 
which proved to be a waterproofing that did not 
hold water. The roof is now being covered with 
roofing felt, laid in hot coal tar. 

A considerable weeding out was required be- 
fore satisfactory stokers were secured at the de- 


structor. These men are paid what to our Brit- 
ish cousins will seem to be the enormous wage of 
$75 a month, or approximately, as the men work, 
$3 a day. 

A notable feature of the installation is its 
equipment with a variety of the most modern in- 
Struments for measuring the work accomplished 
by the plant. Reference to these instruments is 
made in Mr. Fetherston's report below. This 
plant, we believe, is unique in having so complete 


GENERAL VIEW OF REINFORCED CONCRETE REFUSE DESTRUCTOR BUILDING AND 
APPROACH, WEST NEW BRIGHTON, BOROUGH OF RICHMOND, NEW YORK CITY. 


an equipment of instruments. The report fol- 


lows: 
Borough Hall, New Brighton, N. Y. City, Sept. 1, 1908. 
Mr. Louis L. Tribus, 

Commissioner of Public Works. 

Dear Sir: On account of the numerous requests for in- 
formation concerning the new refuse destructor at West 
New Brighton, and for purposes of record, it seems ad- 
visable at this time to summarize the main factors which 
led to the erection of the new plant; to describe its gen- 
eral construction and to give the results of the official ac- 
ceptance tests, in so far as these data may be of inter- 
est not only to the citizens of this Borough, but also to 
officials in other cities concerned with the problem of 
municipal refuse disposal. 


HISTORICAL.—In 1904, it became fully evident that a 
change was necessary from the then existing method of 
refuse disposal. A plan was devised to met the local con- 
ditions by the establishment of one garbage crematory in 
an isolated location, transportation to be by existing 
electric or steam railway lines from central receiving 
stations, located in the populous districts. This project 
was carefully considered, and a contract advertised. 

One bid was received, amounting to $1.25 per ton for 
refuse transportation. As the city proposed to provide 
land and erect buildings at the central receiving stations, 
and the bidder offered to fur- 
nish only a portion of the 
equipment, the price demand- 


ed was deemed exorbitant 
and the contract was disap- 
proved. Later attempts in 


consultation with officials of 
the transportation companies 
to obtain a lower price failed 
and the project was finally 
abandoned. 

At this time (1904), it was 
the general practice in the 
larger American cities to 
treat garbage by the reduc- 
tion process, recover valuable 
by-products and use the 
rubbish and street 
swecpings for filling low-lying 
land. The picking or trim- 
ming of the different classes 
of refuse to recover valuable 
articles Was more or less gen- 
eral, and in some cities, no- 
tobly New York, Boston and 
Butfalo, rubbish remaining 
after sorting was burned in an 
incinerator. This method was 
not suited to Richmond Bor- 
ough because of the small 
population (80,000) scattered 
over an area of 57 sq. mi. 
In many of the smaller 
cities of this country, as well 
as in this borough, gar- 
bage was separated from 
other solid wastes and cre- 
mated. Garbage furnaces 
were built at New Brighton 
and West New Brighton, and 
the latter continued in ser- 
vice until superseded by the 
new destructor. 

After a general review of 
the known methods of refuse 
disposal, it appeared that by 
mixing all household re- 
fuse (ashes, garbage and rub- 
bish) together and burning 
it in a so-called destructor, following the method de- 
veloped in Great Britain, this system might best meet 
the local situation, provided complete combustion of the 
organic wastes could be attained. The existing in- 
formation, both general and local, concerning the char- 
acter of refuse proved insufficient to determine the 
probable success of this method, so it was deemed ad- 
visable to make thorough analyses, calorific tests and 
practical experiments. During 1904, 1905 and 1906, local 
experimental data were accumulated and forty de- 
structor installations were examined in Great Britain. 
The information thus obtained resuited in the request 
for bids based upon a contract, specification and general 
plan for a mixed refuse destructor to serve one district 
at West New Brighton. Bids for the furnaces, etc., 


ashes, 
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were opened in December, 1906, and a type of destruc- 
tor was selected after detailed analyses of the proposals. 
A separate contract for the foundations, buildings, run- 
way and chimney of the new plant was afterwards en- 
tered upon, and construction work begun in June of 1907. 
The whole installation was completed and drying fires 
In May, 


started in the furnaces during March, 1908. 
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FIG. 2. SECTION THROUGH WEST NEW BRIGHTON REFUSE DE- 


STRUCTOR BUILDING. 


1908, a test covering the period of two weeks was carried 
out to determine the adequacy and sufficiency of the 


furnace contractor's guarantees. 


The foregoing facts have also been published at some 


length in the engineering journals; in a paper presented 
before the American Society of Civil Engineers in De- 
cember, 1907, and in another before the Society of Chem- 
ical Industry in March, 1908. [See Eng. News, Dec. 6. 
1906, for general specifications on which bids were re- 
ceived, including tables of quantities and character of 
refuse.—Ed.] 

LOCATION.—While two destructors were recommended 
for early construction in the original report, it was de- 
cided to erect the first plant at West New Brighton. 


FIG. 3. 


DESTRUCTOR. 


This district contains a population of about 26,000 people 
and covers some 4,800 acres. Land was purchased on 
the north side of Richmond Terrace at the foot of Taylor 
St., West New Brighton, about midway between the ex- 
treme ends of the district and somewhat north of the 
central portion, on the borders of the Kill von Kull 
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SECTIONAL DETAILS OF WEST NEW BRIGHTON REFUSE 


(tidal). From southeast to southwest, the adjoining 
section is mainly residential, while in other directions 
the properties are used for industrial purposes. Vigor- 
ous protests were made before construction by house- 
holders living in the neighborhood of the proposed plant, 
but as no more suitable site could be obtained, it was 
decided to proceed with the original plans. That the 
opposition to the erection of 
the destructor was mainly 
sentimental has been dem- 
onstrated since the plant 
was started operating in 
March of this year, as no 
complaints of nuisance have 
been received either by the 
Department of Health or this 
office. The nearest living 
apartment is located about 
200 ft. away from the de- 
structor building. 

STRUCTURAL WORK. — 
The building, runway and 
chimney (Fig. 1) are built 
on a marsh containing from 
18 to 20 ft. of soft mud, 
overlying a firm sand founda- 
tion. The price of various 
building materials at the time 
the plans were drawn for 
the structural work indicated 
that reinforced concrete would 
best meet the conditions 
at the site. In order to provide a working platform for a 
pile driver, a mattress of mixed ashes and rubbish was 
placed over the marsh and served acceptably for this 
purpose. 

Piles were of built-in-place reinforced concrete type. 
A stout hollow steel shell with a detachable point was 
first driven to a firm bearing; a light inner shell was 
then fitted in position; steel rods with horizontal ties 
were inserted; the interior shell was filled with con- 
crete and the driving shell withdrawn, leaving the con- 
crete with the vertical steel rods held in position inside 
the temporary casing. The concrete piles averaged about 
° ft. in length and numbered 107 in all. Two piles were 
loaded each with 45 tons of pig iron for test purposes 
and proved satisfactorily 
their ability to carry the 
loacs required. 

The building, runway and 
connecting flue were con- 
structed in reinforced con- 
crete, but had no particularly 
novel structural features. 
The chimney was also built 
of reinforced concrete, with 
an interior lining of fire 
brick for a distance of 20 
ft. above the base. A sec- 
tion through the working 
portion of the building is 
shown by Fig. 2. An ex- 
terior view of the plant is 
given on p. 485 and in- 
dicates to some degree the 
success attaincd in the at- 
tempt to make it attractive in 
appearance. The open spaces 
under the runway will 
later be enclosed to serve as 
store houses and work shops. 
The plans of the building, as 
completed, followed closely 
the preliminary drawings ac- 
companying the specifications 
upon which the contract for 
the destructor was made: 


FURNACE, BOILER.—The 
destructor proper consists 
of one unit of 60 [short] 
tons capacity per 24 hours, 
containing four grates with 
divided ashpits, each grate 
being served by one clinker 
cooling chamber. There is 
one 183-HP. Babcock & Wil- 
cox water-tube boiler, with- 
out a coal grate; one air 
heater or regenerator, a fan 
for forced draft, and such 
appurtenances as boiler feed 
pumps, ventilating ducts, ete. 


% 


Fig. 3 shows in detail the 
general construction of the 
furnace, 


Carts and wagons enter the property from the street 
level and proceed up an inclined roadway to the tipping 
room, after being weighed on a temporarily installed 
scale. 

Carts tip their loads directly into the storage hoppers 
shown in Fig. 2. Wagons of the bottom dump variety, 


which have recently been tried, back over the hopper 
on steel wheel-ways, composed of deck beams, plates and 
angles. When in position, the bottom leaves of the wagon 
are opened and the load is deposited directly in the 
hopper. 

Refuse is shoveled by hand from the hoppers to the 
four grates, in rotation. This method of hand feeding 
seemed desirable in a first installation of this character, 
as there would be better control over the charging of the 
material and refuse of good quality would assist in burn- 
ing the poorer kind. After the successive charges of 
refuse on the grate are burned, a residue in the form of 
clinker or slag accumulates, which must be removed at 
intervals depending upon the amount of incombustible 
material contained in the refuse. Clinker is withdrawn 
from the furnace while in a highly heated condition and 
drops through trap doors in the floor (Fig. 4) to the 
clinker-cooling chamber (Fig. 2) immediately below the 
furnace and on the ground level of the plant; air for 
combustion is passed through this highly heated material 
and returned to the furnace to assist in drying the new 
charges of green refuse. In this way, energy in the 
form of heat is conserved and the firemen or stokers 
work much more comfortably than if they had to wheel 
away the hot clinker in barrows, as is done in practi- 
cally all British plants. After the clinker has been 
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Fig. 5. Monthly Variations, by Weight, of West 
New Brighton Household Refuse, as Determined 
in 1904-6. 


sufficiently cooled by the air passing into the furnace, it 
is deposited in wheelbarrows and removed without dif- 
ficulty. At present, it is used for making land about 
the building. The provision of the clinker- cooling 
chambers was made a portion of the original specifica- 
tion for the destructor, and is rather a novel feature of 
the plant. 

The gases from the burning refuse in the furnace’ pass 
over the successive grates, mix and are oxidized in the 
combustion chamber before entering the boiler. In 
other words, the furnace is arranged to secure complete 
combustion before the gases impinge upon any compara- 
tively cool substance such as boiler tubes. After pass- 
ing through the boiler, the gases enter an air heater, 
which consists of a number of pipes through which the 
gases pass and outside of which air for combustion in 
the furnace is forced by the centrifugal fan. On leaving 
the air heater, the gases pass to the main flue and 
thence to the chimney. As there is more or less fine 
dust contained in refuse, the destructor is arranged to 
deposit fine materials at various parts of the combustion 
chamber, boiler setting and air heater to provide against 
their escape from the stack. Fig. 4 shows a view of 
the furnace as constructed. The furnace contractors 
spared no expense of time or money in making the de- 
structor the best possible in all respects. 

THE TESTS.—As required by the specifications, a 
series of tests covering a period of two weeks was started 
in the early part of May, after the completion of the 
furnace and when the brickwork had been sufficiently 
dried by slow fires. Two mixtures, containing Compon- 
ents of refuse representing the classes of materials col- 
lected during the two extreme months of the year (Sep- 
tember and February), were compounded. These mix- 
tures contained the actual weights of materials, shown 
in Table I., which summarizes the main features of the 
five official tests conducted at the plant. Midseason re- 
fuse was represented by the materials as collected during 
the month of May. The composition of the two extreme 
mixtures followed the results obtained from the mechan- 
ical analyses of refuse shown in Fig. 6. [Fig. 5 shows 
the monthly variations of weight of the household 
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refuse. —Ed.] Before each test was started the compara- 
tively cold furnace was heated by means of paper, wood 
and a small amount of coal. Refuse was then charged 
until the furnace was in a fair working condition. This 
usually consumed from one to two hours. After the 
official test was started, refuse was burned for the 
periods indicated in the accompanying table and the 
test was completed when the last charge was fired and 
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factor connected with it. In every case, it has been 
stated that until the plant has been operating continu- 
ously throughout a refuse cycle (which covers a period 
of one year), it will not be possible to give any reliable 
cost data regarding maintenance charges. A full report 


on the total cost of collection and disposal for the dis- 


trict served by the West New Brighton destructor will 
be made when all charges are available. Statements of 
partial costs only prove mis- 
leading. 

Though the main object of 
this installation, a san- 
itary disposal of the wastes, 
has been achieved, there 
are still many factors con- 
cerning the more effective 
treatment of mixed refuse at 
the new plant yet under con- 
sideration, such as the bene- 
fit derived from the heat 
abstracted from the clinker 
in the cooling chambers, the 
ordinary amount of power 
produced under average oper- 
ating conditions, the best 
utilization of such power, and 
the most economical treat- 
ment of the other by-pro- 
ducts, including clinker, tins, 
dust, etc. No decision has yet 
been made regarding these 
matters, and it is deemed 
prudent to postpone such a 
decision until sufficient in- 
formation has been secured 
to wisely determine their 


FIG. 4. CLINKERING SIDE OF WEST NEW BRIGHTON REFUSE most economical use. 


DESTRUCTOR. 


The preliminary stages in 


(The trap doors for letting the clinker into the chamber below may be seen our work have proven very 
in this view; as also the pulleys and balanced weights for raising the clinker interesting and enlightening; 


doors and the rods for operating the damper regulators.) 


after pressure, temperatures and furnace conditions were 
equalized. 

Observations were made every fifteen minutes, with re- 
gard to the main factors involved. Combustion chamber 
temperatures were continuously indicated by a Féry 
radiation pyrometer, connected with an indicating gal- 
vanometer. Boiler outlet temperatures were obtained 
by means of a Bristol electric indicating pyrometer; 
chimney gas temperatures were obtained by a mercury 
nitrogen thermometer; heated air temperatures, outside 
air, etc., by means of mercury thermometers. Instru- 
ments recording temperatures were compared before 
and after the trials. Gas samples were analyzed for 
CO: at intervals of 2144 minutes by an automatic com- 
bustion recorder made by Simmance & Abady, and 
check analyses were made by an Orsat apparatus. Steam 
pressures were read directly from the boiler gage and 
obtained continuously by a Bristol pressure recorder. 
Boiler feed water was measured by a meter, which was 
tested before and after the trials. The summary in 
the accompanying table gives a number of features which 
may prove of interest to those concerned in the disposal 
of mixed refuse by fire. The operating force conduct- 
ing the trials consisted of one steam engineman and four 
stokers or firemen. Three of the stokers were employees 
of the local bureau who had never before worked about 
any steam raising plant and had never had any ex- 
perience in high temperature work. They had received 
about one month's preliminary training in the work 
about the furnace. Probably, 
with more experienced 
men, even better results could 
de obtained than those 
indicated in the summary 
of the trials. Tests were 
made under the joint super- 
vision of the furnace con- 
tractor’s engineer, Mr. F. P. 
Rudder, M. Inst. M. E. 
[British] and the writer, as- 
sisted by competent observers. 
After the furnace had sat- 
isfactorily met the conditions 
and requirements of the con- 
tatt and specifications, it 
e ee and on May 21, Power of Samples of 

it was taken over by Components of West 


ihe city. It has continued to New Brighton Refuse. 
satisfactorily dispose of 


mixed refuse during the trying summer period when the 
proportion of garbage is very high, and bids fair to 
satisfactorily perform its duty in the future. 

COSTS.—The capital costs of the plant were as follows: 


Fig. 6. Seasonal Varia- 
tions in Calorific 


J ²⅛ UA o EO PET EE NE $5,000 
Foundations, building, chimney, runway, retain- 
ing wall, . ‚— BVS ff 656—r · * 0 39,500 
/ õͤͤ m — E E 23, 995 
AVV CC $68,495 


There are perhaps more inquiries made concerning 
de cost of operation of the new plant than any other 


the current stage of operat- 

ing the plant and experimenting with a view to the best 

disposition of by-products is a fertile one for the imagi- 

nation, and it is hoped will prove satisfying in its final 
results. Yours respectfully, 

J. T. Fetherston, 
Assoc. M. Am. Soc. C. E., 
Superintendent Bureau of Street Cleaning. 


The officials and contractors concerned in the building 
of the West New Brighton refuse destructor are as fol- 
lows: ; ö 
President of the Borough of Richmond, George Cromwell. 
Consulting Engineer and Commissioner of Public Works, 

Louis L. Tribus. 
Superintendent of Street Cleaning, J. T. Fetherston. 
General contractors: 

For building, etc., McHarg-Barton Co., New York. 
Sub-contractors: 

For foundations, The Foundation Co. of New York. 

For building and runway, Heineken, Bayne & Mc- 

Carthy, New York. 

For chimney, The Chimney Const. Co., Philadelphia. 

Contractors for furnace, boiler, etc., Heenan & Froude, 
Ltd., Manchester, Eng. 

Furnace appurtenances, etc., Power Specialty Co., New 
York. 
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IRON AND COAL PRODUCTION as compared with 
1907 shows a large deficiency, though the monthly fig- 
ures have been picking up continuously since the first 
part of the year. Anthracite shipments for the nine 
months Jan.-Sept., 47,021,000 tons, are only 5% below 
the corresponding 1907 figure, and there is about the 
same proportionate difference between the figures for 
September production. Bituminous coal and coke, how- 
ever, show a production lower by 12% for September, 
1908 and 25% lower for Jan.-Sept., 1908 than for the 
same periods of 1907. Coke production is particularly 
low; the average weekly production at Connellsville for 
September was about 19,700 tons, against 427,000 tons 
during Sept., 1907, a decrease of 54%, and the nine 
months’ figure shows 58% decrease. Pig iron produc- 
tion in September, 1,419,000 gross tons, is about 35% 
below the corresponding figure of a year ago, and the 
nine months’ figure for 1908 is 46% below. Great Lakes 
traffic betwecn domestic ports in September, 1908, was 
9,459,000 net tons, against 11,138,000 tons in 1907, a 
decrease of 15%, due mainly to smaller iron-ore ship- 
ments. Grain shipments, however, were much larger 
this year. Internal commerce in other commodities shows 
in general similar decreases as those for iron and coal, 
though grain and cotton traffic is much larger this ycar. 


———_—_——— 


THE PRODUCTION OF QUICKSILVER in the United 
States in 1907 is given in a bulletin of the U. S. Geo- 
logical Survey as 21,567 flasks of 75 lbs. each, valued at 
$828,931. Compared with the production of 1906, this 
shows a decrease of 4,671 flasks in quantity or $129,703 
in value. An output of quicksilver was reported from 
but three states in 1907—California, Texas and Utah. 
California furnishes about 80% of the domestic produc- 
tion, 
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FAILURE OF A REINFORCED-CONCRETE FLOOR OF 
UNUSUAL DESIGN. 
By H. ALEXIS d'O. SAURBREY.* 


During the months of February and March, 
1908, an investigation was made of a newly com- 
pleted manufacturing plant in the city of Cleve- 


land, O., in which several structural defects had 
been discovered after the buildings had been 
taken in use. While most of the buildings were 
found to be in serviceable condition others gave 
plenty of evidence of being badly overloaded and 
otherwise insufficient for the purpose intended. 
This is particularly true of the tank house, a 
brick building with floors and columns of rein- 
forced concrete. In his capacity of consulting 
concrete engineer for the investigating commit- 
tee the writer had occasion to examine the re- 
inforced concrete work in this building, a short 
description of which may be of interest. 

The plan and sections in Fig. 1 show the 
building as it was found at the time of the ex- 
amination, with large cracks extending from the 
bottom of the main girders into the stems of 
same. 

The building is two stories high, with a con- 
crete basement floor resting on the fill, and an 
upper story carried on beams and girders of 
reinforced concrete supported by concrete col- 


1 een 
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Section A-B. N 
FIG. 1. 


The raised portion of the floor supported tanks, one row either side of the depressed passage. 
tanks were filled cracks developed in the main girders, in the bottom, below the reentrant angles. 


beams also showed weakness in a number of cases. 


umns. Attention is called to the peculiar shape 
of the main girders, the central portion of which 
is depressed 24 ins., forming a lower passage 
between the higher tank platforms, on each side. 
Each platform carries one row of tanks, the 
tanks being 8 ft. on centers. Each tank with 
contents weighs about 20,400 lbs. when full. 
Three brick partition walls divide the upper 
floor into four isolated compartments 25 ft. wide, 
to which access is had through a door in the end 
only, connected on the outside of the building by 
means of a cantilever runway of structural steel. 
Only such detalls are shown on the plan and 
sections as are necessary for the understanding 
of the following. 

The main trouble in this building was the 
large cracks in the main girders. It is stated 
that some of these cracks opened up with a loud 
report while the tanks were being filled, while 
other cracks developed slowly and gradually. 
The cracks were most pronounced in the end 
bays, but cracks were also found in the inter- 
mediate girders, although of less extent. It is 
claimed that a test load had been put on the 
floor without signs of distress being discovered, 
but no record of the magnitude or extent of this 
test load is available. 

The design of the main girders seems to show 
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that some degree of continuity had been de- 
pended upon to reduce the tension in the main 
tension bars. A computation of the distribution 
of stresses under this assumption would be a 
difficult matter, though not entirely impossible, 


on account of the varying depth and moment of. 


inertia of the girder. Furthermore, no very defi- 
nite idea could be had as to the distribution of 
loads, as the tanks in one compartment might be 
full and those in the adjacent one empty, in which 
case the tensile and compressive stresses in the 
span considered would reach their absolute 
maximum, while the columns would be subject 
to a bending moment which could not be en- 
tirely disregarded. 

In any case the wall end of the end spans 
would act very nearly as if simply supported 
only, no dependence being had upon the restrain- 
ing action of the walls. In the central spans, 
however, under normal conditions a certain al- 
lowance could safely be made for continuity 
over the supports. 

At the time of this investigation, however, it 
was found that the brick partition walls of the 
upper story were badly cracked in a diagonal 
direction, which was taken as an indication of 
settlement in the foundations. The direction of 
the cracks was such as to indicate a settlement 
of the interior footings in relation to the ex- 
terior construction, which latter rested on a 
continuous footing under the wall. A calcu- 
lation of the pressure on the soll under the 
column footings gave an intensity of pressure 
of nearly 13 tons per sq. ft. The footings were 
3 ft. square and, supposedly, rested on a shale 
bed. This pressure is rather high, in view of 
the fact that the local building code allows only 
8 tons per sq. ft., but it is conceded that no 
settlement would ordinarily take place in shale 
under this pressure. Different theories were ad- 
vanced by those responsible for the condition of 
the building in order to account for the cracks 
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PLAN AND SECTIONS OF TANK HOUSE AS ORIGINALLY DESIGNED AND BUILT. 


When the 
The 12 x 36-in. 


in the brick walls. When the footings were 
finally excavated it was found that out of the 
entire number of footings only three rested on 
the shale, the balance having a layer of clay of 
varying thickness under them. No explanation 
of this fact has been offered, but it fully ex- 
plains the settlement of the interior footings. 
The wall footings were found to rest on shale 
and they could therefore not follow the settle- 
ment of the rest of the structure. 

Under these circumstances it becomes un- 
necessary to go into the details of the stresses 
in the girders when considered as continuous 
over the supports, since the settlement of the 
footings makes such a condition impossible. 
Considering the girder as simply supported, the 
bending moment under full load becomes 2,065 
inch-tons. The depth of girder at the center of 
the span is 36 ins., or probably 34 ins. from top 
of girder to center of steel; the effective depth 
of girder would then be about 0.89 x 34 = 30 
ins., and the maximum total pull in the steel 
could not be less than 2,065 — 30 = 69 tons. 
The tension reinforcement is three 114-in. plain 
square bars having an aggregate cross-section 
of 4.68 sq. ins. This gives a stress in the steel 
bars of not less than 29,400 Ibs. per sq. in. The 
building code of the city allows a maximum of 
16,000 Ibs. per sq. in. for plain bars, and this 
intensity of stress certainly should be a maxi- 


mum in cases where the conditions as to load 
and general arrangement are as exceptional as 
here. 

The main tension bars, of which one was bent 
and two were straight, had no provision to pre- 
vent their sliding, the bars being cut off straight 
at the ends without any hook. Over the col- 
umns the ends merely butted, no lap being called 
for on the plans. The cracks, then, may be 
considered as due to a sliding of the bars in 
the concrete, and this theory is supported by 
the fact that some of the girders failed with a 
loud report. That the floor did not come down 
entirely might be attributed to the frictional 
resistance, which is considerable. Besides, no 
more load was put on after the cracks had de- 
veloped, and the tanks were partly emptied as 
soon as practicable. 

STRENGTHENING THE STRUCTURE.—The 
next question to present itself was to what ex- 
tent and in what way the building should be 
strengthened so as to carry safely the load for 
which it was designed. There is no reason to 
doubt that the girders still had some carrying 
capacity, but on account of the slipping of the 
bars it was considered impossible to predict with 
safety just what would be a safe load. For this 
reason it was decided to build new girders 
capable of sustaining the entire dead and live 
load. The footings, of course, had to be en- 
larged and brought down to shale foundation. 
It was found impracticable to do this work with- 
out introducing new columns, so that the repair 
work required entirely new supporting mem- 
bers, which had to be put in without interfering 
with the running of the factory. 

In the meantime a number of the floor beams 
(15 ft. 8 ins. span) had also shown signs of 
weakness, although an examination of the plans 
had failed to show any fundamental errors in 
their design. These cracks may have been 
caused by the unequal settlement of the footings. 
or by misplacing of the rods in the beams. At 
any rate, in submitting a tentative sketch for 
repairing the building the writer deemed it wise 
to try to reduce the span of these beams, thereby 
reducing the stresses, for which reason a T- 
beam section was suggested for the new girders. 
(Sketch A, in Fig. 2.) 

The original designers of the building had ad- 
mitted their responsibility, as they had also had 
charge of the inspection of the work. They sug- 
gested a scheme which would give practically 
the same clear distance between columns as be- 
fore, and after some modifications a scheme was 
developed which was finally adopted by the 
owners, and of which details are shown in 
sketch B, Fig. 2. The main objections to this 
scheme are the very heavy compression bars and 
the absence of any extra support for the floor- 
beams. Special repairs were made on these 
where needed, which would have been avoided 
if the T-section girder scheme had been adopted. 
Financial reasons which could not be disre- 
garded made it desirable for the owners to ac- 
cept the scheme submitted by the original de- 
signers. 

The repair work was now carried on as fast as 
possible, a section of the building being taken 
at a time, while the balance of the building was 
used for manufacturing purposes. Canvas cur- 
tains were used for temporary partitions be- 
tween tthe sections and all dust was at once 
sprinkled to keep it from entering the other 
parts of the building. The repair work required 
275 cu. yds. of concrete, which cost approxi- 
mately $6,000, making the unit cost of finished 
concrete about $22 per cu. yd. 


— — — — — ITE 


THE PRODUCTION OF COAL GAS in the United 
States in 1907, as reported to the U. S. Geological Sur- 
vey, was 58, 096, 478,402 cu. ft. Reports were received 
from 513 companies operating. coal gas works and by- 
product coke works. The net product sold was 54,696, - 


797.893 cu. ft., the remainder being lost through leak- 
age, fire, etc. The average value was 66 cts. per thou- 
sand cu. ft. These figures show, compared with those 


of 1905, an increase of 14,242,582,761 cu. ft. im the 
quantity of gas sold and a decrease of 15.4 cts. per 
thousand cu. ft. in the price. Pennsylvania in 1907 
superseded New York as greatest producer and consume; 
of coal gas. 
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SPECIFICATIONS AND NOTES ON MACADAM ROAD 
CONSTRUCTION.* 
By A. N. JOHNSON, f Assoc. M. Am. Soc. C. E. 


The writer appreciates fully the difficulty of prepar- 
ing any general specification that would be of real ser- 
vice in specific instances. Such a difficulty exists no 
iss in specifications for macadam road work than in 
any other line of engineering. 

it is not out of place to say a word in general re- 
garding specification. There is often a great tempta- 
tion to draw a too rigid specification. In this connection, 
Dr. Charles B. Dudley in his address before the Ameri- 
can Society for Testing Materials in 1903, well ex- 
presses the penalty one pays for an over strict specifica- 
uon, as follows: 

Excessively severe limitations in a specification are 


cuicidal. They lead to constant demands for conces- 
sions, Which must be made if work is to be kept going, 
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our specification or not, except as time may develop the 
good or bad qualities of the work. We might, of course, 
require that the road show no signs of failure for a stated 
period, assuming that if it withstood the action of traffic 
and weather conditions for two or three years that it 
would be fair to assume it would withstand them suc- 


" cessfully from that time on. 


Such a plan, however, would withhold from the con- 
tractor such an amount of money as would be a very 
considerable inconvenience and expense even if this 
method could be justified on other grounds. But this 
procedure is not necessary. Experience has shown that 
if certain methods of construction are followed we are 
reasonably assured as to the results. It has, therefore, 
been found a better practice to limit the contractor as to 
the methods he shall employ, and release him from ob- 
ligation as to the results. This latter condition is not 
always considered, and one sometimes finds specifica- 
tions which provide not only as to the exact methods 
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FIG. 2. METHOD OF STRENGTHENING THE STRUCTURE. 


or % more or less successful efforts at evasion. Better 
a few moderate requirements rigidly enforced than a 
hess of excessive Jimitations Which are difficult of 
tLiorrement, and which lead to constant friction and 
{ietimes to deception. 

On the other hand, specifications should not be too lax 
dad leave too much to the „opinion of the engineer.” 
It is generally conceded that a good rule for specifications 
iz to tell only what is wanted, and no more, leaving the 
mhod of arriving at the result to the discretion of the 
‘onractor. This is undoubtedly a good rule but does 
dot cover all contingencies. Actual experience in road 
viding, for example, has shown the wisdom of pre: 
srriding in certain parts of the work the method that 
shall be followed rather than the result. This arises 
from the fact that while it is a comparatively easy 
matter to specify precisely what we want, which would 
be. let us say, a road with a smooth surface, properly 
eaded, comfortable to travel, and which should show no 
“gn of depressions or other inequalities under traffic at 
«Ry time of the year, yet it is Impossible to say from its 
“tr@rance after the road is built whether it will fulfill 
Aa Vi ee ee ae a Pe ee ee 


A paper read before the Western Society of Engi- 
ers, Oct. 21, 1908. 

Nate Highway Engineer, Springfield, Ill. (Formerly 
Engineer for the Maryland Highway Commission.) 


the contractor must follow, but at the same time put an 
obligation upon him if a failure of any part of the work 
ensues. Such specifications are evidently unskillfully 
drawn as they can seldom be enforced at law, and are 
more or less evidence of the engineer's distrust of his 
own design and specifications. 

Before we pass to the detailed consideration of our 
subject, a word should be said regarding the influence of 
modern traffic conditions on the methods of road build- 
ing. In situations where but a few years ago there would 
be no doubt as to the efficiency and advisability of 


ordinary macadam construction, there is to-day much un- 


certainty in the minds of most highway engineers as to 
what is best. This change has been brought about by 
the increase in motor vehicle traffic, and has attracted 
the world-wide attention and study of road builders. 
There does not seem to be any question but that it is 
impossible to maintain in good condition an ordinary 
macadam road subjected to any large amount of motor 
traffic. It is only by applying some tough, elastic 
binder in the top or wearing course of the road that a 
macadam surface can successfully resist this traffic. 
The present practice is generally to use for this purpose 
either a coal tar or an asphalt compound. Sufficient 
experience, however, has not been had to determine defi- 


nitely what will prove best. Although considerable 
knowledge has been gained in the methods of application, 
the test of time is yet to prove the relative worth of 
different methods and material. The problem for solu- 
tion is, can macadam roads that will prove satisfactory 
and economical under the new traffic conditions be 
built with only a slight increase In cost? If it is neces- 
sary for the preservation of macadam construction to 
double or treble its cost, we have other kinds of pave- 
ment available which are known to be more durable and, 
if economy is the chief consideration, to be more desir- 
able. But we enter here on the discussion of what kind 
of a pavement should be used, which, as before stated, 
is not to be a part of this paper. 

There are, however, many miles of road that can be 
maintained as macadam roads. It also seems probable 
that where there is but a moderate amount of motor 
traffic such roads can be maintained by a comparatively 
inexpensive treatment which will insure a durable road 
surface at an expense not incommensurate with the 
worth of the road to the public. But we should keep 
in mind that even though our road to-day has but little 
or no motor traffic, it probably will have more, rather 
than less, so that our method of construction, wherever 
we can do so economically, should be changed to meet 
such a condition. The specifications and suggestions 
made here have been drawn with this idea in view. 


Specifications. 


ROAD BED. 

The road bed will be considered as that portion of the 
road upon which broken stone is to be placed. The road 
bed is to consist of the natural earth which has been 
brought to the proper elevation and cross sections and 
rolled by a steam roller until firm and hard. 

If sandy or other soil be encountered which will not 
compact readily under the roller, a small amount of 
clay or other means shall be used until a firm, hard sur- 
face is obtained after rolling. 

Note.—The width of broken stone to accommodate the 
traffic ordinarily found on roads in agricultural sections 
of the country does not need to be over 12 ft. Here the 
traffic consists of wagons following one another, so that 
even where a greater width has been provided it has 
been found that the travel is confined to a single track 
so that the extra width has been built to no practical 
purpose. 

It is often contended that 12 ft. is not sufficient room 
for wagons to pass. This is true for some kinds of 
wagons. It is, however, usually a fact that the loaded 
wagons are all moving in the same direction at a given 
time in the day, so that the chances are that at least 
one of the wagons meeting will be unloaded and could 
turn out with little inconvenience, even in the worst 
weather. Inasmuch as this will happen but occasionally, 
the side of the road or shoulders will not be cut up. 
Serious inconvenience is experienced, however, in the 
immediate neighborhood of a town where residences may 
be or are in immediate prospect of being built alongside 
the road, which will occasion much repassing of light 
vehicles. If a sufficient width of macadam is to be pro- 
vided where passing is frequent, not less than 18 ft. is 
required. f 

Where the traffic consists of much pleasure driving, a 
width of not less than 16 ft. should be made. Roadways 
tbat accommodate an amount of motor traffic, that neces- 
sitates frequent passing, should be not less than 18 ft.; 
in fact, it wouid seem that due regard for safety would 
make the minimum width 24 ft. 

With the large mileage of unimproved roads, and the 
small amount of money available for their improvement 
in most communities, it is important at first to build as 
great a mileage as possible; to which end the narrow- 
est road practicable should be built. But not less than 
12 ft. is to be advised, for, if the traffic can be so di- 
rected, this is sufficient space for it to spread so as not 
to bring all the wear in one track. Roads 8 ft. wide 
have been built and found a failure because of the fact 
that the traffic was confined to one track, so that the 
road actually wore faster and became more expensive to 
maintain than a wider road where the traffic had room 
enough to spread about and not bring all the wear 
in a particular place. 

On the construction of the roadbed hinges the success 
of the road covering. The roadbed must be firm and 
shaped true to the cross section. Uneven places in the 
roadbed invariably appear in the surface of the finished 
road. When there is evidence of underground water, as 
shown by seepy or quaky places, there is but one 
remedy, and that is to remove the water by tile under 
drainage. Unless this is done the macadam is sure to 
cut through as the frost comes out of the ground. The 
most treacherous places will usually be found on the hill- 
sides, and careful inspection should be made of all such 
places for signs of underground water. The fact that a 
road surface becomes deep with mud in wet weather does 
not necessarily show that under drainage is needed. In fact, 
on most of the level prairie roads it is not needed, but 
it is sometimes the most efficient way to take care of 
troublesome surface water. The essential thing to ac- 
complish under such circumstances is to place the road- 
bed at a sufficient elevation to raise it above the sur- 
face water that may stand in the ditches at the roadside. 
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THICKNESS OF MACADAM. 


The thickness of macadam to be used at any particular 
point shall be that as shown on the plans or as indicated 
in writing by the engineer. In general, there shall be 
three classes of macadam, known as 6-in., 8-in., and 
10-in. construction. The thickness in each instance is to 
be that of the road after thoroughly compacting by roll- 
ing and completed in accordance with the specifications 
herein contained. The thickness, after rolling, of the 
various courses in each class is to be as follows: 


Class. Ist Course. 2d Course. 3d Course. 

6-inch 4 inches 2 inches To be as 

8-inch® 5 inches 3 inches hereinafter 

10-inch 6 inches 4 inches described 

Each course of broken stone is to be applied as herein 
specifled. 


Note.—The chief factor governing the thickness for 
a macadam road is the nature of the soil in the roadbed. 
Where the soil does not change it would not be neces- 
sary to indicate more than one thickness. Otherwise, a 
careful examination of the roads is necessary, and the 
thickness determined for each section should be indicated 
on the plan. Experience has demonstrated that a thick- 
ness from 8 to 10 ins. is ample under any condition where 
a road can be maintained. If this thickness does not 
prove sufficient, it is evidence of an improper foundation, 
and the remedy must be sought there. The usual trouble 
is lack of proper under drainage. Where this is provided 
there need not be any excessive thickness of road cov- 
ering. It has been the writer's practice on clay and 
other retentive soils to make about an 8-in. road; that 
is, the stone is spread in two layers of about 5 ins. each, 
which after rolling reduces to about 8 or 8½ ins. in thick- 
ness. On sandy soils, or soils containing a considerable 
percentage of sand, which are more or less porous, and 
where there is perfect under drainage, 6 ins. of macadam 
has been found to be ample; the 6 ins. being the thick- 
ness after the necessary rolling. It would require about 
S to 8½ ins. of road material. The nature of the ma- 
terial also affects to some extent the amount of ma- 
terial that would be placed for road covering. Where 
soft limestone has to be used and the wear is conse- 
quently faster, it is better to provide an extra thickness 
of material. 

CROSS-SLOPE. 


The cross-slope for the roadbed is to be as shown on 
the accompanying plans, and is to have a slope of— 
inches to one foot. 


Note.—The amount of cross-slope or crown to be given 
to a road is a mitter of considerable difference of opinion 
among road builders. In general, it may be said that on 
a much traveled road, if the traffic is distributed, the 
amount of cross-slope need be less than on one lightly 
traveled, also the harder the material the less the slope. 
As much slope should be given on level stretches as on 
steeper grades. 

In some works on road construction the rule is laid 
down that the cross-slope should be steeper on high 
grades than on level stretches, so that the water will 
not follow for any considerable distance in the direction 
of the road, but reach the gutter sooner than would be 
the case with less cross- slope. While it is true that a 
cross-slope should be maintained on high grades so that 
the water will be carried as quickly as possible into the 
gutters, it is essential that the road have an equally 
steep cross-slope or crown on level stretches from the 
fact that in these places if a slight rut forms the only 
outlet the water has is crosswise of the road. Where 
the crown is flat a very slight depression will be suf- 
ficient to keep the water on the road. These puddles 
of water will soften the surface, and a hole will soon be 
formed which will become deeper and larger at every 
rainfall, so that quite as bad an effect is produced as 
would be the case if an insufficient crown were used on 
a steep grade. The theory that the cross-slope should be 
more on steep grades is correct for a theoretical road 
surface, but in practice these theoretic conditions are 
not fulfilled, and the conclusions drawn therefrom will 
not meet practical requirements. Generally the best re- 
sults will be obtained on country roads with a cross- 
slope of 1 in. to 1 ft., this to apply to a width of mac- 
adam up to 15 ft. Between 15 and 20 ft. the slope should 
vary from 1 in. to 1 ft. at the sides to -In. for the 
center half of the roadway. Not less than ™%-in. to the 
foot should be given to a macadam surface. 


TELFORD CONSTRUCTION. 


Telford construction is to be used wherever directed 
by the engineer or provided for in the plans. The width 
required at different points is to be that designated by 
the engineer. 

Note.—Telford construction is much less used to-day 
than formerly. Nearly all of the old turaipikes in this 
country were constructed with a foundation of large 
stones. More recently some telford construction has 
been laid, particularly in New Jersey. In the best mod- 
ern practice, the telford foundation finds little favor. 
Quite as efficient, and a much more economical construc- 
tion, is effected by a layer of gravel or broken ston? 
whenever the character of the foundation requires an 
extra thick road covering. It is a mistake, however, to 
suppose that a more stable foundation is secured by 
placing the large pieces at the bottom of a road covering. 
In case there should be any frost disturbance and con- 
s-quent movement of the materials forming road cover- 
ing there is always a tendency for the larger pieces to 


work to the surface, whereas if a layer of material is 
placed with the smaller particles at the bottom, subse- 
quent disturbances from any cause will result in little 
or no readjustment of the relative positions of the 
particles. 

As a telford foundation is usually expensive and ex- 
ceedingly difficult to have laid properly, and does not 
prove practically more efficient than a cheaper form of 
construction, there is little excuse for using it. 

The following specifications will illustrate the details 


of this form of construction. 


MATERIAL. 


The first course of the telford construction is to consist 
of sound stone with sharp corners broken to the follow- 
ing dimensions: Depth, from 5 to 8 ins.; width, from 
3 to 6 ins., and length not exceeding 16 ins. 

LAYING. 

Broken stone for the first course of the telford con- 
struction is not to be laid before the roadbed has been 
made as specified. The pieces of stone are to be set by hand 
on edge and laid close together lengthwise across the 
road resting on the broadest edge. Protruding corners 
are to be broken off and the interstices filled with small 


pieces. 
ROLLING. 


After the stone for the first course has been laid and 
brought to a proper cross-section, the spaces filled with 
spalis and the layer made as compact as possible, it is 
to be rollcd with a steam roller weighing not less than 
ten tons. The interstices must not be filled with earth. 


UNEVENNESS OR DEPRESSIONS. 


Should any unevenness or depressions occur during or 
after the rolling of the first course, they are to be rem- 
edied immediately by broken stone and rolled firm. 


THICKNESS. 


The thickness of the first course for telford construction 
is to be S ins. when finished. 


FIRST COURSE FOR MACADAM CONSTRUCTION. 


Macadam construction is to be used wherever directed 
by the engineer or provided for in the plans. The width 
required at different points is to be that shown on the 


plans. 
MATERIAL. 

The first course of macadam construction is to con- 
sist of sound stone broken to sizes varying from & in. 
to 113 ins., no piece to have a diameter greater than 
144 ins. 

No material is to be used which, in the opinion of the 
engineer, is unfit for the work. If any such material is 
put upon the road it shall be removed immediately upon 
notice from the engineer, and replaced by proper ma- 
terial at the contractor's expense. 

Note.—It is not necessary that the first or lower course 
of a macadam road should be of the hardest or toughest 
material. The purpose of the lower course is to dis- 
tribute the weight of the traffic over the earth founda- 
tion, so that wherever it happens that tough material 
suitable for a good wearing course is remote from the 
place of construction, and consequently higher in price 
than more accessible material which is not so good, 
economy can be effected by using the poorer local ma- 
terial in the foundation course, applying the better 
material to the upper course only. A quality of gravel 
that would not make a good road surface may be used in 
the first course; likewise burned shale; in fact, any com- 
paratively non-absorbent, enduring material broken to 
a suitable size. 

SPREADING. 

No broken stone is to be spread before the roadbed has 
been made as specified. 

The broken stone is to be spread upon the roadbed, 
prepared as herein described, with shovels, from piles 
alongside the road or from a dumping board, or it may 
be spread directly from wagons specially constructed for 
this purpose and approved by the engineer; but in no 
case shall the broken stone be dumped directly upon 
the roadbed. l 

As soon as spread, the layer of stone is to be thor- 
oughly raked or harrowed with a tooth harrow, and 
finally trimmed true to the shape of the cross-section. 

Note.—It is a well known fact that a mass of various 
sized pieces of stone adjusts itself when stirred or 
raked so that the smallest sized particles are at the bot- 
tom and the largest at the top. When this condition is 
attained, we have what may be called a stable equi- 
librium of the particles relative to one another. 

Therefore, if we rake thoroughly a layer of stone, we 
shall adjust the pieces so as best to resist any disturb- 
ing force. As the roller goes over a layer of material 
thus assorted it tends to compact much more readily, as 
the larger pieces do not attempt to work their way 
through the road surface. The arrangement often seen 
represented in cross sections, showing the largest pieces 
at the bottom and the smallest on top, is a reversal of 
what it should be. The stability of such a mass of ma- 
terial may be compared to that of a pyramid resting on 
its apex. 

It will be readily appreciated that if the pieces of rock 
forming a road surface have been well compacted, even 
though the smaller pieces are at the top, there will not 
be any relative movement of the pieces of stone, except 
that they are loosened, which will happen when frost is 
coming out of a badly drained road. Where such places 
are encountered, and there are many instances of roads 
practically impossible to drain properly, the road surface 
can be maintained much more nearly intact, if the pieces 
of stone are arranged with the smallest at the bottom. 

But it is not sufficient merely to have a layer of the 
smaller screened stones as a bottom course and a layer 
of larger size on top. In the smaller size are pieces 
varying from & to 1½ or 2 ins., according to the size of 


the screen. It is then desirable that as nearly as pos- 
sible all of the 2-in. size be at the top and the other sizes 
arranged in this order down to the smallest. 

This arrangement can be effected sufficiently for all 
practical purposes by thoroughly raking or harrowing 
the layer of stone after it is spread. 

There is another object attained by this method which 
has always been recognized as most desirable in the 
construction of macadam roads, and this is to have the 
surface composed of as nearly equal sized pieces as 
possible. As a macadam road surface composed of vari- 
ous sized pieces begins to show wear, it is observed that 
the largest pieces of rock protrude, producing a rough 
surface. 

The fact that the larger the pieces of rock, the more 
resistant is the road surface to the action of traffic, is 
another reason for having the larger pieces at the sur- 
face. There is, however, a practical limit to the size 
of the pieces of rock for macadam construction, vary- 
ing somewhat according to the hardness of the rock and 
character of the traffic. The soft limestone can be 
screened through a 3½ -in. screen and used successfully 
for the surface. Many hard rocks, as trap and some 
granite, cannot be used so large, a 2½-In. screen being 
the largest, unless subjected to very heavy traffic; that 
is, traffic made up of heavily loaded wagons. 

It has also been observed that a road surface composed 
of small pieces of stone deteriorates much more rapidly 
under action of automobile traffic than when built of 
larger sizes. While the writer cannot offer exhaustive 
evidence on this point, all of his observation confirms 
this opinion. 

To sum up what is gained by using the smaller pieces 
of rock in a layer at the bottom and the largest at the 
top, we have a more stable road, a more even, and a 
more durable surface. 

ROLLING. 


After the broken stone for the first course has been 
spread and raked or harrowed to a uniform thickness, 
and has a proper cross-section, it is to be rolled with a 
steam roller, weighing not less than ten tons, until it is 
compacted to form a firm, smooth surface. The rolling 
must begin at the sides and work towards the center 
and the rear wheels of the roller must cover this space 
thoroughly. 


Note.—The strength of a stone or macadam road de- 
pends entirely upon the rigidity with which one piece 
of stone is held against its neighbors. The roller presses 
the piece of stone close together so that instead of hav- 
ing a contact of but one point or one edge with a face, 
the faces of the pieces of stone are brought together 
and the voids as they exist in the loose material are re- 
duced from 45% or 50% to about 20%. 

It is bad practice to fill in the voids in the stone with 
fine material before rolling, as it prevents the pieces 
of stone being keyed firmly in place. 

There does not appear to be any valid reason for fill- 
ing or bonding the lower course of material at all, and 
is so much work wasted. A roller should be run slowly, 
not over two miles an hour. The slower the roller is 
run, the more firmly are the stones compacted. It is pos- 
sible to run a roller so as to tear a layer of stones to 
pieces. 

UNEVENNESS OR DEPRESSIONS. 


Should any unevenness or depressions appear during 
or after the rolling of the first course, they are to be 
filled immediately with broken stone and rerolled until a 
firm, even surface is obtained. 


Note.—A depression in a layer of macadam should be 
filled with material of the same kind and size as that 
composing the layer. If a patch of small material should 
be added to bring up the surface composed of large 
pieces, the small pieces would be ground under traffic. 
and the depression would again appear. The proper 
way is to loosen the surface in the depression, add 
extra material of the same size, and re- roll. 

THICKNESS. 

The thickness of the first course of broken stone, after 
thorough rolling, is to be that of the class of macadam 
construction specified for any particular place as de- 
scribed. 

If, for any reason, a greater thickness than specified 


is made by the contractor, no extra allowance for such 
additional thickness will be made. 


SHOULDERS. 


After the telford foundation or the first course of 
broken stone or gravel, as the case may be, has been 
made as herein described, earth shoulders are to be con- 
structed along each side of the road for a width of at 
least 4 ft., as shown on the accompanying plans. 

Against these shoulders is to be spread the broken 
stone for the second course as herein described. The 
shoulders are to contain a sufficient quantity of earth so 
that a smooth and continuous slope will be obtained after 


the shoulders and second course are rolled. The shoul- 
ders with ! nne feet of stone will make a total 
width of ...... feet to be shaped with a cross-slope of 
e inches ...... to I ft. 


Material for the shoulders must be free from roots 
stumps or other vegetable matter and thoroughly com- 
pacted by the roller. Material with such a proportion 
of sand, as prevents it, when dry, from compacting 
readily under the roller, is not to be used. 

No material which is considered unfit for the work by 
the engineer is to be used, and, where any such is put 
on the work it shall be immediately removed, at the 
contractor's expense, upon notice by the engineer. 


Note.—It is important to have the material for the 
shoulders put in place as soon as the first course ts made, 
as the shoulders are depended upon to hold the second 
course of material in place. The shoulders should be 
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shaped before they are rolled, so that they will be, de- 
pending on the nature of the material, from 2 to 3 ins. 
higher than the second course of broken stone; and 
when they are rolled they will press down even with the 
surface of the broken stone. As the work progresses, 
the height that it is necessary to keep the shoulders above 
the broken stone so that they will roll down properly, 
is very readily ascertained. If it is found that not 
enough material has been used, more must be spread 
until the shoulders are brought to a proper shape. If 
the roadbed for the new road has been cut sufficiently 
deep, it will not be necessary to fill In extra material 
for the shoulders. Where the shoulders are thus made, 
by cutting out, it is advisable to leave them a little 
high at first, and then pare them down with a road 
machine. After a little experience a good operator can 
trim the shoulders very accurately by this method. 

An excellent plan is to sow the shoulders with grass 
seed. The sod forms a good protection to the shoulders, 
besides adding much to the appearance of the road. 


BLIND CROSS DRAINS. 

Blind cross drains are to be constructed at intervals 
of 50 ft. on each side of the road in the following man- 
ner: They shall run approximately at right angles to 
the direction of the road and shall be cut to a sufficient 
depth so that the water can readily run from the surface 
of the subgrade to the side of the road. They shall not 
be less than 8 ins. in width. These drains are to be 
shaped just before spreading the first course of material 
and are to be filled with broken stone. These cross drains 
are to extend to the gutter. The stone in the cross 
drains shall come within 3 ins. of the finished surface of 
the shoulder. 

Note.—The blind cross drains are necessary wherever 
the shoulders are made of an impervious material. These 
cross drains are particularly useful on level stretches of 
the road where satisfactory longitudinal drainage is dif- 
ficult to secure. Roads constructed through lowlands, 
which may be submerged by occasional floods, should be 
well provided with these blind side drains. In such in- 
stances they should be put in at intervals of about 30 ft. 
The pitch or grade to these drains should be the most 
that can be obtained from the surface of the subgrade 
to the bottom of the gutter. They also serve to keep the 
shoulder well drained, and consequently firmer in wet 
weather. The side drains are especially useful during 
construction to drain the roadbed rapidly after a rain, 
which ensily penetrates the loosely spread material, and 
softens the subgrade so that work has to be abandoned 
on that section until it dries out. 


SECOND COURSE FOR MACADAM CONSTRUCTION. 
The second course of the macadam construction is to 
be the same width as the first course. 
MATERIAL. 


The second course is to consist of stone broken to size 
varying from 114, to 3 ins.; no piece to have a greater 
diameter than 3 ins. 


Unless otherwise specified. the rock shall have a 
“coefficient of wear,” as determined by the Duval test, of 
not less than 15. l 

Note.—It should be borne in mind that the second 
course, or the course covering the foundation of either 
macadam or telford construction, is the one which must 
reccive the wear from the traffic. The foundation course 
merely gives the thickness so that the pressure of traffic 
may be distributed over the natural earth roadbed, which 
supports the road surface. Therefore, in making specifi- 
cations for the second course of material, its purpose 
should be kept constantly in mind. Inasmuch as the wear 
due to the traffic is dependent on so many different con- 
ditions, it will be natural to expect that which is best in 
one instance may not prove equally successful in other 
cases. 

The wear due to traffic is of two kinds: That of horses’ 
hoofs, and that from the grinding of whecis. These pro- 
duce different effects on broken stone roads. Where the 
traffic is very heavy; that is, where the weight upon 
the wheels is great, their pressure tends to compact the 
stone firmly, which if it is not of sufficient strength, 
will be crushed and ground to dust. On the other hand, 
where the kind of traffic is lighter, with wheel pres- 
sure comparatively small, there is but little grinding 
or compression. Generally this lighter traffic moves 
more swiftly so that the effect produced by the horses’ 
hoofs is much more noticeable. The hoofs of a fast 
running horse hit the road with a quick, hard blow, 
which has the effect of loosening the particles of broken 
stone. As there is little compression given by the 
wheels in this class of traffic, the loosened pieces of 
stone are not pushed back into place, and this results in 
what is known as ‘‘raveling.”’ 

The action of motor vehicle traffic on a macadam sur- 
face is far more destructive than any other to which our 
roads are subjected. Careful observations made by the 
Office of Public Roads at Washington show that the de- 
structive action is almost wholly due to the driving 
wheels. The scour or shear on the road surface that 1s 
produced when heavy cars are driven at high speed is 
sufficient to displace the surface particles of the road 
which are sucked up and dispersed in clouds of dust. The 
stones in the upper portion of the road are bared and, 
in time, loosened. The surface of the road, particularly 
in dry weather, becomes covered with pieces of loosened 


stone. 
Experience has shown that different varieties of stone 


act differently under traffic. Thus, some varieties will 
make a hard, firm road if there are many vehicles moving 
over the road; while other varieties are found to be 
quickly ground into dust under similar conditions but 
give good results where the traffic is lighter. The heavy 
traffic is found to require a bard, tough stone, with a 
high power of resistance to wear, and which it will re- 
quire great force to split. There are few varieties of 
rock which have these physical properties that are not 
adapted for the surface of a macadam road which will 
be subjected to a large amount of heavy traffic. Such 
traffic is not usually found on the majority of country 
roads, or, if found, there is seldom a sufficient amount 
of it to keep the hardest varieties of stone in place 
unless they have a third physical property, that of bind- 
ing readily. Such stone when ground to dust will cement 
together, and this property is calied its cementing value. 
If this property is wanting or exists only to a slight 
degree in a rock, it will be found practically useless to 
supply such material to the ordinary country road. And 
in proportion as the traffic over one road is lighter in 
character than that of another, so too should the ce- 
menting value of the material used in the former case ex- 
ceed that used in the road with heavier traffic. 

The road builder is often confronted with the problem 
of how best to use a comparatively soft material under 
conditions which require the hardest variety of rock, or 
at least where such rock could be used to advantage. 
The same material can produce under the same condi- 
tions quite different results according to the way it is 
handled. For example, the amount of wear which a 
road can sustain can be greatly increased by a change 
in the size of the pieces of broken stone which make up 
the second or wearing course of the road. A soft lime- 
stone or other variety of rock having a low resistance 
to wear should be broken in larger pieces than would be 
used with harder material; that is, the second or wearing 
course should consist of the larger sizes which are 
larger for softer varictics of stone than for harder 
varieties. A soft variety of rock used to best advantage 
may make as durable a road as a harder variety of mas 
terial improperly used. 

It is, therefore, advised that all rocks which have 
high cementing value but small resistance to wear 
(that is, having the cocfficient according to the Duval 
test of less than 10), should have the 2 and 3-in. pieces 
placed in the second course. The sizes permitted may be 
slightly larger in all courses for rocks with high cement- 
ing value and low wearing qualities. Thus, the crusher 
could be opened wider and more material put through in 
a given time, which would cheapen its cost, and, there- 
fore, in a measure offset the additional cost of main- 
tenance, which might be necessary where a rather soft 
variety of rock was used with a moderately heavy traffic. 

The fact that pieces of rock from 2 to 3 ins. in size 
will lock or key together more firmly than 1-in. size 
makes a surface composed of the larger sizes resist more 
effectively the action of automobile traffic. In many 
instances observed by the writer it has been noticed that 
the first place to give way has been where there evidently 
has been a cluster of finer particles. 

Reference has been made to the Duval and other tests 
of road material. It is, perhaps, sufficient here to say 
that a full description and discussion of the tests are 
found in the bulletins of the Office of Public Roads, 
Washington, D. C., which may be had on application. 
The road builder is, however, not often given an op- 
portunity to make much of a selection of materials; he 
must use what is at hand and make the best of it; so 
that there is but a limited field of application for the 
deductions from the refincd methods of the laboratory. 
But even with a single source of material, it is valuable 
to have thorough laboratory tests made, which should 
be compared carefully with the practical service tests, as 
it is only by such comparisons that Intelligent inter- 
pretation of the laboratory results are possible. Oc- 
casional tests will detect any variation in the rock used; 
they also give valuable information as to what part of 
a quarry, not uniform in its rock, yields the best ma- 
terial for this service. 


SPREADING. 


The broken stone for the second course is not to be 
spread before the foundation or first course has been 
completed and shoulders made as herein specified. 

The broken stone is to be spread upon the first course, 
prepared as herein described, with shovels from piles 
alongside the road or from a dumping board, or it may 
be spread directly from wagons, especially constructed 
for this purpose and approved by the engineer; but in no 
case shall the broken stone be dumped in piles directly 
upon the first course unless it is entirely rehandled. 

As soon as spread, the layer of stone is thoroughly 
raked or harrowed with a tooth harrow, and finally 
trimmed true to the shape of the cross-section. 


Note.—The object of having the stone spread in the 
manner specified above is to secure a uniform amount 
of stone for any given area; so that when compacted by 
the roller it will compress evenly at all points and no 
humps will be formed, as will be the case if the stone 
is dumped in a pile from a wagon and raked outwards 
in all directions until apparently spread to the re 
quired thickness. For in the center of every pile of 
stone so dumped there is a core formed where the pieces 
have been more closely jammed together by the weight of 


s 


other pieces on top of them, so that when the roller 
passes over the stone there will be formed little mounds 
wherever these compacted cores were made, which no 
amount of rolling will efface. It may not be practicable 
to have the stone dumped at the side of the road or to 
have a dumping board at hand, and it would then be 
necessary to permit the second course of stone to be 
dumped upon the first course, in which case care 
should be taken to have the pile of stone raked or 
shoveled over so as to loosen all parts of it equally. 


ROLLING. 


After the broken stone for the second course has been 
spread to a uniform thickness, and has a proper cross- 
section, it is to be rolled with a steam roller weighing 
not less than 10 tons until it is compacted to form a 
firm, smooth surface. 

The rolling is to begin at the sides, the shoulders first 
being rolled firm. When completed the surface of the 
shoulders and of the second course of broken stone should 
be smooth and continuous with a cross-slope of ..... 
inches to 1 foot. 

If any unevenness or depressions appear during or 
after rolling of the second course, either on the surface 
of the shoulder or the broken stone, suitable material 
shall be added to remove all such unevenness or depres- 
sions, earth being used on the shoulders and stone for 
the broken stone surface. 


THICKNESS. 

The thickness of the second course of broken stone, 
after thorough rolling, is to be that of the class of mac- 
adam construction, specified for any particular place, as 
described under 6-in., 8-in., and 10-in. macadam. Ona 
ord foundation the thickness shall not be less than 

If for any reason a greater thickness than specified is 
made by the contractor no extra allowance for such 
additional thickness will be made. 

Note.—The second course must be rolled until every 
particle of stone has been wedged firmly against its 
neighbors. Satisfactory results cannot be obtained if too 
great a thickness of stone is rolled at once. Not over 
6 ins. measured loose should be attempted. There are 
many varieties which will not compact readily, and give 
great trouble in rolling. No specific directions can be 
given which will prove applicable in every case. If the 
conditions are such as to make it imperative to use ma- 
terial in which there is considerable mica, it will usually 
be found necessary to sprinkle it lightly with sand and 
water to prevent the stone creeping as the roller passes 
over it. Frequently poor results are caused by attempt- 
ing to operate the roller at too great a speed, for ma- 
terial which is hard to manage may often be easily han- 
dled by reducing the speed of the roller to a rate of about 
one mile an hour. It may sometimes be necessary, 
even then, to use a little sand or stone screenings to hold 
the material in place so that the pieces of stone will be 
compacted and not grind one another into rounded 
fragments. But little trouble of this sort is experienced 
with the softer varieties of rock. The danger in such 
cases is that the road may be rolled too much. This ean 
be readily told by watching the pieces of stone on the 
surface; if they are being crushed or broken, the rolling 
should not be continued. This applies particularly to 
the softer varieties of limestone. 

It is necessary in shaping up whatever uneven places 
may appear to use material of exactly the same charac- 
ter as that of which the surface is composed. The earth 
should be filled up with earth, and broken stone with 
broken stone of the same size. If the depression is so 
slight that a single thickness of the broken stone is too 
thick, the way to fill such a depression is to loosen the 
surface all about it and add a small amount of broken 
stone, and then roll the whole down. A little experience 
will soon show about how much higher the loosened 
portion should be in order to roll down to the required 
surface, 

THIRD COURSE FOR MACADAM OR TELFORD CON- 
STRUCTION. 

The third course of macadam or telford construction 
is to consist of rock screenings varying from dust to 
j-in. pieces. The screenings are to contain all of the 
dust. 

Note.—If the material of which the screenings are made 
(which would usually be the same as that of the second 
course) is extremely hard, that is, has a Duval coefficient 
of wear of 20% or over, the size of the largest pieces 
should not be over a half inch. If softer material is 
used, the screenings may contain pieces as large as one 
inch in diameter. 

The screenings from some varietics of rock are ex- 
tremely difficult to work properly; that is, they do not 
seem to bind together and, after rolling, when dried out, 
loosen and do not hold the surface of the road as it is 
desired. For example, there are some crystalline lime- 
stones, a number of which are found in this state, partic- 
ularly the stone at the Illinois State Prison used by the 
State Highway Commission, which do not bind with any 
facility. The Inboratory tests also show it deficient in 
cementing quality. It is found, however, that when this 
dust is combined with silica the combination produces a 
material which binds very much better than either one 
alone. This fact was observed on roads which had been 
sprinkled with a light covering of gravel or coarse sand. 
An investigation in the laboratory combining silica with 
guch limestone dust also showed an increase in cementing 
power. In all of the construction carried on by the State 
Highway Commission the past year we have advised, 
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where the material from the Joliet prison has been used, 
that it be bonded with a thin layer of fine gravel or 
very coarse sand; where this has been done the result 
has been very much more satisfactory than where roads 
were built using the natural rock screenings alone. 


SPREADING SCREENINGS. 

After the second course of stone has been rolled and 
completed as specified, the screenings are to be spread, 
but in no case are screenings to be used until the second 
course has been thoroughly rolled and compacted. The 
screenings are to be spread dry with shovels from piles 
along the road, or from dumping boards, but in no case 
are the screcnings to be dumped directly on the second 
course. The quantity of screenings used is to be such 
as will just cover the second course. 

There usually seems to be a strong inclination to put 
on screenings too thick or too much at one time. The 
road surface apparently is finished quicker and with less 
work where a layer of screenings from % to 1% ins. 
thick is spread at one time. 

Where it is desirable, as on park roads, to have a soft 
surface, a greater layer of screenings may eventually 
be placed, as such roads naturally receive or are ex- 
pected to receive, constant attention, and can thus be 
maintained in good condition. In general, however, it 18 
a safe rule to use as few screenings as possible. A road 
with too much screenings will have a deadened sound as 


vehicles move over it. 


WATERING AND ROLLING. 

After the screenings are spread they are to be sprin- 
kled with water from a properly constructed sprinkling 
cart, and then rolled with a steam roller weighing not 
less than ten tons. The amount of water necessary is to 
be determined by the engineer. The rolling is to begin 
at the sides and to continue until the surface is hard 
and smooth and shows no perceptible tracks ‘rom 
vehicles passing over it. 

If, after rolling the screenings, the stone appears at 
9 additional screenings shall be used in such 
7 The rolling and watering shall continue until the water 
flushes to the surface. The rolling is to extend over the 
whole width of the road including the shoulders. 

Note.— The best results are invariably obtained if the 
screenings are first wet and then rolled. Often it will 
be impracticable to get a sufficient supply of water to 
the road for this purpose, in which case the screenings 
may be spread and the road used as little as possible 
until a shower does the sprinkling. As soon as jt is 
possible, either during the shower or immediately after, 
the rolling should be started, and continued until the 
surface of the road has become practically impervious 
to water. Where it is necessary for the road to be used 
as soon as the screenings are spread, and it is impossible 
to water them, they may be partially rolled dry and then 
another layer of screenings spread. This excess of 
screenings will make the road somewhat more dusty or 
muddy, according to the wet weather, and the surface 
will require more careful watching than is the case 
where the screenings are sprinkled before rolling. Care 
should also be taken not to drench the screenings at first, 
as the water will go immediately through the loose stone 
of the road into the foundation, softening it, and rolling 
will have to be suspended until it dries out. The first 
sprinkling should, therefore, be light—merely enough to 
permit the dust to bind or cake together. The screen- 
ings should be added a little at a time so that they will 
fill all interstices thoroughly, but not form a crust on the 
road, which is liable to disintegrate and peel off. As soon 
as the interstices are thoroughly filled with the screen- 
ings, and consequently made impervious to water, the 
sprinkling may be heavier than at first. Where the road- 
bed is on a gravelly or sandy soil which is naturally well 
drained, but little damage will result from copious 
sprinkling; but where the roadbed is on a clay soil care 
must be exercised if the foundation is to be kept firm 
enough to support the roller without jamming the 
broken stone into the earth, which would result in an 
uneven place in the road-surface. 


UNEVENNESS AND DEPRESSIONS. 

If any unevenness or depressions appear in the road 
surface after rolling the screenings, broken stone and 
screenings shall be used until they are removed and the 
finished surface conforms to the proper cross-section, as 
shown on the accompanying plans, and presents a 
smooth, even appearance. 

Note.—The following directions concerning the ap- 
plication of screenings were prepared by the writer for 
the use in the work of the Illinois Highway Commission: 

Screenings must not be dumped directly on the broken 
stone but must invariably be placed at one side of the 
roadway. 

The shoulders must be shaped and rolled for two or 
three fcet from the edge of the stone, the surplus earth 
then being graded off towards the gutter and the 
shoulders re-rolled, not less than 5 ft. where conditions 
will permit. This will make a firm, smooth space on 
which to deposit the loads of screenings. 

The last course of stone must be thoroughly rolled until 
the stone has compacted, and each piece is in contact 
firmly so that the stone does not jar or move when 
wagons go over it. When the stone is thus firmly 
packed, the screenings are to be spread, not by shovel- 
fuls in a place, but by having each shovelful spread 
parallel with the road from a square point shovel over 
the greatest area possible. The first application should 


be just enough to fill the interstices between the stones. 
The screenings should then be very lightly sprinkled. 
Where the screenings have been washed down between 
the stones, a very light additional layer of screenings 
should be put on. Then have the roller pass over th: 
work, beginning at the edges and working towards the 
center, once over every part. Where necessary, add more 
screenings and again roll. 

If a gravel binder is used, see that the screenings fill 
the interstices only partly, then spread on some of the 
gravel binder. After the first rolling, put on where 
necessary more binder, and then sprinkle lightly. 

The screenings or binder, after this sprinkling, may 
stick to the wheels, and it is better, therefore, to do this 
sprinkling the last thing at night, and roll the road in 
the morning. After this rolling, and adding what binder 
may be necessary here and there, the road will probably 
be sufficiently water-tight, so that more water and 
binder may be added. As soon as the road becomes 
water-tight it should be well sprinkled, if possible, hav- 
ing the watcr play on the roller wheels. The screenings 
or binder must be placed on the road and that part of 
the road finished immediately and traffic blocked off 
until the road has taken on a set. 

Unless the work is done in this way, it will be found 
that the road when partly screened, and travel allowed 
to go upon it, will become loosened. The screenings will 
get between the stones and entirely surround many of 
the pieces of stone in the top of the road. Where this 
happens, it will be found that they will easily pick out. 
This explains why it is that we find occasionally patches 
here and there where the stone picks out readily after we 
have finished the road. 

Travel over broken stone before the screenings are 
added does no particular harm, but screenings must not 
be put on crushed stone that is loose, and after screen- 
ings are placed, that part of the work must be finished 
immediately before allowing any other travel to come 
upon it. 


PRICE PAID FOR MACADAM OR TELFORD CON- 


© STRUCTION. 

The price herein agreed upon to be paid for mac- 
adam or telford construction is to include all work and 
materials necessary to do the work as hercin specified. 

Note.—There are two methods of payment for macadam 
work in general use. One is by the cubic yardeor ton 
for broken stone: the other by the square yard or unit 
of surface of finished road of a given thickness. The 
advantages of the unit quantity method—that is, payment 
by the cubic yard or ton of broken stone used, are pay- 
ment for material actually used, and no inducement for 
the contractor to skimp the work. The advantages of 
payment by the unit surface measurement are ease of 
ascertaining the amount of work to be paid for, and the 
throwing of all responsibility for improper construction 
of the roadbed upon the contractor, who must supply 
at bis own expense any extra material that may be 
necessary to bring the road to a proper surface through 
any lack of care in the construction of any portion of 
the road. l 

By either method, careful supervision is important 
though it is not so necessary to have an inspector as 
constantly on the work when paid for by the surface 
unit as by the quantity unit. In the latter instance 
some one must be at hand to note every load of stone 
which is placed on the road, and to see that every load 
of stone credited to the contractor is actually employed 
on the work. 

On the other hand, by the unit surface measurement 
method, it is necessary to be on the constant watch to 
see that an unscrupulous contractor does not put in a 
less amount of material than the specifications require. 
There is, however, a very good safeguard against this as 
the road can be dug up occasionally and measured to 
ascertain that the proper thickness has been made. 

The measurement of broken stone by the cubic yard or 
wagon leads to constant trouble in securing a full loaded 
wagon. There is also the question as to where a wagon 
load should be measured. If the specifications call for 
a cubic yard of broken stone delivered upon a road, the 
coutractor must estimate how much shrinkage there will 
be in a load of stone due to settlement from jarring re- 
ceived in traveling to the work. The amount of set- 
tlement will necessarily vary with the distance of the 
haul and roughness of the road. This makes the actual 
amount of material to be furnished by the contractor 
somewhat indefinite; so that, unless it is possible to 
weigh the broken stone, the unit surface measurement 18 
advised. 

The results from a series of tests conducted by the 
writer to determine what is the settlement of crushed 
stone, and what is the consequent weight of a cubic 
yard of crushed stone under different conditions, will be 
found in the report of the Illinois Highway Commission 
for 1906, p. 75. These tests show that there is a varia- 
tion according to the method of loading the wagon, 
whether the stone was dumped from a considerable dis- 
tance or merely shoveled into the wagon, that, after 
hauling for eight or nine hundred feet, about all the set- 
tlement that would occur had taken place; that the 
variation in the weight of a cubic yard seemed to be 
from 2,400 to 2,600 lbs.; that is, a cubic yard weighed 


2.400 Ibs. before the settlement occurred, and, after 
the wagon had gone over the road, weighed about 2,600 
lbs. 

There was also a large number of observations made 
on the settlement of limestone in carload lots, the 
amount of settlement corresponding with that observed in 
wagon loads. As a result of these tests, the Commis- 
sion adopted the arbitrary value of 2,500 Ibs. as the 
weight of a cubic yard of crushed limestone. The lime- 
stone on which these tests were made has a specific 
gravity of about 2.70. 

The per cent. of voids in a yard of crushed stone varied 
according to the method of loading or the height from 
which the stone was dropped. When dropped from 20 
ft. the voids in 3-in. stone were 41.8%, varying to 48.7% 
when loaded with shovels. The 14-in. size showed a 
variation of 42.5% to 50.5%. The %-in. size or screen- 
ings showed a variation in voids of 39.4% to 44.6%, so 
that it is evident that there is only one way in which 
to buy crushed stone, and that is by weight. We could, 
of course, assume arbitrarily so many pounds as being 
a cubic yard, which would be near enough, perhaps, 
to make estimates for quantities where the cubic yard 
is the unit measure, 

The writer has usually preferred the unit surface meas- 
urement as the basis of payment as the more satisfac- 
tory for the conditions usually encountered in country 
road building. 
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COMPOUND ENGINE-AND-TURBINE STEAM PLANTS, 
AND THE RATEAU EQUALIZING STEAM RECEIVER. 


That a remarkable gain can be realized in a 
reciprocating-engine steam power plant by work- 
ing the engines non-condensing and turning their 
exhaust into a high-vacuum steam-turbine has 
been known for some years, but only in a small 
number of cases has the method been put into 
practice. The details of the method must be 
carefully adapted to the conditions of operation 
in the individual case. The most favorable case 
is that In which the power demand on both en- 
gine and turbine is constant or only slowly vary- 
ing, and where, in addition, the turbine may be 
of such size as just to absorb at all times the 
full available power of the engine exhaust. In 
this case no auxiliary device is required. When 
the engine and turbine supply independent de- 
mands, both of which, however, are nearly con- 
stant, a by-pass to the condenser from the re- 
ceiver between engine and turbine, or a relief 
valve enabling the receiver to exhaust to atmos- 
phere when its pressure rises, may be required. 
For electric power-station service it was sug- 
gested two or three years ago that the generators 
of engine and turbine be run in parallel on the 
same network, and the engine be run under 
constant load (and maximum efficiency), letting 
the turbine take care of all load variations. This 
arrangement, with of course a by-pass to the 
condenser or an equivalent means of taking care 
of the excess engine exhaust, gives maximum 
efficiency on account of the small change in 
turbine efficiency with varying load. The most 
difficult case is where the engine runs inter- 
mittently while the turbine must run at con- 
stant output. This will occur, for example, in a 
rolling-mill, if the exhaust of the roll-driving 
engines is to be used for a turbine driving the 
electric lighting dynamos. The Rateau equalizing 
steam receiver or regenerator was invented to 
solve the difficulty of the varying steam supply 
in such service. A description of the system of 
applying this device may be found in En- 
gineering News of Sept. 29, 1904, p. 282, from 
the pen of Mr. L. Battu. There is a large 
number of these regenerators in use in Europe, 
at present a total capacity of 120,000 HP. 

Two installations of the Rateau receiver have 
been made in the United States, according to 
Mr. Battu’s statements in a recent paper before 
the New York Railroad Club. One of these, the 
first in point of time, is at the South Chicago 
plant of the International Harvester Co., where 
the receiver is required to equalize the steam 
supplied to two 500-KW. steam-turbine direct- 
current sets from the exhaust of an 800-HP. 
reversible rolling-mill engine. The receiver 
contains 75 tons of water and, when its steam 
supply is shut off, can maintain the supply to 
the turbine for 5 mins. at a rate of 22,500 Ibs. per 
hr. Its capacity is sufficient for two 500-KW. 
units. The second plant is at the Vandergrift 
works of the American Sheet & Tin Plate Co., 
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also supplying steam-turbine generators from 
the exhaust of a rolling-mill engine. This re- 
ceiver is capable of maintaining for mins. a 
steam supply at the rate of 20.000 lbs. per hr. 
In both plants an automatic reli¢f-valve main- 
tains the pressure within the receiver between 
atmosphere and 3-Ib. gage. The receiver and 
turbine plants were designed by Mr. C. H. 
Smoot, Chief Engineer of the Rateau Steam Re- 
frigerator Co. The Vandergrift turbine, 500 
KW., was built by the Ball & Wood Co., at 
Elizabeth, N. J. 
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TIMBER GIRDER BRIDGES ON THE QUEENSLAND 
GOVERNMENT RAILWAYS, AUSTRALIA. 


In common with all slightly developed coun- 
tries, Australia has a plentiful supply of timber, 
but it has not had until quite recently any steel 
mill of a size to turn out structural material, 
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STANDARD TIMBER BRIDGE ON THE QUEENSLAND RAILWAYS. 


FIG. 1. 


and even now the new mill at Lithgow will 
Probably not be large enough to supply the de- 
mand. On account of the relative availability of 
the two materials, there are many structures 
erected of timber which, in an older country, 
would be built of steel. In railway work, par- 
ticularly, this utilization of timber has led to the 
adoption of some standard structures which are 
very interesting, such bridges, for instance, as 
are illustrated on this page. 
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These bridges, which have recently been stand- 
ardized by the Queensland Railways, are built 
principally of ironbark and spotted gum, both 
hard woods having a safe unit tensile stress of 
2.240 Ibs. per sq. in., a modulus of rupture of 
18,000 and of elasticity of 2,500,000. The con- 
struction should be readily understood from the 
drawings. It consists of girders of stripped logs, 
in layers of one to three, according to length of 
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span, resting on regular timber bents and cross 
braced with timbers which act also as ties. As 
far as possible logs are utilized in the construc- 
tion. Fig. 1 is a typical two-log girder construc- 
tion and Fig. 2 shows the two types of bents, one 
of driven piles and the other of planted posts. 
The bridges are designed for three 12-ton axle 
loads on a 10-ft. wheel base with a 3 ft. 6 in- 
gage. 

We are indebted for these drawings to Mr. W. 
Pagan, Chief Engineer of the Queensland Rys. 
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THE PERFORMANCE OF STORAGE-BATTERY MOTOR- 
CARS ON THE PALATINATE RAILWAYS (GERMANY ).* 


By A. GIESLER. 

As the use of storage-battery or accumulator motor- 
cars on main lines has become more extended, it may be 
of interest to give an account of the results obtained 
during more than ten years’ trial on the main lines 
of the Palatinate Railways. The first experiments were 
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made in 1893, on a narrow-gage suburban line, and were 
extended to a standard-gage main line in 1896. 

In 1900, at the end of the period of trial proper, the 
Palatinate Railways possessed four standard-gage and 
three narrow-gage accumulator motor-cars. Since then 
the latter have been withdrawn from service, owing to 
the extension of the street railway system at Ludwig- 
shafen. On the other hand, the standard-gage stock, 
which had consisted of two six-wheeled and two eight- 
wheeled motor-cars, was increased in 1902 by the ad- 
dition of two other eight-wheeled cars. It was decided 
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means of cables. The total weight of the battery is made 
up as follows: 


not to add to the six-wheeled cars, 
greater weight per seat; 
seats (against 114 in the eight-wheeled cars), 
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as these had a 
and as they only contained 68 
it fre- 


quently happened that they were unable to accommodate 


the traffic unless trailers were taken. 


It was also found 


in operation that the 45- ton eight-wheeled cars required 


*From a paper published in the “Zeitschrift des Vereins 
Deutscher Ingenieure,” and reprinted in the August 
“Bulletin” of the International Railway Association. 

tChief Mechanical Engineer of the Palatinate Railways. 


493 


but little more current, when running on the level, 
than the six-wheeled cars, which weighed about 7 tons 
less. This is no doubt due to the smaller resistance of 
cars with trucks. An attempt was made to reduce the 
resistance of the larger cars still further, by using roller 
bearings, but without success. The eight-wheeled cars 
have the material additional advantage that their con- 
struction, with a central gangway (as in American cars), 
gives considerable space available as standing room. Ex- 
perience shows that when there is a sudden rush of 
traffic, passengers prefer to stand during a short jour- 
ney, rather than wait for the next train. 

The weight per seat (870 lbs.) compares favorably (in 
spite of the heavy weight of the lead accumulators) 
with the weights usual in other types of railway cars. 
This is due to the good design of the motor-car. Hence 
there is no reason to reduce the weight of the batteries 
to the lowest possible limit by using very thin plates and 
placing them very close together, which would have an 
unfavorable influence on the life of the battery and make 
maintenance more difficult. 

The batteries used for both six-wheeled and eight- 
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wheeled cars are of the same size; their total weight is 
15 tons, and their capacity when new is 250 ampere- 
hours. The batterfes are placed below the seats in 26 
wooden boxes each containing 6 cells each; thus there are 
156 cells connected in series while running. Each cell 
has seven positive and eight negative plates 11'5/,, ins. 
square, fixed in a hard-rubber cell. The positive plates 
are about /ie-In. thick. The cells are connected by 
double lead strips, which are connected by’ means of 
binding screws provided with special protection against 
the action of the acid. The boxes are connected by 
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156 cells and acid (187.4 Ibs.).............. 29,233 Ibs. 
26 wooden boxes (123.5 1bs.)...........+.05 3,210 Ibs. 
156 lead connections (3.5 Ibs.).............. 551 Ibs. 

Ill See Be 32,994 lbs. 


In order to have as many as 114 seats, the body of the 
car had to be 9 ft. 10 ins. wide. It was considered in- 
dispensable to have side doors so as to enable the pas- 
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sengers to get in and out quickly, hut the steps extended 
beyond the usual loading gage. A device was therefore 
adopted, by means of which the steps could be folded 
back by a hand lever at the side of the car. The steps 
when folded back interlock with the side doors, which 
if open would also project beyond the loading gage. In- 
structions are issued to the staff not to start the car 
until the steps have been folded back and the side doors 
consequently locked. On each side of the car, there are 
10 side doors. Two of these are kept locked and are con- 
venient for bringing in and taking out the batteries. 

The accumulator boxes are 3 ft. 71% ins. long, 1 ft. 
7% ins. wide and 1 ft. 75/,;, ins. high. They are let about 
256 ins. into the floor of the car and are located under 


the seats. There are 38 seats, and 26 have accumulator 
boxes below them. The others have heaters below for 
briquettes. The accumulator boxes are not in the middle 


of the car, but distributed more over the trucks. At first 
they were also placed in the middle of the car, but at a 
certain velocity the car oscillated objectionably. Pro- 
vision is made inside the car for attaching tackle by 
means of which the boxes can easily be lifted out onto a 
low truck, running on rails, when any repairs are neces- 
sary. The truck is then run into the workshop. 

At each end of the car there is a driver’s compartment 
so that it is not necessary to turn the car. In each of 
these compartments there is a series-parallel switch of 
the usual pattern, a voltmeter and an ammeter, a bipolar 
emergency switch together with the single switches and 
fuses of the two main motors, as well as a brake and a 
signaling alarm operated by a foot lever. There is also 
an electric alarm bell which can be operated from the 
different compartments by pushes marked ‘‘emergency 
signal,’’ to make the driver stop at once. The resistances 
of the motors are under the floor of the car. At one 
side of the car there is a case, which can be locked, 
which contains the charging switchboard and the charging 
plugs, the battery fuses and a switch lever which en- 
ables the batteries to be coupled up in two parallel lots 
of 78 cells each, so as to reduce the pressure to that 
suitable for charging. A simple safety device is connected 
with the switch lever to prevent the charging cable from 
being switched on when the pressure of the 156 cells 
coupled up in series exceeds the pressure of the charg- 
ing dynamo. 

The car is driven by two motors on one truck. The 
power is transmitted to the two axles through toothed 
gearing having a ratio of about 1:3. The two motors are 
located on one truck in order to make it easy to examine 
them simultaneously from a comparatively short pit. 
The greater wheel-load of the motor truck is in part neu- 
tralized by distributing the batteries so that the greater 
part of their weight comes on the other truck. The 
motors are designed to produce a speed of 28 mi. p. hr. 
when the loaded car (about 50 tons) is rup on the level. 
By reducing the intensity of the magnetic field it is 
possible to increase the speed to 30 or 34 mi. p. hr., but 
as a rule any such reduction is avoided, as too much cur- 
rent would be used. 


If we assume the mean pressure of discharge of each 
of the 156 cells to be 1.9 volts, then the total pressure 
available at the motors will be (in round figures) 300 
volts. If the motors are in parallel, the mean load of 
each motor is about 65 amperes; of both together about 
130 amperes. This mean load may in increased to 100 
amperes if the weather is bad, if there is a head wind, 
if the speed is increased, if the intensity of the magnetic 
field is reduced, or if trailers are added. The specifica- 
tions provided that the motors should have an efficiency 
of at least 85% at the mean load of 65 amperes, and 
that they should stand a load of 120 amperes for 20 
minutes without injurious heating. The latter is the 
load if one motor becomes damaged and the other has to 
run the car by itself. 


The car is lighted by electric lamps fed by the bat- 
teries; the usual petroleum lamps are used for train sig- 
nals. The main part of the car is divided into three 
compartments, which communicate. There are two 
smaller compartments near the end, each with 21 seats, 
and the chief compartment in the middle with 72 seats. 
The empty driving compartment at the rear is used for 
baggage, mails, etc. 

As the towns on the line are only short distances apart 
and there is considerable traffic between them, the con- 
ditions are specially favorable for a stopping or local 
service. It is also a great advantage for the motor-car 
service that the lines form a connected network, and 
are not separate and disconnected. 

There are four charging stations. Their equipment is 
very simple. The cables coming from the power stations 
are led {nto a wooden cabin located along the siding 
provided for the accumulator car. The cables go to a 
small switchboard, equipped with lead fuses, an am- 
meter, a current meter and a Dipolar main switch. 
Behind the main switch, the conductor continues in the 
form of two-pole cable about 26 ft. 3 ins. long, which 
consists of two flexible copper cables, well insulated and 
protected, terminating in the plug fitting into the charg- 
ing contact of the car. An alarm bell circuit connects 
the charging station with the central power station, and 
a system of signals is arranged to indicate when the 


charging dynamos are to be started and stopped. Where 
required, a pit is provided for examining the motors. 

As already stated, the batteries of a car are connected 
in parallel in two sections of 78 cells each, so as to 
suit the charging pressure available. The charging is, 
as a rule, effected by a 200 ampere current, equal to 100 
amperes to each section. The pressure during charging 
rises from 156 to 200 volts; the mean pressure may be 
taken to be 175 volts. The amount of energy which 
can be supplied to the car in one hour therefore amounts 
to (200 x 175) + 1,000 = 35 KW.-hrs. 

The simplest and most economic way of charging is 
to have a separate dynamo feeding the cable from the 
power station and disconnected from the rest of the sys- 
tem; it is then possible to adjust this dynamo, in a 
very simple way, to suit the alterations of pressure 
which occur when a battery is charged by a current of 
constant strength. Originally at some of the stations, 
the batteries were charged by a current having a con- 
stant pressure of 220 volts; it was then necessary to 
insert resistances which owing to the somewhat large and 
continuous loads had to be of large size, and conse- 
quently involved the loss of by no means inconsiderable 
quantities of energy. 


All the charging stations are now equipped for direct 
charging by a dynamo disconnected from the rest of the 
system. At Ludwigshafen and at Neustadt, the charg- 
ing station is supplied with current by the central elec- 
tric lighting station owned by the railway. At Landau 
and Schifferstadt, the current is supplied by a municipal 
and by a private station respectively. The sections of 
line between two power stations, or operated from any 
One station, have lengths of from 7.6 to 27 miles (average 
16.8 miles), with grades of from 0.6% to 0.3%. 

The longest journey a car has to take without recharg- 
ing is 27 miles. As measurements show that the mean 
current consumed amounts to 32.7 watt-hours per ton- 
mile, the current consumed by the car (50 tons when 
loaded) is about 1.6 KW.-hrs. per mile; 43.4 KW.-hrs. 
are therefore required for running 27 miles. If we take 
the mean discharging pressure to be 300 volts, it follows 
that the batteries of the car must have a capacity of at 
least (43.4 x 1,000) — 300 = 145 ampere-hours, in order 
to be able to supply the current for the trip in question. 

As the capacity of a car is continually becoming re- 
duced approximately directly as the distance run, a car 
with new batteries of 250 ampere-hour capacity is in the 
first place (stored energy, 250 x 300 = 75 KW.-hrs.) 
used for those journeys in which the minimum capacity 
required is say 145 ampere-hours, as in the instance 
given above. The car is then used on this run until the 
battery no longer satisfies the requirement of having a 
capacity of 145 ampere-hours. It is then transferred to 
anotber section where a smaller capacity is sufficient, 
and there used until the capacity is so much reduced 
that the renewal of the positive or negative plates can no 
longer be postponed. By such proper gradation of work, 
much can be done in improving the economic utilization 
of the battery. 

Before the car is started, it is generally charged for 
about five minutes. A comprehensive estimate of the 
time required for charging may be made as follows: 
An hour’s run at 21.7 miles per hour requires, at 2.4 
KW.-hbrs. per mile, 52.5 KW.-hrs. At 200 amperes and 
175 volts = 35 kilowatts, the time this requires for 
charging is 52.5 — 35 = 1% hours. Therefore each 
hour’s run necessitates about 114 hour’s time for charg- 
ing. From the current consumed, 32.7 watt-hours per 
English ton-mile, or 1 KW.-hr. for the 50-ton cars, and 
from the observation that the charging current required 
is 2.4 KW.-hrs. per mile run, it may be deduced that 
the efficiency of the battery is 1 + 1.5 = 0.66. 

It has been found advisable in certain cases (in order 
to avoid unnecessary journeys and to increase the range 
of the accumulator car system) not to run the motor 
cars empty, but to have them coupled to passenger trains 
and so hauled by steam power. Current is saved and 
cost of maintenance of batteries and cost of staff. More- 
over, the track is not obstructed by running the empty 
cars. By means of this hauling system, the fleld of 
action of these motors is increased, as the cars can 
be run to places which would otherwise be too far from 
charging stations. As the motor-car can go to the rear 
of the train by means of its own power, switching opera- 
tions are simplified. The driver of the car remains in his 
compartment and operates the hand brake. As a rule, 
the public is not admitted into the car. Fast passenger 
trains are not used for hauling motor-cars as the 
speed of revolution of the motors might become in- 
juriously high. 

The conclusion drawn from observations is that under 
the prevailing conditions of traffic, and under the care- 
fully organized supervision of the batteries, the sets of 
positive plates have a mean life of 67,100 useful miles 
and the sets of negative plates 36,500 useful miles be- 
fore their capacities have become so much reduced that 
they can no longer be depended on for the purposes of 
the traffic. The life of the positive plates is thus nearly 
twice as long as the life of the negative plates. 

Besides these renewals, which had to be made at 
definite regular periods, it was also necessary to clean 
the whole battery thoroughly after each run of 12,400 


to 18,600 miles. Until Iately, when this cleaning took 
place, the separate negative plates were again coated, 
as otherwise the average of 36,500 miles could not have 
been attained with the negative plates used. This coat- 
ing operation, which was somewhat costly and required 
much time, was carried out at the railway shops. For- 
tunately, it can now be eliminated altogether, because 
the Berlin Accumulator Co. is able to supply an im- 
proved negative plate. Such plates are now used on all 
the six cars, and it is already evident that without any 
coating operations, the plates will give at least as good 
results as the 16 older sets of negative plates. One of 
the new sets is still in use and has already run 43,500 
miles. 

As far as possible, the periodic cleaning and renewal 
operations for the proper maintenance of the battery, 
and the other examinations and repairs of the cars were 
carried out at the same time. 

The average time during which the cars had to be 
withdrawn for repairs during seven years was 12%. The 
average for the locomotives of all the German railways in 
1905 was 18%. 

The cost of maintenance of the cars, motors and bat- 
teries was from 1.263 cts. per useful car-mile in 1900, to 
6.566 cts. in 1903, and 3.94 cts. in 1906. Thus, the cost 
of maintenance was low at first, then rapidly increased 
in the years in which battery renewals were most fre- 
quent, and then again decreased. The mean figure for 
the cost of maintenance for the whole seven years is 3.9 
cts. per useful car-mile. By way of comparison, it may 
be stated that the mean total cost of the maintenance, 
renewal and improvement of the locomotives of all the 
German railways in 1905 was 4.442 cts. per useful loco- 
motive-mile. 

After the cost of maintenance we have to consider the 
cost of traction. In the case of accumulator cars this is 
composed of the cost of the electrical energy supplied and 
the cost of lubricating, cleaning, lighting and heating the 
cars. The observations made during 1900-1903 as to the 
consumption of energy, measured at the charging sta- 
tions, showed an average for the four years of 2.4 KW.- 
hrs. per useful car-mile. The cost of current varied 
in different years between 2.4 and 2.64 cts. per KW.-hr, 
The cost was not the same at the different supply stations 
owned by the railway and by others, and consequently 
the mean cost varied. Taking the mean cost to be 
2.02 cts., the cost of electrical energy amounts to 6.10 cts. 
per useful car-mile. The cost of lubricating, lighting and 
heating was accurately determined during one year, and 
found to be 0.735 ct. per useful car-mile. Adding this to 
the cost of the electrical energy, we obtain a total cost of 
traction of 6.835 cts. per useful car-mile. 

The greatest economic advantage shown by the motor- 
car as against the steam trains, is the saving in wages 
of train crews, as only one driver and one conductor are 
required for each motor-car. The total cost of main- 
tenance, traction and staff will amount to about 13.5 cts. 
per mile. 

It may be definitely asserted, on the basis of the ex- 
perience of a number of years, that an accumulator 
motor-car service can be economically successful in 
cases where the lines concerned are on the level and not 
too long, where there are suitably located charging sta- 
tions at which current is produced cheaply, and where 
conditions are such that proper supervision of the bat- 
teries is possible. 

A specially favorable result shown by this service, 
which has been operated a number of years, is the fact 
that only very rarely did any sudden breakdown in the 
service occur. This shows that the accumulator cars 
are very reliable, and in this respect compare favorably 
with most kinds of gasoline and steam motor-cars. In- 
deed the construction of the car and of the equipment 
gives the greatest guarantee against.sudden breakdowns. 
If the battery fails because some of the lead connections 
break, the fault is at once easily repaired by putting in 
a spare connecting piece, unless it is preferred to couple 
up the battery, as for charging, in two parallel halves, 
and run at half the pressure, and consequently with half 
the speed, to the next stopping station. If the armature 
or other winding of a motor fails, that motor is auto- 
matically cut out by the safety fuse, and the second 
motor is then used for running the car; its dimensions 
are such that this can be done without any difficulty. If 
one of the switchboards goes wrong, the switchboard in 
the compartment at the other end is there as reserve. 

When worked for a number of years, motor-cars natur- 
ally do not escape the smaller accidents liable to occur in 
operating a railway service, such as derailment at 
switches and turntables, minor collisions during shunt- 
ing operations, etc.; it was found that the accumulator 
motor-cars showed a good resistance when subjected to 
such unusual treatment. And although the normal path 
in life of a motor-car does not exactly include running 
over wagons and through walls, yet it appears of im- 
portance to note that the records of these accidents 
show that the accumulator motor-car is a vehicle which 
can stand the rough treatment which cannot always be 
avoided in operating a railway, better than would have 
been expected from the combination of vehicle and bat- 


teries. 
Finally, it may be stated that the chief conclusion to 
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be drawn from the experience of the Palatinate Rail- used expansively) the minimum driving pres- at all times perfect adjustment of the output 


ways, extending over a number of years, is that an ac- 
cumulator motor-car service can be economically suc- 
cessful if the battery is well and carefully maintained, 
and if the current can be generated at a cheap rate. In 
it we have a motor-car system which is reliable to a 
high degree. These advantages probably outweigh the 
disadvantages inherent to accumulator cars; the allow- 
ance that has to be made, when drawing up the time- 
tables, for time of charging; the very careful supervision 
required; and the fact that the possibility of using them 
is frequently limited by the size of the battery and the 
want of charging stations. 

Mr. Gayer, the Assistant Manager of the Palatinate 
Railways, has the merit of having been the first to pro- 
pose the application of accumulator motor-cars to stan- 
dard-gage lines, and of having subsequently developed 


the system. 
— m 


CONTROLLING THE OUTPUT OF THE AIR COMPRESSOR. 
By FRANK RICHARDS,* M. Am. Soc. M. E. 


To one who has never given the matter any 
thought, and who has been so situated that 
some knowledge in the special direction has not 
been forced upon him, an air compressor may 
still seem to be a simple apparatus and its 
working conditions easy to be satisfied. It is 
only another pump, it may be thought, and of 
course easier to work than a pump for water 
on account both of the lightness and the elas- 
ticity of the material handled. 

It happens, however, that each special prop- 
erty of atmospheric air adds its own special 
difficulty to the operation of comppession, and 
the problem of economical air compression, as a 
whole, is one of the most complicated and one 
of the fartl. st from complete and satisfactory 
solution still before the practical engineer. 

It would be wasting time and space here to go 
into a discussion of the specific difficulties in- 
separable from air compression; it will be suffi- 
cient to merely mention one or two of them. 
The elasticity of the air, in contrast to the non- 
elasticity of water, is perhaps the first thing to 
make trouble. With a water pump little atten- 
tion need be paid to the clearance, or the un- 


swept space at the end of the stroke. All this 
Space is filled with solid water, and there is 
practically no loss in efficiency from it. But in 


air compression, whatever air fills the clearance 
space at the end of the compression stroke can- 
not be expelled or delivered, and might better 
not have been operated upon at all. Being at 
the high pressure of delivery it must reexpand 
upon the return stroke to atmospheric pressure 
before other air can begin to enter for the next 
stroke, and the space occupied by this reex- 
panded air must all be deducted from the theo- 
retical stroke displacement, often amounting to 
a considerable percentage reduction of the volu- 
metric efficiency. 

The heating of the air during the compression 
is another source of loss and trouble. At the 
end of the stroke the volume of air delivered 
is, in consequence of the heat, greater than will 
be available for use after the air has cooled 
again; but in the compression operation the 
power required has been proportionately higher 
all through on account of the augmented tem- 
perature. The heat also makes trouble with 
the lubrication. and in continuous running be- 
comes a source of actual danger, so that stage- 
compression, water jacketing, Intercooling and 
other devices have to be employed, with results 
never more than partially satisfactory. 

The moisture always present in air also be- 
comes a serious nuisance when the air is com- 
pressed, and in many of the devices in which 
compressed air is used it causes much delay and 
inconvenience, so that one function of the com- 
pressor and its appurtenances is to as far as 
possible eliminate the moisture. 

In the water pump the resistance to be over- 
come in the act of pumping is practically con- 
stant for the entire stroke. In compressing air 
there is practically no air resistance to be over- 
come at the very beginning of the stroke, but 
the pressure rises as the piston advances and 
most of the power is required for the final com- 
pression, and then the expulsion of the air at 
its maximum pressure. In the steam-driven 
machine (the steam of course for economy being 
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sure is at the end of the stroke when the air 
resistance is the greatest, and at the beginning 
of the stroke the high steam pressure finds lit- 
tle in the air cylinder to Oppose it. This 
anomalous arrangement of decreasing operating 
force and increasing resistance to be overcome 
must be recognized and provided for in the ma- 
chine itself, and at best the result is a con- 
stantly reversing balance of stresses. 

These things are all sufficiently familiar to 
all who have to do with air compression, and 
they are only alluded to here by way of in- 
troducing another exacting requirement which 
practically all compressors encounter. This, 
also, is not a new trouble, but it seems to be, 
up to the present writing, the one which has 
most signally failed to elicit adequate or at all 
satisfactory corrective devices. Here again the 
contrast is sharp between the water pump and 
the air compressor. The pump not only has a 
constant resistance for the stroke, but its out- 
put can be taken and stored in tank or reser- 
voir as delivered, so that a pump usually can 
run all day long at constant speed and with 
uniform delivery. 


COMPRESSED AIR SERVICE ALWAYS IN- 
TERMITTENT. 

Compressed air has the double disadvantage 
that it is used intermittently and that it can- 
not be stored in large quantity. Few air-oper- 
ated devices run 
continuously or 
with a constant 
and uniform con- 
sumption of air, 
and where, as is 
usual, many rock 
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of them. At 
the same time comparatively little compressed air 
can be held in storage, and whatever the stor- 
age capacity it is generally impossible to main- 
tain a uniformly effective pressure without wide 
fluctuations in the rate of compression. The 
total capacity of the usual air receiver installed 
with a standard compressor is only about equal 
to one minute’s output of the compressor. 

As the air consumption is never constant there 
can be only one way to maintain an always suffi- 
cient supply at constant pressure, and that is to 
have a compressor of capacity equal to the 
maximum demand and then to keep a safety- 
valve blowing away air most of the time, thus 
wasting large volumes of air and the power ex- 
pended in compressing it, besides the nuisance 
of the air discharge in itself. It may be as- 
Sumed that in ordinary compressed-air practice 
one-half or three-quarters of the air compressed, 
and of the power used to compress it, might be 
blown away by this scheme. 

It is entirely impossible to control the output 
by varying the speed of the compressor, as the 
range of permissible and controllable speeds is 
generally entirely inadequate, and frequent 
stopping and starting of the machine is not to 
be thought of. 

Constant speed is the ideal for the air com- 
pressor, even when steam-driven, and with the 


rapidly increasing number of compressors which 


are driven by electric motor or Pelton wheel the 
constant speed is insistent, and other devices 
are demanded for controlling the volume of air 
compressed and delivered. 

No one can say that the arrangements pro- 
posed for this purpose, some of them extensively 
used for want of anything better, are at all 
satisfactory. We can only allude to one or 
two of the devices in use, and it must be left 
to the reader to see for himself the objectionable 
features of each and the failure of all to more 
than partially comply with the requirements. 
What is wanted, of course, is an automatic and 


to the varying rate of consumption, with, as an 
accompaniment, a corresponding saving of the 
power employed when the compressor is working 
below its full capacity. 

One device, perhaps as extensively used as 
any, operates in the following manner: when the 
air pressure rises above a predetermined point 
a discharge valve of the compressor remains 
open and then the compressed air plays back 
and forth in the cylinder instead of having its 
volume increased by additional compression. 
The compressor in this case is either compress- 
ing air or it is not, and while air consumption 
goes on at all, though at a much reduced rate, 
there must be a frequent throwing on or throw- 
ing off of the load, and at no time is the rate 
of compression adjusted to the rate of con- 
sumption. © 

Another system of regulation automatically 
opens the inlet valves when a certain pressure 
On the receiver is exceeded, and while they re- 
main open free air is free to rush in and out of 
the cylinder without being compressed. Here, 
too, the compressor is either compressing or it 
is not, and there is no graduated adjustment of 
the load to the requirement. In this case, how- 
ever, either end of the cylinder may be thrown 
out of work independently of the other, and in the 
case of the duplex machine there are thus four 
ends of two cylinders which may be thrown out 
of action one after the other, with a little dif- 
ference in delivery pressure between each two 
in succession until all compression ceases, when 
of course there must begin a step-by-step re- 
sumption of compression, and so on continu- 
ously. There is extant a published description 
of a duplex tandem-compound belt-driven com- 
pressor, in which there are eight inlet valves to 
be manipulated, and these are thrown in or out 
of service in pairs, a low-pressure one on one 
side and an alternate high-pressure one on the 
other side, four successive steps of this char- 
acter leaving the compressor “marking time” 
and the air blowing in and out of each end of 
each cylinder. 

There are other devices for the purpose, which 
it is not necessary here to speak of, and some 
still in the experimental Stage which have not 
yet come to the knowledge of the public; but 
not one of the devices satisfies the case, and 
neither the users nor the makers are satisfied 
with them. 


CLAIMING THE PROTECTION OF PUB- 
LICITY. 

That the thing desired is perfectly possible of 
accomplishment no one will doubt, and to 
strengthen and confirm conviction I here bring 
to the notice of the public my own recently in- 
vented unloading device. My convictions are 
strong as to its entire practicability and value, 
and intending to secure it if possible by patent, 
I here take the perhaps unusual precaution of 
securing the preliminary protection of pub- 
licity. 

The device is extremely simple and will be 
easily understood from Fig. 1. Here A is the 
end of an air-compressor cylinder, B being a 
portion of the cylinder head. To the cylinder 
head is fitted an auxiliary clearance chamber or 
cylinder C, the piston D of which is here rep- 
resented as flush with the interior face of the 
cylinder head B. With the piston D in this 
position, the air-compressing cylinder has only 
its normal clearance, and we may assume that 
compression is going on in the usual way and 
with the maximum output of compressed air, 
the entire cylinder full of air being compressed 
at each stroke and all except the small quantity 
which fills the unavoidable clearance space be- 
ing expelled into the discharge pipe. 

In this working of the compressor at its full 
capacity the unexpelled compressed air remain- 
ing in the clearance space reexpands as the 
piston recedes, and when it has gone, say, an 
inch or so the pressure will have fallen to that 
of the surrounding atmosphere, and then the 
free air will rush in and follow the piston, flll- 
ing the cylinder for the next compression stroke. 

By turning the hand wheel E the piston D 
may be withdrawn some distance from the po- 
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sition shown, where it is flush with the inner 
surface of the cylinder head B. This with- 
drawing of the piston D thus makes a consider- 
able addition to the normal clearance of the 
compressing cylinder A, and when the next 
compression stroke occurs this additional space 
will be filled with compressed air which other- 
wise would have been expelled into the dis- 
charge pipe. Upon the return stroke all the air 
in this clearance space, in addition to that which 
fills the regular clearance, will reexpand, with the 
result that the pressure will not fall to atmos- 
phere until the piston has traveled a greater 
portion of its return stroke than before. Say 
that the pressure in the cylinder only comes 
down to that of the atmosphere when the 
piston has made one-half of its return stroke; 
then only one-half of the cylinder will be re- 
filled with free air and only one-half of the 
cylinder full of air will be compressed and de- 
livered. If the piston D be withdrawn to double 
the distance just assumed, then the reexpansion 
of the compressed air will continue throughout 
the entire return stroke, atmospheric pressure 
will not be reached until the end of the stroke, 
no additional free air 
will enter the cylinder, 
and none will be com- 
pressed and delivered. 

The piston in the 
cylinder continuing to 
reciprocate at regular 
speed, the alr- compress 
ing function will be 
entirely suspended and 
will not be resumed un- 
til the piston D is 
moved in the opposite 
direction and the auxi- 
liary clearance space is 
reduced or entirely 
eliminated, the latter oc- 
curring when the stop 
collar F comes against 
the end of the threaded 
sleeve. 


It is worth while to 
note how satisfactorily 
the desired result of 
throwing the compressor 
out of action without 
changing its speed is here 
accomplished. The air 
in the auxiliary clear- 
ance plays in and out 


Reversible Motor 
Controlled by 
Automatic 

Switches 


Vertical 


tion, the power expend- 
ed in compressing the 
air into this space is given back by its reex- 
pansion upon the return stroke, and there is 
also no raising of the temperature of the air, 
as however much the temperature may rise 
upon the compression stroke it must correspond- 
ingly fall when the reexpansion occurs. 

To make the movement of piston D automatic, 
so that the air compression may be correctly 
adjusted to the air consumption, is not difficult, 
and may be accomplished in various ways. Fig. 
2 ig merely a sketch of one arrangement, with 
no attempt to show details. Here, again, we 
have the compressor cylinder A, the body of 
the cylinder and the heads being water-jacketed 
in the usual way, and we have also a clearance 
cylinder for each end of the compressor cylin- 
der, these clearance cylinders in this case being 
placed upon flat faces which are cast on the 
side of the compression cylinder. When the 
pistons in these clearance cylinders are at the 
bottom of their cylinders the compressor will 
operate as if these clearance cylinders were 
wholly absent. Even the ports are filled by the 
lugs L L and the clearance remaining will be 
negligible. 

In place of the hand wheel in Fig. 1 we have 
here the worm wheels, W W, the worms which 
actuate them being upon the same shaft, 80 
that the pistons must always move in or out 
together. This worm shaft is connected by 
suitable gearing to a reversible electric motor, 
which is actuated in either direction by switches 
that are operated alternately accordingly as 


the pressure in the air receiver rises or falls. 
The speed reduction must be much greater than 
is here indicated, as the movements of the pis- 
tons should be quite slow, so that only a small 
motor would be required. 

The readiest and most natural objection, and 
also perhaps the most absurd, which can be 
offered to this device is as to the cost involved. 
The wise engineer should be the last man to 
expect to get something for nothing. The ad- 
vantage promised in this case is sufficiently 
obvious, and the cost of the advantage thus 
secured makes it an engineering bargain such 
as is seldom offered. 

From the catalog of one of the leading 
builders of air compressors, I recently drew 
some particulars concerning two compressors 
of different classes and of approximately the 
same capacity, the one a “simple” machine and 
the other with all the refinements of economy 
and up-to-date efficiency. The rated horse- 
powers of the two showed a saving of 11% in 
the high class machine, but it weighed 63% 
more, and the price of it was 45% higher; and 
yet the higher priced machine is always chosen 
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with no perceptible fric- FIG. 2. AUTOMATIC REGULATOR FOR AIR COMPRESSORS, 


Section. 


OPERATING BY VARYING CLEARANCE SPACE. 


by the big, winning contractors. The auto- 
matic controller might add 5% to the total cost 
of the machine, and there are many cases where 
it could save 50% in power and make a wider 
possible field for the employment of the ma- 
chine by making it reliable and independent. 

In recapitulation the reader is reminded that 
the chief purpose of this article is to call at- 
tention to the proposed use of a controllably 
variable clearance space in connection with the 
cylinder of an air compressor, the space when 
fully opened being sufficient to receive the en- 
tire stroke content of the cylinder, allowing it 
to be compressed into this space and then to 
reexpand into the compressing cylinder, none 
of it being delivered as compressed air into the 
discharge pipe, and then the adjustment, auto- 
matic or otherwise, of this clearance space so 
that only a portion of the air compressed per 
stroke will be delivered according to the amount 
of compressed air required. 

Fig. 2 is to be regarded as only a crude 
sketch of one possible mode of applying this 
device, others being in process of development. 
Of course an air motor may be employed instead 
of the electric motor, the air pressure being 
necessarily always present, and the compressor 
then would be, for control, entirely independent 
of anything outside itself. The sketch is made 
to scale sufficiently to indicate the relative size 
of the clearance cylinders, the ratio to that of 
the compressing cylinder being one-fifth, which 
is presumably as large as would ever be re- 


quired. The size of ports and other particulars 
would be soon determined by experiment. It 
may be suggested that the air to traverse the 
port would have the time of the entire stroke to 
do it in, instead of a quarter of the stroke or 
less for passage through the discharge port when 
full compression was in progress. 
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It is with great regret that we record in this 
place the sudden death of Mr. S. D. V. Burr, who 
has been for more than a quarter of a century a 
prominent figure in American engineering jour- 
nalism. Mr. Burr had been in usual good health 
up to a week previous to his death. An attack 
of appendicitis which began on Sunday, Oct. 25, 
resulted in his death, which took place at his 
residence in Plainfield, N. J., on Wednesday 
evening, Oct. 28. 

Mr. Burr was born in New York City Jan. 23, 
1855. While still a youth his parents removed to 
Plainfield and he entered the High School there 
graduating in the class of 1870. He then went to 
Rutgers College where he graduated as a civil 
engineer and from which he received later the 
honorary degrees of Bachelor of Arts and Master 
of Arts. 

Mr. Burr did his first work as a technical jour- 
nalist during the years from 1880 to 1883 on the 
staff of Engineering News, shortly after the pub- 
lishing offices of this journal were removed from 
Chicago to New York City. His next connection 
was with the “Scientific American” where he re- 
mained for six years. He then joined the staff 
of the “Iron Age” and was an associate editor 
there for 16 years. In recent years he has been 
connected with The Metal Industry” and held 
this position at the time of his death. 

Besides his regular editorial work he assisted 
his father, Samuel J. Burr, A. M., in the prepa- 
ration of two volumes on the Centennial Ex- 
hibition and was the author of books on Bicycle 
Repairing and Tunneling under the Hudson. He 
prepared for the Chamber of Commerce of New 
York City a monograph on the Rapid Transit 
System of New York and other great cities. 

Mr. Burr is survived by a widow, a son and a 
daughter. Funeral services were held from his 
residence in Plainfield on Saturday afternoon, 
Oct. 31. 


— —— ——wä— — 


REMARKABLE STEAM BCONOMY was shown by a 
German self-contained engine-and-boiler set tested re- 
cently by Prof. M. Gutermuth of Darmstadt, Germany. 
Superheated steam and a compound engine having both 
cylinders seated in the smokebox and therefore jacketed 
by. the hot fluegases, are the special features of the 
plant tested. Three tests, at 130 HP., 103 HP., and 78 
HP., respectively, gave the following results: Steam 
consumption, 9.06 ibs., 8.86 lbs., and 9.56 lbs. per HP.- 
hr.; coal consumption (with coal of 13,900 h. u. per Ib.), 
1.11 Ibs., 1.06 lbs., and 1.13 lbs per HP.hr. The super- 
heat at entry into the high-pressure cylinder averaged 
236° F., and at entry into the low-pressure cylinder 
(after the reheater), 200° F. The total efficiency of boiler 
and superheaters was found to be 77%, 78% and 78%, 
respectively, while the mechanical] efficiency of the en- 
gine varied from 93% to 95%. The duration of the 
tests was 7 hrs. for each of the first two and 4 hrs. for 
the third test. It should be noted that the brake was 
attached to a countershaft driven by belt from the en- 
gine flywheel, and to obtain the engine brake power the 
results were increased by 4% to make allowance for the 
belt loss and the bearing friction of the countershaft. 

The plant which gave these results was built by R. 
Wolf, of Magdeburg. It has an internally-fired boiler 
(230 sq. ft. heating surface and 7.3 sq. ft. grate sur- 
face) and a tandem-compound engine seated on top of 
the boiler. Forward of the boiler is a long smokebox, 
in which are two coils of superheating tubes, a front 
and a rear one. The front set takes steam from the 
boiler and feeds the high-pressure cylinder, whose ex- 
haust goes to the rear superheater section and thence 
to the low-pressure cylinder. The low-pressure exhaust 
goes through a feedwater heater before passing to the 
condenser. The smokebox extends upward above the 
top of the boiler shell and there encloses the engine 
cylinders. These are 7.9 ins. and 15 ins. in diameter 
by 15.8 ins. stroke, and are fitted with piston slide 
valves. They are set tandem, with the low-pressure cyl- 
inder at the rear. The crankshaft is near the front; 
it carries two overhung belt flywheels. The tests are 
reported in the Zeitschrift des Vereines deutscher In- 
genieure” of Oct. 8, 1908. 
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THE WALNUT LANE BRIDGE COMPLETED. 


Partly because of the prominence due to the 
largest concrete arch in the world, but largely on 
account of the artistic merit of the design and 
the careful execution of the construction, the 
Walnut Lane Bridge at Philadelphia has received 
a wide publicity. Several times in the past we 
have published accounts of the various details 
of the work, and now, on the occasion of the 
opening of the bridge, at least to foot travel, we 
are glad to present a view of a portion of the 
completed structure. Although the heavy foliage 
and the absence of a comparable scale prevents 
an appreciation of the size of the bridge, the 
view does show in an admirable manner how 
well the masonry arch, gracefully designed and 
simply ornamented, fits in to the wooded land- 
scape of Fairmount Park. 

For the benefit of those who have not seen the 
previous articles (Eng. News, Jan. 31, 1907, p. 
117; Aug. 15, 1907, p. 168) it will be sufficient 
to state that the Walnut Lane Bridge, carrying 
a street of the same name over Wissahickon 
Creek in the outskirts of Philadelphia, is a non- 
reinforced concrete structure, consisting of one 
main arch, 233 ft. span and 70 ft. 3 in. rise, ap- 
proached on one end by two and on the other by 
three 53-ft. arches. The roadway is 40 ft., with 
two 10-ft. sidewalks and 585 ft. long. Although 


the arch rings are of plain concrete, steel floor 
beams are used in places and also minor rein- 
forcement to guard against internal stresses. 
The face of the concrete has been treated by the 
well-known Quimby method of scrubbing until 
the selected aggregate appears on the surface. 

Work on the bridge was started in the autumn 
of 1906 and has just been completed. The bridge 
was designed under the direction of Mr. George 
S. Webster, M. Am. Soc. C. E., Chief Engineer of 
the Bureau of Surveys of Philadelphia, and Mr. 
Henry H. Quimby, M. Am. Soc. C. E., Assistant 
Engineer (Bridges). The contractors are Messrs. 
Reilly & Riddle, and their engineer is Mr. Moriz 
Bernstein. 

— —— ee — 

THE TEST OF A HIGH SPEED ENGINE of which a 
report was published in the Journal of the American 
Society of Mechanical Engineers for October shows a 
noteworthy economy and mechanical efficiency in con- 
sideration of the condition and length of service of the 
engine. The engine tested was a 7-in. x T-in. American 
Blower Co. engine used for driving a fan and had been 
run almost continuously day and night for 10,000 hours. 
The cylinder had been badly scored and the mean diam- 
eter increased to 7.082 ins. The piston had been worn 
small, showing a decrease of 0.013 in. in mean diameter, 
and the piston rings had been broken. Before making 
the test, the valve was set for equa! cards and new 
piston rings put in. At full load and 430 r. p. m. the 
water rate was 41 lbs. per I. HP.-hr. The indicated 
friction horsepower was 1.18 or 4% of the I. HP. at 
full load. These results compare very favorably with 
those obtained with new engines of the same size and 


type. 


THE LARGEST CONCRETE ARCH 
Walnut Lane Arch Across the Wissahickon, Philadelphia, Pa. 


MODERN WELDED PIPE FOR WATER AND GAS.* 
By F. N. SPELLER. 7 


Progress in manufacture is best made by cordial inter- 
change of experience between consumer and producer. A 
clear discussion of the facts and conditions of service— 
not hearsay—will soon develop the weak points of an 
article which the truly progressive manufacturer will 
then endeavor to overcome to the advantage of all con- 
cerned. It often develops that a new material requires a 
variation in the method of handling to obtain the best 
results; here the manufacturer with his experience can 
help the consumer in his difficulty. 


MATERIAL FOR SERVICE LINES.—At the time welded 
pipe was first made, puddled iron was the only material 
available, and for years after steel became known it was 
not considered for this purpose. In the development of 
metallurgy of steel it was found that a soft iron prac- 
tically free from carbon and with a much lower per- 
centage of foreign impurities could be made by other 
process than the old method of puddling. This metal 
was first tried about 1886 in the manufacture of pipe, 
difficulties were naturally encountered at first but have 
been gradually overcome as experience has accumulated. 
Although classed under the general head of steel“ this 
form of refined iron cannot be hardened by quenching 
from a red heat, and is easier to weld than puddled iron. 
Now we have a metal which is especially adapted to meet 
the modern demands in quality, quantity and low cost. 

These requirements are obtained in what we call ‘‘pipe 
steel” by placing the responsibility of the output in the 
hands of a few highly skilled operators, by running the 


—— 1 


rolling mills and welding departments in close touch with 
the steel works, and by keeping the plant exclusively 
engaged in the manufacture of this steel day after day. 
This method of operation is essential to the best results 
in the mill, and at the same time the uniformity of 
welding quality so obtained ensures a high degree of 
uniformity in other respects, for passing through the 


- welding furnace is an ordeal that effectually reveals ir- 


regularities and unsound metal. 

At present the demand for welded pipe is about one 
and a half million tons per year—nearly as great as the 
demand for structural steel. About 80% of this demand 
is for steel pipe. In some cases where strength and 
ductility are important, steel is insisted upon, but for 
the majority of uses where the metal is up to standard, 
either can be used. The steel has, however, now-a-days, 
a general advantage over the iron in being more uniform 
in quality and, considering everything, experience has 
shown it to be the standard material for welded pipe 
of the future. Early experience in the use of steel for 
this purpose taught that certain special treatment was 
necessary in order to obtain the best welding quality and 
to enable it to stand the temperature required without 
undue crystallization. A certain amount of steel pipe 
doubtless got out in those days which would to-day 
be scrapped by the mill inspectors and charged up to the 
department from whence it came. The fact that manufac- 
turers of iron bedsteads and electric conduits ask for 
this soft steel pipe, and bend so much of it cold, into all 
manner of shapes without practically any trouble is 
satisfactory evidence to us that this is the most reliable 
material for the purpose. Steel pipe has been adopted 
lately by the National Fire Protection n as 


l ak the annual S o the American 


Gas Institute, Oct. 22, 1 
+Metallurgical Engineer, National Tube Co., Pitts- 


burg, Pa. 


IN THE WORLD. 
Main Span 233 ft. 


standard for sprinkler lines, and by the American Rail- 
way Signal Association for signal pipes. Vibratory tests 
on steel and iron signal pipe given below show the rela- 
tive endurance of these materials under such stresses. 


TABLE I.—GENERAL PHYSICAL PROPERTIES AND 


CHEMICAL COMPOSITION OF WROUGHT-IRON 
AND STEEL PIPE. 


Chemical analysis. Steel. Wrought iron. 
SICON 26060553640 h00% 01 ET 
pee 050 030 
rr 100 170 
F saradn 30 trace 
. ²˙.aA ccs eae 07 trace (irregular) 
RIGGS ·ĩ ˙ »A 10 1 


*(Pulled longi- 
Physical properties. tudinally.) 
Tensile * 1 58,000 Ibs./sq. in. 46,000 Ibs. / sq. in. 


Elastic limit. 34,000 Ibs./sq. in. 28,000 Ibs. / sq. in. 
Momete 22% in 8 ins. 12% in 8 ins. 
Reduction in area.....! 55% 25% 

‘These figures for iron would be considerably less if 


tests were made transverse to direction of rolling; the 
steel is practically of the same strength in all directions. 


TABLE II.—TEST MADE ON 1-IN. PIPE ON THE 
OLSEN STAYBOLT MACHINE—DEFLECTION 5/32- 


IN. IN 8% INS. 
Average results. , 
Series 1 Load to deflect 5/32-in. No. of revolutions. 
(6 pieces of each) - Steel. Iron. 
772 lbs. 16,178 6,940 


Series 2 
(10 pieces of each) 
13,555 8,764 
The introduction of a change in material in the manu- 
facture of an article having such a widespread use as 
pipe is naturally accompanied by a certain amount of 
difficulty and prejudice on the part of the consumer, 


and opposition from those especially interested in resist- 
ing the change. The objections which have been raised 
to steel pipe will be briefly reviewed under the following 
heads: 

THREADING.—The greater toughness of the steel 
caused some difficulty in the trade before the dies were 
provided with sufficient rake and relief so as to cut 
more readily. In the days when wrought iron predomi- 
nated, a die without rake or relief would make a rea- 
sonably good thread on iron but if used on steel would 
work hard and probably produce a rough thread resulting 
in a leaky joint. Considerable economy results from 
attention to dies, both in time and material, as well as 
in saving of gas through leakage. The threads should 
be clean cut so that the metal to metal joint will be gas 
tight when screwed up, without the aid of some dope.“ 
It is easier to make such a joint on steel pipe with proper 
dies on account of the homogeneity of the metal. 

DURABILITY.—As to the general impression which 
prevailed a few years ago that steel was fundamentally 
more subject to corrosion than wrought iron it will be 
worth while for any one who holds to this opinion or has 
doubis on the subjects to carefully examine the basis of 
his conclusions, or the reports by which he has been in- 
fluenced. Professor Howe, in a paper before the Ameri- 
can Society for Testing Materials last June, sums up his 
experience and gives results of tests made in his labora- 
tory and in the field, extending back to 1897. He con- 
cludes from his own test and all the information which 
he has been able to procure, and after a thorough study 
of many comparative tests by others, that there is no im- 
portant difference in the rate of corrosion between iron 
and stee! used in the manufacture of pipe, but he shows 
by a test on steel skelp made eleven years ago, in com- 
parison with that made in 1906, that a decided improve- 
ment has been made in the uniformity and freedom from 
pitting in modern steel pipe. This has been the result 
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of increased experience and much experimental work, by 
the leaders in the development of this steel. The influ- 
ences which tend to make it more durable have been the 
subject of investigation for some time and finally resulted 
in a number of improvements, including a process of 
working the metal at a soft heat which gave such prom- 
ising results as to warrant its adoption in regular prac- 
tice two years ago. Prof. Howe's test indicate that pipe 
steel is now equal and probably superior to wrought 
iron, being less Hable to local corrosion or pitting. This 
conclusion conforms with that of T. N. Thomson as a 
result of personal service tests reported in a paper before 
the American Society of Heating and Ventilating Engi- 
neers, January, 1908, and with our own special tests 
and numerous service tests, accidental and intentional, 
which we have investigated as they have come to our 
attention in the regular course of business. 

{In our issue of Jan. 30, 1908 (p. 132) in discussing Mr. 
T. N. Thomson’s paper we showed that the number of 
samples examined was too small to allow general con- 
clusions to be drawn and that he had not adequately 
guarded against electrolysis.—Ed.] 

PITTING OF PIPE.—It is now generally believed that 
corrosion is primarily a solution of fron in water. In case 
oxygen is not present the water soon becomes saturated 
with iron and corrosion stops with no visible serious 
results. However, if oxygen is present, the dissolved 
ferrous iron is oxidized to the ferric or insoluble state, 
and is precipitated as rust on the metal, allowing more 
iron to dissolve: thus the process is made centinuous. 
The oxygen seems to have a further important effect, as 
pointed out by Dr. W. H. Walker in accelerating corro- 
sion by combining with the hydrogen released when iron 
goes into selution, thereby depolarizing the cathode. 
Thus, it will be seen that corrosion is a simple electro- 
chemical phenomena“ involving an interchange of elec- 
tricity between two elements between which there is a 
certain difference in potential, and that this action ts kept 
up through the agency of oxygen, moreover, other con- 
ditions being equal, it has been shown that the extent 
of corrosion is proportional to the available oxygen. Pit- 
ting or localized corrosion occurs when the difference of 
potential between two places on the surface uf the iron 
is maintained in the same direction for a considerable 
time. This may be caused by variations in composition 
in the metal or accidental irregularities on the surface 
of the iron due to adhcring foreign material such as 
mill scale, rust, carbon, etc. The latter are far more 
electro-negative to iron than the ordinary variations in 
composition of the metal, and usually determine the loca- 
tion of the pit. 

It is the duty of the manufacturer to make a metal 
which will offer as much resistance as possible to cor- 
rosion, but where conditions are favorable the fron will 
dissolveand return to theform from whence it came, unless 
these forces are resisted by adequate protection from 
moisture and air. A paper might better be devoted to th: 
subject of protection. While experience seems to indicate 
that no universal protective measure can be relied upon, 
a special study of local conditions will usually suggest 
the best means of protection. To secure long life in a 
pipe line, conditions must be favorable or be made so. 
It is along these lines by a study of means of protecting 
iron from sir and moisture that future progress lies, im- 
portant experiments to this end under atmospheric condi- 
tions are already under way by the Paint Manufacturers’ 
Association in cooperation with committees of the Ameri- 
can Association of Testing Materials. It would be well 
if similar tests on the protection of buried pipe lines 
were carried out. 

Those especially interested in the manufacture of 
wrought iron have never proved by comparative tests 
that the claims that they make are borne out in service. 
They rely on a popular opinion which direct evidence 
usually contradicts and argue that as wrought iron 
carries 1144 to 2% of cinder interlaminated with the iron, 
corrosion is thereby retarded. This would be reasonable 
if the cinder were evenly distributed in layers, but a 
microscopic section of wrought iron will show that the 
cinder Hes in slightly flattened strings, and is so irregu- 
larly distributed that loop holes entirely free from 
cinder are not hard to find. Moreover, it can be demon- 
strated that the cinder is more strongly electro-negative 
to iron than any other impurity present and tends to in- 
crease corrosion by the local electric currents thus set up. 

[In the discussion on this paper at the meeting of the 
American Gas Institute, Mr. Speller said that the pres- 
ence of the slag might possibly be more beneficial in 
puddled iron plate as there the material has been cross 
rolled tending to force the slag into thin scales rather 
than into mere strings as in skelp. Mr. Speller also 
said that he believed that welded steel boiler tubes 
would give far less trouble from corrosion than the 
seamless kind. If a comparison was made between seam- 
less steel tubes and welded wrought iron, it probably 
would be favorable to the iron, but if the comparison 
trials were with modern welded steel and welded iron 
the result would be favorable to the steel.—Ed.] 

We have taken considerable time and trouble to in- 

[A more extended discussion of the electro- chemical 


and other theories of the corrosion of iron will be found 
in Engineering News, Sept. 26, 1907.—Ed.] 


vestigate every case of failure by corrosion which has 
come to our attention in the last few years and have 
found that wherever iron and steel pipe had been to- 
gether under the same conditions, while there was 
generally little to choose between the two, the steel fre- 
quently showed decidedly less depth of pitting. 

In an investigation of piping on the Isthmian Canal 
work last spring, In company with the various division 
engineers, we examined 160 cases where pipe had cor- 
roded in service. Out of these a dozen were found where 
steel and iron had been in use together in the same 
line and not one of these showed any decided advantage 
in favor of the wrought iron. Of the others, where no 
comparison was possible, the life of the pipe appeared to 
vary from twenty years (still good) to one year (com- 
pletely eaten through) according to conditions. The 
longest-lived samples included both steel and iron, while 
the worst case was a -in. galvanized wrought-iron 
water-service system of American manufacture. 

It is impossible in the limits of this space to go into 
details on many such cases, but some instances which 
came to my attention recently while investigating con- 
ditions in the California oil flelds, illustrate the charac- 
ter of this evidence. A 3-in. string of tubing in a water 
well at the Oregon-Midway Oil Co. property was used for 
six years without perceptible damage. Instead of con- 
tinuing to pump direct, it was decided to use the air lift 
system and another string of the same tubing was in- 
stalled. which lasted just three months, when nearly 


every length was found to be perforated at the threads. 


except the bottom piece, which was entirely eaten 
through. This piece was 
pointed out to me as being 
the worst example of the 
trouble, and on examination 
proved to be wrought iron, 
while the rest of the line was } 
steel. 

Near Lompoc, Cal., some 
steel casing had been pitted 
through in places and re- 
inoved from a well. The cor- 


rosion was quite local, and 
usually affected only one 
side of the casing. The coup- 


lings which were of forged 
wrought iron, were found 
just as badly pitted, and in 
some cases completely eaten 


through, although much 
thicker than the casing 
proper. 


One more instance may be 
useful as illustrating many 
cases of the same kind which 
have come to our notice. 
A drying kiln in a large 
cooperage plant was equipped 
two years ago with l-in. and 
1½-in. steam- heating coils. 
Considerable condensation 
took place and a few weeks 
ago the system gave way In a number of places due to 
rapid corrosion. Four sample pieces were forwarded to 
us with the request that in future wrought fron be fur- 
nished. Three of these pleces which were perforated, 
proved to be wrought iron, and the other, which was 
corroded about half way through, was found to be steel. 

My first experiments on this subject were made over 
four years ago in the laboratory when we suspended 
pieces of standard pipe materials in hot aerated water. 
No important difference could be noticed under these 
conditions, but we were led by this and other consid- 
erations to distrust the popular opinion as to the dura- 
bility of iron, the error of which has been since further 
demonstrated in a more practical manner by abundant 
evidence like the above. 

As to the basis of the general opinion on this question, 
to which I have referred, at present we can only sur- 
mise. Those holding it nowadays for the most part do 


FIG. 2. 


not distinguish between pipe steel and other grades of 


steel which do not require such careful attention in man- 
ufacture, and probably do not take into account the fact 
that conditions governing corrosion are much more active 
to-day than twenty years ago, or that whereas steel pipe 
has been passing through .a period of evolution, and to- 
gcther with other branches of the industry is becoming 
better understood year by year, the tendency is toward 
deterioration in wrought iron on account of the passing 
of the old-time puddicr and the practice of using steel 
scrap, often of unsuitable quality, for the sake of 
economy. 
these materials are not generally understood and in many 
cases their identity has been mistaken. 

Many of the cases of comparative corrosion investigated 
by us have been on steel and iron pipe made before any 
special attention was given to the quality of the steel in 
resisting corrosion and this evidence certainly does not 
lead to any important conclusions one way or the other. 
Surely then it is reasonable to expect that the work al- 
ready done toward improving pipe steel will produce atill 
more satisfactory results in the future. 


Furthermore the properties which distinguish 


THE CLOSURE OF THE CHARLES RIVER DAM. 
By EDWARD C. SHERMAN,® Assoc. M. Am. Soc. C. E. 


One of the most interesting events in the con- 
struction of the Charles River Dam at Boston 
and Cambridge, Mass., occurred on October 20th, 
1908, when the gates of the “shut-off” dam were 
dropped and the tidal flow in the river basin 
stopped. 

A general description of the dam was published 
in Engineering News, Oct. 6, 1904. This was 
followed in Engineering News, Jan. 12, 1905, by 
another article. in which are described the lock 
and sluices and the shut-off dam for arresting 
the tidal flow. Both these articles were written 
by Mr. J. Albert Holmes. A description of the 
lock-gates, by the author of this article, appeared 
in Engineering News, July 9, 1908. 

The capacity of the Charles River Basin, be- 
tween mean low and high water levels, is 323,- 
000,000 cu. ft., the normal range being about ten 
feet. With this enormous quantity of water ebb- 
ing and flowing twice daily, it was impossible to 
deposit the earth to form the dam and have it 
remain in place, so that a shut-off dam, which 
could be closed all at one time, had to be con- 
structed. The Charles River being a navigable 
stream it was not permissible to proceed with 


VIEW TAKEN AT MOMENT OF CUTTING THE 
SUPPORTING ROPES. 


this work until the lock was completed. As soon 
as river traffic’ was transferred from the old 
channel to the lock, round plles were driven and 
braced and a line of 6-in. yellow pine sheeting 
was driven across the river between the coffer- 
dams in which the lock and the sluices had been 
built, and cut off at elev. 97, about 3% ft. below 
mean low tide. Riprap was then placed and the 
structure completed as shown by Fig. 1. The 
lock and the sluices were left wide open during 
this construction work so as to relieve the shut- 
off dam as much as possible by allowing the 
tidal currents to pass through them. 
The contract provides that: 


As the work of driving the sheet piles and securing 
them in place approaches completion, the increased ve- 
locities of the tidal currents may prevent this work 
from being carried on except at certain stages of neap 
tides; and while this work of completion is in progress 
the contractor will be required to have sufficient pile- 
driving, dredging and other plant, and tools and work- 
men, to prosecute this work, and the work of depositing 
the earth, coarse gravel and riprap at the shut-off dam 
with such rapidity as may be required. 


The driving of the last of the sheeting was dif- 
ficult, but was accomplished and the sheeting 
was cut off under water, as evenly as possible, 
so as to make a close joint with the gates. Asa 
further precaution, a piece of rubber hose was 
nailed on the bottom edge of each gate. 

The contract provides further that: 

The contractor will be required to put all the gates in 
place between the first and second of four consecutive 
high neap tides, none of whose predicted heights, as 
shown by the tide tables of the United States Depart- 
ment of Commerce and Labor, are more than 9.5 ft. 


above mean low tide, and when, in the opinion of the 
engineer, the wind and weather are favorable. He shall 


*Division Engineer, Charles River Basin Commission, 
367 Boylston St., Boston. 
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placing the gates a short time before low tide, 
and shall have all of the gates in place a short time 
after the tide begins to run up-stream at the dam. A 
short time previous to the final placing af the gates, the 
contractor shall lower each gate into place, and shall 
see that it fits its place suitably and can be finally 
lowered without difficulty. 


The actual lowering of the gates was accom- 
plished with the tide at about elev. 106.5 and 


of the whole shut-off dam, as it appeared a few 
days before it was closed. 

Immediately after the closure of the dam, the 
basin was drawn down to elev. 105, or about half 
tide and was held there for about a week, after 
which it was raised to elev. 108, at which it is to 


be maintained. The basin 


TITANIUM STRENGTHENS CAST-IRON quite materi- 
ally, as shown by tests made for the American Foundry- 
men's Association and reported at its last convention by 
Mr. R. Moldenke. Gray iron is strengthened almost 
50% (as measured by 12-in. transverse tests of 1%-in. 
round bars) while white iron is strengthened but little 
(20% or less). An addition of titanium alloy giving 


is so large and the 605% Ti in the casting is sufficient to accomplish the 
ebbing. A large force of men was stationed normal river flow so small that it is not expected full effect, although more will not be injurious. The 
upon a platform built near the top of the gate the water init will become fresh until next spring. deflection at rupture is not increased, but remains about 
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guides, and at a signal from the Governor of 
the Commonwealth, the ropes holding the gates 
were cut. There was no hitch of any kind, and 
in seven seconds from the time the signal was 
given, the gates were all in place. 
for holding them down were then driven and 
spiked into place and a few minutes later a large 
number of dredges and rehandlers were busy 
heaping earth against the structure. Fig. 2 


shows the shut-off dam at the instant of cutting 
the ropes, some gates being still suspended, some 
Fig. 3 shows a view 


falling and others closed. 


The wedges _ 


DETAILS OF THE SHUT-OFF DAM. 


FIG, 1- 


The dam is being constructed by the Common- 
wealth of Massachusetts under the direction of 
the Charles River Basin Commission, consisting 
of Hon. Henry D. Yerxa, Hon. Joshua B. Holden 
and Gen. Edgar R. Champlin. Maj. William S. 
Youngman is Secretary of the Commission. Mr. 
Hiram A. Miller, M. Am. Soc. C. E., is Chief En- 


gineer, and Mr. John L. Howard, M. Am. Soc. 
C. E., Principal Assistant Engineer. The Hol- 


brook, Cabot & Rollins Corporation, Mr. James 
W. Rollins, Jr., M. Am. Soc. C. E., President, is 
the contractor for the dam and lock. 


the same as for the same metal having no titanium addi- 
tion, so that the modulus of elasticity is raised. The 
chilling power of the metal is slightly decreased by the 
titanium addition, the chill produced being less deep, but 
at the same time the chilled portion is harder than the 
same metal produces without the titanium. For the ti- 
tanium addition, an iron-titanium alloy containing about 
10% Ti, and produced in the electric furnace, was used. 
This alloy is added in the ladle, the mixture being then 
thoroughly stirred and allowed to stand long enough to 
melt the alloy. An alloy containing carbon, say 5%, is 
somewhat better than one without carbon, as it melts 
more easily in the ladle. 
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FIG. 3. VIEW OF SHUT-OFF DAM A FEW DAYS BEFORE COMPLETION. 
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DIAGRAMS OF TRAIN MOVEMENTS AT STATIONS.* 
By L. WEISSENBRUCH and J. VERDEYEN.t 


The continual growth of the traffic at large passenger 
stations has given considerable importance to the prob- 
lem of the most complete utilization of the tracks. There 
has been, however, no graphic method for determining 
how to utilize new facilities to the best advantage. The 
problem is more difficult than appears at first sight. It 
is not only necessary to show how the lines are occu- 
pied, but also to represent all the movements of trains, 
and all the switching operations of trains, train sections 
and locomotives, so as to make it possible to simplify 
all these movements and operations as much as possible. 

Then, also, if there is any irregularity in the service, 
or if another train is introduced, it must be possible to 
discover quickly what modification has to be made in 
the existing arrangements. 

A simple method has for a long time been in use on 
the Belgian State Railways, representing the condition 


Track | 
Track 2 
Track3 


Fig. 1. Simple Diagram of Train Occupation of 
Station Tracks. 


of the tracks during every moment of the day. The 
diagram (Fig. 1) has horizontal lines representing the 
diffcrent platform tracks and vertical lines marking the 
time. Heavy horizontal lines mark the time during 
which each track is occupied. Thus Fig. 1 shows that 
track 2 is occupied by train No. 3018 from 8h. 1m. to 
Sh. 20m.; that track 3 is occupied by train No. 625 
from Sh. 5m. to Sh. 25m., and that tracks 1 and 4 are 
clear. 

Thus the official in charge can see at a glance what 
lincs and tracks are clear or are occupied at any given 
moment. 

But this system of representation is very incomplete, 
for it leaves out of consideration what train movements 
ure incomp"tible owing to the arrangement of the ar- 
rival and departure lines. Nor does it take any note of 
switching operations. Now it is not of much use to 
know whether a line is clear, if there is no access to 
it, or if the train which is to be placed there cannot re- 
ceive its locomotive at the proper time. 

Thus, for instance, if we wish to add a train arriving 
from a known destination at Sh. 20m., Fig. 1 does not 
enable us to ascertain on what line it is to be received 
so as not to interfere with the departure of train No. 
3018, which is to take place at the same time. 

Mr. Ramaeckers, Sccretary-General of the Belgian 
Ministry of Railways, was the first to grasp the impor- 
tance of this problem when the Northern station at Brus- 
sels was rearranged. He commissioned the signaling 
department to work out its solution. After numerous 
trials with different graphic methods which were all 
very ingenious but too difficult to apply in practice, we 
adopted a simple improvement on the system mentioned 
above. 

The fundamental principle is to represent the move- 
ments on lines parallel to those on which the occupa- 
tion is marked. The direction of the movements is 
marked as usual by an arrow. The origin or the dcsti- 
nation of the train or of the locomotive is indicated by 
the number of the arrival line or departure line of the 
station. Endeavors are made to represent incompatibil- 
ities in a simple way, so that it may be easy to discern 
them. What is required is to succeed in numbering the 
arrival and departure lines in such a way that any in- 
compatibilities in the movements can at once be seen on 
the diagram. 

In order to make matters clear, let us take the case of 
a station with four platform tracks, connected by two 
running lines with the four lines of a junction (Fig. 2). 
Each of the tracks 1, 2, 3 and 4 has access to each of 
the lines I, II, III and IV. 

1. During the whole time taken by a train in covering 
the distance AB, certain other movements inside this 
section are incompatible with the movement we are con- 
sidering, and therefore cannot be authorized. Thus, for 
instance, it would not be possible for a departure from 
3 towards I and an arrival from IV to 2 to take place 


simultaneously. 
2. It is not possible to authorize movements affecting 


simultaneously tracks 1 and 2, or tracks 3 and 4. 
The running line 1 and 2 being common to the two 


*Abstract of a paper in the September „Bulletin of the 
International Railway Congress. The paper describes in 
detail the application of the system to a number of in- 
dividual stations, but we have confined our abstract to 

e general principles (Ed.) 

l of Signaling and Assistant Superin- 
tendent of Signaling. respectively, of the Belgian State 


Railways, Brussels, Belgium. : 


platform tracks 1 and 2, all that is necessary is to 
draw one movement line below these lines, which respec- 
tively represent the occupation of tracks 1 and 2 (see 
Fig. 2). The same is done for tracks 3 and 4. 

The length of the line representing the movement must 
necessarily represent not only the time the train takes 
in covering the distance AB, but also that which elapses 
from the moment a route is arranged for the train (in- 
cluding the time required for making the route) to the 
moment the tail of the train has cleared the last cross- 
ings of the route. 

In the example taken it is easy to see the following: 

1. Train No. 3018 arrives at Sh. im. from track IV 
and leaves at Sh. 20m. for track I; 

2. Train No. 625 arrives at 8h. 5m. from track II and 
lcaves at Sh. 25m. for track III. 

3. Any train which is to arrive at 8h. 20m. cannot 
come back to track 1, for line 1 and 2 is occupied at 
that time by the departure of train No. 3018. It may 
also be seen that the new train may come to track 4 
without in any way interfering with the regular service. 

The rules to be observed in checking this diagram are 
as follows: 

A. One movement only is possible at the same time 
on one running line. 

B. If we follow down any vertical line, the successive 
arrows must have different and increasing numerals on 
them. 

The length of the line representing the movement must 
be ample, so as to allow to a certain extent for any 
slight irregularities which may frequently occur in prac- 
tice. The arrival and the departure of trains do not 
generally take place at the exact moment specified in 
the time-tabies, but within a margin of a minute or 
even of two minutes. If, whenever this occurred, the 
diagram would have to be rearranged, the use of the 
latter would very soon have to be given up. If, on the 
other hand, the diagram had a certain flexibility, any 
slight delays would have no influence on the order in 
which the different movements are effected, and in a 
very short time, regularity would once again have be- 
come re-established, and there would have been no ne- 
cessity to modify the diagram. 

It then remained to distinguish between the different 
varieties of traffic. We have adopted a black line for 
trains (by train, we mean a number of vehicles coupled 
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Fig. 2. Diagram of Train Movements and Occupa- 
tion of Tracks at Stations; Belgian State Rail- 
ways. 


up to a locomotive, and ready to leave the station), a 
red line for locomotives, and a blue line for train-sec— 
tions and switching operations. We reprcsent the move- 
ments of the switching locomotives of the station by a 
red arrow with a small circle at its end. 

All the regular switching operations which are carried 
out at the station, whether to add or remove cars from 
a train-section, or to exchange a through car, must be 
represented on the diagram. 

In the case of a roadside station, it is necessary to 
represent on the same diagram the operations at the 
two ends of the station. In fact, the determination of 
the utilization of any platform line can depend on the 
operations carried out at each of its ends. As these 
movements are independent of each other, they must be 
represented on separate running lines and marked in 
such a way as to avoid any confusion. 

With this object in view, Roman numerals are used to 
designate the movements at one end, and letters those 
at the other. It would also be possible to use two 
different alphabets (ordinary letters and Greek letters), 
or Roman numerals for one end and Arabic numerals 
are already used for the platform lines. 

If numerals and letters have been selected, the rule 
B can be expressed clearly as follows: 

If we follow down any vertical line, the successive 
arrows must have different and increasing numerals on 
them. If we follow it upward, different letters succeed- 
ing in their alphabetical order. 

It will be very easy then to examine the two ends of 
the station simultaneously, by following the vertical 
lines downwards for the one end, and upwards for the 


other end. 


A RECOMMENDATION FOR PARKING CITY STREETS 
AT RIDGEWOOD, N. J. 


The improvement of Ridgewood, N. J., has been 
reported on before the Board of Trade of that 
village by Mr. Charles Mulford Robinson. of 
Rochester, N. Y. The report deals particularly 
With improvements in the street plan, and the 
provision of adequate parks, parkways and 
recreative facilities.” New streets on the radial 
Principle, centering in the railway station, are 
Suggested, as well as the creation of a civic 
center. The sidewalks of the village are char- 
acterized as “the saddest feature of Ridgewood.” 
The principal fault, in Mr. Robinson’s opinion, 
seems to be that most of the walks are placed 
within 12 to 18 ins. of the curb, leaving in- 
adequate space for trees and grass. For a place 
like Ridgewood, it is suggested that on resi- 
dential streets 60 ft. in width between lot lines, 
there should be 3 ft. of turf between the prop- 
erty line and the sidewalk, a walk 6 ft. in width, 
and then 10 ft. of turf betwecn the walk and the 
curb, the latter “strip carrying the street trees 
and in some cases further ornamented with 
flowers and low shrubs.” This would leave a 
22-ft. roadway, which “is wide enough for any 
residential street in Ridgewood that is not 
arterial, or that does not carry a heavy pleas- 
ure traffic.” On the general subject of width of 
residential streets and utilization of a portion 
of the width over all for parking purposes, Mr. 
Robinson may be quoted as follows: 


It is to be noted in this connection that the width of 
few wagons exceeds 8 ft. over all, and it is a very big 
touring car that reaches 7 ft., so that an 18 to 20-ft. road 
allows ample room for passing: and where the road ts 
divided as proposed by a middle strip of parking, all the 
traffic on each side is in the same direction—reducing to 
a minimum the need of passing. 

But it must not be thought that good looks furnish 
the only argument for this sort of street development. 
The economic argument is strong. The wide roadway is 
much more costly than the narrow, both to construct 
and to maintain. From the financial standpoint, then, 
there should be a desire to make the roadways as narrow 
as the traffic will permit. Taking the sanitary point of 
view, the wider the road the greater the volume of dust, 
and the closer the road comes to the curb the nearer the 
dust is to the houses and to pedestrians. The more 
likely, too, are the latter to be spattered with mud if 
there be mud instead of dust. Finally, the enhancement 
of the street’s beauty by a broad strip of turf between 
walk and curb lies not only in the substitution of grass 
for macadam—or whatever the pavement may be; but to 
a very important degree in the better chance for life and 
vigor that is thus given to the trees. When trees are 
planted in a strip only a few inches wide, as on most 
Ridgewood streets, one of two unfortunate things must 
happen. Either the trees will prove puny and sickly, 
and will ultimately die for lack of nourishment; or, if 
through the energy of those roots which get under ad- 
joining gardens the tree grows large and flourishes, it 
forces up the walk and throws the curbing out of plumb. 
Again, as the wide parking is casier to take care of than 
the narrow, its esthetic effectiveness, even without consid- 
ering the trees, increases in greater proportion than its 
width. There is also a better symmetry to the street as 
a whole. A strip here that is only a few inches wide 
is too weak to play the part it should and irritates by 
its lack of balance. 

As to the attitude of the householder, if none of these 
arguments convince him, he may further reflect that a 
wide parking seems to increase the depth of his own lot 
and gives to his house a better setting. There is, too, 
something in the impression which is made by a street 
thus beautified that renders it peculiarly appropriate 
for a town developed by those who have left the city 
in order that—while work still daily calls them thence— 
the peace, spaciousness and beauty of the country may 
be theirs. The poorest resident, traversing a strect thus 
developed, can feel a proprietary interest in the street 
lawns and noble trees. He does not have to look over a 
fence at somebody else’s grass. It is his, by virtue of his 
residence in the town. He has got the thing he came for. 

Street jogs, or “the failure of cross streets to 
make direct connection,’ Mr. Robinson says, 
are a bad feature of the street plan of Ridge- - 
wood, which might be avoided by the use of 


curves. 
— —— . — 


CABLE RAILWAYS in Chicago will soon be a thing 
of the past. Out of 35 miles of cable roads existing 
when the work of rehabilitation was begun a year and 
a half ago, 30 miles have now been removed. During 
the same period 42 miles of electric tracks have been 


rebuilt. 
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We have given no space in this journal thus far 
to the investigation which was made last month 
_ by the Inspector General's office in Washington 
into the award to the Lidgerwood Mfg. Co. of the 
contract for the cableways to be used on the 
Gatun locks. We believed that the engineering 
profession as a whole has such entire confidence 
in the absolute probity as well as the competence 
of Col. Goethals and his staff of engineers that it 
was unnecessary to report in detail the investi- 
gation which was made. 

Now that the investigation is completed, how- 
ever, and the findings made public, it is proper to 
record the results, which are in brief to absolutely 
and entirely exonerate Col. Goethals and his as- 
sociates. Not a scintilla of evidence was pre- 
sented to indicate other than straightforward 
dealing by the Isthmian Canal engineersin every 
step connected with the cableway contract. Nor 
was there on the other hand, any evidence pre- 
sented in any way implicating the Lidgerwood 
Company or its staff as having acted in any 
other than an honorable business manner, in all 
matters connected with the cableway contract. 

And we should fall short of our duty to the 
profession were we to stop here. It is not enough 
merely to exonerate the canal engineers and the 
Successful bidders from the charges of dishonor 
and dishonesty. We leave it to the profession 
What sort of condemnation and contempt should 
be adjudged to those who recklessly set afloat 
charges involving the honor and honesty of repu- 
table engineers and reputable engineering con- 
cerns. 

Such charges, with the newspaper publicity that 
attends them, do injury to the whole engineering 
Profession and not alone to the profession but to 
the commercial side of engineering work. A mil- 
lion careless readers among the general public 
scan newspaper headlines enough to glean in a 
general way that there is some scandal concern- 
ing a canal contract, and they never follow the 
matter further to learn that the scandal had no 
foundation in fact. If, therefore, the concerns 
which were responsible for the bringing of these 
baseless charges meet the general reprobation of 
engineers, they cannot complain that their pun- 
ishment is unmerited. 


ening of character current among engineering 
commercial circles; but we cannot see why high 
professional standards should not be insisted 
upon there. If a concern which circulated un- 
founded charges of dishonesty concerning a com- 
petitor were to have visited upon it the outspoken 
condemnation of the trade, there would be fewer 
careless and ill-founded stories afloat. What is 
more important still, the outside public would 
not have its confidence in engineers and their 
honor so frequently and needlessly shaken. 
— . — 

In a recent issue of Engineering News we pub- 
lished a report* on the relative corrosion of 
Wrought iron and steel pipe of large diameters 
where the pipes themselves were made up of riv- 
eted plates of wrought iron and steel. In the 
opinion of some investigators, wrought-iron made 


from puddled pig is far more durable under these - 


conditions than “steel.” On the other hand, the 
researches of a few well-known investigators, 
holding responsible positions, show that, in the 
case of pipes of small diameter made from skelp, 
there has been no better behavior, in service. of 
wrought iron than of steel. Both have been cor- 
roded at times, and they have both been good at 
Other times in a puzzling way. The claim of the 
steel makers to have evolved a more homogen- 
eous skelp that will be more resistant to corro- 
sion is worthy of careful attention. The frank- 
ness with which Mr. Speller, in the paper re- 
printed elsewhere in this issue, showed the limits 
of the 
hearers, mostly users of gas pipes, of the gen- 
uineness of his claim of having secured an im- 
proved steel pipe that was more durable than 
wrought iron. 
EEEE eee ae eee ; 

It is a rule of long standing with Engineering 
News not to publish descriptions of new inven- 
tions until they are actually put into concrete 
shape and subjected to some sort of trial. We 
break over this rule in this issue to present a de- 
scription by Mr. Frank Richards, well known in 
the field of compressed air engincering, of an in- 
vention which he has devised for automatically 
varying the output of an air compressor with 
variations in the demand for air. 

We do not vouch, of course, for either the nov- 
elty or the merit of Mr. Richards’ idea. The 
Patent Office searchers will have to pass on the 
one and only practical trial will settle the other. 
We feel justified in printing the article, however, 
because the questions which Mr. Richards raises 
will interest, we believe, all engineers interested 
in compressed air work. The point on which dis- 
cussion will chiefly turn, probably, is whether 
large clearance space in an air compressor cyl- 
inder is hurtful to its economy. If it is hurtful, 
then Mr. Richards’ device will not recommend 
itself. If, on the other hand, as scems reason- 
able to believe, the air in the clearance space 


acts like a perfect spring, giving up to the piston 


in expansion as much as it absorbs in compres- 
sion, then Mr. Richards’ appliance would seem to 
promise a notable advance in the art of air com- 
pression. 

— . — 

The use of motor cars to operate branch line 
service and to operate an auxillary local service 
on short sections of main lines has been intro- 
duced on many railways in Europe, and has been 
experimented with in this country. The cars are 
usually operated by steam or gasoline engines, 
and in a few cases the engine drives a generator 
supplying electric current to motors. A German 
railway has been using storage-battery motor 
cars for some 15 years, operating both of the 
classes of service noted above, and has obtained 
results that are very favorable from both the 
operating and the economic points of view. 
Elsewhere in this issue we present some details 
of this service, taken from a paper written by 


the chief mechanical engineer of the railway in 


question. There are, however, certain limita- 
tions to the successful operation of storage-bat- 
tery cars, as shown by the paper: 1, the lines 
must be comparatively level and not too long; 


~ *The corrosion of the steel water-supply conduit at 
Rochester, N. Y., by Richard H. Gaines, Engineering 
News, May 28, 1908. 


improvement went far to convince his 


at points where current can be produced cheaply; 
3, careful supervision of the batteries must be 
maintained, to ensure their economical service. 
Two special features of operation are employed 
On this railway to attain high efficiency and 
economy in the batteries. In the first place, a 
car with new batteries is operated on one of the 
more important sections until its battery capacity 
is reduced, and is then transferred to a less im- 
portant section until a renewal of the battery 
Plates is necessary. In the second place, the 
cars are in some cases hauled between certain 
points by the regular steam trains, thus in- 
creasing the range of operation (from the 
Charging station) and reducing the work re- 
quired of the battery. The storage-battery sys- 
tem for motor cars has proved satisfactory under 
the conditions in this case. These include a 
heavy local traffic between a group of towns, 
the ready supply of charging current, the favor- 
able grades and lengths of the several runs, and 
especially the great care taken to obtain the 
highest possible life and service from the bat- 
teries. Without such a combination of favor- 
able conditions, the storage-battery car would 
make but a poor showing. This combination is 
necessarily somewhat exceptional, and for this 
reason the simpler and more flexible system of 
the self-contained steam or gasoline motor car 
is more generally employed in service of this 
kind. The features of care in operation, and 
the utilization of opportunities to promote effi- 


. ciency and economy, may, however, be applied 


in any case. For this reason especially, the 
paper noted above is worthy of careful study 
by those having motor-car or auxiliary train 
Service under their charge. 


0 ieee 


ELECTIONS AND ENGINEERS. 


When this number of Engineering News 
reaches its readers, the Presidential election of 
1908 will have passed into history. Its final re- 
sult will probably be known, from one end of 
the nation to the other, within a few hours from 
the time when the ballot boxes on the Pacific 
Coast are closed. Indeed, owing to the difference 
in time between the East and the far West, it 
is quite possible that a forecast of the result 
may be made from the first returns in doubtful 
States of the East, while voters in California are 
still casting their ballots. 

It is a remarkable spectacle—a nation of over 
eighty million people choosing their chief ruler 
by a popular vote. Nowhere else in the world 
is there held an election of any such magnitude. 
Among the nations, only Russia possesses terri- 
tory and population comparable with the 
United States and she is only now taking the 
first steps in self-government which were taken 
by the English-speaking race centuries ago. 

It is interesting to reflect that this marvellous 
extension of popular government has been made 
possible by the achievements of the inventor and 
the work of the engineer. 

The art of printing, and the resultant spread of 
popular education and increase in popular intel- 
ligence; the spread of the railway and the tele- 
graph; the rise of the newspaper—these are 
some of the ways in which it has become pos- 
sible for eighty millions of people spread over 
3,000 miles of territory to exercise something 
like intelligent choice between the candidates 
for the highest office in the land. Indeed it is 
not too much to say that popular government 
on the scale that we have it to-day, could not 
have existed in the world as it was in the Mid- 
dle Ages. Experiments in popular government 
were made, indeed, far back in history, but they 
always degenerated into failure. Even had other 
conditions been favorable, there was no possible 
machinery by which the great body of the elec- 
ters could be sufficiently informed of the merits 
of competing parties or candidates to enable an 
intelligent choice. | 

It is common enough to hear it. said, as the 
excitement of a hotly-contested political cam-- 
paign passes away and people adjust themselves 
to the result, that it will after all make no great 
difference which side is victorious. Whichever 
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party wins, the daily routine of lfe—eating and 
drinking, buying and selling—will go on very 
much as usual. 

But while this may be and often is true, the 
public interest in a great election is more than 
justified by its relation to the public welfare. 
We speak lightly of life, liberty and the pursuit 
of happiness,” and think of them as the common 
and natural possession of every man under à 
civilized and enlightened government. But if we 
study the history of past centuries or even of 
the conditions under which a large portion of 
the race exists today, we find that the enjoy- 
ment of the blessings which we take as a matter 
of course is far from common. A large part of 
the world’s population still lives under con- 
ditions where life and property are insecure and 
this insecurity is due to inefficient government. 
But efficiency of government is closely depend- 
ent on the choice of rulers. If we in the United 
States have been more successful in the great 
experiment of popular government than other 
nations which have tried it, it is largely because 
we have been able to choose public officials who 
have been on the whole more honest and more 
competent. 

And it is a misnomer at the present day to 
speak of popular government as an experiment, 
even though it was so regarded by the world a 
century ago. Whatever the difficulties in the 
choice by the people of their own rulers, the na- 
tions will never return to the ancient plan of 
hereditary rule. The reason for its existence 
passed away when government came to exist for 
the benefit of the people and not for the benefit 
of the king. It was natural enough that a king, 
who virtually owned his subjects, should be- 
queath them to his son like any other property; 
but in all civilized countries, even those where 
absolute monarchy prevails, it is freely accepted 
that the government exists for the benefit of the 
subjects and not for the benefit of the king and 
his court. While it is true that hereditary mon- 
archy still exists in some countries of most ad- 
vanced civilization, it has been shorn of its an- 
cient powers. The forces which maintain it 
are reverence for past customs and conservative 
opposition to innovations. It exists only as or- 
gans of the body” persist for a time after their 
usefulness has departed, and like them, atrophy 
is bound to be its ultimate fate. 

There is no escape from the conclusion, then, 
that the people must make choice of their own 
rulers. How they can be enabled to make wise 
choices is one of the greatest problems that our 
civilization faces. And it is a problem that 
grows more and more important with every 
passing year. The rapidly growing complexity 
of our industrial world is forcing the people by 
the stern logic of events to steadily increase gov- 
ernmental functions. The old theory that “that 
government was best which governed least” was 
formulated in a world absolutely different from 
that in which we live today. The theory of the 
anarchists that government should be abolished 
entirely and each individual left free to follow 
his own inclination has had practical application 
in the life of savage races, just as the the "y of 
the “Laissez Faire” school of political economy 
had practical trial in the days of primitive in- 
dustry. Both of these theories fail utterly when 
applied to the dense populations and complex 
social and industrial conditions of the 20th cen- 
tury. 

It does make a difference—a vast difference— 
who is nominated and elected to public office. A 
large proportion of our knotty problems of the 
present day resolve themselves in the last analy- 
sis to the question how to get men of ability and 
integrity into the places of authority. Not only 
is this true of our governments, national, state 
and municipal. It is equally true of our great 
corporations; equally true of our labor unions. 
To take a single striking example,—it is only a 
few months ago that a million holders of life in- 
surance policies were holding an election to 
choose trustees to care for property aggregating 
many hundreds of millions of dollars in value. 


It was well asked how could these men, scat- 
tered all over the country, cooperate with each 
other in nomination and election and exercise a 
wise and intelligent choice in the selection of 


men of whom not one policyholder in a hundred 
had any personal Knowledge. Yet it was well 
worth while to attempt such a selection rather 
than permit cliques of irresponsible New York 


financiers to use the money of the great life in- 


Surance companies as if it were their private 
property. 

For another illustration take some of our great 
railway systems and huge industrial corporations. 
Their real owners are the thousands of people 
who hold the bonds and stocks, but the control 
is absolutely held by a small circle of capitalists 
who find ways to perpetuate themselves in power 
and use their powers in various ways for their 
own personal profit and not for the benefit of the 
real owners of the property. 

We have referred in our heading to engineers 
and their relation to elections. They have the 
interest that all good citizens have in securing 
the best men to fill official positions and in ad- 
dition they have an intimate relation, such as no 
other profession has, to the work which the gov- 
ernment carries on. A competent and honest 
government in a city or a state means that the 
engineering work carried on under the govern- 
ment direction will be carried on by competent 
and honest engineers. It means that appoint- 
ment and promotion will depend on ability and 
efficiency and not on political pull. It means— 
not seldom—that an engineer will not have to 
face the disagreeable alternative of either losing 
his position and means of livelihood or else shut- 
ting his eyes to frauds upon the public or even 
joining in their commission. 

It is true that many engineers are obliged by 
necessity to lead a peripatetic life, living only a 
few months to a few years in one locality and 
are thereby much handicapped in political activ- 
ity. None the less is it true that the engineer, 
as a man of education and affairs ought to take 
a prominent part in political life as a duty to 
his country and his profession. 

None will dispute that high profesional stand- 
ards ought to be furthered by engineers; but it 
is only possible to advance such standards—to do 
the highest class of professional work—when 
honor and honesty are the rule in the higher posi- 
tions. To take a concrete illustration: The whole 
country and the whole profession is proud of the 
work which the Reclamation Service has done in 
the West; but it would not have been possible to 
organize and conduct this great work on such a 
high professional plane save for the hearty sup- 
port of President Roosevelt. Indeed, we may go 
further and say—what, indeed, is common 
knowledge among engineers—that in no previous 
administration has the work done by engineers 
under the Federal Government attained such 
high efficiency and been so free from the inter- 
ference of political corruptionists. 

Exactly the same principle holds with respect 
to engineering work done for private corpora- 
tions. If you want to find examples of high class 
engineering work, you do not go to the railways 
which have been made a Wall Street football, or 
to the mines which are exploited to extract money 
from confiding investors. In all these cases hon- 
esty and efficiency in the ruling heads is a pre- 
requisite to honest and efficient work in the office 
and shop and field. 

Engineers, then, have even more than the or- 
dinary citizen’s interest in elections. They ought 
to be not only interested in politics—using that 
word in its proper sense—but conversant with 
the best thought respecting the difficulties in the 
way of securing intelligent choice by the elec- 
torate, and the best means of reducing them. 


How great these difficulties are, engineers can 
especially appreciate, because they know how es- 
sential expert knowledge and training is to the 
performance of good work. The idea is still 
widely prevalent in the public mind that almost 
any man who can be popular and can draw votes 
is competent to hold almost any public office. It 
is to this idea that much of the inefficiency of 
work done under the Government can be traced. 
Every engineer knows how absurd it would be 
to apply this rule to private business. In any 
mercantile or manufacturing establishment, com- 
mercial success is well known to depend more 
than anything else on the selection of the right 
men to fill the places of responsibility. And how 


difficult a task this is, even when one can choose 
with a perfectly free hand! Let any man run 
over the list of those whom he of his own knowl- 
edge knows to be competent and trustworthy for 
positions of high responsibility, and see how 
short the list will be! Then assume that the se- 
lection to be made is of a man versed in some 
specialty and see how the difficulty is enhanced. 

There are two general theories of popular gov- 
ernment, commonly called the republican and the 
democratic, although they have long ceased to be 
identified as the policies of those two parties. 
Under the first plan, popular election is confined 
to the more important offices and other positions 
are filled by appointment. Under the second or 
so-called democratic plan, the people vote directly 
on the candidates for all the offices. 

We risk little in saying that the end desired— 
securing competent men in places of responsibil- 
ity—is far more apt to be obtained if the sec- 
ondary places are filled by appointment instead 
of by election. To take a concrete illustration, 
the people of a city may in the long run and on 
the average choose good men for the office of 
Mayor, but if the office of City Engineer is put 
up for popular vote, the chances are strong that 
political pull and not engineering ability will 
govern the selection. 

And the same rule applies to all the positions 
in which expert ability is required. In New 
York, during the campaign just concluded, the 
argument has been brought forward that the 
members of the Public Service Commission 
should be nominated and elected by popular 
vote instead of appointed. Let anyone who 
is attracted by this idea seriously inquire 
what are the methods by which the dele- 
gates to a political convention selects the candi- 
dates to be placed in nomination. Assume that 
all the delegates are honest and are sincerely de- 
sirous of selecting the most competent men for 
the positions to be filled. How can these hun- 
dreds of delegates hunt up the men who have 
the special competence to fill such positions as 
those on the Public Service Commission and who 
are at the same time available for the place? 
To ask such a question is almost to answer it. 
Beyond question we shall advance toward better 
government by following the plan which the best 
experts in municipal reform agreed on twenty 
years ago. Reduce the number of elective offices 
and increase the responsibility in the hands of 
the Mayor and similar chief officials. 


LETTERS TO THE EDITOR. 


Prehistoric Records of Low Water ia the Ohio River. 

Sir: During the recent dry season when the Ohio 
River and its tributaries broke all former records of low 
water, the local press called the attention of the public to 
the so-called ‘‘Pictured Rocks’’ in the bed of the river, 
near Smith's Ferry. These consist of crude outlines of 
animals, birds and fishes, and, beyond a doubt, were 
placed here when the head waters of the Ohio and its 
tributaries knew no trace of civilization, and they stand 
as undisputed testimony in the discussion of the relation 
of forests to stream flow in the Appalachians. 

It is not probable that the people making these pictures 
made them in a place so rarely accessible as are these 
rocks during recent years, but even granting that they 
did, the fact that they are in a place that now only 
the most extreme dry weather lays bare proves that the 
removal of forests to the extent now existing along the 
head waters of the Ohio and its tributaries has not de- 
creased the dry weather stream flow as has been the 
popular fallacy, but if any change has come about the 
balance of evidence would show an increase. 

Yours truly, F. G. Ross. 

Farmers’ Bank Building, Pittsburg, Pa., Oct. 30, 1908. 

— . — 


Should Additional Storage Reservoirs Be Built in the 


Croton Drainage Area? | 

Sir: From Nov. 6, 1907, to June 8, 1908, nearly 80 
billion gallons of water wasted over the spillway of the 
New Croton Dam. This loss, at a time when the warn- - 
ing of a water famine has been frequently sounded in 
New York, gives rise to the question: Could not some, 
if not all, of the water wasted since last November have 
been conserved for the water supply of the City of New 
York? As most of your readers doubtless know, New 
York has gone to the Catskill Mountains to obtain a new 
supply of water, but it is estimated that it will take 
five years, if not, indeed, a considerably longer period 
before the city will derive any benefit from this source 
of supply. It is. therefore, of the utmost importance 
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that the Croton drainage area, which now supplies New 
York, be utilized to its utmost capacity. 

On the accompanying map of the Croton drainage area 
there is given the storage in millions of gallons per 
square mile which has been thus far provided by the ex- 
isting reservoirs and one now under construction at Cro- 
ton Falls, which will be completed by Jan. 1, 1910. An 
examination of this diagram shows that whereas the 
present storage for most of the sub-divisions of the Cro- 
ton drainage area amounts to 260,000,000 to 400,000,000 
gals. per sq. mi., thus far a storage of only 125,000,000 
gals. per sq. mi. has been provided on the East Branch 
of the Croton River. As no good reason can be given 
why all portions of the Croton drainage area should not 
be equally developed as regards storage, it is advisable 
to construct another reservoir on the East Branch of 
the Croton River, provided a suitable site can be found, 
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PRESENT RESERVOIRS AND PROPOSED ADDITIONAL RESERVOIR ON 
CROTON DRAINAGE AREA, NEW YORK WATER SUPPLY; SHOW- 
ING STORAGE PER SQUARE MILE ON EACH SUBDIVISION OF THE 


DRAINAGE AREA. 


where such a storage basin could be built at a reason- 
able expense in two or three years. 

In a report dated March 2, 1908, Mr. Walter H. Sears, 
M. Am. Soc. C. E., Chief Engineer of the Aqueduct Com- 
Mission, recommended that an additional storage basin 
of 20,000,000,000 gals. capacity be constructed on the 
East Branch of the Croton River, at Patterson, Putnam 
County, N. Y. This would raise the available storage 
on the East Branch to about 378,000,000 gals. per sq. mi. 
—a figure in keeping with the development of the other 
portions of the drainage area. The proposed reservoir, 
which is shown on the accompanying map, can be formed 
by constructing an earth dam with masonry spillway, 
together, 1,050 ft. long, having a maximum height of 
40 ft. above the surface of the ground, and by building, 
also, two small dikes: one 1,000 ft. long and 25 ft. high 
and the other 250 ft. long and 18 ft. high. Mr. Sears 
estimates that this reservoir could be constructed in 
two years, at an expense of about $3,250,000. The 
recommendation of Mr. Sears, to build the proposed res- 
ervoir, was fully indorsed by Prof. William H. Burr, 
Expert‘ Engineer for the Aqueduct Commission, and, 
also, one of the Consulting Engineers of the Board of 
Water Supply of the City of New York. 

What is the probability of there being sufficient rain- 
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fall to fill all the existing reservoirs, and, in addition, 
the one proposed at Patterson, allowing, to be safe, three 
years for its construction? 
this question very carefully, both by calculations and by 
diagrams, beginning with the depletion of the reser- 
voirs that existed on Jan. 1, 1908, and assuming the 
records of rainfall and runoff, kept in the Croton drain- 
age area from Jan. 1, 1868, to Jan. 1, 1908, to be re- 
peated. The daily consumption of Croton water in New 
York, which averaged, last year, 325,000,000 gals., was 
assumed to be increased each year by 12,000,000, in ac- 
cordance with the experience of the past years. The 
studies made showed that, beginning with the rainfall 
of each year since January, 1868, and considering the 
three years following to allow sufficient time to build the 
Patterson reservoir, there would be sufficient runoff in 
the Croton River to fill the existing reservoirs and, also, 
the one at Patterson, in 16 
out of the 40 years of record 
of rainfall and stream flow, 
and that in some of these 
years the Patterson reservoir 
could be filled twice. Con- 
sidering only the past ten 
years, which have had con- 
siderable rainfall, we find 
that the Patterson reser- 
voir would be filled in seven 
out of ten years, and in 
an additional year it would be 
partly filled. 

Taking the depletion of res- 
ervoirs that existed on Jan. 
1, 1908, and considering only 
the cycles of years when the 
rainfall was least, the writer 
found that although the res- 
ervoirs would be completely 
emptied in cases of excessive 
droughts, they would in every 
case, be eventually filled 
again. In making these 
studies, of course, the deple- 
tion curve was not continued 
below the line indicating ‘‘all 
reservoirs empty, and the 
consumption of Croton water 
was not taken at more than 
400,000,000 gals. per day, as 
that is the utmost that could 
be delivered by the old and 
new Croton aqueducts, which 
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now supply the city. At 
the present rate of in- 
crease of consumption, six 


years will elapse before more 
than 400,000,000 gals of 
water per day will be re- 
quired in New York, and by 
that time water from the 
Catskills or some other source 
will have to be introduced, 
if the consumption is to 
continue to increase as at 
present. 

If the Patterson reservoir 
be bullt it can be filled even 
in a year of drought, as it 
will be the farthest up-stream 
basin on the east branch of 
the Croton River and will 
be supplied from a drainage 
area of about 56 sa. mi. 
The worst thing that could 
happen would be that in a 
cycle of very dry years some 
of the reservoirs lying be- 
low the one at Patterson would only be partially filled, 
or not filled at all. Weeds and bushes would doubtless 
grow in the empty storage basins, but the expense of 
cutting these would not be very large and in the next 
wet cycle of years all reservoirs would be filled and 
20,000,000,000 gals. of water would be conserved for the 
city’s use that without the Patterson reservoir would 
waste into the Hudson River. 

Croton Lake, the largest of all the reservoirs in the 
Croton drainage area, lying below the proposed storage 
basin at Patterson, will be crossed by the aqueduct 
from the Catskills, from which it may be filled in sea- 
sons of drought, when the supply from the Croton 
drainage area may prove to be insufficient. 

Some objections have been made to the construction 
of the Patterson reservoir. It has been claimed that as 
a considerable portion of the site of this reservoir is 
covered by swamps the water in the reservoir would be 
unfit for use for some years on account of the decompo- 
sition of vegetable matter. 

In answer to this it may be stated that all of these 
swamps drain at present into the East Branch of the 
Croton, whose water they discolor, and that to cover 
them with 10 to 15 ft. of water will rather be beneficial 
than otherwise. 8 . 


The writer has investigated 


According to Prof. William P. Mason, a well-known 
authority on water supply, water from swamps has, as 
a rule, no serious effect on the health beyond causing 
in those unaccustomed to its use mild enteric disorders.. 

In the case of the Patterson reservoir it must be 
borne in mind that it would only be one of twelve 
reservoirs supplying New York, and that as its water 
would be mixed with that from the other storage basins 
it would be harmless. This was the experience. made. 
by the City of New York when the Bog Brook reservoir, 
which covered some swamps, was put into service. 

Another argument advanced against the construction 
of the Patterson reservoir is that it would increase con- 
siderably the percentage of water surface In the Croton 
dramage area and would thus cause much additional 
loss of water by evaporation. The answer to this state- 
ment is that the loss by evaporation from the present 
swamps is probably not much less than it will be from 
a water surface and, as a matter of fact, the swamps 
are generally covered in the spring of the year by 
water so as to form practically a lake. 

To sum up: New York City can build in two years 
a reservoir at Patterson, in Putnam Co., New York, 
capable of storing 20,000,000,000 gals., at the very 
reasonable expense of $3,250,000. This additional stor- 
age, which will supply the city for about 55 days, may 
avert a water famine that may occur before the supply 
from the Catskills is obtained. 

The worst that can happen would be that in a cycle 
of very dry years, all of the reservoirs in the Croton 
drainage area could not be filled. The money invested in 
the Patterson reservoir would, nevertheless, be well 
spent, as it would serve to store 20,000,000,000 gals. of 
water from wet years for dry years, increasing thereby 
the minimum yield of the Croton drainage area by about 
12,000,000 gals. per day. i 

In the City of New York the death-rate and loss of 
property by fire would be greatly increased by a water 
famine. This danger may be avoided by building the 
Patterson reservoir, and if, on account of a cycle of 
very dry years, this expectation should not be realized, 
New York will simply not derive an immediate benefit 
from the investment of $3,250,000. 

The value, however, of the Patterson reservoir in in- 
creasing the yield of the drainage area will remain. In 
view of the importance of the issue involved it would 
seem unreasonable to hesitate to bulld the Patterson 
reservoir merely because there is a possibility of a pro- 
longed drought occurring. Respectfully, 

Edward Wegmann, C. E. 

280 Broadway, New York City, Oct. 16, 1908. 

— — — 


Large-Size Exposure Tests of Concrete in Tidal Water 


Sir: You published a letter from me in your issue - 
of Sept. 24 regarding the disintegration of concrete be- 
tween tide levels. I note another letter on this subject: 
with an editorial endorsement in your issue of Oct. 22. i 

In order to get some standard tests on this subject, this 
company (The Aberthaw Construction Co., of Boston) has 
obtained permission from the Navy Department to con- a 
struct In the Navy Yard at Charlestown, Mass., concrete 
piers. made of various mixtures of concrete and of dif- 
ferent brands of cement, these to be placed in such a po- 
sition that they can be photographed, at the water’s 
edge, so that the base will be entirely submerged and 
the shaft come above high tide, all to be properly 
marked and recorded. We have associated in this, Mr. . 
Herbert L. Sherman, Cement Chemist, of 12 Pearl St., 
Boston, who will make careful analysis tests and records : 
of cement and aggregates. 

The Aberthaw Construction Co. is prepared to spend 
whatever money is necessary to make these tests of value ` 
and would be glad to get suggestions regarding the 
arrangement, the mixes, and the material to be used in 
the various piers from such engineers as aré interested : 
in the subject; and we would be glad if you would give 
this matter attention in your paper and request that any 
suggestions regarding this matter be sent in promptly to. 
this company. We wish to make these samples as use 
ful as possible to the engineering community at large, 
and believe that in the course of a few years we should 
be able to establish some general principles regarding the 
effect of freezing and thawing and the general action of 
salt water. As I suggested in my letter, it is my belief 
that the subject of porosity in conorete masonry has 
been treated much too lightly, and that some tests along 
the line suggested will prove of very great use not only 
to this company but to any engineers interested in first- 
class concrete work. 


1 


Tours truly, a 
Aberthaw Construction Co., 
By M. C. Tuttle, Secy. 
8 Beacon St., Boston, Mass., Oct. 22, 1998. | 
[We trust that those in position to make valu- 
able suggestions in line with the above request 
will] forward them to Mr. Tuttle. This applies 
on the one hand to suggestions for proper pro- 
cedure and precautions required to make the 
results most broadly valuable, and on the other 
hand to suggestions. for. methods. and devices 
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to be tried as preventives or palliatives of the 
intertidal disintegration. Since exposure tests 
are primarily comparison tests, their chief re- 
sult will be the comparison observations on the 
different materials, mixtures, consistencies, etc., 
which are separately represented. It is very 
much more difficult to compare results obtained 
here by one method, with results subsequently 
observed elsewhere on other concretes, etc. This 
means that it is highly desirable to include in 
the one series of tests, where the same external 
conditions affect all the samples, every promis- 
ing method or procedure and every commonly- 
used mixture or kind of concrete. On this 
ground we trust that a comprehensive range of 
suggestions will be forthcoming in response to 
the above letter.—Ed.] 
ee 


Notes and Queries. 
Referring to the steel stacks erected at the Crocker- 
Theeler Works at Ampere, N. J., and described on p. 
447 of our issue of Oct. 22, we are informed that the 
work of erection was done by the Dover Boiler Works, 
which constructed the stack. 


In the article on the raising of the Chicago & Oak 
Park Elevated Ry., in our issue of Oct. 29, the cross- 
section of the Lake St. bridge in Fig. 5 showed the 
structure as having timber chords. This was & drafts- 
man’s error, the bridge being a steel structure, as 
stated, and as shown in Fig. 6. l 


S. B. F., „ Miss., inquires concerning the legal 
position of a contractor who suffers loss through the 


suspension of work ordered by the party giving the con- 


tract. He desires to know of any cases where à rail- 
way contractor has been allowed any remuneration, either 
as cash indemnity or as rental on an idle outfit, to reim- 
burse him for losses caused by the suspension or an- 
nulment of a contract by a railroad company. 


Our attention has been directed to three errors in the 
summary of the revised estimate of the cost of con- 
struction of the proposed Boston & Eastern R. R., in 
the article by Mr. H. S. Knowlton, in our issue of Aug. 
20. The item “cut east of High Rock” should read 
$352,880 instead of $325,880. The item ‘‘culverts’’ left 
blank should be placed at $10,000 and the total cost 
should read $1,241,490 instead of $1,241,900. The errors 
were due to the stenographer who made the original 


report. 
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THE PROPOSED RESERVOIR SYSTEM IN THE OHIO 
RIVER BASIN. 


A Reply to Major H. C. Newcomer, Corps of Engineers, 
U. S. A. 


By M. O. LEIGH TON.“ Assoc. M. Am. Soc. C. E. 


— 


It seems advisable to submit a few statements 


in reply to the article of Major H. C. Newcomer, 
Corps of Engineers, U. S. Army, which ap- 
peared -In Engineering News of Oct. 8, 1908. It 
should be understood at the outset that this re- 
ply is not made for purposes of mere controversy. 
The importance of the subject and the neces- 
sity for well-advised procedure in the future 
warrants thorough and judicial review. In ad- 
dition to this, the distinguished author of the 
article has apparently received some erroneous 
impressions, which should not be perpetuated. 
Major Newcomer introduces his discussion by 
a quotation from M. A. Troté, of the “Ponts et 
Chaussees,” who characterizes the reservoir 
system for the protection of low lying land as 
“seductive” at first glance but productive of 
serious difficulties. This opinion would be more 
conclusive if it had the unanimous support of 
his colleagues, but it appears that European 
opinion concerning this matter is no more har- 
monious than that in America. René Tavernier, 
Chief Engineer of the “Ponts et Chaussees,“ 
expressed in a recent interview with the writer 
an opinion quite the opposite of that quoted 
in Major Newcomer's article. He cited certain 
rivers in which the reservoir system would have 
been used for fiood control if proper foundations 
for dams could have been found. He discussed 
the matter at length and gave every ‘evidence 
that he regarded the reservoir principle as 


sound and practicable in the prevention of 


floods. . 
A quotation from a foreign authority is al- 
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ways impressive, but it frequently fails to be 
conclusive, and it is by no means a reflection 
on foreign engineering to state that some of the 
greatest epochs in American engineering have 
been the result of bold disregard of the opinions, 
ideas, and conventions of foreign engineers. 
Examples are numerous, but we need go no 
farther back than the determination of the type 
of the Isthmian Canal to cite an instance of 
disagreement. Yet, Major Newcomer's fellow 
officers are now constructing a lock canal, with 
great enthusiasm and unexampled success. 
Therefore, if we may take cognizance of the 
past, the adverse opinion of foreign engineers, 
even though it be unanimous (which in the mat- 
ter of reservoirs it is not) does not bring utter 
condemnation to an American engineering plan. 

Some reply should be made to Major New- 
comer’s observations on the personnel of the 
Inland Waterways Commission. Although de- 
livered with a gloved hand, they do, neverthe- 
less, reflect upon the engineering proficiency of 
the membership. It is stated that the Commis- 
sion had only one river engineer among its mem- 
bers. This is not so. It is true that the one 
engineer referred to had given the whole of 
his professional life to navigation improvements 
on rivers and harbors and therefore may be 
regarded as one of the authorities in this line. 
It is also true that this Engineer Officer gave 
little of his attention to reservoir systems. 
Therefore, the writer doubts whether he was any 
more fitted to pronounce upon a plan of this 
character than another engineer of the Com- 
mission, who has given his whole life to the 
consideration of storage problems and the ef- 
fect thereof in the modification of stream flow. 
There are diverse opinions as to the qualifica- 
tions of a river engineer. The civilian engineer 


who differs with an Engineer Officer on a mat-. 


ter of river hydraulics frequently meets with 
accusations—courteous to be sure, but still ac- 
cusations—that he is speaking from “inner con- 
sciousness,” that he lacks “practical experi- 
ence,” ete. We know full well that the royal 
province of river engineering has been walled 
about, but we on the outside have not been 
idle. Real experiences have come to us, from 
which we have learned much. Some of us have 
actually been observing and thinking for our- 
selves and, as we have been allowed to work on 
non-navigable rivers, we have learned to draw 
conclusions. We are occasionally encouraged 
by chance remarks from certain members. of 
the inner circle who have been looking at us 
over the wall. Some of them have become con- 
vinced that we have found a few things worth 
while. The dead line is not as formidable as it 
was. In fact, to-day many of us on the outside 
think we have one thing in our favor which the 
man on the inside is less likely to possess, þe- 
cause he is frequently confined “too close to 
his muttons.” That thing is perspective. It was 
to give a perspective view to waterways that the 
Inland Waterways Commission was appointed. 
The principal reason why, in engineering, legal 
or medical practice, consultants are summoned 
ig that perspective is desired. The man in im- 
mediate charge is beset with details, precedents 
and close-range observations. He needs and 
craves the advice of one who can come upon 
the field with an open mind and a wide visual 
angle.. 

Major Newcomer announces that navigation 
should not help to bear the burden of numerous 
other problems, such as flood protection, water 
pollution, etc., and that each may best be solved 
by more or less direct treatment adapted to its 
special ends. With this concept the writer must 
emphatically disagree. Experience in the past 
has established a great and fundamental fact, 
namely, that one and only one great problem is 
involved in the conservation of water resources, 
and when we attempt to separate the particular 
province of navigation from that of flood con- 
trol, or the field of municipal supply from that 
of water power, or attempt to legislate, to con- 
trive, or to construct for the benefit of one in- 
terest exclusively, we often find that we have 
wrought to the disadvantage of every. other. In 
the construction of a building we consider that 
each stone laid in the wall is not merely a 
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necessary part of the wall at that immediate 
point but is a progressive feature of the whole 
structure, performing its part in the support of 
the building and harmonizing itself with the 
entire plan. So should be each feature in the 
development of our rivers. We have made lit- 
tle, if any, permanent progress toward the final 
development of our river systems. Certain im- 
provements have been made here and there, di- 
rected toward a particular and immediate pur- 
pose, such as the creation of a navigable chan- 
nel or the storage of a municipal supply. Be- 
yond this, conditions are chaotic, and mature 
consideration will show that the principal rea- 


son is that we have during past years en- 
deavored to provide specifically for one in- 
terest to the exclusion of every other. Our 


whole conception of rlver improvements has 
been one of discrimination rather than one of 
broad comprehension, and the purpose of ap- 
pointing the Inland Waterways Commission was 
to correct this. The text of the instructions 
given this Commission by the President must 
be interpreted by the thoughtful man as an ag- 
gressive protest against the feudal system of 
river development. It ought not to be difficult 
to discern the signs of the times. 

Major Newcomer cites certain statements 
made before the Pittsburg Flood Commission, 
as evidence that the writer has largely sur- 
rendered his position that reservoirs occupy a 
place of commanding importance in any logical 
plan for the improvement of navigation. Major 
Newcomer's observations in connection there- 
with reveal in a peculiarly striking way that he 
has allowed the most important feature of the 
report that he criticizes to pass unrecognized. 
The whole report was, in effect, a plea for a 
broad study of the Ohio and the adoption of 
plans that will serve the greatest number of ob- 
jects in the wisest way. The estimates showed 
that the proposed system of reservoirs would 
not provide a 9-ft. depth during all seasons on 
the Ohio. This was plainly stated in the original 
report. Therefore, it is difficult to see how a 
reiteration of the fact can be construed as the 
surrender of a position. 

But the point that Major Newcomer appar- 
ently fails to appreciate is the possibility of 
harmonious adjustment in plans for river im- 
provement. Because, for example, the reservoir 
plan fails to maintain a 9-ft. channel through- 
out all seasons, he is inclined to belittle the 
other things that it will accomplish. No one will 
deny that open channel is preferable to canal- 
ized conditions. It follows that if, by saving 
flood water, we can shorten the canalized 
period, the reservoirs are not without benefit 
even to navigation. Because the writer admits 
that, in case there is money available to build 
only one step of the final improvement at a 
time, it would be of more {mmediate utility to 
construct the canalization system first and pro- 
ceed with the final development later, Major 
Newcomer considers that a position has been 
surrendered. The writer can take no such re- 
stricted view. He believes that certain steps 
are necessary to a final development of the Ohio. 
All these steps are but parts of a great unit 
problem. The step first to be taken should be 
determined solely by local conditions and de- 
mands. Because the writer believes a 9-ft. 
channel the most important immediate need, he 
advocated canalization before the Pittsburg 
Flood Commission, in case it should be impossible 
to secure an immediate appropriation for the 
whole broad development. It is possible that the 
writer would not have been so broad in his views 
had he been actuated by a desire to further a 
preconceived plan rather than to secure the 
highest ultimate good for all concerned. 

Major Newcomer mentions certain alleged dis- 
advantages connected with the reservoir plan, 
which have already been discussed in reply to 
the recent article of Captain William D. Con- 
nor, published in Engineering News of June 11, 
1908. A few more words will be added. 

First, “The probable lack of available reser- 
voir sites sufficiently distributed.” This was 
vehemently discussed more than fifty years ago. 
Those who took part in the discussion at that 
time knew nothing about the facts and Major 
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Newcomer gives no evidence that he has inves- 


tigated much beyond the point at which our 
forefathers dropped the discussion. We have, 
as we know, numerous promising reservoir sites. 
From the present outlook, the conditions are ex- 
ceedingly favorable. Therefore, let us investi- 
gate further and satisfy ourselves on this point. 
This is a fair and scientific attitude, which ap- 
pears preferable to an effort to discredit the 
idea without more information on the subject 
than the original author had in his possession. 
It is easy to say “probable lack of reservoir 
sites,” and it is also pertinent to inquire whether 
or not the framer of this sentence actually has 
made an investigation of the premises. 

Second, “The permanent withdrawal from 
other uses of large areas of bottom land of ex- 
ceptional fertility.” Later on in this discussion 
Major Newcomer cites certain overflow damages 
which appear excessive. This is hardly in ac- 
cord with the statement made by the present 
writer in his original report, viz.: “No sane man 
would advocate the construction of a reservoir 
in places where the cost of submergence would 
be excessive.” In order that the reader may 
understand the situation it will be necessary to 
explain certain occurrences which serve to de- 
fine the writer’s attitude in this matter. 

It is hoped that Major Newcomer will not ob- 
ject to the publication of an extract from a let- 
ter written at the time the writer was furnish- 
ing him with special data relating to the reser- 
voir plan. In this letter, transmitting topo- 
graphic sheets on which were outlined the va- 
rious proposed reservoirs, the writer made the 
following statement: 


You will appreciate upon examination of these maps 
that there are many other reservoir sites in the area 
under consideration. It is possible that some of these 
might suit the purposes of conservation better than those 
indicated. On the other hand, it might be of advantage 
to increase the indicated height of some of the dams, 
while in other cases a more detailed examination would 
probably reveal the fact that some of the dams should be 
lowered. The point is that we have selected what may 
be considered a judicious working capacity for the res- 
ervoirs and have left so many reservoir sites uncon- 
sidered that there is no doubt that the maximum con- 
servation given in the report can readily be achieved 
and probably very much more. l 


Major Newcomer probably read this letter; 
yet, he assails certain proposed sites as though 
the details. were all settled. He finds fault with 
large overflow damages, when it is clear that 
a large measure of them might be avoided by 
adjusting the proposed height of the dams or 
securing equivalent capacity in other places. It 
is true that there will be large aggregate over- 
flow damages in such a reservoir system, but if 
by such overflow there can be saved from floods 
a large tract of more valuable land in the lower 
valley, there is effected an advantageous ex- 
change. The principle of our Government is 
grounded in the maxim of the greatest good to 
the greatest number. There is in the lower val- 
ley, a region capable of supporting by agricul- 
ture, manufacturing, transportation, ete., prob- 
ably a thousand-fold more people per square 
mile than the less valuable country which it is 
proposed to overflow. Moreover, it is apparent 
that without such overflow in the upper coun- 
try the lower country cannot reach its highest 
state of development and productivity. Relieved 
from floods, at the expense of the upper coun- 
try, the Ohio River front will become one of 
the greatest centers of manufacturing and com- 
merce in the world. With the agricultural lands 
of Ohio, Indiana and Kentucky, immediately 
tributary thereto, the situation will be unex- 
ampled. It is merely a further exemplification 
of the principle of the greatest good to the 
greatest number, as well as that of the survival 
of the fittest. l ; 

Third, “The disastrous results of possible fail- 
ure of dams.” This was taken up at length in 
the reply to Captain Connor’s article. Nothing 
will be added except to state that it appears to 
be high time that the progressive engineer 
should so conduct his work as to place the pos- 
sibility of failure beyond his fears. If the en- 
gineer of to-day, with all his experience and 
opportunities for observation, cannot undertake 
his work with confidence, it is apparent that 
some change should be made in our fundamental 
concepts. It is evident that not all the members 
of the United States Engineer Corps are so 


timorous, for some of them are enthusiastically 
building a đam upon which the integrity of the 
Isthmian Canal must rest absolutely. 

Fourth, “The unsanitary conditions attending 
large fluctuations of water level in reservoirs.” 


This idea is so old. and discredited that the 
present announcement makes it seem almost 
new. One hundred years ago mankind grew 


frantic over the possibility of contracting dis- 
ease from “miasmas and effluvia” arising from 
wet lands, swamps, and other dread conditions, 
but at the present time the suggestion that 
fluctuation of water level in reservoirs should 
be the cause of disease would convulse a com- 
pany of sanitarians. No one is going to abide 
on the uncovered bottoms and it requires some- 
thing more serious than odars of vegetable de- 
cay from such a place to produce an epidemic 
in the surrounding country. Major Newcomer 
should investigate the conditions in the Sud- 
bury area of Massachusetts, where éach summer 
the Boston reservoirs were “formerly drawn 
down.” a k 

Fifth, “The disorganization of public road sys- 
tems and obstruction of local communications.” 
This consequence is entirely insignificant when 
compared with the magnitude and importance 
of the benefits of the reservoir system. With 
equal justification might one complain of the 
decreasé in the available supply of lumber by 
reason of the construction of wicket dams in 
the Ohio. Here, the principle of the greatest 
good to the greatest number will apply, even as 
it does in the matter of flowage of reservoir 
sites. i > l 

Sixth, “The conflict between methods of con- 
trol for flood prevention and industrial and navi- 
gation purposes.” With reservoirs sufficiently 
large to catch the entire flood runoff, little con- 
flict would arise that could not be adjusted. The 
interests of navigation and water power could 
be harmonized even as it is proposed by a board 
of United States Engineers that they shall be 
on the Upper Mississippi. It is true that there 
might be times when navigation would demand 
water and when water power interests would 
not require it, and vice versa. All this could 
be rcgulated by mutual compromise, just as our 
wholé Governmental system is regulated. Be- 
cause one interest in the United States desires 
a protective tariff and another desires a tariff 
for revenue only, no occasion arises for con- 
demning or abolishing our form of Government. 
Neither need the objection here raised be fatal 
to the reservoir plan. If it shall prove neces- 
sary to make an occasional slight reduction in 
the amount of water used for power purposes, 
still will the ultimate benefits be far greater 
than the cost of the proposed improvement and 
immeasurably greater than under present con- 
ditions. neo | 


Seventh, “The inevitable impairment of reser- 
voir capacity by sedimentation.” We know full 
well that reservoirs on denuded areas, like those 
of the arid West, do become silted and lose ca- 
pacity. But the present proposition in the Ohio 
Valley also involves the preservation of forests 
and of soil cover. This is. inevitably connected 
with the whole scheme and necessary to it. In 
countries well covered with forests the figures 
show that silting is insignificant. In support 
of this, a recent letter from Mr. J. Waldo 


Smith, Chief Engineer of the New York Water 


1 


Supply Commission, is of interest: 
The silting up of reservoirs in this part of the country 


e 


goes on so slowly and gradually that but little attention 


has been paid to it and consequently but little is known. 
Any silting up which takes place over this area has no 
effect on the available capacity of the reservoir and sò 
the whole question bas been viewed without apprehension. 

The waters of this region (New York) carry a compara- 
tively small amount of silt when compared with those 
of the West, and tho quantity of material rolled along 
their beds is also very small. ; 

In my own experience I know of only one collecting 


reservoir on which observations as to the depth of deposit 


have been made. This reservoir is Kensico Lake of the 
New York watcr system. The drainage area directly 
tributary to it is 11.5 square miles, while-into it are 
diverted also the water of the Byram River from 8.5 
square miles and those from Rye Pond which receives the 
drainage of 2.5 square miles. These watersheds are quite 
precipitous, and geologically speaking, the surface ma- 
terial is fairly impervious and composed of rock dust 
more or less resembling clay, sand, or gravel on these 
drainage areas. The average rainfall in this region is 
about 48 ins. Kensico Lake was constructed in 1884 and 
has been in continuous use since that time. It has a sur- 
face area of about 250 acres and a capacity of about 1.60 
billions of gallons. Rye Pond, above mentioned, has a 


surface area of about 300 acres and a capacity of about 


1.30 billions of gallons. 


During the fore part of 1907 a number of soundings 
were made and samples taken of the silt on the bottom 
of Kensico Lake. The results showed that the depth 
of the silt ranged from 0.0 to 1.5 ft., that it averaged 
0.6 ft. in depth and that it contained on an average about 
13% of organic material. 

From these figures you will see that the capacity of 
this reservoir has been reduced by about 48 millions of 
gallons, or only 3% in twenty-three years. 

In the design of the Ashokan reservoir it was not con- 


sidered necessary to make any allowance for diminished 


capacity resulting from a silting up of the basin. 


Attention is especially called to the last sen- 


tence of- the above letter. The greatest mu- 
nicipal water-supply reservoir ever constructed 
in the United States was planned without tak- 
ing cognizance of silting, and it should be re- 
membered that the distinguished writer of the 
above statement did not take this responsibility 
alone. He has over him in authority a commis- 
sion composed of three of the foremost engi- 
neers of the world. In the construction of the 
proposed Ohio River reservoir system there is 
no reason why the silting should be very much 
greater than has been indicated in the above 
quotation, provided that suitable arrangements 
are made for the covering of the soil and the 
preservation of the forests. 

. But, admitting for the present, that there 
would be loss of capacity, can it not be con- 
ceived that this material deposited could be re- 
moved? All the reservoirs now being con- 
Structed by the United States in the arid West 
will undoubtedly lose capacity through silting. 
Does any one believe that all such contingen- 
cies have not been foreseen and provided for? 
Major Newcomer apparently does not see cause 
for alarm in the fact that the United States has 


in the past spent millions of dollars to dredge 


sediments from river channels. Why, then, 
should he become apprehensive over the possi- 
bility of finding it necessary to dredge the same 
material, only in far less quantity, from reser- 
voirs? . ; 
Under. the headings “Flood Protection” and 
“Pittsburg Flood of 1907,” Major Newcomer has 
made certain suggestions, the proper discussion 
of which requires extended space. There are 
several inconsistencies and errors in the pre- 
sentation which should be corrected. The writer 
will therefore undertake this, along with a gen- 
eral discussion of flood runoff, in a later com- 
munication and for the present will take up only 
two points that are suggested by Major New- 
comer’s paper. l 

The fact is cited that the fiood of January, 
1907, attained exceptional magnitude at Cin- 
cinnati, but barely passed the danger line at 
Pittsburg, Wheeling, and Parkersburg. There- 
fore, it is assumed that the upper river did not 
contribute largely to the flood height at Cincin- 
nati, .and consequently upper river reservoirs 
would not have assisted materially in reducing 
it. This raises the question whether or not 
Major Newcomer is misinformed concerning the 
extent of this proposed reservoir system. It 
would seem from the. above that he is under 
the impression that the writer expects storage 
reservoirs on the Allegheny and Monongahela 
to prevent floods all along the Ohio. It is cer- 
tain that the water which overwhelmed Cin- 
cinnati in January, 1907, must have come from 
somewhere, and if, as shown by the facts given, 
it did not come from the Allegheny and Monon- 
gahela, it must have been derived from some of 
the lower tributaries, like the Kanawha, Lick- 
ing, Scioto, Big Sandy, and others. Examina- 
tion of the records will show that such was the 
case. Did it not occur to Major Newcomer that 
these rivers might be supplied with reservoirs 
as well as those in his own particular district, 
and, if supplied, would the reservoirs not have 
the same effect on their particular rivers that 
he admits they must have under certain condi- 
tions on the Allegheny and Monongahela? It 
ought not to be necessary to argue that if the 
flood waters from the tributaries that over- 
whelmed Cincinnati had been held back in reser- 
voirs, Cincinnati would not have been over- 
whelmed. The events taking place at Pitts- 
burg during this particular period have no re- 
lation whatsoever to the question. 

The next point under the heading “Flood Pro- 
tection” is the significant and peculiar para- 
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graph with which Major Newcomer closes his 
flood discussion. He says, in effect, that, inas- 
much as the banks of the Ohio have for ages 
been subject to overflow and the Jand has been 
occupied with full knowledge of flood menace, 
the question arises whether the National Treas- 
ury is properly chargeable with the cost of fur- 
nishing protection. Who has proposed that the 
National Treasury furnish the entire cost of 
the proposed reservoir system? Certainly not 
the writer, or, so far as he knows, any one else 
who is advocating internal improvements of this 
kind. It is believed that the great majority of 
thoughtful persons are in accord with Section 
21 of the Preliminary Report of the Inland 
Waterways Commission, as follows: 


The benefits of a comprehensive system of waterway 
improvement will extend to all the people in the several 
sections and states of the country; and the means em- 
ployed should be devised, so far as possible, to distribute 
the cost equitably, through cooperation between Fed- 
eral agencies, states, municipalities, 
porations and individuals. . . 

The protection of the lowlands of the Ohio 
from floods therefore involves a much broader 
concept than that indicated by Major Newcomer 
in the paragraph referred to; but let us confine 
our attention for the moment to the particular 
question of tax on the Federal Treasury. We 
may logically apply the same reasoning to 
navigation improvements that Major Newcomer 
has applied to flood protection. In fact, we 
may use almost the identical language. Thus 
we may say: 

The channel “of the Ohio has for ages been 
subject to” low water. Occupation of the 
riparian lands’’ for purposes of navigation 
“has developed with full knowledge of this fact 
on the part of all concerned.” (Henry Clay 
made a famous statement to the effect that 
the Ohio River was dry one half the year and 
frozen the other half.) Property exposed to 
damage” by reason of low water conditions 
“has been deliberately placed there and the 
acceptance of this risk has doubtless in many 
cases been fully justified.” “If” transportation 
“damages” due to low water “amount to the 
enormous sums stated,” the correction of this 
evil “would correspondingly increase” the value 
of the property. “The question arises whether 
the National Treasury is properly chargeable 
with the cost of” such improvements. 

What is the difference in general principle 
between taxing the National Treasury to im- 
prove property by removing flood menace and 
taxing the same Treasury for improving the 
Same property by affording transportation? The 
matter is as broad as it is long. There appears 
to be no Constitutional limitation on the en- 
gineering methods by which interstate com- 
merce may be facilitated. The Federal Govern- 
ment has constructed levees for the protection 
of lowlands. Why, then, could not Federal 
money be expended for protecting the same sort 
of lands with reservoirs? If Major Newcomer 
must complain of Federal contributions that 
“will increase the value of private property by 
reason of flood protection, he must, if he would 
remain consistent, give similar complaint to the 
expenditure of Federal money that will increase 
the value of property by reason of enhanced 
navigation facilities. 

: Under the heading “Water Power,” Major 
Newcomer brings up the question of how much 
the Federal Government would receive for ad- 
ditional water released from storage reservoirs 
and expresses doubts concerning the writer’s 
estimates. Up to the time of reading this para- 
graph, the writer was not aware that he had 
ever made any estimates of prospective Govern- 
ment receipts. A careful review of the report 
reveals no such estimates, and if the writer has 
so framed any sentence that an inference of 
this nature, however far-fetched, may be drawn, 
he hereby disavows the intent. In fact, he had 
béen under the impression that he has pur- 
posely avoided such an act. It is evident that 
Major Newcomer has taken the approximate 
value per horse-power-year, used to determine 
the approximate value of certain powers, as an 
expression of the author’s opinion that the 
Federal Government should receive such an in- 
come. A careful reading of the report should 
convince him that no such assumption has been 
made. In each case in which the water power is 


communities, cor- 


~ 


discussed, the factor of $20 has been used to 
represent an annual rental value, and this has 
been expressed as representing a 3% income on 
a certain sum. The purpose of all this was to 
show, in approximate figures, the general value 
of water power and thereby to indicate the de- 
silrability of making it available. Just what 
proportion of this rental the Government should 
receive the writer did not attempt to determine, 
save that he intimated that in ordinary equity 
it should be a reasonable sum according to the 
amount expended and the benefits returned. 
Nor did he even assume that the Government 
could receive any rental, for, in the beginning of 
the discussion on water power, the writer stated: 


If any method can be devised by which the United 
States Government can realize a fair return on the addi- 
tional water power created by the proposed storage sys- 
tem, the entire cost of the reservoirs will be returned to 
the treasury. 


The writer did not undertake to determine to 
whom the conserved water belongs, for that is 
a problem of the statesman. For the purposes 
of the report, it was sufficient to show that the 
installation of the reservoirs would create enor- 
mous water powers, the approximate value of 
which could be expressed by using average fac- 
tors, and the development of which will eventu- 
ally be necessary if our industrial life is to de- 
velop in the future as it has in the past. It 
matters not whether the Federal or State Gov- 
ernment receive the rental. This is a mere de- 
tail, insignificant in comparison with the great 
question. Its ultimate solution will involve 
merely a decision on the part of the people con- 
cerning the particular pocket out of which they 
wish to extract funds to pay for a certain large 
contribution to thelr general welfare. 

It is easy to encumber the solution of a great 
problem with details, which if left alone will 
work themselves out. It is the writer’s opinion 
that if in this or any other problem we pause to 
concern ourselves with the number of ways in 
which a thing cannot be done or an object can- 
not be accomplished we shall make very poor 
progress. It is more to the purpose to point 
out and demonstrate the possibilities of accom- 
plishing certain objects, confident that obstacles 
of every kind must eventually be overcome. In 
this particular case, it is germaine to observe 
that the American people have always found a 
way, and when they have become convinced that 
the conservation of flood waters and the develop- 
ment of water power constitute one of the im- 
provements by which their present develop- 
ment and future prosperity may be facilitated, 
the question of who owns the water and how the 
rental is going to be paid will be solved so quick- 
ly that it will hardly be an incident in the de- 
velopment. 

Major Newcomer sets $5 per horse-power-year 
as a maximum rental charge for the stream flow. 
The Government can afford to accept such a 
rental with entire satisfaction, and launch into 
the reservoir business with the assurance that 
it will be a safe investment. It should be borne 
in mind in this connection that the value of 
power must constantly increase, and that, inas- 
much as the proposed reservoir system is a pro- 
vision for posterity as well as for the present, 
it is proper to take into account future values. 
There will come a time when $5 per horse-power- 
year will look as cheap as 25 cents does at the 
present time. Therefore, it will not do to ap- 


praise our values according to present stand- 


ards. 


It is suggested in reply to the statement that 
it is not expected to develop power at the res- 
ervoir sites on account of the extreme fluctua- 
tions in height of the water, that very valuable 
powers might be derived on rivers along which 
there are several successive reservoirs. At the 
lower reservoir, all or part of the ordinary flow 
of the river above might be brought around the 
reservoir by high line canal and utilized for 
power at the lower dam site, and this process 
could be used for all the reservoirs except those 
łocated highest on the several branches. Such 
power sites would be extremely valuable, and 
they would have the benefit of the regulation 
afforded by the reservoirs above those at which 
they are installed. This is the plan which has 


already been carried out in connection’ with the 
Salt River reservoir in Arizona. There would 
hardly be any question as to the ownership of 
such a power. 

Major Newcomer occupies considerable space 
with a remarkable analysis of the cost esti- 
mate given by the writer in his original report. 
For the benefit of those who have not carefully 
examined this report, it seems desirable to re- 
peat the facts concerning this estimate of cost: 

First, there were no figures available concern- 
ing the probable cost of these particular reser- 
voirs. The Inland Waterways Commission di- 
rected that the writer submit the report at a 
date which allowed him less than one month of 
preparation. Little could be done except to set 
down in some semblance of order the facts and 
deductions already in hand. No time was af- 
forded for proper examination of the several sites 
for the purpose of estimating costs. 

Second, it was believed wise to give some esti- 
mates of cost, however wide of the mark it 
might be, because if the basis of such estimate 
were given the intelligent reader could form his 
own conclusions. 

Third, the only available basis of estimate was 
used. The actual costs of reservoirs already con- 
Structed and the computed costs of those pro- 
jected were arranged in classes according to 
reservoir capacity. Average cost was computed 
for each class and the various factors were ap- 
plied to the proposed basins to secure the total 
of about $125,000,000. 

Obviously, a statement made according to the 
above scheme of averages is not subject to pur- 
poseful analysis. If it retains any virtue at all, 
that virtue must lie in the final figure, viz.: 
$125,000,000. Nevertheless, Major Newcomer pro- 
ceeds to analyze and he finds incongruities, such 
as the higher mean total cost of reservoirs of 
one thousand to ten thousand million cubic feet 
capacity over those ranging from ten to twenty 
thousand million cubic feet. It is proper to ask 
Major Newcomer if he really expected any other 
result. His effort seems analagous to the prob- 
lem of proving that two and two make four. Any 
one accustomed to dealing with averages and 
who, presumably, is familiar with the law of 
averages, ought to recognize at the outset that 
in a structure, the component parts of which are 
averages, derived from any divergent units, the 
discrepancies and incongruities must rise up in 
motley array. Of course, every one expects to 
find some small reservoirs costing more than 
some large ones and for this reason the depart- 
ures from the components in the table given 
must be wide, and in some cases absurd. It 
is, therefore, the final result and that alone which 
can be taken with any degree of seriousness, and 
even that must be handled judiciously. 


It is common in discussing matters concerning 
which data are meagre to present figures based 
on certain hypotheses and give authority there— 
for, confident that the intelligent reader will ac- 
cept as much or as little of those figures as seems 
warranted by his interpretation of the facts. 
Major Newcomer indulges in this very practice 
when he presehts a masonry dam estimate based 
on $8 per cu. yd. and invites anyone who thinks 
a different unit should be used to modify his 
figures accordingly. It would be easy to fill 
many pages with figures and arguments to show 
that $8 per cu. yd. is an absurd figure. The two 
cases are parallel, and had Major Newcomer 
used the same philosophy that he expects of his 
readers it would not have been necessary for 
Captain Adams to go into the fleld to show that 
there are wide variations between the writer’s 
averages and the probable cost of certain Mo- 
nongahela reservoirs. 

But Captain Adams has been to the field and 
has done his work thoroughly and well. His 
statements and conclusions merit examination. 
We will consider, first, some of his structural 
figures and then his estimate of damages and the 
aspect thereof. 

There is a commendable effort to provide for 
the best structure for dams, and masonry has 
been chosen. Masonry is expensive and the spec- 
ification thereof has served greatly to increase 
the total estimate given. Only one of the dams 


November 5, 1908. 


ENGINEERING NEWS. 


507 


dealt with by Captain Adams is less than 1,300 
ft. long. Now, in the light of what we know 
of the effects of temperature changes in mono- 
lithic masonry dams, please consider the effects 
here. In the severe winter season, when tensile 
stresses will be greatest on these structures, they 
will usually be uncovered on both faces, i. e., the 
reservoirs will be empty. As a rule, our masonry 
dams have the advantage of a comparatively 
warm blanket of water on one side during the 
winter, Which marvelously changes the whole 
aspect of the situation. The late Mr. George Y. 
Wisner went into this subject with his well 
known thoroughness, and brought to light many 
pointed facts concerning the action of masonry 
dams under temperature changes. He deter- 
mined a tensile stress of 40 tons per sq. ft. on 
such a wall for every 30° in temperature below 
that at which the masonry was laid. The long 
dams in the Monongahela drainage should not be 
built of masonry. Repeated shocks, due to tem- 
perature changes, would injure structures, ex- 
posed as these will be, so that in a series of 
years progressive weaknesses would develop, 
which would-precipitate failures and the conse- 
quent inundation concerning which Major New- 
comer is so apprehensive. 

The writer knows full well that the popular im- 
pression is that earth and rock-fill dams must 
be inferior in stability to monolithic masonry. 
The ocular reason for such an impression is 
obvious. Unquestionably, there are manifold 
sites in which the masonry dam is absolutely 
essential, but this fact does not make the uni- 
versal prescription of masonry dams necessary, 
and especially not so in such places and under 
such conditions as will prevail in the Ohio basin. 

The present article is no place to enter upon a 
full discussion of this matter and the writer 
will therefore be content with the suggestion that 
earth and rock-fill dams will in many cases be 
far better than masonry ones for the purposes 
here discussed, and he is confident that in mak- 
ing this suggestion he is expressing the real 
opinion of many eminent engineers. 


There is a form of expression oft repeated in 
heart-to-heart conferences that take place among 
engineers when plans for dam construction are 
being discussed. It runs somewhat like this: 
“Personally, 1 would have been as well or better 
satisfied with an earth dam than with the 
masonry one that I have specified, but you know 
that public opinion, etec., ete.” 


Familiar, is it not? It is also suggestive. The 
world moves, ignorance and prejudice are being 
dispelled, and public opinion” is always finally 
fixed by facts and evidence. To assume, as does 
Captain Adams, that the inhabitants of western 
Pennsyivania are always going to sustain blind 
prejudice against every form of dam except that 
of masonry is an unintentional but nevertheless 
an indirect reflection upon their habits of 
thought. 


The final suggestion here to be recorded is that 
with reference to Captain Adams’ estimate of 
damages and the use thereof by Major New- 
comer aS a measure of the probable cost of the 
entire Ohio system. The reader should at the 
outset recall the extract from the letter to Major 
Newcomer, quoted above, with reference to the 
proposed sites, viz., that, in view of the abund- 
ant storage facilities, surpassing those necessary 
to secure the desired results, those selected may 
be regarded merely as a “judicious working 
capacity,’ and that further examination would 
probably effect changes in some sites and the 
lowering or raising of the proposed flood line of 
others. For reasons not apparent, this letter 
seems to have been ignored. How would a fair- 
minded application of the principles set forth in 
this letter have affected the situation? 


Take, for example, the proposed West Fork 
reservoir. As sketched in the original report, it 
involves the submergence of Weston, W. Va., 
with damages of $4,500,000. The judicious en- 
gineer, in applying the above principle, would 
have lowered the proposed height of the dam so 
that Weston would not be submerged and he 
would supplement the capacity here lost by pro- 
viding it somewhere else in that particular 
basin. There are many sites for smaller reser- 


voirs that would serve the purposes and be com- 
paratively cheap. 

Again, consider the proposed Ten-Mile Creek 
reservoir. There is an estimated damage of 
$0,600,000 for submergence of coal deposits. The 
judicious engineer would solve this difficulty by 
rejecting the site and would find additional ef- 
fective capacity elsewhere. Numerous similar 
examples appear throughout all of Captain 
Adams’ schedule. In other words, the writer 
expected that the engineers detailed to make 
the necessary minute examination would use 
discretion and good judgment, and would wisely 
adapt their procedure to the conditions dis- 
covered. So far as the writer can ascertain, the 
great majority of engineers who have examined 
the report have made such an inference. There- 
fore, a similar interpretation might have been 
expected from one to whom was given supple- 
mentary advice in the shape of a personal let- 
ter on this precise point. 

Major Newcomer has used the estimates of 
Captain Adams to forecast the cost of the en- 
tire Ohio system, including therein all the enor- 
mous damages above discussed. Let us reflect 
a moment. In this article, Major Newcomer 
complains that the reservoirs used by the writer 
in his cost estimate are not fair criterions be- 
cause their sites are far more favorable than 
those proposed in the Monongahela basin. This 
complaint is justified, but there is a saving ele- 
ment in the fact that the reservoirs so cited 
were all that were available for the purpose. 
After making this complaint, Major Newcomer 
deliberately selects as a basis of his estimate, 
conditions far less representative than those 
used by the writer, for he sent Captain Adams 
into the most valuable mineral region in the 
Ohio Valley and, with fine discrimination se- 
lected the basins in which there are workable 
coal deposits of great value, many manufactur- 
ing plants, and several sizeable municipalities. 
It was not enough to ignore the writer’s state- 
ment that the reservoirs selected in the original 
report were not necessarily fixed in location. He 
must, in addition to this, select the most ex- 
pensive region, from a reservoir standpoint, in 
the whole basin. He, perhaps, will explain why 
he did not select some proposed sites, of which 
there are many, where practically the entire 
damage will be confined to the submergence of 
farms, wild unproductive lands or timber, and 
thus endeavor to secure a cost factor. The facts 
are that in applying his cost factors to the en- 
tire Ohio basin he has placed himself in the po- 
sition of assuming that beneath practically all 
of the reservoir sites in Ohio, Indiana, Ken- 
tucky, Tennessee, and other states covered in 
the plan, there are immense deposits of coal, 
involving in some cases a damage of nearly ten 
million dollars per single reservoir. He has 
assumed that in all these upland districts there 
are towns of the size of Weston and Elkins, W. 
Va., to be submerged and that every ob- 
scure valley comprised in the system contains 
manufacturing plants. Taking the whole on this 
basis, he forecasts the entire cost at nearly one 
thousand million dollars. The writer’s basis of 
cost estimate was admittedly poor, but the de- 
fects bristled conspicuously and therefore it was 
fair. But, if that basis of cost estimate was 
poor, what is the appropriate adjective to be 
applied to that presented “for the sake of illus- 
tration” by Major Newcomer? If it were se- 
lected specifically for special pleading against 
the reservoir system it might be termed in- 
genious and clever; but if it were submitted as 
a genuine test of the probable cost of the scheme 
it must be denounced as specious and unfair. 

It appears necessary for the writer to state 
once more that his opinion of the practicability 
of the proposed reservoir system is not based 
upon, nor limited by, the total given in his 
alleged cost estimate. This should have been 
apparent from an unbiased reading of the 
Original report. If any doubts had still existed 
they should have been eclipsed by the writer's 
reply to the presentation of Capt. W. D. Connor. 
An estimate of $500,000,000 has recently been 
made by Lieut. Col. H. M. Chittenden. Until 
more precise information is presented the writer 
will still hold to his original suggestion, viz.: 


That the whole matter should receive thorough 
field study. If the proposed reservoirs will ac- 
complish a fair proportion of all that has been 
prophesied in the original report, the Federal 
Government may proceed with its just proportion 
of the expenditure, confident that it never made 
a better financial investment. 
—ͤ ——V— — 

THE BOILER OF A LOCOMOTIVE, drawing a milk 
train on the New York Central & Hudson River R. R., 
exploded at White Plains, N. Y., Oct. 28. The engineer, 
brakeman and fireman, who were in the cab, were seri- 
ously injured. 

— — — — 

A HEAD-ON COLLISION between a freight and a 
passenger train on the Mexican Central Ry. a short 
distance south of Dafiu, Mex., Oct. 25, is ascribed to 
disregard of orders on the part of the crew of the 
freight. One man was killed and four persons injured. 
None of the passenger coaches left the track, but the 
baggage car and eight of the freight cars were badly 
damaged. 

——— — 

A COAL TRAIN STRUCK A STREET CAR of the 
Wilkes-Barre & Wyoming Valley Traction Co. at Dor- 
rancetown, Pa., Oct. 30. Thirty passengers on the street 
car were injured. The accident occurred at the Dela- 
ware, Lackawanna & Western R. R. crossing and was 
due to a misunderstanding of signals. 

— — — 

A WORK TRAIN on the Buffalo, Lockport & Rochester 
Ry., an electric line, was struck head-on by a baggage 
car three miles east of Lockport, N. Y., Oct. 26. Eight 
men were injured, two of them fatally. The baggage 
car is said to have overrun orders, failing to stop at the 
Rushford crossing. 

aha ge 

THE REMOVAL OF A RAIL BY WRECKERS caused 
the derailment of the Chicago-Duluth Limited on the 
Chicago & Northwestern Ry. at Kempton, Wis., Oct. 29. 
The engineer and about ten passengers were injured. 
The train was running at the rate of 45 mi. per hr. 
The locomotive and all but two of the cars were over- 
turned. 

e —— 

A CABLE CAR on the Washington Street line in San 
Francisco, Cal., became unmanageable and was derailed 
at the foot of a steep hill Oct. 19. Nine passengers were 
injured. The grip refused to work near the top of the 
hill and it was found impossible to stop the car with 
the brakes. 

— . 

A TROLLEY CAR COLLISION in Cleveland, Ohio, 
Oct. 30, resulted in injury to SO passengers, five of whom 
were seriously hurt. The accident occurred at the 
Superior Avenue Viaduct, which is fitted with a draw- 
bridge over the Cuyahoga River. The draw was open 
and one car had stopped within about 40 ft. of the 
edge. A second car crashed into the rear of the first, 
the brakes of which were fortunately tightly set, other- 
wise a worse disaster might have occurred. 

— 

A FERRYBOAT ON THE POTOMAC RIVER was 
struck by a steamer opposite the Firth-Sterling Steel 
Co.'s plant at Giesboro, D. C. One passenger was killed 
and three were injured in the collision which occurred 
during a fog. The wrecked ferryboat was the Lacka- 
wanna’ of the Washington & Alexandria line. The 
steamer, the “Washington” of the Norfolk & Washing- 
ton line, was only slightly damaged, but a large portion 
of the starboard side of the ferryboat was torn away 
and she was beached near the mouth of Four Mile Run 
to save her from sinking. 

— . —————— 

A $5,000,000 CONTRACT for electrical apparatus for 
the motive equipment of the New York terminal of the 
Pennsylvania R. R. was reported on Nov. 3 as awarded 
to the Westinghouse Electric & Manufacturing Co., of 
Pittsburg. Other heavy contracts are expected to follow 
this one. 

— 

PANAMA CANAL EXCAVATION during October to- 
taled 3.282, 276 cu. yds., a daily average of 121.565 cu. 
yds. for 27 working days, as against 3,158,886 cu. yds. 
for September, a daily average of 126,355 cu. yds. for 
25 working days. The record for the past two months 
ia as follows: 


Steam Shovels: October. September. 


Atlantic: umriss. 155,142 136,892 
Central division . 1,551,409 1,442,567 
Pacific divisloon . . . 135,876 135, 536 
Dredging: 
Atlantic a 505,260 624,776 
Pacific division 34.42.56 eéeea ees & 765.876 750.080 
Canal prism tot aalLw. 3,113,563 3,089,851 
Accessory works outside canal prism: 
By steam shovel. 111.075 68,451 
r wel ia aii ea a owe oe wees SO 5 
By Gregs ke sa J 57,638 woe ek 
Total excavation...........+66: 3.282.276 3,158,886 


The rainfall during October was 10.51 ins. against 9.72 
ins. in September. 
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A REMARKABLE OIL WELL in the Atlantic coastal 
plain of Mexico is said to have causcd the deaths of 
many men by the emission of poisonous gases recently. 
The well is known as Dos Bocas. Oil was struck in the 
well on July dth last, and the escape of oil and gas at 
once assumed the force of a miniature volcano. The es- 
caping oil caught fire at once and the conflagration raged 
for months with such Intensity that no one could ap- 
proach the spot. This continued until about Sept. 1 when 
the walls of the well caved in and cut off temporarily 
the flow of gas and oil and extinguished the flames. The 
flow was recstablished, however, and for months a vast 
volume of boiling water, oil and gas have been poured 
forth. A local correspondent informs us that the crater 
is now about 750 ft. in diameter and the engineer of the 
oil compauy estimates that about a million barrels of 
water and forty thousand barrels of oil are thrown out 
daily. The surrounding country and the water courses 
for a great distance are covered with oil and the yel- 
lowish water from the well. 

The well is located about 75 miles southeast of Tam- 
pico near the navigable lake Tamiahua. Recently the 
well has been emitting poisonous gas:s, and newspaper 
reports place the total loss of life as high as 50. It is also 
stated that a coast steamer which arrived at New Orleans 
recently passed through a great volume of smoke and gas 
from the well which had drifted to seaward and the 
white paint on the vessel was turned dark by the 
action of the gas. 

— 512 


THE FORMOSA TRUNK RAILWAY was completed by 
Japan and opened to traffic on Oct. 25. Its total length 
is 334 miles, of which about one-fifth had been built 
under the Chinese regime. Considerable branch-line con- 
struction is expected. 

—————— mama 

A PROCESS OF REDUCING IRON ORES without the 
use of a blast furnace and without fusion, has been in- 
vented by Mr. J. T. Jones of Iron Mountain, Mich. It 
is said to be more economical and effective than the 
common method, particularly in the treatment of the 
lower grade ores. The furnace consists of a cylinder 
8 ft. in diameter and 120 ft. long which is mounted on 
bearing wheels at a slight slope. The ore is fed in at 
the higher end and, as the cylinder revolves, moves 
slowly toward the lower end. At the lower end is in- 
troduced a powerfully reducing flame which is fed with 
gas from a specially designed producer. The flame is so 
adjusted as to give a temperature of 1,470° F. at tho 
lower end and it is claimed that this gives a complete 
reduction of all oxides. The hot gases pass up through 
the ore and emerge at the upper end of the cylinder at 
a temperature of 400° F. as CO, The fuel required per 
ton of iron produced by the Jones process is given as 
625 lbs., against 2,000 Ibs. of coke in the blast fur- 
nace. A description of this process was published in 
“Mining Science’ for Oct. 8, 1908. 

— . — — 

IDLE FREIGHT CARS continue to decrease. The 
latest report of the American Railway Association's com- 
mittee on Car Efficiency, giving figures for Oct. 14, 
1908, shows a total car surplus of 115,036 (as compared 
with 133,792 on Sept. 30), a decrease of 18,756 in two 
weeks (as against a decrease of 39,895 in the preceding 
two weeks). The largest part of the 18,000 decrease 
was in coal, gondola and hopper cars. Notable shortages 
are reported from some sections, the Northwest and 
Canada particularly; the total of shortage is 13,190 cars, 
an increase of 5,000 in the two weeks since Sept. 30. 
The shortages are mostly under the heading box cars. 

Together with the decrease in idle road cars must be 
reckoned a continuing decrease in “bad order” or “shop” 
cars, which during the period of idleness jumped to 
twice the usual percentage. The report quoted says in 
general terms that there is ‘‘considerable further de- 
erease {n the number of bad order cars,’’ but gives no 
figures. Presumably the number of shop cars is still 
above normal, so that the actual car surplus is larger 
than the figures show. 

— 


A TEST OF IRON SLAG PAVING BLOCK has been 
made in Montreal, Que., comparing it with the shale 
block in common use. Five “Metropolitan” blocks were 
first tested in a rattling machine according to the 
standard set down by the United States Government in 
the bulletin of 1903 on the testing of road materials. 
These blocks weighed originally exactly 10 lbs. each. 
At the end of 600 revolutions, their weight was reduced 
to 4614 lbs., showing a loss by abrasion of 1%. After 
a total of 1,800 revolutions, the five blocks weighed 41% 
lbs., giving a total loss of 1731% of the original weight. 
Five ‘‘Scoria’’ blocks weighing from 11% to 13 lbs. 
with a total weight of 63 Ibs. were next tested. The 
“Scoria” block is an fron slag block made in England. 
After 600 revolutions their combined weight was reduced 
7%% by abrasion, and after 1,800 revolutions the loss 
was 40.4% of the original weight: more than twice as 
great as that for the Metropolitan“ block. The speed 
of the rattler was 35 r. p. m. Two of the five slag 
blocks broke during the test, and it is due to this that 
the per cent. loss was so high after 1,800 revolutions for 


- these blocks, 


as the broken blocks were treated as a 
total loss. None of the shale blocks were broken. These 
tests were made by the Milton Hersey Co., Ltd., 171 St. 
James St., Montreal. 

It should be noticed that the results of this test do not 
afford an altogether fair basis of comparison for loss by 
abrasion in the two kinds of block, on account of the 
element of uncertainty introduced by the breaking, due 
to defective structure and weakness’’ of two of the iron 
slag blocks. The two lightest slag blocks weighed to- 
gether 233, Ibs. Assuming that it was these two that 
broke, we have 39,4 Ibs. as the original weight of the 
remaining three (the only ones weighed at the conclusion 
of the test). The final weight was given as 35 lbs., 
which shows a loss by abrasion—ignoring the broken 
blocks—of only 10.8% as compared with 17.75% for the 
shale blocks. But this is not conclusive for the two slag 
blocks eliminated may very probably have been much 
softer than the remaining three. 

— . &U—— 

THE EXTENT OF FIRE DAMAGE in the Adirondacka 
is 'excecdingly great, according to a report to the Public 
Service Commission of New York State by Commissioner 
T. M. Osborne, who made a reconnaissance trip through 
the forest-fire district of the State with a view to de- 
termining approximately the part played by railways in 
causing the forest fires. He expresses the belief that 
the damage is fully as great at that of 1903, particu- 
larly because the dry condition of the ground this year 
involved the forcst floor in the conflagration over large 
areas of country. He says it is undeniable that a vast 
territory has been seriously and a great deal of it ir- 
retrievably damaged. There are now large tracts 
burned down to the bare rock; not only the forests, but 
the foundation of the forests is gone. That can proba- 
bly never be replaced.“ He expresscs the specific con- 
clusion that this year’s fires were the most disastrous 
ever known in New York, except perhaps those of 1903, 
that many of the fires started along railway tracks and 
were undoubtedly caused by engine sparks, and that to 
protect the forests the railways must take more efficient 
measures than are now in use. 

— — — 

SOME DIFFICULTIES IN THE RICKEN TUNNEL 
have been reported recently. This tunnel, between Uz- 
nach and Wattwyl in northeastern Switzerland, is com- 
pleted except for a small length of masonry lining. The 
advance of the headings was interrupted a year or two 
ago, as reported in these pages, by strong flows of com- 
bustible gas. It seems that there is still a slight flow 
of gas, for which 4-in. vent-tubes were built in 
the lining masonry, and that the gas has become ignited 
and, the flame striking back through the vent-tubes, is 
now burning behind the lining. No damage has yet 
been caused by this, and it is expected that the gas flow 
will soon be exhausted. At another point in the tunnel, 
where soft rock was encountered, the edges of the arch 
blocks began to spall recently, and the abutments have 
crowded together, as much as 12 ins. in places. The 
movement is not continuing, it seems, and no trouble is 
anticipated in rebuilding the unstable section, a length 
of about 200 ft. The above data are reported by the 
“Schweizerische Bauzeitung’ of Oct. 3 from a personal 
inspection. 

—  ~ —äb — 


PERSONALS. 


Mr. Albert E. Smith has been elected City Engineer 
of Warren, O., succeeding Mr. E. M. Milligan, resigned. 


Mr. J. K. Witman has been appointed Superintendent 
of Materials and Supplies of the Philadelphia & Read- 
ing Ry., succeeding John H. Rankin, deceased. 


Mr. J. T. Connor, Master Mechanic of the Houston & 
Texas Central R. R. at Ennis, Tex., has been appointed 
Superintendent of Motive Power and Machinery in place 
of Samuel Millican, deceased. 


Mr. J. M. Lee, Vice-President of the Percival Wood 
Preserving Co., has been appointed Commission Engineer 
of the State of Oklahoma. He is to make a revaluation 
of all the railways in that State. 


Mr. William McElroy, City Engineer of Fort Scott, 
Kan., has resigned in order to take up a course of study 
at the Rolla School of Mines at Rolla, Mo. His resigna- 
tion is to take effect Dec. 1. 


Mr. Frank Ward has been elected Borough Engineer 
at Ridgeway, Pa. Previous to Mr. Ward's election, it 
had been the practice at Ridgeway temporarily to engage 
an engineer whenever one was required. 


Mr. Edwin H. Rogers, M. Am. Soc. C. E., has re- 
signed the position of Chicf Engineer of the Boston & 
Worcester Street Ry. Co. to become City Engineer of 
Newton, Mass., with headquarters at City Hall, West 
Newton, Mass. 

Mr. J. A. Kinkead, Assoc. Am. Soc. M. E., has resigned 
as Engineer of Tests, American Locomotive Co., and 
has become Manager of Saies for the Parkersburg Iron 
Co., Parkersburg, Pa., in New York, New England and 


Canada. His office is at 2601 Singer Bldg., New York. 


Mr. J. C. Bertsch, M. Am. Soc. M. E., has resigned 
his position as General Superintendent of the Central 


City Ice Co. of Macon, Ga. His resignation took effect 
Oct. 1. In connection with the practice of his profession 
as a Refrigerating Engineer and Architect, Mr. Bertsch 
is now conducting a patent bureau. His offices are at 
228 and 230 Brown-Randolph Bidg., Atlanta, Ga. 


Mr. John F. Hayford, M. Am. Soc. C. E., has been 
appointed Dean of the Engineering School of North- 
western University and will take up his duties in that 
position Sept. 1, 1909. Mr. Hayford graduated at Cor- 
nell in 1889, and was an Instructor in Civil Engineering 
at that University from 1895-98. Since 1898 he has 
been connected with the U. S. Coast and Geodetic Sur- 
vey. He is the author of a book on Geodetic Astron- 
omy.” 


Obitnary. 


James Harper, for 20 years County Engineer of Beaver 
Co., Pa., died Oct. 18 at his home in Beaver, Pa. His 
death was due to heart failure. Mr. Harper was 81 
years old. 


Alfred A. Raymond, inventor of the Raymond concrete 
pile and Vice-President of the Raymond Concrete Pile 
Co., died recently at Regina, Canada. Mr. Raymond 
was born at Lockport, N. Y., in 1848. 


Charles Hartshorne, who was Vice-President of the 
Lehigh Valley R. R. from 1868 to 1899, died Oct. 30 at 
his home at Merion Station, Pa. Mr. Hartshorne was 
born in Philadelphia, Pa., in 1829 and graduated at the 
University of Pennsylvania in 1847. He was a trustee 
of Lehigh University and of Bryn Mawr College. 


Allan L. McDermott, formerly President of the Washing- 
ton Ry. & Electric Co., of Washington, D. C., died Oct. 
26 at his home on Crescent Ave., in Jersey City, N. J. 
Mr. McDcrmott was born in Boston, Mass., in 185% and 
was a graduate of the New York Law School. He has 
held many state, county and municipal offices in New 
Jersey. 

—— — — 


ENGINEERING SOCIETIES. 


—— 


COMING MEETINGS. 


ROADMASTERS AND MAINTENANCE-OF-WAY ASSO- 
CIATION OF AMERICA. 
Nov. 10-12. Annual meeting at Milwaukee, Ws. 
Secy., W. E. Emery, West Chicago, Ill. 
AMERICAN RAILWAY ASSOCIATION. 
Nov. 18. Annual meeting at Chicago, ae Secy., W. 
F. Allen, 24 Park Pl., New York Cit 
SOCIETY OF NAVAL ARCHITECTS AND MARINE EN- 
GINEERS. 

Nov. 19-20. Annual meeting at New York City. Secy., 
W. J. Baxter, 29 West 39th St., New York City. 
AMERI SOCIETY OF REFRIGERATING ENGI- 
Nov. 30-Dec. 1. Annual meeting at New York City. 

Secy., W. H. Ross, 154 Nassau St., New York City. 
AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 
Dec. 1-4. Annual meeting at New York City. Secy., 
Calvin W. Rice, 29 West 39th St., New York City. 

AMERICAN INSTITUTE OF ARCHITECTS. 


Dec. 15-17. Annual convention at Washington, D. C. 
5 8 Glenn Brown, The Octagon,’ Washington, 


— 


CANADIAN SOCIETY OF CIVIL ENGINEERS.—At 
the meeting of the Mechanical Section, Oct. 29, a paper 
on “The Works of the Canadian Locomotive Co., King- 
ston,” by Mr. Henry Goldmark, was read. A meeting 
of the Mining Section will be held at Montreal, Nov. 12. 


NATIONAL ASSOCIATION OF CEMENT USERS.—At 
the fifth annual convention to be held at Cleveland, O., 
Jan. 11-16, an exhibition of cement products and appli- 
ances will be held at the Central Armory. Applications 
to be considered in the first allotment of space must be 
received at the office of the association, Harrison Bldg., 
Philadelphia, by noon, Nov. 16. 


AMERICAN MINING CONGRESS.—The eleventh an- 
nual session will be held at Pittsburg, Pa., Dec. 2-5. 
Delegates are appointed by the President and the chief 
executives of foreign nations, by state, county and 
municipal officers in the United States and by scientific 
and engineering societies and state mining schools. A 
meeting of the members will be held at Pittsburg, Dec. 
3, to elect three Directors to succeed E. A. Colburn, Al- 
exander Dempster and L. W. Powell, whose terms of 
office expire. 

NEW ENGLAND WATER-WORKS ASSOCIATION.— 
The November meeting will be held at Hotel Brunswick, 
Copley Square, Boston, on Nov. 11. The following pa- 
pers will be presented: ‘‘Private Fire Protection and 


‘Insurance Rules,” Gorham Dana, Manager Underwriters’ 


Bureau of New England; ‘‘Public Water Supplies of the 
State of New York,” H. D. Pease, Director State Hy- 
gienic Laboratory, Albany, N. Y. The committee ap- 
pointed to nominate officers for the ensuing year re- 
port the following list: For President, Robert J. 
Thomas; for Vice-Presidents, George A. King, William 
F. Sullivan, George A. Stacy, Allan Hazen, William C. 
Hawley, Ermon M. Peck; for additional members of Ex- 
ecutive Committee, George W. Batchelder, Frank L. 
Fuller, Edmund W. Kent: for Secretary, Willard Kent: 
for Treasurer, Lewis M. Bancroft; for Editor, Richard 
K. Hale; for Advertising Agent, Charles W. Sherman: 
for Finance Committee, George Cassell, John C. Chase, 
Hugh McLean. 
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THE SEATTLE REGRADE, WITH PARTICULAR REF- 
ERENCE TO THE JACKSON ST. SECTION. 
By LOUIS P. ZIMXMERMAN.“ 


Seattle, Wash., is confronted with an immense 
problem that is and must be solved in order 
that the city may continue to flourish and grow. 
This problem consists briefly in regrading and 
leveling the hilly streets and adjacent property 
on which the city is built. 

Commercially, Seattle has every adyantage. 
Here terminate the transcontinental railway 
systems of the Pacific Northwest; here are the 
terminal wharves of the steamship lines run- 
ning to Alaska, the Asiatic ports, the west coast 
of South America, the Pacific Islands and 


districts of the city, new ground areas must be 
produced, with a maximum grade so low that 
the retail traffic can be moved by teams with- 
out exhaustive effort. To get these areas Seattle 
is carrying out the most extensive regrade of 
any city in the country. Whole sections are be- 
ing cut down from 10 to 100 ft., and new blocks 
are being built up on the hitherto worthless tide 
flats. 

Steam shovels, cars and wagons were so in- 
adequate for this project that, except in special 
cases, they were not considered. Water, both 
fresh and salt, is unlimited here in quantity. 
Hydraulic sluicing was adopted to level Seattle’s 
hills and convert almost worthless buttes into 
valuable property. Two methods of disposing 


butting up a 1% to 1 slope with material de- 
posited by the Byüra lle process. Work upon 
this section is now being carried on with six 
4-in. giant nozzles, using 12,000,000 gals. of 
fresh and 12,000,000. gals. of salt water every 
24 hours. The cost of the work on this regrade 
will be $515,000, exclusive of the cost of grading 
private property. The work is divided 
lows: 


as fol- 


Excavating. Embankment. 


U AAA ˙ . 8 1,791,115 1,388,904 


Tota? less 35,651 65,830 
Total blocks, private........ 1,515,279 975,110 
Breet: TAWAN i isso ccks cicaeees 82,238 35,865 

TORE 2s sas iatriecnceeiaen 3,424,263 2,465,799 


Lewis & Wiley are the contractors on this re- 
grade. They are allowed 15% for embankment 
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NEW GRADE OF WELLER STREET, JACKSON STREET REGRADE WORK, SEATTLE, WASH. 


(Weller St. is parallel with Jackson St. 


Canada; and here is found cheap and convenient 
transportation between the many growing towns 
on the numerous islands and natural harbors of 
the Puget Sound country. 

Seattle fronts on Elliott Bay, a branch of 
Puget Sound, which forms an extensive deep- 
Water harbor protected from storms, and acces- 
sible to the largest vessels afloat, at all times 
and at all stages of tide. On the east side is 
Lake Washington, a body of fresh water twenty- 
five miles long, from two to four miles wide and 
of great depth. Lake Union and Green Lake, 
smaller fresh water bodies, lie wholly within the 
city limits. The surface of the city is hilly, 
consisting principally of long ridges, which rise 
to an elevation of about 300 ft. above the level 
of the sound, with a few higher buttes. 

These long, hilly ridges present a problem to 
Seattle, the magnitude of which has seldom or 
never been equaled in any city of the world. 
To accommodate the great, growing business 


*302 Pioneer Building, Seattle, Wash, eae 


The view is taken from Twelfth Ave., South, and Weller St., 


St. reduced from 13% to 5% 


of the vast amount of earth presented them- 
selves. One, was to waste it into the sound; the 
other, to sluice it onto the tide flats. 

The regrade work in Seattle may be divided 
into three large and three small areas. The 
ultimate aim is to level the entire business and 
abutting sections. This is being done by parts, 
the more urgent needs being taken first. The 
Jackson St. regrade, extending from Washington 
St. to Addition St., and from gth Ave. to 12th 
Ave., south, adjoining the Union depot, is one of 
the three great centers of attack at present. This 
area includes 120 acres of property and 5.8 
miles of street and entails the removal of 3,400,- 
000 cu. yds. of earth. The project involves the 
leveling of the Jackson St. hill, which lies just 
back of the business district of the city, and 
depositing the excavated material on the tide 
flats adjacent on the south. Fig. 1 shows the 
old and new grades of Jackson St. Fig. 2 and the 
view on this page show the sluicing work in prog- 
ress, and Fig. 8 shows the method employed in 


looking N. W. 


towards the business district. Grade of Weller 


shrinkage. Other terms of the contract are as 
follows: 


CONTRACTORS TO PAY CITY: 


For water from the city reservoir, $20 per million gals. 
Use of Lake Washington pumping plant, $3,000 per year. 


CONTRACTORS ARE TO RECEIVE: 


Clearing und grnbbingngngg ccs $30,000 
Earth excavating, 1,770,000 cu. yds., at 10 cts.. 177,000 
Earth embankment, 1,363,000 cu. yds., at 15 cts. 204,450 
New lumber: 100 M. 26.) Mb. ꝗ m:-ÄX ‚ » 2,400 
/ ͤ y .. sa alee 750 
Concrete retaining walls, 600 cu. yds., at 810 6,000 
, . RRRS FOUR TOO ; 500 
Bulkhead piling, 5, 000 |, SS N . 20.000 
1 ͤmʃauzZʃa —ͤ—w—f ² A ˙·¹ - AE ness 12, 500 
Iron, 200,000 lbs., at 5 P 10,000 
Oak blocks aad €2t 08 2 8 6.'6.6-6.5868' 068 0286.68.60 2.00.0 628 OR * 375 
Sewer box IL ef 7,500 

Total oS 8 B..9.2'8. & O-@ 2 00.0 ' 8't.6 Cee GE, e Mat hao 


According to the charter of Seattle, improve- 
ments amounting to more than 50% of the as- 
sessed value of the property benefited cannot 
be made without a petition therefor, signed by 
75% of the property holders affected. Fifty per 
cent. of the assessed value of this property is 
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$515,813, so that the above contract is well 
within the limit. 

The contractors remove the ground from pri- 
vate property at 10 cts. per cu. yd. and render 
each owner a statement of his amount. The 
property owners have the right to pay cash, or 
in five or ten-year installments at 7% interest. 
It may seem a hardship to assess a poor man 
so extensively, but the assessments are small 
in comparison with the increased value of the 
property. Even if forced to sell, owners can 


ft. and is joined with wooden collars and cov- 
ered with No. 1 galvanized iron wire, 9/16-in. 
c. to e. The pipe is protected externally with 
several coats of heavy tar paint. On Saturday 
nights, when work is shut down, the salt water 
is flushed out and the pipes are filled with fresh 
water to prevent the teredoes from boring into 
the pipe. 

Considerable difficulty was found in laying the 


pipe. As laid, it passes under two heavy traffic 
Streets, two street car tracks and several rail- 
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FIG. 1. PROFILE OF JACKSON STREET REGRADE ON LINE OF JACKSON STREET, 

SEATTLE, WASH. 


often get from three to six times as much as 
the property was worth before the regrade. 

Work on the Jackson St. contract began in 
May, 1907, and the contract calls for its com- 
pletion in thirty months. The progress made 
thus far indicates that the work will be com- 
pleted on time. Hydraulic sluicing is used en- 
tirely except for leveling and surfacing. Water 
is supplied from two sources, fresh water from 
the city reservoir on Beacon Hill and salt 
water from a pumping plant on Elliott Bay, at 
the foot of Connecticut St., over 6,000 ft. from 
the center of the work. 

The salt water pumping plant was designed and 
built under the personal supervision of McAllaster 
& Bennett, consulting engineers, of Seattle. 
Tides were the first problem presented in the 
erection of a pump house. The extreme high 
tides of winter are some 20 ft. above the low 
tides of summer. The pump house, a 31 x 37-ft. 
wooden building, is built on piles about 200 ft. 
from the shore. The floor, which was made 
water-tight to protect motors in case of extreme 
high tide, is composed of 1%-in matched floor- 
ing, covered with 3 x 6-in. plank. It was neces- 
sary to place the pumps as low as possible to 
be able to operate them without too great a 
suction head at low tide. The pump-house floor 
was placed at normal high tide level. The sides 
of the house are made water tight a a dis- 
tance of 2% ft. above the floor by using 2 * 4in. 
timbers and calking the joints. Inside, a bulk- 
head encloses a space 13 x 23 ft. in plan, oc- 
cupied by the pumps and motors. The remaining 
floor space may be flooded at high tide to pre- 
vent the building from floating away. 

There are two pairs of 10in. five-stage 
Worthington turbine pumps, each pair direct- 
connected by a flexible shaft to a 650-HP., 2,000- 
volt, two-phase, A. C. synchronous Westing- 
house induction motor. Each unit is capable of 
supplying 6,000,000 gals. of water per 24 hrs. 
against a head of 380 ft. The pumps operate 
normally at 690 r. p. m., having thrust bear- 
ings with six collars and oil-enclosed cooling 
rings surrounded by circulating water. The 
vanes of the pump are bronze to resist the action 
of the salt water. A pressure of about 155 Ibs. 
is maintained. 


Power is obtained from Snoqualmie Falls at 
27,000 volts and stepped down to 2,000 volts by 
transformers at the pump house. To avoid the 
heavy starting current of the large induction 
motors, which is four to five times the normal 
operating current, a series of ten solenoid start- 
ing switches and a master switch are used. 

The pumps discharge into a 24-in. fir wood 
pipe, which is equipped with a stand-pipe that 
acts as a surge tank to prevent damage due to 
turning off the nozzles on the work. The pipe 
was built by the Pacific Coast Pipe Co., of 
Ballard, Wash., and is designed to stand 375 
ft. head. The pipe is laid in lengths of 8 to 16 


road tracks. For a considerable distance over 
the tide flats it is supported on blocks or sus- 
pended from the bridges. Although salt water 
is obtainable in any quantity and is more ef- 
fective than fresh water, due to its greater spe- 
cific gravity, there is the objection of the water 
foaming and air bubbles being carried in, thus 
reducing the effective area of the pipe. Four 
branches lead from this line to four giant cast- 
iron nozzles, varying in effective diameter from 
2.5 to 4 ins. Each giant is mounted on a reducer 
and a ball and socket joint, so that a sweep of 
a full circle can be obtained. The nozzles are 
fitted with handles at the nozzle end, and witha 
board and box counterweight by means of 
Which adjustment can be made in any direction 
and at almost any angle. 

The operators of these nozzles have all seen ser- 
vice sluicing in Alaska. The streams are directed 
only toward the bottom strata and worked to 


other side of the hill complain, while those di- 
rectly above are not affected. Gravel is the 
hardest to handle. The fine sand washes out 
and leaves the heavier gravel. This and oc- 
casional boulders are disposed of to builders 
and contractors who haul them away in wagons. 

In disposing of the earth the contractor starts 
at the point of disposal on the tide flats and 
determines how high the fill is to be at that 
point. Then knowing that sluiced material will 
spread with a slope of about one to five, he 
calculates how high above the grade level he 
must ultimately have the outfall of his mud 
line. As a grade of 4% is necessary for open 
Sluice and only 2% for pipe, he determines which 
to use, that he may have grade enough to carry 
the material where he wants it. For the open 
sluice boxes, only guide boards are used to con- 
vey the material into them. For the pipes, 
temporary wooden penstocks are built ahead of 
the pipe. The pipes used are 24-in. fir pipe. 
As the sluicing water carries approximately 20% 
of material in suspension, the wearing action 
on the pipe is very great. To prevent this a 
patented filler is used in the pipe, with a cross 
section as shown in Fig. 4. Two of the staves 
are specials and between them fit the fillers, 
which are laid on the bottom side of the pipe. 
These fillers are cut so that their grain is at 
right angles to the line of flow. Such a filler 
will last about six months and can then be 
replaced, thus saving the costly pipe. 

The contractors have a small electrically- 
driven saw mill and blacksmith shop, in which 
they do small repair work. 

With the disposal of this immense amount of 
material and the work on the tide flats, several 
problems of exceptional engineering interest are 
encountered. This district is covered with places 
of business, access to which must be provided 
by temporary bridgcs, built on piles and moved 
as required. New streets are constantly being 
laid out in the filled tide lands. 

In filling a block, the sluiced materials are 
led on to the tide flats and there allowed to 
spread. Dikes are built at the lower ends of the 
filled districts, which check the velocity of the 
water and allow the earth to precipitate. The 


Fis ae 


ad N. W. on Weller St., between Ninth and Tenth Aves., South, where there is a 75-ft. cut. 


FOUR 4-IN. GIANT NOZZLES PLAYING ON REGRADE WORK, SEATTLE, WASH. 
The old grade 


line of Jackson St. may be seen at the crest of the cut on the right.) 


within a foot of the final grade (see Fig. 2 and 
view on p. 509). This leaves little surfacing to 
be done by hand. The soil in being undermined 
works well together, lubricating itself fairly well 
under the guidance of a skillful operator. About 
60% is blue clay. The yellow clay, loam and 
sand wash away fairly easily, but the lower 
strata of hardpan or blue clay requires blast- 
ing. In shooting, the clay carries the concus- 
sions along the strata and people living on the 


water passing through the spillways, over the 
dikes, has carried with it enough fine material 
in suspension to raise the level of the lower tide 
flats about 2 ft. 

The problem of sanitation and sewage dis- 
posal is important because the district is 
thickly settled. The people living in the dis- 


-trict regraded have the choice of tearing down 


their houses or moving them off, either of which 
entails crowded and unnatural conditions. On 
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the adjoining streets and lots houses are 
crowded together and temporary sewage dis- 
posal becomes necessary. This is well effected 


by means of 1 x 1-ft. box sewers, 3 ft. under- 
ground, leading to the tide flats. These wooden 
boxes are buried beneath the fill and permanent 
brick sewers will be installed after the work 


acres, 2.6 miles of street and 5,400,000 cu. yds. 
of earth. On this section four nozzles are using 
14,000,000 gals. of water every 24 hours, and 
two steam shovels, six locomotives and 36 dump 
cars are also employed. The cost of this re- 
grade will be about $1,000,000, exclusive of 
cost of grading private property. 


FIG. 3. 


has been finished. The temporary sewers are 
suspended under the traffic bridges or placed 
on piles, and have uprights so that a higher 
level connection can be made into them, after 
the filling is completed, and before the permanent 
sewers are finished. The temporary sewers are 
put in by the contractors at 75 cts. per lin. ft. 

One very striking and beneficial effect has been 
the cleaning up of the district in which the work 
is going on. Before, the buildings were all on 
the low, wet grounds adjoining the tide flats. 
At high tide they were soaked, and the result 
was a dirty, filthy region that naturally became 
the immoral center of Seattle. Since the regrade 
began, these buildings have been raised from 20 
to 40 ft., are now on piles and have plenty of 
dry air around them. House moving has de- 
veloped into an important business. The cost 
is often excessive, in some cases more than the 
building is worth. A three-story frame build- 
ing, 60 x 120 ft. in 
plan, can be raised 
40 ft. and blocked 
for about $2,000. 

The new grades, 
for east bound 
trafic on Jackson 
St, are shown on 
the profile (Fig. 1) 
to be about 5%, as 
compared to from 
5 to 13% at pres- 
ent. On Weller 
St., which has just 
been opened for 
traffic, the grades 
are 7% to north 
bound traffic. The 
grades on north 
and south streets are: on Fourth Ave., 0.4 
to 2.9%; on Sixth Ave., 0.7 to 1%; and on Eighth 
Ave., 5% to west bound traffic. 

As a summary of the great work it is well to 
note the proportions of the other districts. The 
district north of the central part of the city, 
known as the Third Ave. regrade, includes 95 
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Fig. 4. Cross-section 
of Mud Line Pipe 
Used on Jackson 
Street Regrade, 
Showing Filler for 
Reducing Wear. 


BUILDING A 1% TO 1 SLOPE BY HYDRAULIC FILL ON JACKSON STREET 
REGRADE, SEATTLE, WASH. 
(At Southeast Corner of Sixth Avenue, S and Weller Street.) 


The third great section is the Fourth Ave. re- 
grade of 40 acres, 1.7 miles of street and 540,000 
cu. yds of earth. Two steam shovels, four loco- 
motives and 35 dump cars are in use here. 

The material from Jackson and Fourth Ave. 
districts is being used to fill tide lands. That of 
the Third Ave. district cannot be conveniently 
brought to the tide lands and it is wasted into 
the sound. 

The three smaller sections of regrade work 
comprise 126 acres, 5.4 miles of street and in- 
volve 700,000 cu. yds. Here are needed one 
steam shovel, two locomotives and 20 cars. 

This gives a grand summary of 15.4 miles of 
streets, 271 acres of area and 10,000,000 cu. yds 
of carth to be moved at a cost of $2,018,000, ex- 
clusive of charges against private property. Be- 
sides this there are five other districts which 
will be completed in the coming three years, to 
include 237 acres, 14 miles of street and 6,000,000 
cu. yds., at a cost to the city of $1,300,000. In 
all, this involves one-eighth as much dirt as is 
being moved in the great canal project at 
Panama. s 

„ This gigantic work so carefully laid out and 
so faithfully being carried out by R. H. Thom- 
son, M. Am. Soc. C. E., who has been city en- 
gineer for sixteen years, will lay the foundations 
to make Seattle one of the greatest cities in the 
United States. 
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SHORT AND ODD LENGTHS OF LUMBER is the 
subject of a brief bulletin sent out by the U. S. Forest 
Service. It is stated that 25% of the felled trees are 
never hauled from the woods simply because specifica- 
tions of builders and architects cling to conventional 
lengths, whereas the actual construction is such as to 
easily use the short and odd lengths. The work of a 
prominent architect was examined and it was found that 
40% of the siding on frame buildings was under 6 ft. 
in length. It was found that in cutting and grading 
finished lumber generally, that 5 to 10% was bound to 
come in lengths under 10 ft., of which all under 6 ft. 
is burned and all over is sold at reduced prices. This 
bulletin asks for closer specifications, better under- 
standing of the timber situation as a help to the lum- 
bermen and for the preservation of the lumber supply, 


PRINTING ON TRACING CLOTH WITHOUT A PRESS. 
By FRANK T. DANIBELS.* 

When many drawings, as in a contract set, are 
to have the same title, the saving of time ef- 
fected by using printers’ type is very great, even 
though some parts, as the date and scale, may 


_be filled in by hand. The saving in cost is even 


greater than that in time, since the printing 
can be done by one who does not command the 
salary of a skilled draftsman. The articles 
needed for this work are simple and cheap, with 
the exception of the press, which, if used, needs 
to be of special construction to allow printing 
to be done on a small area in any part of a 
drawing, the remainder of the sheet being rolled 
up out of the way. The difficulty and expense 
of getting a press adapted to this work has led 
to the construction of some wooden, home-made 
presses upon which very good work has been 
done. 

But it has been found that good results may 
be obtained without the use of a press. The 
process is as follows: 

Fasten a piece of %-in. board about 2 ft. long 
to a table or other convenient flat surface. Set 
up the type in the usual manner, and fasten it, 
face up, adjacent to the board, whose surface 
will be flush with the face of the type. Place 
the tracing, face down, upon the type in the 
proper position to receive the imprint, with the 
sheet overlapping the board. Having fastened 
the sheet to the board with thumb tacks or 
weights, fold back the part that is to be printed, 
and ink the type; then carefully replace in its 
former position the part just folded back and, 
with a smooth, hard instrument, such as the 
handle of a tooth brush, rub the sheet lightly 
and carefully down upon the type, treating a 
line at a time if the type is large. The trans- 
lucence of the cloth allows the operator to see 
when perfect contact between cloth and type 
has been secured. l 


Of course it is necessary that the cloth shall 
not shift upon the type. If the area to be printed 
is small the slack of the sheet may be held with 
one hand while the rubbing is done with the 
other; if the area is large a second board may 
be placed opposite the first one, and to this 
second board the part of the sheet overlapping 
the type may be secured before the rubbing is 
commenced. 

Whether or not a press is used, the following 
precautions should be observed: 


(1) The very best ink must be used, such as 
the “Keloe,” which is sold in collapsible tubes. 
A small quantity is placed upon a piece of plate 
glass, and rolled out thin and smooth with a 
small printers’ roller, with which it is then ap- 
plied to the type. The exact quantity of ink to 
be put upon the type must be found by experi- 
ence, but it is always very small. 


(2) The roller need not be more than 2 or 3 ins. 
long, but it must be soft. Sometimes a better 
result is obtained by applying the ink by “pat- 
ting,” rather than by rolling. 


(3) Immediately after removing the sheet from 
the type the lettering should be sprinkled with 
talcum powder to prevent ‘“‘set-off,” or blurring. 
The surplus powder may be lightly brushed off 
at once, but a day or two should elapse before 
the drawing is handled freely.“ 


(4) When printing is finished for the time 
being, roller, glass and type should be thor- 
oughly cleaned with benzine applied with a 
brush or soft cloth. The pressure of a cloth in 
rubbing the types should be very slight, other- 
wise their edges are soon rounded. 


If many drawings are to receive the same title 
it is sometimes more satisfactory to make a de- 
sign of the title in the ordinary way, rather than 
to use type. A zinc “relief-plate’’ may then be 
obtained from the design, at small cost, and 
used as described above for type. A title 
printed from such a plate can hardly be dis- 
tinguished from one drawn with India ink, and 
it blueprints perfectly. 


*31 Milk St., Boston, Mass. 

Notes on methods and time required for drying print- 
ers’ ink on tracing cloth were published in Eng. News, 
Vol. XXXVIII., pp. 42 and 57.—Ed. 
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THE MOVABLE DAMS AND LOCK AT THE POWER 
PLANT ON THE CHICAGO DRAINAGE CANAL. 

The water-power extension of the Chicago 
Drainage Canal has some interesting equipment 
to provide for regulating and controlling the flow 
of water, and for enabling canal boats to pass 
the dam. This equipment includes the follow- 
ing: (1) a vertically pivoted butterfly dam; (2) 
two horizontally pivoted movable-crest dams; 
(3) a canal boat lock and gates. Provision has 


been made, also, for a future large ship-lock 
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ING NAVIGATION AT THE LOCKPORT 
PLANT. 


forming a link in the proposed waterway from 
Lake Michigan to the Mississippi River. 

The power plant, with its canal, machinery, 
etc., was described and illustrated in Engineer- 
ing News of Jan. 12, 1905, and Jan. 18, 1906. The 
work was done under the direction of Mr. Isham 
Randolph, M. Am. Soc. C. E., as Chief Engineer. 
Mr. G. M. Wisner, M. Am. Soc. C. E., is now 
Chief Engineer, Mr. Randolph being Consulting 
Engineer. The Hayes Brothers Co., of Janesville, 
Wis., had the general contract for the entire 
work. 

The drainage canal, as originally built, ter- 
minated in a wide basin at Lockport. Along 
one side of this basin were placed the bear-trap 
dam and modified Stoney sluice gates for con- 
trolling che flow from the canal into the tail 
race leading to the Des P'aines River. The end 
of the basin was formed by a concrete wall and 
an embankment or dam. The power canal or 
head race is an extension of the main canal, 
opening by a cut through this embankment. It 
is 160 ft. wide and nearly two miles long, ter- 
minating in a large basin or forebay which is 
closed by the dam of the power plant. This 
basin provides a steady supply to the turbines, 
free from fluctuations due to the draft caused by 
the passage of boats through the lock. 

The dam is about 600 ft. long, of which 386 
ft. are occupied by the power-house. This will 
have eight generating units, each of 4,000 KW. 
capacity. Five of these are now in place. In 
the remaining portion of the dam are the open- 
the canal lock and the two movable- 
crest dams. A plan of this part of the work is 
shown by Fig. 1. A cross wall or fender wall 
pierced with submerged arches extends diagon- 
ally across the forebay, and is designed to ex- 
clude floating ice and drift from the intakes of 
the water wheels. A guard wall of similar con- 
struction also extends above the lock, in order 
to prevent canal boats from being drawn against 
the adjacent movable dam by the current. Fig. 
2 is a view taken on the down-stream side. At 
the left is the power-house, with an approach 
track supported by concrete piers in the wide 
part of the tail race. Adjacent to the power- 
house are the two movable dams. The tail race 
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of the smaller dam curves around the corner of 
The tail race of the large dam 


the power-house. 


opens into the fan-shaped space in the fore- 
ground. To the right of the dams is the canal 
lock . 


BUTTERFLY DAM.—The entire flow of the 
drainage canal will pass normally through the 
through the turbines 
There is 
a fall of 34 ft. at the power-house dam. Al- 
though no controlling works have been built at 


power canal, and thence 
and over the dams into the tail race. 
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FOR CONTROLLING WATER FLOW AND PASS- 
POWER PLANT OF THE CHICAGO DRAINAGE 


the upper end of the drainage canal, it was con- 
advisable to install such works at the 
In the event of any 
the flow 
in the power canal or head race can be shut off. 
The water in the drainage canal will then dis- 
charge (as formerly) by the bear-trap dam and 


sidered 
head of the power canal. 


accident at the power-plant, therefore, 


sluice gates mentioned above. 


In view of the fact that this part of the canal 
Illinois & 


carries the boats navigating the 


Michigan Canal (and will form a part of the 
Michigan to the 
it was necessary that the 
no obstruction to navi- 
The plan adopted was devised by Mr. 
E., while Chief 
design were worked 


future waterway from Lake 
Mississippi River), 
headworks should form 
gation. 
Isham Randolph, M. Am. Soc. C. 
Engineer. The detai's of the 


guard piers, and these are connected by a steel 
truss bridge (parallel with the channel) which 
carries the upper pivot. The down-stream pier 
thus receives the pressure from the top pivot 
of the dam. On each side of the piers is a chan- 
nel 80 ft. wide in the clear. The gate is oper- 
ated by electric power, assisted by the unbal- 
anced hydraulic pressure against the two halves. 
It has in each half of the gate six openings, 4 
x 6 ft., fitted with electrically-operated sluice 
valves. Some or all of these in the half which 
moves down-stream may be closed when the 
gate swings, so that this half receives the full 
water pressure. In the half which moves up- 
stream, however, the sluices are opened and give 
a large total area of opening for the passage of 
water through this part of the gate. When 
closed, an automatic lock transmits the press- 
ure on the gate to the masonry walls. In open- 
ing the dam, the sluice valves are opened in the 
leaf which will swing up-stream, and when the 
locks are released the unbalanced pressure 
against the other leaf will swing the dam with 
very little assistance from the operating ma- 
chinery. 


When the dam is closed, the pressure due to 
the head of water is about 1,900 tons at the 
bottom pivot and 725 tons on the top pivot. 
These are the pressures which would result from 
failure of the end latch to engage and transfer 
a portion of the pressure to the side walls of 
the channel. The leaf was calculated for this 
condition, using a higher unit stress in the 
metal, so that no damage cou'd result there- 
from. With the end latch engaged, the leaf will 
act as a continuous girder instead of a canti- 
lever. The dam is figured for a 30-ft. head of 
water; that is, with the water up to its crest. 

The dam is 184% ft. long and 30 ft. high, with 
a weight of about 700 tons. It was built by the 
Strobel Steel Construction Co., of Chicago. 


MOVABLE-CREST SECTOR DAMS.—The dam 
which forms the end of the basin of the power- 
house has (as noted above) two movable-crest 
dams for regulating and controlling the flow of 
water. Their location is shown in Fig. 1. They 
are of the horizonta'ly pivoted type, and fulfill 
two functions: (1) to regulate the flow in the 
canal when the power-plant is using only a part 
of the flow; (2) to carry off ice or floating debris 
that may collect in the forebay. 

One of these dams is 12 ft. long. This is placed 
adjacent to the end of the power-house. It 
serves to discharge the material raked from the 
screen racks at the intakes of the wheel pits, 
and also such submerged floating material as 
may find its way into the enclosed part of the 
forebay. The other dam is 48 ft. long. It serves 
to regulate the water level in the forebay and 
the flow in the canal. The vertical range of 
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out by Mr. C. R. Dart, M. Am. Soc. C. E., Bridge 
of the Chicago Sanitary District, as- 
sisted by Mr. S. T. Smetters, Assistant Bridge 
It consists essentially in the use of 
gate or dam carried by vertical pivots 


Engineer 


Engineer. 
a movable 
and arrang red to swing across the channel. 

The dam resembles 
revolves on pivots at its 
stands normally open 
the canal. 


center. 


LOCK AND MOVABLE DAMS AT THE 


a huge steel lock gate, but 
The gate 
and in the center line of 
Its ends are protected by concrete 
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LOCKPORT POWER PLANT. 


movement of the crest is 18 ft.; from 2 ft. above 
to 16 ft. below Chicago city datum. The eleva- 
tion of water level in the forebay or basin will 
be usually about 6 ft. below Chicago datum. The 
discharge of large volumes of water over the 
48-ft. dam would be liable to cause washing or 
erosion of the main race, and also objectionable 
currents and eddies. To prevent such action, 
the tail race of this dam is so shaped as to form 
a tumbling bay in which the force and velocity 
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of the falling water will be absorbed. The bay 
is deeper than the race, so as to contain a body 
of practically inert water. The flow from this 
is distributed over the flaring or fan-shaped end 
of the tail race. At the end of this is a low 


weir over which the water flows into the main 
This arrange- 


tail race below the power-house. 


Sectional 
FIG. 3. 


ment is shown by the plan and sections in Fig. 1. 
A'l the masonry work is of reinforced concrete, 
and the concrete floor of the race-way of the 48- 
ft. dam is anchored to the rock by numerous 
anchor bolts. 

The two dams are identical in design and con- 
struction, except in regard to their length. The 
arrangement and general design are shown in 
Fig. 3, while the structural details are shown in 
Fig. 4. A view of the dam under construction is 
shown in Fig. 5. The dam is a 45° sector of a 
horizontal cylinder 52 ft. in diameter. The 
curved face is of steel plates carried by radial 
frames bearing against a horizontal pivot or 
hinge. The upper line of radial arms carries a 
steel plate deck, upon which are riveted steel 
angles to serve as ice skids. This deck is hori- 


zontal when the dam is lowered to its lowest 


position, and stands at an angle of 45° when the 
dam is raised to its highest position. The dam 
is pivoted on the down-stream side, which 
is the reverse direction from that which has been 
employed in earlier forms of sector dams. The 
design and details were made by Mr. E. L 
Cooley, Assistant Engineer of the Sanitary Dis- 
trict. The steel structures were built by the 
Chicago Bridge & Iron Co., of Chicago. 


The face of the dam moves behind a concrete 
breast wall, which is curved to fit the contour 
of the face. Its hinge bearing is carried by a 
concrete back wall. The hinge or pivot consists 
of lengths of 4-in. shafting carried in cast steel 
brackets or pedestals on the back wall, and en- 
gaging with segmental bearings attached to the 
heel of the movable dam. The hinge joint is 
made watertight, and steam pipes are fitted to 
prevent water freezing at the joint and beneath 
the dam. When the dam is lowered, a steel bar 
riveted along the lower edge of the face rests 
upon an oak timber, having the grain crosswise 
of the timber to prevent splitting. The ends of 
the timber are steel angles, and it is bolted to 
a pine sill. On the top of the breast wall is a 
cast-iron wall plate with stops to limit the up- 
ward travel of the dam, so that the lower edge 
of the sector or face cannot rise above the wall. 
The dam can be held in its raised position by 
cast steel props or dogs keyed upon a shaft car- 
ried by brackets set in the face of the breast 
wall. The 12-ft. dam has one prop in the mid- 
dle. The other has four props 12 ft. apart. The 
arrangement of these props is shown by detail 


Plan of Operating House. 
OPERATING PLANT FOR MOVABLE-CREST SECTOR DAMS. 


A in Fig. 4. The chamber under the dam can 
be emptied by means of a culvert with valves. 
With the dam thus supported, and the water 
drawn off from beneath it, the dam and cham- 
ber are readily accessible for inspection, repairs 
or cleaning. 

The dam moves in a closed chamber formed by 
the breast wall, the back 
wall and two end walls. 
The clearance at the face 
is only about 1/16-1n. 
Along the edge of the 
cast-iron breast-plate is 
a heavy flat bar or plate 
and upon this rests an 
angle in 6-ft. sections, 
loosely held by bolts in 
slotted holes, as shown 
in Fig. 4. The pressure 
of the water tends to 
hold this packing angle 
against the face of the 


dam, and any solid ob- 
struction passing down 
would force the angle 


back and so be free to 
pass without injuring the 


dam or packing. Brass 
pipes held against the 
end walls of the dam 


chamber by light springs 
and the water pressure 
form the packing at the 
ends of the dam. These 
pipes move against steel 
plates embedded in the 


concrete of the end 

walls, but machined cast- 

iron plates would give 

a better surface where a close fit is desired. The 
hinge joint is also made watertight. 

The clearance and packing between the mov- 


able dam and the walls of its chamber are de- 
vised to confine the water in this chamber be- 
neath the dam. Water is admitted to and dis- 
charged from this chamber through controlling 
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valves. Air pipes are placed under the deck in 
order to maintain a free water surface in the 
chamber at all times. The chamber has lugs 
and recesses for the support of falsework used 
in erecting and overhauling the dam. It has 
a'so a set of movable dogs for holding the dam 
in its raised position, as noted above. In case 
of emergency, the opening may be closed by a 
needle dam composed of vertical timbers. Pro- 
vision is made for stepping these on the wall- 
plate of the breast wall. The upper ends would 
rest against the plate-girder bridge spanning the 
opening, the bridge floor being made very stiff 
horizontally in order to distribute over both gird- 
ers the pressure due to the head of water against 
the needles. | 

The opération of the dam is very similar to 
that of a bear-trap dam. The pressure due to 
the head of water under the dam balances both 
the weight of the dam itself and that of the 
water flowing over it. This equality of moments 
exists under all positions of the dam. The dam 
being thus maintained in equilibrium, it may be 
raised or lowered by raising or lowering the 
head of water in the dam chamber. The head 
is controlled by a special valve called a weir- 
tube. This valve is a 26-in. vertical cylinder 
which moves vertically and has its lower end 
sliding in a cylindrical conduit connecting with 
the chamber. The rim of the cylinder forms an 
annular weir. This cylinder is raised and low- 
ered by mechanism in the operating house. The 
head of water required in the dam chamber is 
always lower than the available head in the 
upper bend of the canal. The arrangement of 
the operating mechanism is shown in Fig. 3. 

The Operating house is placed upon the wall 
separating the two dams. It is of concrete-block 
construction, 12 x 26% ft. in plan. It covers three 
pits in the dividing wal!, as follows: (1) the 
weir-tube pit; (2) the indicator pit; (3) the inlet 
pit. The weir-tube pit contains two removable 
weir tubes controlling the water levels in the 
two dam chambers, as described above. It is 
drained by a conduit. The sluice valves in this 
conduit afford an alternative method of con- 
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FIG. 4. STRUCTURAL DETAILS OF MOVABLE-CREST SECTOR DAM. 
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trolling the water level and the position of the 
dam in case the weir-tubes should be out of 
order. The indicator pit has openings commu- 
nicating with the dam chambers and the conduit 
of the weir-tube pit. It contains a shaft and 


crank from each dam, connected to models or 
indicators in the operating room which show the 
It also con- 


positions of the dams at all times. 


117 x 22 ft. in the clear, with a lift of 34 ft. 
Its location is shown in Fig. 1, while Fig. 9 shows 
sections of the lock, with its conduits and valve 
wells. Fig. 7 is an interior view of the lock and 
shows its great depth. 

In each side wall of the lock is formed a filling 
and emptying. conduit. This connects vertical 
shafts or valve wells above and below the lock, 


FIG. 5. A MOVABLE-CREST SECTOR DAM UNDER CONSTRUCTION. 
(The Curved Face is the up-stream side.) 


tains the counterweights of the weir-tubes, and 
four float-gage wells of 12-in. pipe. The float- 
gage connections indicate the stages of water 
in each dam chamber and above the dams. The 
inlet pit is divided into three wells or compart- 
ments, the two outer wells communicating with 
the dam chambers. 
LOCK AND LOCK GATES. 

The Drainage Canal crosses the line of the 
Illinois & Michigan Canal, and the canal boats 
now use the former near Lockport, a portion of 
the latter having been abandoned. In order to 
provide for-this navigation, the dam has a lock 
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and has lateral channels opening into the lock. 
The valve wells are 5 ft. 2 ins. diameter, and in 
each well is a steel cylinder about 4 ft. S% ins. 
diameter. This cylinder forms the valve, and 
has at its lower end a ring which takes a bear- 
ing upon a cast-iron ring or valve seat embedded 
in the concrete, as shown in Fig. 8. At the top 
of the cylinder is a cast-steel spider to which 
the operating cables are attached, and through 
which passes a 2%-in. steel rod whose lower end 
is screwed into the bottom spider of the valve 
ring. Near the bottom and top of the cylinder 
are four 6%-in. rollers on horizontal shafts inside 
the shell. These rollers extend through holes in 
the shell, and their 2-in. faces ride upon the heads 
of vertical 60-lb. rails. These rails are riveted 
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DETAILS OF LOCK GATES. 


to rectangular frames of steel angles, and the 
frames and rails are embedded in the concrete 
of the well. Each valve is operated by an elec- 
tric hoist driven by a 250-volt direct-current 
motor of 6 HP. 

The cylinders are of telescope construction, 
made thoroughly watertight, and having all 
joints calked. Those for the upper or inlet valves 


Fig. 7. Interior of Canal Lock for 34-Ft. Lift. 


are about 16 ft. long; those for the lower or out- 
let valves are about 47 ft. long. The construction 
of the cylinders, with the details of the rollers 
and valve seats, etc., are shown in Fig. 8. 

The lock is fitted with double-leaf gates, and 
has guard gates in the channels above and be- 
low the lock. The lock gates are 22 ft. 10 ins. 
high and 56 ft. 10 ins. high for the upper and 
lower ends, respectively; the guard gates are 
16 ft. 10 ins. high. They are a!l built of single 
horizontal courses of Oregon fir timber, varying 
in section from 13% x 11% ins. at the top of the 
gates to 11% x 20% ins. at the bottom of the 
high gates. The timbers are fastened together 
by white-oak keys and vertical through bolts. 
On each side of the gate are vertical timbers 6 x 
6 ins. and 10-in. vertical channels, all secured 
by %-in. through bolts in each course of hori- 
zontal timbers. Steel rods extend diagonally 
across the faces. They are looped over pins in 
the steel channels, and are drawn tight by means 
of turnbuckles. In the high gates, flat bars are 
used instead of the rods. The details of the 
gates are shown in Fig. 6. The miter sills are 
of white oak, 18 x 18 ins. The quoins are 15-in. 
steel channels, each carried by a 15-in. I-beam 
quoin post. | 


The lock gates are operated by wire cables 
which are led through wells in the lock walls and 
pass over the necessary guide sheaves. The two 
leaves of each gate are connected by synchroniz- 
ing ropes which ensure uniform movement of 
both leaves during operation. All the ropes are 
5g-in. extra-flexible wire cables covered with a 
special waterproofing composition. At the top 
of each rope well is a driving sprocket wheel 
over which passes a length of sprocket chain to 
which the ropes are attached. The shafts of the 
sprocket wheels are driven from electric motors 
by means of gearing. There are two sets of 
operating machinery, which can be used to- 
gether or independently. Each set has a motor 
of 6 HP., operating on 250-volt direct-current. 
The guard gates are operated by hand. 
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All the masonry work of the lock and dams is 
of concrete, made with broken stone and lime- 
Stone screenings. The proportions vary from 
1:24:44% to 1:4%:9 in different parts of the work. 
All proportions are by volume, with cement 
taken as 95 Ibs. to the cubic foot. The concrete 
was specified to be so wet that “the mass when 
disturbed will quake like fresh liver, but must 
not be so wet that water stands upon the sur- 


A SUGGESTION FOR THE SURFACING OF CONCRETE 
MASONRY. 
By ELWYN E. SEELYE.* 


The most common defects in the finished sur- 
face of concrete masonry are discoloration, scal- 
ing and hair cracks. Discoloration may be due 
to the use of different brands of cement in the 
same wall, to a lack of uniform color of the sand, 
to the concrete being 
non-homogeneous in mix- 
ture, or to the use of neat 


aN 7 IN cement or cement mortar 

— —— ry Cast 5 A P 
K A j Steel: A . paints. Scaling is due to the 
' y 2 Steel 5 TA plastering or painting of 
4 Spring A oY | the wall with a rich or neat 
TRI 4 4 D mixture. The fretwork of 
2 aR sel BY. A fine cracks is due to the 
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Plan of Valve Chamber at End 
of Conduit. 


TUBULAR VALVES FOR LOCK. be 
a carborundum brick or a 


FIG. 8. 


face.” A wetter concrete was required for the 
walls of the movable dams, however, in order 
that these walls might be watertight. It was 
specified that for this part of the work “the 
water in the concrete when placed shall always 
stand in tracks or prints in the surface, but not 
on the surface of the concrete.” The conduits of 
the lock are lined with hard-burned brick. 


, City Datum, 


part Top 
Plan at ‘A’ 


lower 2 mptying) Va/ve ` 
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Part Longitudinal 


mortar. 


The following method of 
surfacing concrete should 
eliminate all of the above 
defects and give a smooth 
and durable finish. Prepare 
a smooth and tight form, 
oiled, and in accordance 
with the usual instructions. 
While laying the concrete 
pry back the body mass 
with a flat bladed tool. This 
is not for the purpose of 
forcing the mortar to the 
front as is sometimes sup- 
posed, but to prevent the 
arching of the stones 
against the forms and the 
production of voids in the 
surface. A convenient tool 
for this purpose is made by 
welding a piece of steel 
plate to a rod. After the 
concrete has attained a con- 
sistency which will allow of 
the removal of the face 
form, but when it is still 
green and tender, go over it 
with a calcimine brush and 
plain water until the marks 
of the forms have been 
entirely removed. When 
the masonry has hard- 
ened the surface may 
rubbed smooth with 


Detail of Valve Face 
and Seat. 
(Enlarged) 


briquette of cement mortar. It is important that 
the concrete be kept damp during the process of 
setting; otherwise the surface may dry out and 
leave insufficient water for crystallization. This 
may be done by covering the masonry with a wet 
tarpaulin and keeping it damp. 


*Ass't Engineer, New York Central & Hudson River 
R. R., New York City. 
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AN INTERLOCKING SWITCHSTAND FOR OUTLYING 
' SWITCHES. 

The necessity of the elimination of the dangers 
incident to unprotected switches in main tracks 
has been pointed out many times, and was dis- 
cussed in our issue of March 28, 1907. For 
switches outside of interlocking plants, and on 
the open line where the block-signal system is 
not in use, one of the simplest methods of afford- 
ing the necessary protection is to install a dis- 
tant signal which is so connected or interlocked 
with the switch that it will indicate „stop“ 
whenever the switch is open for the siding. 

One of ne latest devices of this kind is a 
switchstand which operates both a switch lock 
and a distant signal, and in which the me- 
chanism is so interlocked that the distant signal 
on the main track can indicate ‘“‘proceed”’ only 
when the switch is set and locked for that track. 
On the next page is a view of the switchstand and 
switch, but does not show the signal connections. 
All movements are effected positively by gears, 
and a special feature of the gears is that they 
are intermittent. Thus the signal operating 
gear is not operative until the locking gear has 
completed its function, and the locking gear is 
not operative until the main gear has moved 
the switch points to their proper position. 

There is a single lever, which is shown at the 
left of the switchstand. With the lever in the 
horizontal position (as shown) the switch is 
open, or set for the siding. To close it, the lever 
is moved 90° to a vertical position; this oper- 
ates a gear which is connected to the switch 
rods and thus moves the switch rails so as to 
set them for the main track. With this move- 
ment completed, the gear is locked in position 
and remains locked while the other functions are 
being operated. This gear makes a turn of 180°, 
so that the crank of the operating shaft is on 
the dead center when the switch is set for either 
track. 

A further movement of the lever of about 45° 
operates a gear which effects the locking of the 
switch by means of a plunger passing through 
the locking bar. This second gear is then locked 
and so remains while the lever is again moved 
through 45° to a horizontal position at the right 
of the switchstand. This last movement of the 
lever operates two gears simultaneously. One 
of these turns the target (and lamp) shaft 90° 
on its axis, so as to change its indication from 
“Stop? (or “switch open") to “proceed” (or 
“switch closed”). The other gear gives a 180° 
turn to a grooved sheave carrying a chain which 
is connected to the distant signal. 

The operating lever has thus one motion 
(parallel with the track) but performs three 
consecutive operations: (1) it throws the switch 
points; (2) it locks the switch; (3) it clears both 
the home (switch target) and distant signals. 
In the reverse movements, it first sets the 
signals at the “stop” position, then unlocks the 
switch, and finally opens the switch for the 
siding. It will be understood, of course, that if 
in closing the switch the point rail does not 
make its full travel, so as to come home prop- 
erly against the stock rail, the locking plunger 
will not enter the hole in the locking bar. Then 
the lever will not move beyond the vertical po- 
sition. As the gears operating the signal do 
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not engage until the lever has made its second 
or locking movement (45°), the signals cannot 
be cieared until the lever has completed this 


locking movement. 


The lever can be padlocked only when it is in 
one of the extreme positions, with the switch 
properly set and the signals indicating the po- 
sition of the points. When it is desired to 


and under 
the switch 


svitch cars out upon the main track, 
the protection of the distant signal, 
alone can be operated by moving the lever 
through its first 99 travel. This will open and 


close the switch, but will not lock the switch or 


cear the signal. Should the switch @ erating 
rod be disconnected, or the switchstand be de- 
stroyed or removed, while the switch is set for 


the main track, the 
securely in 
locking bar 


lock will still hold the points 
position. The connection of the 
to the points can be made with the 


bar below the tops of the ties, and protected 
from anything that might drag out the switch 
tie-rods. 

The switchstand is simple in construction, and 
easy to install and operate. It can be set to 
lock the switch in either position, and for points 
facing in either direction. The interlocking de- 
vice is attached to a plate separate from the 


Interlocking Switch-Stand for Outlying Switches. 


(Frank M. Foster, Columbus, Ohio, Inventor.) 


switchstand, and is spiked in place before the 
latter is erected. The switchstand is then set 
over the plate and spiked down in position. All 
working parts are of malleable iron. The driv- 
ing gear (operated by the lever) is a single 
malleable casting, having three sets of teeth so 
arranged as to engage each driven gear at the 
proper time. Each driven gear remains locked 
against the surface of the driving gear until 
the teeth engage and turn it through the proper 
angle, when it is again locked. 

This interlocking switchstand has been invented 
and patented by Mr. Frank M. Foster, Columbus, 
O. (P. O. Box, 35, Station A.) In its design 
he had the assistance of Prof. Stillman W. Rob- 
inson. The first one made (which is shown in 
the accompanying cut) is in service near the 
Toledo & Ohio Central Ry. passenger station at 
Columbus. Here the switches and signals are 
under control of an interlocking plant, and the 
distant signal is not required. The location was 
selected, however, in order to have the device 
convenient for operation. The switchstand is to 
be manufactured by the Robinson-Tilton Ma- 
chinery Co., of Columbus, O. 


ee YE ee — 


THE STEAMSHIP “GEORGE WASHINGTON” of the 
North German Lloyd was launched at Bredow, Germany, 
Oct. 31. This vessel, the largest German-built and owned 


steamer afloat, has a length of 722 ft. 5 ins.; beam, 78 


ft.; depth from upper saloon deck, 54 ft.; depth from 
awning deck, 80 ft.; displacement at draft of 33 ft., 36,- 
000 tons. She will carry 2,941 passengers and has a 


cargo capacity of 13,000 tons. Two four-cylinder, quad- 
ruple expansion engines of 20,000 I. HP. will give her 
a speed of not less than 18.5 knots. 


THE SAFETY AND CARRYING CAPACITY OF THE 
BLACKWELL’S ISLAND BRIDGE: TWO EXPERT 
REPORTS. 

The Blackwell's Island Bridge over the East 
River at New York City, which is now nearly 
ready to be opened to traffic, has been found to 
be too weak to carry the load for which it was 
designed. The two expert reports printed be- 
low, set forth in detail the condition of this 
great structure. Doubts concerning the safety 
of the structure were aroused when the Quebec 
bridge fell a year ago, but nothing definite was 
done to determine the real situation until June. 
At that time the public uneasiness became such 
that two expert engineers were appointed to 
make complete and independent investigations of 
the bridge and present reports as to its safety 
and carrying capacity. The experts appointed 
were Mr. Henry W. Hodge, and Prof. Wm. H. 
Burr. The former carried out his investigation 
with the staff of the firm of Boller & Hodge, 
while the latter employed the force of the De- 
partment of Bridges. 

It will be seen by study of the reports below 
that both investigators find the greatest loading 
assumed in the original design to be such as 
would greatly overstress the main truss mem- 
bers, and that such a loading therefore would be 
unsafe. The experts are silent as to how the 
bridge came to be built with stresses so far 
above those permitted in the specifications. 
From the best information at hand we believe 
that the dead weight of the structure was 
largely increased in revision of the design over 
what was originally contemplated and there was 
also a belated decision to provide for four ele- 
vated railway tracks instead of the two origi- 
nally proposed, 

The final conclusion of Messrs. Boller & Hodge 
is that the greatest permissible loading, besides 
the highway and footway traffic is only the four 
trolley car lines, with no elevated-railicay load, 
and to make even this loading safe, it will be 
necessary to take off dead weight to the amount of 
1,000 lbs. per lin. ft. of EACH TRUSS, or several 
thousand tons for the entire bridge. Prof. Burr 
finds means for permitting the use of two ele- 
vated tracks besides the four trolley tracks, but 
he accomplishes this only by specifying a wider 
spacing for the trolley cars than that assumed 


by Boller & Hodge, and by a greater reduction of 


dead weight. 

The bridge therefore as it stands, can safely 
carry not more than one-third of the intended 
live load. By taking off dead weight this ca- 
pacity may be increased to somewhat more than 
one-half the intended load. 

The valuable load diagrams and stress-sheets 
which accompany the reports, unfortunately ex- 
ceed our limits of space, but we hope that the 
Department of Bridges will make them available 
for circulation among bridge engineers. But 
neither report, remarkably enough, contains a 
stress-sheet for the designed load, that is, for 
the conditions of the specification, so that the 
real deficiencies of the bridge are not set forth 
plainly. 

The reports, in full, are as follows [italics ours, 
as are also most of the headings, inserted to em- 
phasize the salient features of the reports]: 


Report of Boller & Hodge. 
Hon. Jas. W. Stevenson, Commissioner of Bridges, City 
of New York: 

Dear Sir: In accordance with the resolutions of the 
Board of Estimate and Apportionment, dated June 5, 
and your instructions of June 9, 1908, we have made a 
careful investigation of the carrying capacity of the 
Blackwell's Island Bridge over the East River, and 
hand you herewith a full report of the results of this 
investigation, accompanied by ten drawings, and one 
appendix. 

We beg to say that your department has put all the 
records and data of this entire structure at our dis- 
posal, and has extended every assistance and courtesy 
in aiding us to arrive at the necessary facts on which 
our investigation is based. 

Yours very truly, 
Boller & Hodge, 
Consulting Engineers. 
REPORT ON THE CARRYING CAPACITY OF THE 
BLACKWELL'S ISLAND BRIDGE. 

The Blackwell's Island Bridge in New York City, 

across the East River, extends from Sixtieth St. and 


Dig 


Second Ave., Borough of Manhattan, to Jackson Ave. 
and Jane St., Borough of Queens, a distance of about 
8.600 ft., made up of steel viaduct approaches at each 
end with a cantilever structure over the two channels 
and over Blackwell's Island, having a length of 3,724% 
ft. between anchorages, with spans as shown on Dia- 
gram No. 1. [Fig. 1 herewith.—Ed.] 

This cantilever structure differs from the usual type 
in having the lower ends of each shore lever arm at- 
tached by a rocker arm to the upper ends of each island 
lever arm, thus making the entire structure continuous. 

In accordance with our instructions we have con- 
fined our investigation to the cantilever structure, and 
all of our findings apply only to that portion of the 
bridge between the anchor piers. 

This cantilever was originally designed to carry a 
25%-ft. driveway, two 11-ft. sidewalks, four lines of 
trolley cars and two lines of elevated railway, ar- 
ranged as shown on Diagram No. 2. 

The contract for this structure was let to the Penn- 
sylvania Steel Co. on November 20, 1903, and this con- 
tract design as shown by the lithographed album of 
drawings, together with the printed specifications issued 
with this album of drawings, will hereafter be referred 
to as the original design. It was estimated that the 
weight of the original design would be 84,300,000 lbs., 
made up as follows: 


ORIGINAL ESTIMATE OF WEIGHT. 


Nickel-steel eyebars 8 . 183 000 Ibs. 
Nickel-stesl pins sonsa ee peewee 00,000 lbs. 
Structural steel eyebars......... 18 í * 600 Ibs. 
ain steel r,... 50,000 lbs. 
Structural steel, other than eyebars and 
BIR, aie E 8's T 69,550,000 lbs. 
, ĩ ĩ Ü—... — wees 1,000,000 lbs. 
Uf. ;. ʒ· Th. ͤ- »A» 84,300,000 lbs. 


But the final scetions and details had not been made 
when this estimate of weight was given, so the full 
data for an accurate estimate of weight did not then 
exist. 

In September, 1904, it was decided to add two more 
lines of elevated railway to the original design, and 
these were to be arranged as shown on Diagram No. 3, 
the sidewalks being placed. outside of the trusses. 
[This arrangement corresponds to Fig. 2.—Ed.] 

But it was determined that the four elevated tracks 
would not be immediately needed, so the bridge is now 
built with the outside footwalk stringers and the over- 
hanging ends of the upper floor beams omitted, with 
the sidewalks placed (for the present) in the place of 
the two outside elevated tracks, as shown on Diagram 
No. 4. [See Fig. 3.—Ed.] 

SPECIFIED  LOADS.—The original specifications 
called for a ‘‘congested”’ live load of 12,600 lbs. per lin. 
ft. of bridge, made up as follows: 


2 Elevated 3 tracks, at 1,700 lbs. 


%% VVV ˙‚f—»*§ðꝙFꝛ⅛c:ꝰ = 3,400 lbs. 
4 Trolley railway tracks, at 1.000 Ibs. 

er 1th. Css cia biden 150 6n ese tes = 4,000 lbs. 
3514-ft. roadway, at 100 lbs. per 84. E 
2 11-ft. sidewalks, at 15 lbs. per sq. ft.. = 1,650 Ibs. 


Original loading, per lin. ft. of bridge.. 12,600 lbs. 


and a “regular” live load of one-half the amount, or 
6,300 lbs. per lin. ft. 

But when adding the two additional lines of elevated 
railways these loads were increased by the weight of 
these two additional tracks, giving a ‘‘congested’’ live 
load of 16,000 lbs. and a “regular” load of 8,000 Ibs. 
per. lin. ft. of bridge. 

These uniform loads were specified for the main truss 
members only, and the floor systems and secondary 
truss members were to be designed for the following 
live loads: 


On each elevated railroad track [cars of four axles spaced 
6 ft., 10 ft., 6 ft., the axle-load being 26,000 lbs.]. 

On each street car track [cars of two axles s ae 10 ft., 
the axle-load being 26,000 lbs.] or 1,800 per lin. 
ft. of track. 

On any part of the roadway 48,000 Ibs. on two axles 10 ft. 
apart and 5 ft. gage covering a space 12 ft. x 30 
ft.; and 100 lbs. per sq. ft. on the remaining road- 
way surface. 

On the footwalk a load of 100 Ibs. 


The dead weight was specified to be the weight of 
the structure and floor, without any allowance for snow. 

The wind load was specified to be 2,000 Ibs. per lin. 
ft. of bridge, of which 1,000 lbs. was assumed to be a 
moving load and 1,000 lbs. a fixed load. 


SPECIFIED MATERIAL.—The specifications state 
that some of the eyebars and pins will be of nickel- 
steel of the following chemical requirements: 


per sq. ft. 


Per cent., Max. 
Phosphorus (Basic) ...... ere ree Pe 04 
Pen CACIO) © 060420400500 005% 088 .06 
r ˙ yi vate ns Peete wad Bors ‘ .05 

Per cent., Min. 
Nicke oana a a Aa aR i 3. 25 


The annealed specimens of this material were required 
to have the following physical values: 
Biastic uimiete 48,000 lbs. minimum per sq. in. 


Ultimate strength... 85,000 Ibs. minimum per sq. in. 
Elongation in 8 ins....1,600,000 + ultimate strength. 


The full sized annealed bars of this material (up to 
4 id | 
| 
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a maximum size of 16 ins. x 2½ ins.) were required to 
show the following results: 
Plasti TIM. osicasce.c 48,009 lbs. minimum per sq. in. 
Ultimate strength. ....85,000 lbs. minimum per sq. in. 
Elongation in 18 ft. . . 9% 
All other material in the structure was to be of open— 
hearth steel, specimens (except rivets and steel castings) 


to show the following chemical results: 
Per cent., Max. 
4 


PROSHHOFUS. ee bocce bres *s 0 
Dinner oa Ss oS ee Bee's OS 
BUDALI Tosar A CA SERA 05 
and to have the following physical values: 

Elastic limit, plates and 

A 30,000 Ibs. per sq. in. minimum. 
Elastic limit, eyebars. t of ultimate. 
Ultimate streneth, 

plates and shapes. . . 60,000 Ibs. desired. 
Ultimate strength, eye- 

o 66,000 Ibs. desired. 
Elongation, per cent. in 

C ²˙ ' -- p . 1,500,000 ultimate strength. 


and annealed full-size eyebars to show results as follows: 
Elastie limit . . 28,000 Ibs. per sq. in. minimum. 


Ultimate strength... . . 56,0% lbs. per sq. in. minimum. 


Elongation in body of bar, 10% 

PROPER MATERIAL OBTAINED.—We have exam- 
ined the detailed reports of the mill inspectors on this 
material, and find that they show the metal fulfilled 
the above specifications. 


OIAGRAM No. 2 
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As Designed. 
(Two Elevated Tracks, Footwalks Inside.) © 


With the above loads 
following unit-stresses 


SPECIFIED UNIT-STRESSES.- 
and quality of material, the 
were specified : 


For dead 
load and 


For dead 


regular live load and 
load or for dead congested 
load and wind. live load. 


— 


LWbs. per sq. in. 
For Nickel-Steel in Eyebars 


. 


and pins: 
00 ˙ A eet ees 30,000 39,000 
r 20,000 24.000 
Bearing on diameter of pins. 40,000 48.000 
Bending on outer fiber of pins. 40,000 45,000 
For Structural Steel in Main 
Members of Trusses, 
Towers and Bracing: 
c AA 000 24.000 
CompresBioN n 20,000-90 1/r® 24,000-100 1/r* 
Shear on shop rivets, bolts 
o cvs 13,000 16,000 
Bearing on diameter of shop 
rivets, bolts and pins... 25,000 30,000 
Bending on outer fiber of pins.25,090 30,000 
For Structural Steel in See- 
ondary Members of Trusses: 
Tension in sub-verticals (hangers) 18,000 
Compression in sub-diagonals..... 18,000-80 1/r* 
Shear on shop rivets and bolts.... 12,000 : 
Bearing on diameter of shop rivets 
Ana PR Farana S 24,000 
For Structural Steel in Floor 
System of Roadway and Foot- 
ways and in all Floor Beams: 
F ͤ v1.0 15,000 
Shear on shop rivets, bolts and 
web-plates, net section........ 10,000 
Bearing on shop rivets and bolts.. 20,000 
For Structural Steel in Floor Sys- 
tem (including brackets) for 
Railroad and Trolley Tracks: 
TOHMOE, CROTOS. 066050 oie i semen 10,000 
Shear on shop rivets, bolts and 
web-plates, net section........ 7,000 
Bearing on shop rivets and bolts.. 14,000 
Allowable pressure on ma- 
SOUS sano E 6 sah ta Wee's 55 650 


*Where 1 = length and r S radius of gyration, both in 
inches. 


These specifications and the original contract draw- 
ings, which show the general dimensions of the bridge 
as built, form the basis of our investigation, and in 
addition thereto we used the detailed shipping invoices 
showing the exact scale weight of each and every piece 
in the structure, and the detailed shop drawings show- 
ing the areas of the sections. 


r 


We also computed, from the various contract draw- 
ings, the weight of the flooring material, including pav- 
ing blocks, roadway concrete, sidewalk concrete, rails, 
ties and other materials for the various tracks, rail- 
ings, pipes, wires and all other material required on 
the structure. We also figured the amount of steel which 
will be required at some future time to complete the two 
sidewalks in their final position and all of these weights 
were found to be as follows: 


ACTUAL WEIGHTS: EXCEPT SHIPPED STRUCTURAL 
STEEL: 
(In lbs. per lin. ft. of bridge.) 


2 outside footwalk stringers....... 176 
Overhanging footwalk brackets....100 Add' steel.. 408 
Fontana eanes naria 127 | 
2 upper outside- fals. 1421. 232 
2 upper Inside ralllng ss. n 
Reinforced concrete slabs for foot wallk . 500 
Rails and contact rails for four upper tracks...... 330 
Guard timbers and tics for four upper tracks........ 640 
SS). TOWEL THUONG i ai .... ds web A aa aN 174 
Rails and conductor rails, 4 lower tracks.......... 375 
Wood paving blocks of road wa 3 1.041 
Concrete under roadway paving blocks. 3,200 
Pipes, mail chutes, telephone, telegraph and feeder 
%% ² E caw hh ² h o4s kaa „„ D 
7,300 


This total load of 7,300 Ibs. per lin. ft. of bridge is 
referred to in this report and on the drawings as “ad- 
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ditional material,” being all the dead load except the 
Shipped weight of structural steel. 

CALCULATION OF STRESSES.— From the 
data we have carefully computed the 
Stresses and unit stresses 
of the structure, 
lowing basis: 

Dead Load. We have taken for the dead load the 
scale weights of each piece as shipped and given on 
the various invoices, and we have apportioned these 
shipping weights to their proper panel points, arriving 
at the panel point dead load as shown in detail on 
sheets 1 to 3, inclusive. To these scale weights of 
structural material, we have added the weight of ‘‘ad- 
ditional material” as heretofore given; this material 
being taken as uniform along the entire length of 
bridge, and apportioned to the panel points in propor- 
tion tc the panel lengths. These two items constitute 
the entire dead load of the completed structure, and 
the resulting panel loads are shown in detail on sheets 
1 to 3 and are summarized on sheets 4 to 6, which 
latter sheets show the points of application as used 
for the dead load calculations. 

The actual shipping weight cf steel now in the struc- 
ture as at present finished (as shown on Diagram 4) 
is 105,152,010 lbs., made up as follows: 


ACTUAL WEIGHT OF SHIPPED STRUCTURAL STEEL. 


above 
live and dead 
in each and every member 
making our calculations on the fcl- 


Nickel-steel eyebars........ 9,179,133 lbs. 

Nickel-steel pins 1,460,563 lbs. 

Nickel-steel links and pin 
DIGGS. ˙²˙ A 1,010,034 Ibs. 

Nickel-steel castings....... 119,900 Ibs. 

Total merit! 33 11,769,630 Ibs. 

Structural steel eyebars.... 5,654,400 Ibs. 

Structural steel pins....... 38,566 Ibs. 

Structural steel other than 
eye-bars and pins......84,795,779 Ibs. 

Stee] SCastlnws: 26s. siate 2,253,094 lbs. 

Small fron castings........ 47.786 lbs. 

Satin en a ansas 592,755 lbs. 
, ⁰ ccdcawews 93,382,380 lbs. 
ccc ccc cr 105,152,010 lbs. 

This weight is distributed as follows: 

r . 6b we wees 12,633,200 Ibs. 

%%% ĩ oss ²˙¾!ĩ fh 0G bess ec a¥iede baat 995,500 lbs. 

‘Trusses; bracing abd floor raaa 91,493,310 Ibs. 
ccc 105,152,010 Ibs. 

The dead load stresses have been figured on the 


assumption that both rocker arms will be adjusted 


when the entire dead load is in place, so that no dead 


load will pass through them, thus making the dead 
load stresses entirely independent of these rocker arms 
and making their values cumputable by the ordinary 
static methods. 

Live Load. In accordance with the terms of the 
specifications, we have assumed the live load to be 
“placed so as to give the greatest strain in each part 
of the structure,’’ and this condition requires that some 
sections of the bridge may be loaded and at the same 
time other sections unloaded; for instance, the maxi- 
mum compression in the rocker arms occurs with the 
two island lever arms and the two shore anchor arms 
loaded and the other portions unloaded, and the maxi- 
mum tension in these rocker arms occurs with the two 
shore lever arms and the island span loaded and the 
other portions unloaded. 

For the secondary members, except in a few cases 
where the bottom chord is not straight between adja- 
cent main panel points, the live load stresses were 
figured with the local loads specified. 

As the two rocker members connecting the ends of 
the lever arms cause the adjacent ends of the lever 
arms to move up and down together, the structure is 
continuous from end to end for live load stresses, and 
these stresses cannot be computed by the usual static 
method and must be found by means of the elastic 
properties of the materials. 


DIAGRAM No.4 
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(Two Elevated Tracks, Footwalks to be Shifted When 
Changing to Four Tracks.) 


While this method is well known and has been in use 
for some time, we give in an appendix an adaptation 
of it to this structure, which takes into account the 
simultaneous action of both the rocker arms and gives 
a simple and precise method of computing their stresses 
for any given loading. This adaptation has been 
worked out by Mr. Clarence W. Hudson, who has had 
charge of these calculations for us. [This matter is 
omitted here and will be reproduced in a later issue.— 
Ed.] 

With the stresses in the rocker arms known, the 
stresses in all the other members of the structure may 
be readily computed. 

In computing the deflections of this structure, we 
have used the gross area of all riveted tension mem- 
bers. We have allowed nothing for play of pin holes, 
and we have not considered the tie plates, battens, or 
lattice on riveted members, nor the influence of the 
lateral system or the buckle plate floor. All of these 
matters have some slight influence on the actual deflec- 
tions, but as it is only the ratio of certain deflections 
that is used to determine the stresses, to a certain 
extent one influence offsets the other, and the stresses 
thus determined are not subject to serious error. We 
have computed deflections, using a modulus of elasticity 
of 28,000,000 Ibs. for both carbon and nickel steel. 

Wind Loads.—We have computed the wind stresses 
on the assumption that all wind pressure is transmitted 
by the transverse bracing directly to the lower chord, 
the upper horizontal bracing being for vibration only. 

We have computed the stresses for a fixed load of 
1.000 Ibs. per lin. ft. over the entire structure and for 
an additional live load of 1,000 lbs. per lin. ft. placed so 
as to give the greatest stress in each member. 

The wind stresses have been computed by the same 
general method that was used for the live load stresses 
in the main trusses. 

The formulas for these wind stresses are similar in 
terms to those for the live load stresses, but differ in 
some of their signs due to the fact that a horizontal 
force at one end of either of the island lever arms 
produces motion at the end of the other lever arm 
opposite in direction to the force. 

We only show the chord stresses on our stress sheet 
[the stress sheet is not included in the report, however— 
Ed.] as the web stresses cannot be given with accuracy 
since there is a solid buckle plate floor which carries a 
large portion of the wind shear. 


Dioitized by Google 


518 


ENGINEERING NEWS. 


Vol. 60. No. 20. 


Erection Stresses—We have computed the erection 
stresses, using a traveler weighing 647 tons, distributed 
as shown on sheet 10. This weight and spacing we 
have taken from the contractor’s drawings (as this 
traveler had been removed before we started this in- 
vestigation). 

For the stresses in the island span we have assumed 
a traveler on the east and west lever arm simultane- 
ously, and we have taken traveler weights in such po- 
sitions as to give maximum strains in every member, 
with the outer limiting position of the forward wheels 
four panels from the ends of the lever arms. 

In addition to the stresses caused by the travelers, 
we have computed the simultaneous dead load stresses, 
assuming that all the weight of steel was in place, but 
not including the weight of “additional material” 
(amounting to 7,300 Ibs. per lin. ft. of bridge), none 
of which was placed on the structure until after the 
removal of the travelers. 

All erection stresses have been computed by simple 
static methods as the rocker arms were not rigidly con- 
nected till after the removal of the travelers. 

Snow Load—tThe specifications do not call for any 
snow load on this structure, so that we have not fig- 
ured any stresses for such a load, but in our opinion, a 
bridge of this character, with a practically solid lower 
floor 87 feet wide and an upper deck with two side- 
walks and four lines of railroad track, should have 
been calculated for a considerable snow load. 


THE STRESSES EXCESSIVE. 

We made a stress sheet for the loads called for in 
the specifications, but it was evident that the structure 
could not safely carry these loads, so we had to find 
the maximum safe carrying capacity of the structure. 
The final stresses under the conditions of safety here- 
inafter recommended are shown on our general stress 
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FIG. 1. 


sheet (Sheet No. 7) submitted herewith. This stress 
sheet also shows the effective area cf each member, 
the final unit stresses, and the wind stresses in the 
chords. 

The areas marked T for the main posts U17-L17, 
U57-L57, U75-L75, and U107-L107, are the areas at 
their points of maximum width, and these posts de- 
crease in area towards their ends, as the side plates 
keep the same thickness but decrease in width, giving 
the areas marked B at the bottom. The areas marked 
T for the other vertical posts are exclusive of the area 
of the transverse diaphragms at these posts, and the 
areas marked B are inclusive of these diaphragms. 

We have made no additions for reverse stresses, as 
the specifications state that the sections are to be com- 
puted for the stress requiring the greatest area, so that 
the unit stresses here shown are the direct stresses from 
dead and live loads without any additions for reverse 
stresses, snow, wind, impact, or secondary stresses. 


THE FLOOR STRESSES IRREGULAR. 


We have also computed the stresses in many of the 
floor beams and stringers for the upper and lower 
floors, using the local live loads specified, and for the 
cases computed we find the maximum flange stresses to 
be as tabulated below. 

All of these stresses are for the static loads without 
impact. 

The two pairs outside trolley stringers on the lower 
floor are built of certain sections on the island span 
and its lever arms, and of the same sections (for simi- 
lar panel lengths), with additional cover plates on all 
other portions of the structure, thus making some por- 
tions of these tracks much stronger than others, as 
shown by the above stresses. 

We are informed that the island span and lever arm 
outside stringers had been completed for the specified 
trolley loads, when it was decided that subway trains 
might be run on these tracks and the remaining out- 
side stringers were cover-plated. This, however, leaves 


these tracks without uniformity as to carrying capacity, 
unless cover plates are added to the outside stringers 
on the island span and its lever arms. 

The upper floorbeams all have the same thickness 
of web, and the first cover runs the full length top and 
bottom, regardless of whether they carry a 20%-ft. 
panel or a 40-ft. panel, and this was undoubtedly done 
to carry the traveler during erection. 

In a few of the lower floorbeams and trolley string- 
ers, the unit stresses exceed those specified; and this 
excess has been caused by their having been computed 
for a dead load less than the actual weight as finally 
called for by the flooring contracts, but this excess is 


so slight that, in our opinion, it will not affect their 


safety. 
THE ERECTION STRESSES LOW. 

While the erection stresses are passed and can never 
recur again, we considered it advisable to compute these 
stresses to find if they had been greater than the stresses 
to which the structure may be subjected under traffic; 
and on sheet 10 we give the erection stresses for the 
chords and for such web members as will have the max- 
imum erection stresses, though we did not consider it 
of sufficient value to compute all the minor web stresses 
from erection. 

From this stress sheet we find that the maximum erec- 
tion stresses in the chords do not equal the completed 
dead load stresses, and only in a few diagonals near 
the main piers do they equal the specified live and dead 
load stresses; so they furnish nd data in the way of a 
full-size test to determine the carrying capacity of the 
members, as the structure under traffic will be sub- 
jected to greater stresses than it was during erection. 


THE FOUNDATIONS SUFFICIENT. 


We have examined the general design and details of 
the anchorages at the Manhattan and Queens ends and 


(Approaches not included.) 


find the sections and the weight of masonry sufficient to 
carry the uprights. We also find the pressure on the 
masonry of the main piers to be within safe limits. 


THE SECONDARY STRESSES NOT IMPORTANT. 


We have not made a complete investigation of the 
secondary stresses in this structure, but we have made 
a limited investigation to approximately determine what 
the secondary stresses caused by temperature, distor- 
tion due to deflection, and bending due to own weight 
of members, amount to. 

We find that the secondary stresses due to tempera- 
ture are generally small, except in the post U75-L75, 
where, in our opinion, the maximum stress from this 
source will occur, as this is the free end of the Island 
span, and a variation of + 60° F. will move the top of 
this post and bend it around its fixed lower end, pro- 
ducing a fiber stress of 3,200 lbs. per sq. in. 

The secondary stresses due to distortion of the true 
figure of the trusses by the live load. are quite con- 
siderable, as the vertical deflection of the point L37 is 
185/15 ins., and of the point L91, 14%10 ins. for a live 
load of 3,000 lbs. per 1 lin. ft. of truss. 

We have made a careful analytical computation of the 
horizontal movement of the point U17 (and other sim- 
ilar points over the main piers) caused by this 
distortion, and for a live load of 3,000 lbs. per lin. ft. 
of truss in the position giving the maximum direct 
stress in the post U17-L17 we find this movement causes 
a fiber stress in the lower fixed end of U17-L17 of 2,600 
Ibs. per sq. in., which is the maximum stress from this 
source, which cccurs simultaneously with a maximum 
direct stress. The fiber stresses in the other similar 
pests are about the same, except that for U75-L75 it is 
reduced to 1,400 Ibs. per sq. in. owing to the fact that 
this is the free end of the Island span; but this should 
be added to the temperature fiber stress in this post as 
above given. This distortion also causes some hcrizontal 
movement of the top ends of the rocker arms relative 
to their bottom ends and this relative movement causes 


FLOOR STRESSES. 


Lower 
Lower 
Lower 
Upper 
Upper 
Upper 
Lower 


floor HOOr beams... ook 6 os hss eh oo eee 2 


floor trolley stringers with cover plates.......... 
floor trolley stringers without cover plates...... 
floor roadway strln gers. 
floor elevated railway stringer ss. 
floor sidewalk stringers. ......... 2. cece eee eee 


floor floorbeams..................6.. be > wre ete ate : 


er ee from 4,600 Ibs. to 7,000 Ibs. per sq. in 
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EEE EEA from 7,900 lbs. to 14,600 lbs. per sq. in 
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3 from 4,100 Ibs. to 10,800 Ibs. per sq. in 
eat ws eRe from 13,000 lbs. to 14,400 lbs. per sq. in 
5 from 15,000 ibs. to 16,000 Ibs. per. sq. in 
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additional secondary stresses, but the stresses found 
from this cause were so small as to be safely negligible. 

The fiber stresses due to bending of members from 
their own weight depends to some extent on the total 
live load and dead lead direct stresses on the members, 
but for a live load of 3,000 lbs. per lin. ft. of truss we 
find this fiber stress to be about 1,200 Ibs. per. sq. in. 
for many of the members, with extreme values running 
as high as 8,500 Ibs. per sq. in. 

There are also secondary stresses due to impact, and 
to bending in the vertical posts and hangers, caused by 
accelerating or retarding the moving loads on the upper 
floor, but we have not computed any values for these, 
as we are of the opinion that they are negligible in this 
structure where the relative value of live load as com- 
pared with the dead load is so small. 

The above maximum values of all these secondary 
stresses will probably not occur in the same members 
at the same time, but it will be seen that they may 
cause considerable increases in the direct unit stresses 
heretofore shown. 

In addition to figuring the stresses on all members 
we have had a large number of the actual bridge mem- 
bers measured and calipered in the field, and we find 
that they agree with the sections we took from the shop 
drawings and used in these calculations, which sections 
we show in detail on sheets 8 and 9. 

We have also computed the weight of a number of 
members from the shop drawings and find such weights 
agree with the shipping weights on the invoices, show- 
ing that the scale weights used for the dead load are 
correct. 

We have figured the net sections of the riveted tension 
members from the shop detail drawings. 

We have not carefully examined all the details of this 
structure, but we have checked the end connections of 
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such members as are most heavily stressed and find 
them equal in strength to those members. 
THE STRENGTH OF THE LOWER CHORDS. 

We have carefully considered the form and details 
of the lower chord as this feature has been criticised 
in the public journals, and the impression has been 
given that the lower chords in this structure are weaker 
than those of the Quebec Bridge, which, in our opinion, 
is not the case. 

There is no full-size experimental data for the carry- 
ing capacity of such large compression members as are 
used in this structure, though the recent tests on models 
of compression members fcr the Quebec Bridge showed 
that such members when properly latticed carried 32,000 
lbs. per sq. in. before failure, with a ratio of length to 
radius of gyration of 25. The only safety is to keep 
within the limits gained from experience on a smaller 
scale, as the means do not exist for learning the absolute 
carrying capacity of such sections, and a practical 
method of testing could not be provided in any reason- 
able time. 

In our opinion, N it is safe to follow the estab- 
lished practice for compression values, provided the 
limits set are not too high and the details are sufficient 
to make the member act as a unit and not fail in de- 
tail. 

The heavier sections of the lower chord of this bridge 
are built up of four vertical webs, each 48 ins. deep 
and varying in thickness with the sections required. 
Each web has an 8-in. by 6-in. angle, top and bottom, 
forming a “built-up channel.” Each outside pair of 
these ‘‘built-up’’ channels is latticed together, top and 
bottom, with 5-in. by %-in. lacing bars, having two 
rivets In each end and one rivet at each intersection, 
the length of these lattice bars being about 45 ins. c. to 
c. of end rivets. This gives two separate bullt-up chan- 
nel chords 48 ins. deep and 25 ins. b. to b. of angles. 
These two separate sections are then connected together 
with top and bottom tie plates 15 ins. long and in. 
thick, spaced about 5 ft. c. to c. The entire chord is 
thus about 70 ins. wide, b. to b. of outside angles. While 
this chord is not as stiff transversely as it would be if 
properly latticed from cutside rib to outside rib, and 
while in our opinion the lattice on the center line, where 
the longitudinal shear due to bending is at its maxtmum, 
should not have been omitted, yet we believe that the 
chord is as strong horizontally as vertically for the fol- 
lowing reasons: 
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The radius of gyration of the chord about its horizon- 
tal axis averages 14 ins. and the radius of gyration of 
each outside latticed pair of channels around a vertical 
axis averages 12 ins., without any allowance for the con- 
necting cf these two pairs by the tie plates, which cer- 
tainly add appreciably to the transverse stiffness, 
though the exact amount cannot be computed. However, 
the radius of gyration of the whole chord as a unit 
around a vertical axis is about 27, and while it would 
not be safe or proper to use this radius (owing to the 
omission of the central latticing), we consider it safe 
to assume that the tie plates add sufficient stiffness to 
increase the effective radius of gyration about a vertical 
axis from 12 to 14 and thus equal the vertical stiffness 
which of course sets the limit of stiffness for the section. 

We have used for this chord a radius of gyration of 
14, and all our results are based on this radius, and 
we are of the opinion that the details are sufficient to 
cause it to act as a unit with this radius. 

The stress sheet shows that there are other com- 
pression members in the web system of the trusses 
which have higher unit stresses than the lower chord, 
with a greater value of lyr, so the safety of the bridge 
ia not alone determined by the value of this chord. 

We have made a careful examination of the bridge as 
now completed, and find no evidence of loose rivets or 
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FIG. 2. WHEN COMPLETED ACCORDING TO THE LATEST PLANS 
OF THE DEPARTMENT OF BRIDGES. 


(Four elevated-railway tracks on upper deck: four surface-street-railway tracks 
2 between trusses): 
two 11-ft. sidewalks on brackets alongside upper deck.) 


on lower deck (2 outside of trusses, 
deck; 


FIGS. 2 AND 3. CROSS-SECTIONS SHOWING COMPLETED AND PRESENT CONDITIONS OF BLACKWELL’S 


buckling of members, or other indications of overloading, 
but there are four sub-diagonal posts, C56-L57 on both 
trusses, and L107-C108 on both trusses, which had a 
“wind” in them during erection, and this was corrected 
by riveting a cover plate on the top of each post. 

It will be noticed that both of these members are 
“sub-diagonals’’ which in no way affect the main 
stresses and are only for the support of one local panel 
lead, and the stress sheet shows that they will never 
be subject to heavy stresses, so they are evidently safe 
and the “wind” was probably due to a bend in the shop 
or during erection, or to a slight overrun in length. 

From the above data we come to the following 

CONCLUSIONS: 

First—That the specifications are clear and explicit 
and ccver all the necessary requirements for the ma- 
terial and workmanship of a first-class structure, but in 
our opinion the working stresses given are in excess of 
good practice. 

Second—That the steel manufactured for this struc- 
ture is first-class bridge material and in accordance 
with the specifications. 

Third—That the workmanship of this structure is 
first-class and in accordance with the requirements of 
the specifications. Š 

Fourth—That the erection and field riveting of the 
structure appears to have been done in a first-class 
manner. 

Fifth—That the actual sections of the various mem- 
bers agree with the sections ordered on the working 
drawings and shown on our sheets Nos. 8 and 9, and 
that the shipping weights are correct. 

Sigth—That the members of floor systems are safe for 
the specified local live loads. 

Seventh—That the following unit stresses in the main 
‘truss members, viz.: 
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Lbs. per 
sq. in. 
Tension nickel steel bars 30,000 
Tension structural steel bars and riveted 
DISTT DONE. aie „ 20,000 
Compression, structural steel, up to 1/r 
c | oe A ˙ ² ee ar ee eee 19,000 


Compression, structural steel, for l/r above 

Dy deci eset abras Ge tha — te) 20,000-50 l/r 
are the limit of safety for the direct stresses from the 
sum of the live and dead loads, as the secondary and 
snow load stresses heretofore referred to will add to 
these unit stresses and thereby increase the actual unit 
stresses. 

Eighth—--That the main truss members will not carry 
all the specified live loads for which this structure was 
designed, 

Ninth-—That the structure can safely carry a consid- 
erable live load in addition to its actual dead load. 

As we, therefore, do not think the structure can carry 
all the specified live loads and yet is safe for consid- 
erable live load. we have tried to arrive at the actual 
live load which may safely come on this structure, using 
actual moving loads now in use on the subway, elevated 
and surface lines of the city. 

THE CAPACITY OF THE BRIDGE. 

The heaviest trolley car now actually in use in this 

city has four axles with a loaded weight of 15,500 Ibs. 
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small that for the main trusses the load is practically 
uniform fer the cars spaced at reasonable intervals. 
For the elevated railway tracks it is not possible to 
greatly reduce the effective load per lineal foot by regu- 
lating the intervals between trains, as these trains are 
long and heavy units, and if trains are spaced at inter- 
vals of three or more train lengths, they will fall in 
such positions as to practically produce the maximum 
stresses in important parts of the structure. 

With these live loads, the roadway and footwalks pro- 
duce a live load of 17% ft. + 11 ft. — 28% ft. @ 50 Ibs. 
== 1,487 lbs. per lin. ft. of truss, and if we assume 
each trolley track to be loaded with cars at clear in- 
tervals of one car length or about 85 ft. c. to c., they 
will produce a live load of 2 x 730 lbs. — 1,460 Ibs. per 
lin. ft. of truss, making a total live load of 2,897 Ibs. 
per lin. ft. of truss, which would require a reduction in 
the dead load of about 1,000 lbs. per lin. ft. of truss to 
meet the conditions of safety, and this reduction can be 
readily made. 

We, therefore, come to the conclusion that it is safe 
to run the four lines of trolley cars on this bridge as at 
present constructed, if the portions of the dead load not 
yet in place, and not required for highway or trolley 
service, be omitted, and if the four lines of inside track 


stringers on the upper deck be removed. 
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AS BUILT FOR THE PRESENT. 


(Sidewalk-brackets not erected, and sidewalk platform laid over outer pairs of 
elevated-railway stringers.) 

NOTE: Boller & Hodge recommend that the inner pairs of elevated-railway 
stringers be removed, to lighten the weight of the bridge, and the sidewalks be 


left permanently in the location here shown, no elevated-railway trains to be run 


over the bridge. 


on each axle, and an over-all length of 42 ft. 6 ins., 
giving an average load of 1,460 lbs. per lin. ft. of each 
trolley track. The heaviest elevated or subway motor 
car has two loaded axles of 30,800 lbs. each, and two 
loaded axles of 22,200 lbs. each, and an over-all length 
of 51 ft., giving an average load of 2,080 lbs. per lin. ft. 
track. The heaviest elevated or subway trailer car has 
four loaded axles of 17,500 lbs. each and an over-all 
length of 51.4 ft., giving an average load of 1,360 lbs. 
per lin. ft. track. 

The average weight of an elevated or subway train 
made up of five motor cars and three trailer cars is 
thus found to be 1,810 Ibs. per lin. ft. track. 

The specified live load for the main trusses is 100 Ibs. 
per sq. ft. on the roadways, and 75 lbs. per sq. ft. on 
the footwalks, and while we believe such loads are 
proper for designing local members of the flocr system 
and secondary truss members, they are undoubtedly ex- 
cessive for the main truss members, as no such load 
can possibly come on the entire width of the roadway 
and sidewalks for any considerable length of the struc- 
ture. For the main truss members, we, therefore, con- 
sider a live load of 50 Ibs. per sq. ft. on the roadway 
and sidewalks to be fully sufficient. 

By trial, we find that.the main trusses will safely 
carry a live load of 3,000 lbs. per lin. ft. of each truss, 
if the dead load be reduced by 1,000 lbs. per lin. ft. of 
each truss. Some of this dead load, consisting of the 
outer sidewalk stringers, floorbeam brackets, sidewalk 
gratings, and track material for the railway tracks on 
the upper deck has never been put on the structure, and 
some of the dead load now on can be omitted, thus de- 
creasing the full dead load and permitting the use of 
the above live load. Furthermore, the average live load 
on the trolley tracks can be reduced by regulating the 
minimum spaces between same, as these units are so 


ISLAND BRIDGE. 


The “additional” 
following items: 


“ADDITIONAL” 


dead load then will consist of the 


DEAD LOAD WHICH MAY SAFELY 
BE RETAINED. 


In Lbs. Per Lin. Ft. of Bridge. 


Concrete sub-pavement of roadwace gg 3,200 
Wood block sub-pavement of roadway..... TETP ,040 
Rails and conductor rails for 4 trolley tracks...... 374 
Concrete: TOOLWOIE. BiG. aeneis Foe Vb Rh slant 800 
J ˙·A ̃ Keb Pros ace hehe Fie bb ? a ene 406 
Electric wires, gas mains, et 160 

5,980 
Less deduction for removing 4 lines of stringers.. 680 

5,300 


or 2,650 Ibs. per lin. ft. of each truss, which is a reduc- 
tion of 1,000 Ibs. per lin. ft. each truss from the full as- 
sumed dead load. 

It will be noted that the concrete footwalk slabs are 
here taken at 800 Ibs. per lin. ft., whereas they were 
taken at 500 lbs. per lin. ft. in the full dead load: this 
is due to the fact that in the completed structure they 
are intended to be 1014 ft. wide, whereas those now tem- 
porarily placed on the outer lines of railway stringers 
are 16 ft. wide. To reach the full reduction required, 
it will also be noted that we have reduced the allowance 
for wires and pipes to 160 lbs. per lin. ft. of bridge. 

With a live load of 50 lbs. per so. ft. on the roadway 
and footwalks, and a live load of T80 lbs. per lin. ft. of 
each trolley track (which is equivalent to running trol- 
ley cars at intervals of 80 ft., c. to c.) we get a total 
live load cof 3,000 Ibs. per lin. ft. of each truss, and 
with this live load in addition to the total assumed dead 
load reduced by 1,000 lbs. per lin. ft. of truss, we have 
made the complete stress sheet herewith submitted 

(Text continued on page 522.) 
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STRESSES UNDER GREATEST PERMISSIBLE LOADING RECOMMENDED BY BOLLER & HODGE. 


Stresses In units of 1,000 lbs. 


COMPUTED FOR THE FOLLOWING LOADS: 


LIVE LOAD: Main Members computed for 


Pounds per 


lin. ft. of 
truss. 
11-ft. footwalk, 50 lbs. per sq. ft....... 50 
2 lines surface street- cars, 780 Ibs. per 
tt each. sora ]ði?ði m 8 1.560 
17%,-ft. width of roadway, © Ibs. per 
M !! pase ey tes OS oe oe eee 6 yar 890 


Total live load, per foot of truss.... 3,000 Ibs. 


This load is to be placed in the positions giving 
maximum stresses in the individual members. 


Sul-Members computed for 


On each track a 62,000-lb. street-car having four 
axles spaced 4 ft. 1 in., 15 ft. 11 ins., 4 ft. 1 in. 


On dny part of roadway 48,000 Ibs. on two axles 10 
ft. apart and 5-ft. guge covering a space 12 ft. x 
30 ft., and 100 Ibs. per sq. ft. on the remaining 
roadway surface. 


On the footwalk a load of 100 Ibs. per sq. ft. 


WIND LOAD: 
Wind pressure 2,600 Ibs. per lin. ft. of bridge, all 
acting in plane of bottom chord. Of this 1.000 
Ibs. is taken as covering the entire bridge, and 
1,000 lbs. is taken as a moving load placed in the 
positions giving maximum stresses in the indi- 
vidual members. 


DEAD LOAD: Stresses computed for 


Weight of metal as computed from shipping Invoices 
is 105,152,010 lbs. for the whole bridge, or 52,- 


per sq. in. + indicates tension. 
5766.05 per truss, distributed according to the 
actual panel-loads, plus a uniform load of 2,650 


s Ibs. per lin. ft. of truss made up of: 
Concrete sub-pavement ............ 1,600 Ibs. 
Wood block pavement ..........0.6 D20 lbs. 
Street-car tracks 187 lbs. 
Footwalk hr 64s Weeds 400 lbs. 
Three railings ssori ensec eas 203 lbs. 
Gas mains, mail chutes, trolley 
wires, telephone cables and their 
attachments, eto uꝛꝛaõw eee S0 lbs. 


2,990 lbs. 
Less reduction of two elevated rail- 

way stringers and bracing includ- 

ed in shipping weight, which must 


be removed .......cc0 ccc ecccces 310 lbs 
Total additional weight per lin. 
Pi (Of tr USS bade ˙—ꝛð w i See 2,650 Ibs. 


The stresses in two arms only are reproduced here; 
the stresses in these arms are with few excep- 
tions greater than those in the other arms. The 
actual maximum stresses in the several kinds of 
member throughout the entire bridge, under the 
above loading are: 


BOTTOM CHORD: A Compression of 16,800 lbs. per 
sq. in.. in member LOO-LGT, Island span, cross-sec- 
tion 686.7 sq. Ins. gross. 

TGP CHORD: A Tension of 30,600 Tbs, 
member U65-U69, Island span, cross-section is 3600 
sy. ins. net. [Nickel-steel eyebars. ] 

A Compression of 6,900 lbs. per sq. 


per sq. in., in 


in., in member 


— indicates compression. 


U38T-U39, Island Cantilever Arm West, cross-section 
is 43.0) sq. ins. gross. 


MAIN DIAGONALS: A Tension of 19,300 lbs. per sq. 
in., in member C116-L117, Queens Anchor Arm. 
„ 114.7 sq. ins. net. [Carbon-steel eye- 
ars. J 

A Compression of 10,500 Ibs. per sq. 


L73-C74, Island Span, cross-section ETE sq. ins. 
gross. 


MAIN POSTS: A Compression of 17,400 Ibs. per sq. 
in., in member UI17-L17 (B) Manhattan Anchor 
Arm, cross-section at this point 1,211.8 sq. ins. 
gross. 

A Tension of 19,800 Ibs. per sq. in., 
Lo (T). 
236.9 sq. ins. net. 


HANGERS: A Tension of 15,200 lbs. per sq. 
member Coz-LOa2, Queens Cantilever Arm, 
section 31.0 sq. ins. net. 


ROCKERS: A Tension of 10,900 lbs. per sq. in. and a 
Compression of 8.300 lbs. per sq. in., in Rocker 
US7-L37, cross-section 31.2 sq. ins. net and 44.1 s3. 
ins. gross. 

SUB-DIAGONALS: A Compression of 11,300 lbs. 
sq. In., in member CS-L9, Manhattan Anchor Arm, 
cross-section 31.1 sq. ins. gross. 

A Tension of 10,160 lbs. per sq. in., in member US89- 
c90, Island Cantilever Arm East, cross-section 
36.0 sq. ins. net. 

SUB-POSTS: A Compression of 7,700 lbs. per sq. in. 
in member U14-Cl4, Manhattan Anchor Arm, cross- 
section 15.0 sq. ins. gross. 


in member 


in member U59- 
Island Span, cross-section at this point 


in., in 
cross- 


per 


Island Cantilever Arm, West. 


BOTTOM CHORD. 


Unit L/R Wind Member. Area 
Sir. Abt. Str sq. ins. 
— 0.2 18 + 51 Lot-Los 1066.9 Gr. 
— 11.7 19 + 187 L58-L59 1019.9 Gr. 
L59-LGL 1032.8 Gr. 


Member . Area Dead Live D.L. 
sq. ins. Load. Load. + L. I. 
L37-L39 75.0 Gr. — 15 a0 — 15 
00 
L39-L41 105.0 Gr. — 621 — 608 — 1229 
+ 5005 
L41-L43 210.0 Gr. — 1476 — 917 — 2393 
+ 589 
1.43-L45 247.6 Gr. — 2672 —1245 — 3917 
＋ 60. 
L45-L47 355.6 Gr. — 4227 —1623 — 580 
+ 579 
L47- LA 510.8 Gr. — GOD — 2026 — 8075 
+ 528 
LA9-L51 666.8 Gr. — 8009 —2 429 — 10438 
+ 466 
L51-L53 834.8 Gr. —10015 —2816 —12831 
+ 410 
L- LS 949.2 Gr. —11332 --3004 —1 436 
+ 351 
Lod-L56 1040.2 Gr. —11668 —LOAT —14615 
+ 290 
L56- L577 1072.1 Gr. — 11668 —2 1147 —14615 
+ 200 
TOP CHORD. 
U3T-U3 43.0 Gr. — 334 — 299 
34.4 Nt. + 25 + ZH + 820 
U39-U41 43.0 Gr. — 294 — 121 
34.4 Nt. + 173 + 20% + 470 
U41-U43 106.0 Gr. — 477 
SS.0 Nt. + 714 + (08 + 1322 
U48-U45 : — 560 8 
94.5 Nt + 1585 + 918 + 2503 
115-U47 — NTT 
W 141.8 Nt. + 2810 + 1255 + 4005 
47-U49 — 552 
N 210.0 Nt. + 4106 + 1641 + GOAT 
49-51 — OA 
e 200.0 Nt. + 6302 + 2002 + BH 
731-53 — 445 ä 
381.0 Nt. + 8385 + 2494 + 10879 
Tg- USS — 417 
pee 496.0 Nt. + 10890 + 2024 + 13014 
I55-UST — 399 
N 612.0 Nt. + 13409 + $528 + 16997 
MAIN DIAGONALS. 
U3T7-C38 57.2 Gr. — 50 — 416 — 466 
45.7 Nt. + 509 + 459 
C 38-139 74.6 Gr. — 222 — 420 — 642 
61.0 Nt + 416 + 194 
L30-C40 92.5 Gr — 373 
77.4 Nt + TOA + 530 + 1234 


—15.8 22 + 593 L61-L63 925.5 Gr. 
—16.4 24 + 888 L@-L65 770.0 Gr. 
—158 26 21269  LG65-L67 686.7 Gr. 
| 
—15.7 27 1B L6T-L69 651.3 Gr. 
—15.4 30 +2727 L69-LT1 685.5 Gr. 
—15.1 32 +3776 LT1-L73 717.0 Gr. 
— 14.0 34 +4741 | L73-L74 711.2 Gr. 
—13.6 34 +5801 | L74-L75 711.2 Gr. 
| 
— 6.9 29 U57-U59 
+ 96 660.0 Nt. 
— 28 30 U59-U61 
+13.7 ! 516.0 Nt. 
40 61-8 
+ 15.0 426.0 Nt. 
U63-UGo 
+ 26.5 384.0 Nt. 
2 U65-U69 
+28.7 | £ 360.0 Nt. 
8 U69-U71 
+ 28.8 2 360.0 Nt. 
= UT1-UT8 
+28.8 | È 392.0 Nt. 
u UT3-UTS 
+28.3 [5 448.0 Nt. 
— 
Q 
+281 |3 
57-C58 365.0 Gr. 
+ 27.7 
| Ch8-L59 400.0 Gr. 
— L. 1 44 U59-C60 
+ 10.0 225.3 Nt. 
— 86 46 | C60-LG1 278.7 Gr. 
+ 3.2 190.5 Nt. 
56 U61-C62 
+15.9 330.7 Nt. 


island Span. 
BOTTOM CHORD. 


Dead Live D.L. Unit L/R Wind 
Load. Load. + L. L. Str. Abt. Str. 
— 11634 — 2063 — 14597 — 13.7 34 +5861 
+ S07 

—11654 —2043 —14597 — 13.9 34 +5262 
+ 307 

—1220-4 —3471 —15675 —15.2 31 +4900 
+ 452 

—11043 —3839 —14882 —16.1 28 +455 
+ 893 

— 9135 —3721 —12856 —16.7 27 +428!) 
+ 1093 

— 7958 —3606 — 11564 — 16.8 27 +4100 
+ 1209 

— T3846 —3376 —10722 — 16.4 27 +3979 
+ 1129 

— 7896 —3257 —11158 —16.3 2R +3926 
+ 952 f 

— 82 —2733 —107T5 —15.0 31 +3047 
+ 92 

— 7398 —2196 — 9594 —13.5 34 +4028 
+ 335 

— 7398 — 2196 — 9594 —13.5 34 +4258 
+ 335 

TOP CHORD. 

— 498 

+ 14597 + 4093 + 18600 + 28.3 
— RSS 

+ 11509 + S042 + 15451 + 20.9 8 
— 1093 . 8 

+ 9281 + 3721 + 13002 + 80.5 4 
—1209 A 

+ SOM + 3606 4+ 11700 + 30.5 5 
—1221 E 

+ THOS + 3491 + 10099 + 30.6 Nn 
—1129 F 

+ 7478 + 3376 + 10854 + 30.2 2 
— 919 l 2 

+ 8249 + 3343 + 11592 + 20.6 
— 587 

+ 9662 + 3222 + 12884 + 28.8 

MAIN DIAGONALS. 

— 1395 —2131 — 3526 — 9.7 94 
+.1210 

— 1872 —2131 — 4003 —10.0 94 
+1145 
— 899 

+ 2460 + 1055 + 3515 + 15.6 
— 2 38 

+ 2092 + 996 + 3088 + 15.5 
— 54 

+ 3950 + 1565 + 5515 + 16.7 
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Reaction at Main Shoe 


Shoe Area, Seg gO Sy is. 
9797 1. % 88. 7 Reaction at Main Shoe 
1. 15 3 Shoe Area. 105 LOC ag . 
Total Fare? =4P4 bos cz in 155 E a 
U7s Reaction at Truss Shoe e “Saree 


A LL 3483 


A Sea Reaction at, Truss Shoe 
7 „ ota IIA, 


—— 5 A 
x 79 Total 
3 X Ua! 
** * * ou 
X * cane EO 
\ x Pa — fol 
de cg ͤ Ä ͤ K 
t77 L79 Les 


Lin 


Lugs Lus 


, — P20) = 52 WA O'rt 


c d £ EtG. — By? 1 5 


wee? Co ae. OCW 273.00 >K 80.00" ~ 0209- ue . * 7 ké 
W 


Lu 


D.L. 215. 
L.-L. 6605 


Uu 


Total 1556 598. . 


PRIN 
cis ni 


7 08.00" = TAIO + 400" +5000" KIEO 64.00" = 5600 SL 00 ASW ALEVE 
= 454.0 


6 * 2 492.00" 3 — Po RS Fag oy" PT Bera De Wha a eed lS E EAE GF MII alte ð d AS 
„ Total Length: ` ͤ—ę——œ 5 oto 2 SS PA hey ak ger ee ee e ate Sy be?) ‘ce e „ 
- ; NEWS. 
Island SI Island Cantilever Arm, East Queens Cantilever Arm Queens Anchor Arm 
Island Cantilever Arm, West (continued). island Span (continued). 
MAIN DIAGONALS (Cont.) MAIN DIAGONALS (Cont.) 
Member Area Dead Live D.L. Unit LR Wind Member Area Dead Live D.L. Unit L/R Wind 
sq. ius. Load. Load. + L.L. Str. Abt. Str. sq. ins. Load. Load. + L. L. Str. Abt. Str. 
C10-U41 — OG C62-I- Un — 884 
84.3 Nt. + S42 + 5.56 + 2578 + 16.3 301.3 Nt. + 3607 ＋ 19 + 5146 1 16.9 
L41-C42 — 271 1-64 — 911 
105.0 Nt. + 1217 + 5NG + INO + 17.2 239.7 Nt. + 24.60 + 1598 + 3894 + 16.2 
C42-U45 — 212 C64-LO5 2S9 Gr. — 1 45 
115.5 Nt + 1370 + 599 + 1969 +17.0 218.6 Nt. + 2191 + 15s4 + 3578 + 16.4 
L43-C44 — 1M U6G5-C6b 196.9 Gr. —1002 40) 
136.5 Nt + IWO + 69 + SM9 27176 ! 167 Nt + 18 11 2495 115.2 40 
C44-U45 — 1 h C66-LGT 181.9 Gr. — 1054 — 110 — 0.6 40 
152.2 Nt. + 1945 + OS! + 2625 ＋ 17.3 = 151.2 Nt. + 9H 11205 + 2209 + 14.6 
L45-C48 — 1.28 | = LGT-COS 211.9 Gr — 3210 — 1215 — 155 — 7.3 45 
173.3 Nt. + 2.12 + 741 1 BENS +17.5 = 171.6 Nt. +1115 + 173 + 4. 
C45-U4T — 125 7 C ESS-UG9 177.5 Gr. = (1 IG ey =27 864 
180.0 Nt. ＋ 2534 + 782 . eH F rino l2 118.0 Ft. +1124 + 1059 +72 : 
LA7-CAS — C 2 LG C70 1% Gr. —11 1 — 285 — 14 35 
210.0 Nt. + 2812 + 705 + B657 4175 2 1642 Kt. 850 + 1260 + 2116 +12.9 i 
C48-U49 — 79 s CTU-UT1 217.6 Gr. —1109 35 
224.0 Nt. + 3084 + 841 $ 98 1 17.5 — | 181. Nt + 1146 + 1254 + 2430 +13.4 
L49-C50 — 43 > | LT1-C72 211.0 Gr. — 1216 — 1205 — 2.7 38 
228.0 Nt. + 3205 + 814 + 4000 1 17.6 = 176.4 Nt. + 11 + MS + 959 + 5.4 
C -U — 39 * C 72-172 187 5 Gr. — 1212 — 875 — 47 38 
218.0 Nt. + 312 $+ SON + 4591 +17.5 157.0 Nt + 37 + 1006 + 1343 + 8.5 
L51-Co2 — 10 733-74 388.7 Gr. — 204 DU — 4005 — 10.5 94 
210.0 Nt. + 3151 + 776 + 4250 +176 | + 1149 
LURS s 9 CT4-UT5 350 Gr. — 15908 — 2091 — 38689 — 10.4 94 
280.0 Nt. + 2772 + SOT + 4009 +16.5 +1214 
L53- Cot — 2 N : 3 
182.0 Nt. + 2414 + 689 + 3109 + 17.0 MAIN POSTS. 
SLUSS — 2236 T 1250.6 Gr. —15022 R49 —I1S481 —14.7 54 
204.0 Ft. + 2 + TAL 12515 117.2 17-57 doses „ 170 . 
15 C00 106.1 Gr. — ee — 20 — 22 On . c OO eet 
Suh Kt. + 428 4+ 09 — 1057 + 11.8 4 + oe 
y — SS 
C- U57 120.7 Gr. — 68 152 N zo 5 ee À 
Da 12 J l. 4 - „ 1519 4140 a- LS p e JJ 
MAIN POSTS. + 2612 + 185 + $508 
Pai . - T 163.3 Gr. — w2 — 72 — ISIS —11.1 34 
T 111 Gr. — 175 — 4S — 22 — 5.1 RN 161-161 e + TUS 
ULL i - 8 227. Gr. — 1141 — 711 — ISSS — 83 
i B 72.0 Gr. — 219 — c = — 38 — 1 + 707 
e T 2810 Gr. — 2113 12259 — 36714 13.1 02 
T 74.7 Gr. — 616 — 80) er | 1 41 Un- C + 8S3 
U41-L41 + 2. 6 3420 Gr. — 2404 ae hae | — 3725 —10.9 
B 102.7 Gr. — 6654 — 279 — 1013 — 10 4 77 
ood 
ae | T 191 r. — 2s O SITE — 2r eT 
T 103.0 Gr. — 1004 — 115 — 1422 — 1 8 12 | Ues- L035 — {209 + SSO 
U43- L43 + 160 i B 2545 Gr. — 11721 —1121 — 1455 — 3.7 
B 1.39.8 Gr. — 1:4 — 42 — 1493 — 10.7 — 128 4 NT 
| i + 18 ; T 100 x Gr. — ti CO — 144 — 1.4 al 
T 150.4 Gr. — 1119 — 477 — tso —14 407 167167 i) 
"45-LA5 + 121 =p B 165.8 Gr. = 12 E y N Ts 
0 
5 SE N T 11 SGr. — 123 — bes — 113 — 79 84 
T Tou 2 Gr. — 1783 — 517 — 200 — 14.7 4S UGL-LED 1217 Nt. = “aye q 1030 +o 957 + 79 
G47 147 ; to l ; — * B G03 Gr. — 171 — 10 — 1170 — 9.7 
B 191.5 Gr. — 1862 — veh — 2H — 12.5 ö — 128 1024 + SIN} 
i Eo? 7 ee 22 | T 17.2 Gr. Wat eS se (OS Sei OO 
T 178.6 Gr. — 2106 = 527 — pad —14.7 ot | UTI-LTI1 1 18 7 Ne + THO + 1075 + 18405 + 12 1 
139-149 — + 38 Pe „ B 237.7 Gr. 1 ( — 70 — 18 — 04 
B 213.5 Gr. age 2153 = 214 =< bad — 12.6 b 657 Pa 1074 + 1731 
8 | — 8 
i T 186.4 Gr. — 2y A a — 201. — 15.1 71 UTS LTB n 236.0 Ft. + 2709 + 1 + 4088 4 1.8 
my 7 -à - = . > £ i TDI uP ’ 
a B 221.7 Gr. — 257 — 527 — 28.3 — 13.0 + 2680 +1919 + 99 
4 
ees — 2 z T 919.3 Gr. —1COH UT 12008 =1)2 re 
T 138.2 Gr — 1423 147 — 1870 —13 7 59 bo Ae ee 1028 
Cena + 208 ee Me ae AR 816.8 Gr. —10480 — PUT —1 17 — 16.5 H 
B 172.2 Gr — 179 — 465 — 13 11.3 4 LORS 
+ 20S | 
T SS Gr. + NS — 407 — 14 — 02 6.3 i HANGERS. 
155 18 TOON. + 146 — 611 + JUST +142 i . A Z 
ý B 21.0 Gr. + 15 — 42 — * — 0.7 © CAS-Los 510 t. + 110 + 223 + 716 +14.0 
+ 393 + 641 + 1034 C0 1.60 51.0 Tt. + 101 .4 211 + 612 +120 
| CbB2-L62 43.0 Nt. + 319 + 197 + 546 +12.7 
ROCKER ARM AND HANGERS. C16 43.0 Nt. + 324 + 192 + 516 + 12.0 
U87-L37 44.1 Gr. — 376 — 366 — 83 G4 ! C66-L66 43.0 Nt. + 314 + 192 + 506 +11.8 
31.2 Nt. 10 + 331 + 341 + 10.9 C68-L 68 43.0 Nt. + 310 + 192 + 502 +11.7 
C388-L38 31.0 Nt. + 237 + 191 + 428 + 13.8 : C70-L70 43.0 Nt. + 3823 + 197 + 520 + 12.1 
C40-L40 — 10 072-L72 51.0 Nt + 362 + 211 + 573 111.2 
31.0 Nt. + 166 + 159 + 325 + 10.5 C74-L74 51.0 Nt. + 411 + 223 + 634 + 12.4 
C42-L42 — 15 SUB DIAGONALS. 
31.0 Nt. + 173 + 167 + 340 +11.0 8 — = 7 
C44-LA4 00 CO8-L5T 75.0 Gr. — 177 = 122 — ono — 8.0 90 
31.0 Nt. + 217 + 166 + 383 + 12.4 | C60- L59 58.0 Gr. — 3388 — 120 — 488 — 92 30 
C46-L46 Ww C62-L61 45.7 Gr. — 343 — 112 — 456 —10.0 31 
44.0 Nt. + 244 + 175 + 419 + 9.5 COL-L68 42.1 Gr. — 30 — 109 =i — 98 31 
C4S-LA8 44.0 Nt. + 277 + 184 + 4461 +10.5 cC66-L65 53.0 Gr. — 285 — 109 — 394 — 7.4 37 
C50- Low 44.0 Nt. + 315 + 192 + 507 +11.5 _ C68-L69 42.1 Gr. — 27 — 109 — 3M — 9.1 31 
(C52-Lo2 44.0 Nt. + 359 + 208 + 502 + 12.8 C70-L71 45.7 Gr. — 290 — 113 — 403 — 88 31 
CH-L34 52.0 Nt. + 400 + 213 + 613 +11.8 C72-L73 53.0 Gr. — 324 — 120 1 — 8.4 30 
C6-L50 52.0 Nt. + 418 + 223 + 671 + 12.9 C74-L75 75.0 Gr, — 406 — 122 — 62 — 7.0 90 


522 


SUB DIAGONALS. 


Member Area Dead Live D.L. 
sq. ins. Load. Load. + L.L. 
C38-L37 00 
21.5 Nt. + 21 00 + 24 
C38-U39 36.0 Nt. + 219 + 135 + 351 
C40-LE41 23.0 Gr. — 134 — 103 — 237 
+ 4 
C42-L43 25.7 Gr. — 152 — 107 — 259 
+ 10 
C44-L45 28.4 Gr. — 185 — 106 — 291 
C46- LAT 31.1 Gr. — 213 — 111 — 324 
(48-149 33.8 Gr. — 2B — 114 = oT 
C50-Lol 36.4 Gr. — 278 — 117 — 395 
CH2- 48 42.1 Gr. — 318 — 120 — 4.8 
654-L55 49.4 Gr. — 349 — 121 — 470 
C56-L57 75.0 Gr. — 397 — 122 — 319 
SUB POSTS. 
U38-C3 15.0 Gr. — 11 — 17 
140 -C40 15.0 Gr. „ (ee ne oe — 19 
U42-C42 15.0 Gr. „ — $2 
141-04 15.0 Gr. „ ne E — si 
U46-C46 15.0 Gr. — 39 aa — 3 
U48-C48 15.0 Gr. — 44 — 44 
U50-C50 15.0 Gr. = JR —sekees — 59 
U532-C52 15.0 Gr. — TÜ a — T6 
U54-C5A 15.0 Gr. — 04 axsaeu — 101 
U56-C56 21.8 Gr. = Sf ne er a — 137 


ENGINEERING NEWS. 
a 
Island Cantilever Arm, West (continued). 


island Span (continued). 


SUB POSTS. 
i ri Dead Live D.L. Unit L/R Wind 
Ma, PAUL OS doings. ea Doade aG “Sue. Abe. - Btn 
USS-Co8 21.8 Gr. — TDR!  ...... — 151 — 6.9 60 
+ 1.1 | U6U-Cb60 15.0 Gr. — 100 — 107 — 7.1 62 
+ 9.8 U62-Cb62Z 15.0 Gr. — 811 — 84 — 58.6 
— 10.3 39 | U61-COA 15.0 Gr. =: Toe arrasi — 75 — 50 
U66-CU6 15.0 Gr. — Ah. veted — 171 — 4.7 
— 10.1 43 UG8-C68 15.0 Gr. — 1111 — 71 — 4.7 
UT0-C70 15.0 Gr. — T3 Wu ͤ — — 73 — 4.9 
—10.2 48 UT2-C72 15.0 Gr. „ — 88 — 5.9 62 
— 10.4 41 U7Tt-CiT4 21.8 Gr. — 17 — — 107 — 4.9 60 
— 10.6 45 = z 
—10.9 50 
—10.4 48 land Span and Lever indefinite period after its completion. Furthermore, it 
— 95 58 Arms. is still more uncertain when the growth of traffic which 
— 6.9 ¢ 6. Dead panel loads and this bridge must accommodate will require the use of 
points of application, four railway tracks on the upper deck. It was decided 
| Qucens Anchor and therefore to place in position the stringers only of those 
— 11 Lever Arms. tracks for the present and to use the pair adjacent ts 
— 13 7. General stress sheet of cach truss to support the sidewalk, and thus save the 
— 2.1 i rusie overhanging cantilever construction of the latter out- 
— 21 e e e side of the trusses, until the bridge should be required 
— 2.6 : aoa n to carry full elevated railway ‘traffic. The condition 
— 2.9 | Zuse Anchor aid under which the bridge would be completed, therefore, is 
— 3.9 e Arnis. shown by the typical cross-section, Fig. 3. 
eel | 9. Sections of truss mem- THE ALLOWED STRESSES. 
— 6.9 57 | bers, Island Span Proper provision for various classes of loading for a 
— 653 61 | structure of such magnitude, designed to carry an extra- 


and Lever Arms. 


* S 
— — — — 


(Sheet No. T) [a typical portion of this stress-sheet is re- 
produced in the table hcrewith—Ed.] and it will be seen 
that all these stresses come practically within the limits 
of safety set by us, and the bridge is in our opinion safe 
for these loads. 

It will be noted that the dead load stresses shown on 
this stress sheet are computed with the full weight of 
structural material shown on our sheets 1, 2, and 3, 
but the total dead panel loads shown on our sheets 1 to 
6, inclusive, were reduced for computing these dead load 
stresses by a uniform deduction of 1,000 lbs. per lin. ft. 


of truss as above itemized. 


POSSIBLE FURTHER REDUCTION OF WEIGHT TO 
PERMIT TWO ELEVATED TRACKS. 


The dead load of the floor systems can be further re- 
duced if necessary, and we are of the opinion that by 
reducing the dead loads on all the lever arms, and per- 
haps increasing the dead loads on the Island span and 
anchor arms, the structure can be made to safely carry 
one pair of elevated tracks. 

In cur opinion the most practical method of getting 
this bridge into prompt service is to remove the stringers 
from the two inside lines of upper railway tracks, and 
open the bridge for service of the highway, sidewalks 
and four trolley tracks immediately. 

If at some future time it is found necessary to make 
use of one pair of elevated tracks, further modifications 
of the dead loads can be made and the outer lines of 
elevated railway stringers used for their true purpose; 
the sidewalks being removed to thelr final position out- 
side the trusses. 

We therefore make the following 


RECOMMENDATIONS: 


First—That the stringers of the two inside tracks on 
the upper decks, or other equivalent dead load, be re- 
moved to lighten the dead load. 

Second—That the trolley traffic be so regulated that 
if four tracks are in use the cars shall not run with 
clear intervals between them of less than their own 
length. 

Third—That the bridge be opened for the traffic of the 
sidewalks, highway and four lines of trolley tracks as at 
present constructed, subject to the above recommenda- 
tions. 

Fourth—That if any other moving loads be added to 
the structure, such further modifications of the dead load 
shall first be made as will keep the total direct stresses 
caused by the live and dead loads within the safe limits 
herein set. 

Under these recommendaticns we are confident the 
structure is perfectly safe. 

Respectfully submitted, 
Boller & Hodge, 
Consulting Engineers. 


October 28, 1908. 


Accompanied by one appendix and ten drawings, as 
follows: 
1. Detailed dead panel loads, Manhattan Anchor and 
Lever Arm. 
2. Detailed dead panel loads, Island Span and Lever 
Arms. 
3. Detailed dead panel 
Lever Arm. 
4. Dead panel loads and points of application, Man- 
hattan Anchor and Lever Arms. 
5. Dead panel loads and points of application, Is- 


loads, Queens Anchor and 


moon _ 10, Erection stress sheet. 


Report of Wm. H. Burr. 
Hon. J. W. Stevenson, 
Commissioner of Bridges, 
City of New York: 

Dear Sir.— Pursuant to action of the Board of Esti- 
mate and Apportionment, you instructed me, under date 
of June 9, 1908, ‘‘to examine and report upon the design 
and structure of the Blackwell's Island Bridge.“ Since 
that date I have been continuously prosecuting the work 
covered by your instructions and I respectfully submit 
this as my report. 

I understand your instructions as to this examination 
to be sufficiently broad to include the general questions 
of safety and stability irrespective of the provisions of 
the specifications; in other words, that this examination 
is not to be limited by those provisions, 

On taking up these duties I found that a part of the 
engineering staff of the Department of Bridges had for 
some time been engaged on a recomputatjion of the 
stresses of the Blackwell’s Island Bridge; but in order 
that the duties prescribed to me might be completed as 
an independent and homogeneous whole, a complete 
analysis of the stresses in the Blackwell’s Island type 
of bridge structure was made as set forth In Appendix 
I., in accordance with which an independent set of com- 
putations of stresses for the entire structure was begun 
and carried to completion. The results of the computa- 
tions on which the conclusions of this report are based 
are given on sheets 1, 2, 3, 4, 5 and 6, appended hereto. 


{Here follow the dimensions of the bridge, as 
given in Fig. 1, and a statement of the specified 
quality of material. specified loads and specified 
Stresses, substantially as already given in the 
report of Boller & Hodge, though Prof. Burr also 
quotes the bending tests and other specifications 
for material, not mentioned by them. Prof. 
Burr’s report continues: ] 


The remaining provisions of the specifications need 
not be quoted for the purpcses of this report, but they 
are reasonably full and comprehensive and well calcu- 
lated to accomplish the ends desired. 

The transverse bracing of this bridge is designed to 
transfer all wind load against the upper part of the 
structure to the lower chord. All wind truss stresses 
will therefore be found in the plane or surface cof the 
latter. 

These specifications were prepared for the design of 
a bridge structure of unusual magnitude, the greatest 
length of span being 1,200 ft., and the volume of traffic 
to be accommodated is of extraordinary proportions. 
Fig. 1 shows a skeleton elevation of the entire structure 
between the Manhattan and Queens Borough anchorages. 
Fig. 2, on the other hand, shows a typical cross-section 
of the bridge as contemplated under the specifications. 
The bridge has two decks or traffic carrying platforms, 
one along the lower chord accommodating four trolley 
railway tracks, two outside of the trusses and two inside 
adjacent to those trusses, with a 35.5-ft. roadway be- 
tween the latter. The upper deck was intended under 
the specifications to accommodate four lines of elevated 
railway track between the trusses and two sidewalks, 
each 11 ft. wide, supported on cantilever brackets out- 
side of the trusses. 

As there are no elevated railway connections at the 
Queens Borough end of the bridge and no immediate 
prospect of such connections, the bridge will not be re- 
quired to carry any elevated railway traffic for some 


ordinary volume of traffic, with the corresponding work- 
ing stresses, is largely a matter of judgment. This 
broad question was given much consideration by a Com- 
mission of Bridge Experts,“ appointed to examine and 
pass upon the plans for the Manhattan Bridge, under 
date of March 9, 1903. The Manhattan Bridge was 
planned for the same total traffic capacity as that of 
the Blackwell’s Island Bridge, and that Commission rec- 
ommended the same ‘‘congested”’ and “regular” loads of 


16.000 lbs. and 8,000 lbs. per lin. ft. of bridge as pre- 


scribed for the Blackwell’s Island Bridge. That Com- 
mission, consisting of Messrs. George S. Morison, C. C. 
Schneider, Mansfield Merriman, Henry W. Hodge and 
Theodore Cooper, stated, however, that the “congested” 
load is a possible load which could never occur unless 
special pains were taken to produce it.” With such an 
improbable but possible load, the working stresses may 
properly be taken substantially higher than for a ‘‘reg- 
ular load, which, while not likely to exist frequently, 
is far more likely to occur than the “congested.” This 
Commission of Bridge Experts made no recommendation 
as to working stresses for the ‘‘congested’’ load, but 
stated 


that the bridge should be so proportioned that with the 
“congested” load of 16,000 Ibs. per lin. ft., covering the 
whole bridge, combined with dead load and wind pressure, 
no stresses would be produced anywhere reaching the 
elastic limit of the material. * In other words, 
it should not be possible fur such an extraordinary ‘‘con- 
gested” load to do any permanent injury to the bridge. 


Inasmuch as actual tests of full size annealed eyebars 
of both ordinary structural and nickel-steel have shown 
that the elastic limits of those members may be safely 
taken at about 28,000 lbs. per sq. in. and 48.000 Ibs. per 
sq. in., respectively, it will be found that the prescribed 
working stresses under the congested live load in the 
specifications of the Blackwell's Island Bridge lie within 
the prescribed limits set forth by the Commission of 
Bridge Experts named above. In fact, it appears from 
the latest tests of full size carbon structural steel and 
nickel-steel columns that the greatest prescribed working 
stresses for the compression members of the Blackwell's 
Island Bridge lie sensibly below those limits. It ap- 
pears from a careful reading of the report of this Com- 
mission in connection with the specifications for the 
Blackwell's Island Bridge that the latter were modelled 
closely upon the lines laid down in the report of the 
Commission of Bridge Experts so far as they were ap- 
plicable to the Blackwell’s Island structure. 

While therefore the specified loads and working stresses 
for the Blackwell's Island Bridge are to be considered 
as safe and satisfactory in the light of knowledge and 
precedent available when they were drawn, it is my 
judgment that the experience which has accrucd in con- 
nection with the actual construction of long span bridge 
structures within the intervening five years is such as 
to require some modification of the high working stresses 
then thought permissible. I cannot concur in the opinion 
of the Commission of Bridge Experts, that a possible 
combination of loads should be permitted to produce 
stresses just under the elastic limit. Whatever may 
have been considered permissible then, it is my judg- 
ment that the loading should be so modified now as to 
Produce maximum stresses sensibly lower than that limit. 
It would be prudent to limit the greatest possible stresses 
produced by the ‘‘congested,’’ dead and wind loads to 
three-fourths of the elastic limit. 

In view of the increasing concentrated loads of nearly 


*Their report is given in Eng. News, March 12, 1903, 
p. 243. A supplementary report appears in Eng. News, 
July 2, 1903, p. 24. 
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all kinds of traffic passing over such a structure as the 
Blackwell's Island Bridge, it is my judgment that the 
working tensile stress in subverticals or hangers could 
judiciously be limited to 15,000 lbs. per sq. in. instead 
of 18,000 Ibs. per sq. in. although the use of the latter 
value does not prejudice the safety or durability of the 
structure. Such members, however, are subject to shock 
and greater concentrated loads than may be contem- 
plated and a wide margin of safety is advisable for 
stresses so produced. 


THE PHYSICAL CONDITION OF THE BRIDGE. 


The provisions of the specifications both for the chem- 
ical and physical requirements of the material are in 
accordance with the best practice of the present day and 
entirely satisfactory. I have as far as possible examined 
the manner of inspection both in the mill and shop, and 
I have scrutinized carefully a mass of records of ex- 
perimental data established by tests of both specimens 
and full-size eyebars in the course of mill inspection 
with satisfactory results. All of this class of evidence 
goes to show that the material put into the bridge was of 
excellent quality and fully [met] the requirements of the 
specifications, 

The character of shop work is evidenced by the con- 
dition of the manufactured members in the bridge. These 
are largely open to ocular inspection, and I have many 
times been on the structure for the purpose of examin- 
ing the results of the shop work. I believe it to be 
fully up to the requirements of the specifications and 
generally in accordance with the best practice of the 
present time. The four sub-diagonal posts C56-L57 and 
1. 107-C108 on both trusses near the main piers on 
Blackwell’s Island were a little twisted when put in 
place, but this difficulty was corrected by riveting cover 
plates on the tops of the posts. These posts are not 
main truss members and the question of the safety or 
stability of the latter is in no way affected by them. 

Many sections have been carefully calipered and the 
weights of many members have been computed in order 
to determine whether the actual dimensions of pieces as 
placed in the structure correspond to the requirements of 
the specifications, cuntract and shop plans. The results 
of these examinations have been entirely satisfactory. 
The actual sections of the members are generally found a 
little full, a margin of 2%% being allowed by specifi- 
cations in accordance with common practice. The total 
steel in the structure as built and as determined by the 
actual shipping lists and scale weights confirmed by the 
computations mentioned above is shown by the following 
detailed statement: 


ERECTED STEEL WEIGHT. 


Manhattan Anchor Spae·n . 14,501,190 lbs. 
Manhattan ToWwWeeeſrnnuunn 3.705.550 lbs. 
Manhattan Cantilever Arm..........---- 13,246,060) Tbs. 
Island Cantilever, West. a. 12,934,040 lbs. 
Island Spann 21.167.080 lbs. 
Island eser wie ae 6,188,830 lbs 
Island Cantilever, Ea. 9.370, 900 Ibs 
Queens Cantilever Armmnmn 9,351,960 Ibs 
Queens Anchor Arn. 11,592,770 Ibs 
Queens Tower Depp iue etn i a'p ia ciate 3,074,800 Ibs 

TOUR). siesena e e Ge eis Soe 8 105,133,780 lbs. 


I have made a careful examination of the entire struc- 
ture as far as possible, with a view of determining 
whether evidence of distress of any members exist, such 
as permanent distortion, loose rivets, or other evidences 
of overloading, misfitting or any other circumstance 
which might indicate over-stressing. I have not found 
such evidence. All parts of the structure appear to be 
in satisfactory condition. There are minor or small 
variations from alignment which are usually observed 
in large completed bridge work in place, but nothing 
whatever to indicate any inherent weakncss or unsatis- 
factory condition. 

In addition to this inspection, I have had accurate 
surveys made of the entire structure to determine the 
alinement of trusses and elevation of lower chord points 
in July and as late as October 26, the past month. These 
surveys indicate that the alinement of the trusses is 
entirely satisfactory, and that the deflections vertically 
are only those caused by the dead weight of the struc- 
ture at the two dates stated, the dead weight at the 
latter date being considerably more than at the former 
in consequence of the large amount of floor material put 
in place within the period named. 


THE FLOOR MEMBERS. 


The computations for the stringers and floorbeams for 
both upper and lower decks show that, in the main, the 
prescribed unit stresses are not exceeded. In a large 
number, perhaps the majority of cases, the computed 
stresses are considerably below the specified limits. In 
a few cases of the lower floor beams and trolley string- 
ers, the specified unit stresses are to a small extent ex- 
ceeded. This excess is due to the use of less dead load 
than the weight of the floor as finally constructed. This 
excess, however, is too small to be material. 


The outside trolley stringers on the lower floor of the 


Island span and its cantilever arms have been built in 
accordance with the specifications, but while they were 
being completed, it was thought that the heavier sub- 
way cars might at some future time run over these 


tracks. Consequently, the outside trolley stringers on 
the remainder of the bridge were cover-plated to meet 
the requirements of the increascd loading. If, in the 
future, the heavier subway cars should be run over the 
structure, it would be necessary, as was intended, to 
put these cover plates on the stringers of the Island 
span and its cantilever arms, which may be readily done 
if it should ever be required. 


THE FOUNDATIONS. 


An examination of the d¢sign and construction of the 
anchorages at both ends of the structure shows that 
weights of masonry and other portions of the anchorage 
and its members are sufficient and satisfactory for their 
purposes. The pressures on the masonry in the main 
piers are also within the requirements of the specifica- 
tions. 

THE ERECTION STRESSES. 


The ercction stresses are now of secondary importance, 
if of any importance at all, as the structure is erected 
and the erection stresses have passed never to recur. 
These stresses, however, have been computed with the 
weight of the traveller taken at 647 tons distributed as 
in actual use. Two such travellers have been assumed 
to be in use simultaneously on the east and west canti- 
lever arms of the Island span and in positions to produce 
the greatest stresses. The results of these computations 
show that the erection stresses in the chords could not 
at any stage of the construction equal those due to the 
completed dead weight of the structure. In a few of 
the diagonals in the vicinity of the main piers, the erec- 
tion stresses equal those produced by the specificd dead 
and live load. Inasmuch as these stresses exist in the 
structure but once and will never exist again, they have 
no special significance in regard to the carrying capacity 
of the bridge, nor has the weight of the traveller been 
a test of the structure comparable with the traffic load- 
ing which must be carricd. 


SNOW LOADS. 


It is to be observed that the specifications do not call 
for any snow loading. In view of the fact that there 
are occasionally heavy snowfalls at New York, sometimes 
followed by rain and subsequent freezing, it would seem 
to have been advisable to make some suitable provision 
for this class of loading. At the same time, if the 
usual street-cleaning removal of snow from the bridge 
is promptly made, it is clear that there is practically 
no possiiblity of snow load and even the regular live 
load concurring. The administration of this structure 
should, therefore, be stringently carried out to meet 
that requirement, otherwise an objectionable overloading 
is possible. 

It is assumed throughout this investigation that the 
adjustment of the supports at the ends of the anchor 
arms is such that the rocker arms are subjected to no 
stress when the bridge is free of live load. The deter- 
mination of all stresses requires that condition to be 
assured after the completion of the bridge. 


STRESSES FOR SPECIFIED LOADING. 


I have had computed a complete stress sheet for the 
greatest possible stresses in every part or member of the 
entire structure using the prescribed ‘‘congested’’ mov- 
ing load and wind loading and the actual dead weight 
of the structure as determined by the shipping weight 
of all the steel and other metal members, and by the 
working plans for the railways, roadways and sidewalks 
of the upper and lower decks. 
structure thus determined is composed of the items per 
linear foot of bridge shown in detail on the stress sheets. 

The results of these computations show that there 
are a considerable number of the main truss members 
which would be overstressed under the provisions of the 
specifications for the assumed loading. Some of the 
bottom chord panels of the Island span would carry 
about 25% more than permitted by the specifications for 
compr’ssion under dead and congested live loads. The 
bottom chords of some other portions of the bridge 
would be overstressed under the same conditions up to 
a maximum of about 15%. 

Under the conditions for which this structure is de- 
signed, as already stated, the top chord and main truss 
members other than those of the bottom chord are not 
affected by the wind. 

With the same conditions of loading as above, the nick- 
el-steel eyebars in the top chords of the Island span 
would be overstressed about 25% as a maximum, and 20% 
in the top chord of the Queens cantilever arm, while the 
maximum overstress in the Manhattan cantilever arm 
and the two Island cantilever arms would be 15% to 20%. 
The overstresses in a number of the carbon steel eyebars 
would range from 10 to 15% in some members in all 
parts of the structure except in the Queens anchor arm 
where 30% is reached in one case. There would be also 
some similar overstresses in riveted tension members in 
the same parts of the bridge, rising above 38% in a 
single instance. Few main posts in all the bridge would 
be overstressed as much as 25%. In the Queens anchor 
arm there is one post which would be overstressed 33%. 
The Manhattan rocker arm would be overstressed nearly 
20% in tension and 30% in compression, while the Queens 


The dead weight of the ` 


rocker arm would be subjected to an excess of 10% in 
tension and 12% in compression. 

Among the sccondary or sub-truss members, one hanger 
near the center of the Manhattan cantilever span would 
be overstressed about 20% and another about 10%. All 
other hangers, sub-diagonals and sub-posts would rce- 
ceive practically their proper stresses only. 

These greatest overstresses, running with two or three 
exceptions not above a maximum of 25% of the stresses 
permitted under the specifications, would not be serious 
if the permitted working stresses were not initially high. 
In fact, there are bridges in use and considered safe in 
which similar overstresses exist although such condi- 
tions can never be considered satisfactory. Again, as 
none of these excessive stresses per square inch of cross- 
section, even when combined with wind load stresses, 
exceed some of the elastic limits determined by experi- 
ment for the corresponding members in which they are 
found, those stresses exceed but little, if any, the limits 
permitted for the stresses due to the congested live, dead 
and wind loads of the Commission of Bridge Experts 
whose report has already been alluded to. In my judg- 
ment, however, as already expressed, the maximum 
stresses permitted in that report, under the congested, 
dead and wind loads, are too high, and it is further 
my judgment that these computations show that sufi- 
cient provision was not made in designing the cross-scc- 
tins of the members of the Blackwell’s Island Bridge 
for the two additional elevatcd tracks which were added 
to the structure in 1904. 

It becomes necessary, therefore, to ascertain what is 
the safe maximum loading of this bridge for both the 
lower deck and the upper deck, including in the latter 
such elevated railway tracks as may be permissible. For 
this purpose it is considered prudent to adopt for the 
greatest permissible working stresscs those prescribed tn 
the specification For Dead Load and Regular Live Load 
or for Dead Load and Wind,” except that for reasons 
given later on the working stress for columns will be 
taken at 20,000-50 1/r. 


REDUCTION OF DEAD LOAD. 


Substantial advantage may be gained for the structure 
by removing some portions of the dead load of the floors 
both for the upper and lower decks. An examination of 
the plans shows that considerable concrete under the two 
inside trolley tracks of the lower deck as well as some 
other floor details may be either omitted or modified 
without in any way trenching upon the capacity, solidity 
or strength of the lower floor. Similarly, if the two 
upper elevated railway tracks, including the supporting 
stringers added in 1904, be removed, and if the sidewalk 
railings of the upper deck be rearranged without af- 
fecting their capacity or strength, the dead weight of the 
structure may be reduced at least 1,272 Ibs. per lin. ft. 
of each truss on all the cantilever arms. It is conducive 
to relieving the maximum stresses to permit the weight 
of the lower deck to remain unchanged on the Island 
span and the two anchor arms. The relief of dead weight 
on those three parts of the bridge would then be but 
380 Ibs. per lin. ft. of truss. i 


SAFE MAXIMUM LOAD. 


In considering the maximum loading to be taken in a 
re-computation of stresses, it should be observed that the 
conditions which will produce a congested load in one 
direction on this or any similar great bridge will be 
likely to slop traffic largely or entirely in the other 
direction, as has frequently been observed in treatments 
of this question of congested loading for great bridge 
structures. For this reason, it is believed that 50 Ibs. 
per sq. ft. of roadway and sidewalk is sufficient for an 
assumed congested load for the main truss members of 
the Blackwell's Island Bridge, that loading to cover 
any or all parts of the structure necessary to give any 
member its greatest possible stress. 

The heaviest trolley car now running in the city with 
its full load weighs 62,000 lbs. on four axles, and has an 
out to out length of 42.5 ft., thus producing an average 
load of 1,460 lbs. per lin. ft. of each track. The heaviest 
motor car running on either elevated or subway track 
when fully loaded has a weight on each of two axles of 
30,800 lbs. and 22,200 Ibs. on each of the other two. As 
this car has an out to out length of 51 ft., its average 
weight is 2,080 Ibs. per lin. ft. of track. The heaviest 
trailer car now running in the city and fully loaded has 
a weight of 70,000 lbs., with a total length of 51.4 ft., 
making an average load of 1,360 Ibs. per lin. ft. of track. 
An eight-car train composed of five motor cars and three 
trailers giving an average weight of 1,810 lbs. per lin. 
ft. of track will be taken for the moving load on two 
elevated railway tracks of the upper deck. 

All dense trolley or elevated railway traffic on the East 
River bridges of this city must be effectively controlled 
by proper signals and continuous inspection, as experi- 
ence has demonstrated on the Brooklyn and Williamsburg 
bridges. In computing the stresses in the main truss 
members of the Blackwell's Island Bridge the same con- 
trol of the trolley traffic will be assumed as that exer- 
cised on the Brooklyn Bridge and on the Williamsburg 
Bridge, two succeeding trolley cars being separated by a 
clear space of about two car lengths. Similarly, the 
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control of the traffic on the two elevated tracks would 
be secured by making the minimum distance between 
the heads of trains 1,000 ft. as is now done on the 
Brooklyn Bridge. The maximum stresses produced in 
the trusses of the Blackwell's Island Bridge, however, 
ure found by placing one S&-car train with an average 
of 1.180 lbs. per lin. ft. of track at the center of each of 
the Manhattan and Queensboro cantilever spans, making 
the heads of trains about 1,722 ft. Any other arrange- 
ment of trains with a distance from center to center not 
less than 1,000 ft. will produce less stresses in the truss 
members than that just described. 

This total moving loud representing the maximum per- 
missible traffic for the Blackwell's Island Bridge, ar- 
ranged with two elevated railway tracks and constituting 
what may be called a congested live load will be as 
follows: 

PERMISSIBLE LOADING. 


Lbs. per lin. 
ft. bridge. 


2 Elevated S-car trains, at 1,800 Ibs... . 3,620 
4 Trolley tracks, l by 4 by 1,460 lbs. 1,947 
235.5 ft. roadway, at 50 Ibs. per sq. ft... 1,775 
22 ft. sidewalk, at J50 lbs. per sq. ft... . 1,100 


8.442 


This total load of 8,442 lbs. is for each linear foot of 
bridge covered simultaneously by the four classes of 
traffic, each truss carrying one-half of this total. 

The stress computed for all the main truss members 
are shown on sheet No. 3. The positions of trains re- 
quired to produce these greatest stresses are shown on 
sheets Nos. 4 and 8. 

Comparing results with the specified permissible unit 
stresses given on page 52 of the specifications and re- 
produced in the earlier part of this report for dead load 
and regular live load, excepting those for columns al- 
ready alluded to, this stress sheet shows that no unit 
compressive stress in all the trussıs exceeds the pre- 
scribed) working limit. Nor is there but one instance 
where nickel-steel eycburs show stresses as much as 
4%. or, but three instances as much as 312% above pre- 
scribed value. Similarly, but one carbon steel tension 
member shows 4! overstress. These overstresses are 
too small to be of moment and they may be ignored. 

It has been shown by actual computations, therefore, 
that the Blackwell's Island Bridge has a safe and satis- 
fuctory capacity for carrying a volume of traffic under 
the conditions of control found advisable by experience 
on the Brooklyn and Williamsburgh bridges, sufficient 
for a considerable future period and perhaps for a long 
future period. No elevated traffic can pass the structure 
for some time to come as there are no connections for 
such traffic at the Queensboro end of the bridge. When- 
ever such traffic may be rcquiréd, the two elevated 
tracks on the upper deck will serve that purpose. The 
qucstion of further accommodation for lines of traffic 
on the upper deck may judiciously be left for later 
consideration when demanded by future requirements and 
when the character of traffic to be accommodated at that 
time shall become known. It is only n:cissary so to 
adjust the aceommodations for such future devclop- 
ments as will keep the unit stressis in the main truss 
members within the limits preseribed in the sptelfi- 
cations for regular live and dead loads or for those loads 
combined with the wind loading. 

The formula given in the spccifications for the saf? 
carrying capacity of columns or posts of carbon struc- 
tural steel members is 20.00 — 90 lyr lbs. per sq. in. 
Recent tests of full size members of this class indicats 
clearly that this formula gives results lower than need 
be taken for this class of members, and hence, in com- 
puting the proper working stresses for the structural 
steel members of this bridge, the value 20,000 — 50 l/r has 
been used. The ultimate carrying capacity, which ie 
practically the elastic limit, of such columus with a 
ratio of length over radius of gyration of 40 to 50 is not 
loss than 31,000 to 32.000 lbs. per sq. in., nor less than 
PSK to 29.000 Ibs. per sq. in. for a ratio of length 
over radius of gyration of 90. 


COMPRESSION 
MENDED. 


I recommend that the Department of Bridges have 
made and tested to destruction not less than six pairs 
of structural steel compression members, each pair being 
duplicates, similar in cross-section to the typical com- 
pression members in the chords and web members of this 
bridge, the areas of cross-scction of such columns to be 
the greatest capable of being tested in the testing 
machines of the largest capacity in this country, such 
test columns to have pin heads. Such tests could be made 
within a comparatively short time; and if the test columns 
are judiciously designed with a range of length over ra- 
dius of gyration varying from 40 to 100, valuable and ac- 
curate information as to the safe carrying capacity of such 
members would be disclosed. It is nut necessary, how- 
ever desirable it might be, to test columns of the great- 
est arca of cross-section in the trusses, which are far 
beyond the maximum capacity of any testing machine 
now available. 

Approximate computations only have been made for 
the secondary stresses due to the distortion of the 


TESTS OF MEMBERS RECOM- 


trusses by the live load, and by the variation of tem- 
perature. Although such computations may readily be 
made, it is a matter of grave doubt whether these 
stresses ever exist to the extent indicated by computa- 
tions. When secondary stresses are computed at truss 
joints, it is essentially impossible to make due allow- 
ance for the presence of the heavy joint plates and 
other details which greatly reduce the stresses computed 
for the sections of the members themselvcs. As a mat- 
ter of fact, observations on wrecked trusses show that in 
well designed work the joints at which the secondary 
stresses are supposed to be greatest are the parts fre- 
cuently showing the least distress and the greatest 
rigidity or the least departure from thelr normal con- 
dition. The approximate computations made for these 
secondary stresses in a considerable number of truss 
members show that the computed intensities are below 
3,000 to 3,500 Ibs. per sq. in. As these maximum in- 
tensities exist in extreme fibers only and probably not 
to the extent shown by the computations, it {s clear 
that they can have no material effect upon the safety or 
stability of the truss members. 

The stresses arising from the bending of horizontal 
or inclined truss members due to their own weight are 
of a much more definite character. Computations of 
these own weight bending stresses have been made on 
a large number of truss memhers and they may in some 
cases run as high as 3,000 lbs. per sq. in. to possibly 
4.000 Ibs. per sq. in., although generally of lower value 
than the former. Again as these are extreme fiber 
stresses only and for short parts of the members in 
qucstion, they may be disregarded as having no material 
effect upon the proper safe or working value of the mem- 
bers in question. 

There are also some stresses which may be called 
secondary which are due to the acceleration and retarda- 
tion of moving trains upon the elevated railway tracks 
which are supported midway of the vertical web mem- 
bers, but they are of such uncertain values, scarcely 
subject to even approximate computation, that they may 
be legitimately considered as incidental stresses covered 
by the margin allowed in determining propcr working 
stresses. 

The wind stresses shown on the stress sheet, Sheet 
No. 3 are compiled from the prescribed wind londs and in 
the manner prescribed by the specifications. It will be 
observed that chord stresses only are given as the de- 
sign of the bridge trusses with their transverse bracing 
is such that all wind loads are carried down to the lower 
deck over which a rigid buckle plate floor is found. 
This buckle plate floor and the lower chords constitute 
to a material extent a great plate girder to resist the 
horizontal wind forces. No web stresses are therefore 
to be determined. As a matter of fact it is a question 
whether evcn the full computed chord wind stresses can 
exist. 

THE BOTTOM CHORDS. 

Adverse comment has been made on the heavy com- 
pression lower chords of this bridge and their design 
therefore has been scrutinized with great care. Each 
chord is composed of two parallel and independent, built- 
up channel compression members connected together 
with top and bottem 15-in. by 19-in. batten or tie plates. 
Hach member of this pair of compression chords is com- 
pcscd of two built-up channels with vertical web plates 
48 ins. deep and of varying thicknesses to afford the 
preper area of section, each web having S-in. by 6-in. 
angles top and bottom. Each of these pairs of built-up 
channels is latticcd, top and bottom, with a double sys- 
tem of 5-in. by -in. lacing bars held by two rivets at 
each end and one at each of the Intersections. The 
entire chord composed of each of these two units has 
therefore a total width of about 82 ins. 

The radius of gyration of each of these chord units 
about its horizontal neutral axis is about 14 ins., while 
the radius of the same section about its vertical neutral 
axis is about 12 ins. The numerous top and bottom 
batten or tie plates certainly give material horizontal 
stiffness to the two units although not as much as would 
heavy lattice bracing. It is reasonable and safe to give 
the horizontal radius of gyration of this double column 
section a value of 14 ins., identical with that of its ver- 
tical radius, and this has been done in the computa- 
tions. It will be found by examination of the stress 
sheet that there are other compression members of the 
trusscs which sustain higher unit stresses with a greater 
ratio of length over radius of gyration. There can be 
no apprehension, therefore, that these lower chord com- 
pression members are in any way unsafe or of less unit 
carrying capacity than other main compression members 
of the trusses. 

No criticism of these lower chord compression mem- 
bers would probably have been made except for the 
failure of chord sections of somewhat similar general 
shape of section in the Quebec Bridge. The similarity, 
however, lies only in the general form of section of 
the component parts. The spacing details of the Black- 
well's Island chord sections, consisting of heavy lattice 
bars, batten and tie plates, and transverse diaphragms, 
are relatively far heavier, stiffer and stronger than 
corresponding details in the Quebec trusses; indeed, in 


the latter, there were no transverse diaphragms such as 
are found in the Blackwell's Island Bridge. There is 
therefore little or no similarity as to the unit carrying 
capacity of the compression chord members in the two 
bridges. The deflections of the extremities cof the can- 
tilever arms under the moving load shown on the stress 
Sheet accompanying this report may be as great as 2 
inches. In computing this deflection the gross section 
of riveted tension members has been used, and a mod- 
ulus of elasticity for both carbon and nickel steel of 
28,004,000 Ibs. per sq. in. This deflection would be less 
if the depth of trusscs were greater. Substantial econ- 
omy would have been attained if the trusscs had been 
dcsigned with a greater depth and with longer panels in 
the main truss system, at the same time gaining greater 
stiffness. 

The lateral stiffness of a cantilever structure, espe- 
cially of this magnitude, is of much importance, and it 
is affected greatly by the horizontal width between 
trusses which in the present instance is 60 ft. A com- 
parison of the length of the Manhattan cantilever arm, 
501 ft., with this GO-ft. width between trusses shows that 
the latter dimension has been judiciously chosen, giving 
to the structure a proper lateral stiffness, especially in 
connection with the buckle plate floor. 


CONCLUSIONS. 

First—The specifications for the chemical and physical 
requirements of both the nickel and carbon steels em- 
ployed in the structure are satisfactory and in accord 
with the best practice of the present time. 

Sccond— Both the shop and mill inspection were cffi- 
ciently performed, resulting in securing excellent quality 
of material and the fabrication of truss members of 
good quality and accurate dimensions. 

Third—The various members of the structure possess 
the full sections required by the unit stresses and the 
working plans, and the shipping weights correspond cor- 
rectly to those sections as well as to the computed 
weights. 2 

Fourth--The erection was successfully and satisfac- 
torily performed, leaving the trusses in correct aline- 
ment and elevation. 

Fifth--Computations in accordance with the specifica- 
tions for the maximum floor loads show that the capaci- 
tics of the floors for both the upper and lower decks are 
satisfactory. 

Sirth—Computations for all the main truss members 
of the bridge show that the stresses produced by the 
prescribed congested live load, combined with the dead 
load or with the dead load and wind loading are higher 
than prescribed as permissible in the specifications, and 
higher than prudent tu permit, although practically not 
In excess of the limits approved by the Commission of 
Expert Engineers in 1903. 

Seventh - The stresses disclosed by the stress sheet 
submitted with this report show that a controlled traffic 
on the four trolley lines of the lower deck and on two 
clevated railways of the upper deck carrying the heavi- 
cst cars of their classes now in use in the City of New 
York togcther with a vehicular traffic on the roadway 
and two loaded sidewalks may be permitted without ex- 
eecding the specified unit stresses for the regular live 
Joad and dead Joad and without exceeding the safe limits 
of stresses for such a structure, provided the re-arrange- 
ment of the floor of the lower deck and the removal of 
the two elevated railway tracks on the upper deck 
together with the rearrangement of the sidewalk de- 
tails be made as indicated In this report so as to reduce 
the dead load by at least 1,172 Ibs. per lin. ft. of each 
truss of the cantilever arms and 380 Ibs. per lin. ft. of 
each truss of the island span and anchcr arms. This 
rearrangement and reduction of dead toad can now be 
made without matcrial delay in the opening of the bridge 
for traffic. The capacity so afforded is satisfactory and 
sufficient for a considerable future period. Any further 
use of the upper deck for elevated railway or other 
purposes should be deferred until the development cf 
traftic in the future may make it necessary, and until 
it shall be determined what character of traffic must 
then be accommodated, but that adjustment to the future 
traffic should not be such as to produce greater unit 
stresses than those approved in this report. 

Eighth—The distance between trusses is suitable to 
this type of structure and such as to secure satisfactory 
lateral stability, especially in connection with the buckle 
plate floor. 

Respectfully submitted, 
Wm. H. Burr, 
Consulting Engineer. 

Broadway and 117th St, New York, N. T., Nov. 4, 
1908. 

— 0 — 

AN INDUSTRIAL SCHOOL was opened at Lawrence, 
Mass., on Oct. 10, with about 900 students. There are 
both day and evening courses with free tuition and no 
entrance examinations. All students must be shop or mill 
operatives. The character of the instruction is along the 
lines of regular technical schools, but of course is given 
in a much more elementary form, The director is Mr. W, 
H. Dooley. 
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A correspondent sends us an article on “liberal 
education” setting forth the deficiencies of the 
old time courses of instruction in the classics on 
the one hand and of the courses in technical 
schools on the other. In an accompanying per- 
sonal letter he writes: 

You doubtless agree with me that the greatest quali- 
fication for success is, as I state in the article, a general 
broad knowledge of things and men, combined with a 
keen perception, ready analysis and quick application. 

At present this is considered a matter of purely per- 
sonal equation and natural talent, but I can see no rea- 
son why it is not possible by education to assist the 
natural abilities along this line as well as it has been 
shown can be done along other lines. 

Why can not a Chair of Horse Sense” and Character 
Analysis’’ be established in our colleges as well as the 
multitude of Chairs which have weak bottoms and 
weaker legs? 

Our correspondent lays down 
qualification for success;” 
amend his definition as 
greatest success.” 

It is true that there is an urgent demand for 
men with large executive ability; but what is 
the reason for this demand? Is it not because 
nature is very sparing in her production of this 
class of men? The fact is that executive talent 
commands a high market price, not because 
there is a large demand for it, but because the 
supply is so small. Actually it takes only a few 
General Managers and Department Heads to 
conduct a great business; just a few Generals 
only are required in an army. 

We agree with our correspondent that there is 
need for a system of liberal education formed 
on broader lines than those now accepted in our 
universities. But such an education can hardly 
be planned as a training for executive work 
merely, else there will be danger that it will 
prove only one more course for specialists. 

As to formally teaching in any institution 
‘horse sense,” judgment of men, initiative and 
other qualities which make up the successful 
executive, we do not believe any school or uni- 
versity can create such elements of character, 
in its students, desirable though they may be. 
The utmost the institution and the instructors 
could do—even under ideal conditions—is to cul- 
tivate the natural powers already existent. 

It is very common at the present day to meet 


“the greatest 
but we venture to 
“qualification for the 


‘early on the ground at Quebec. 


every new trouble in the body politic with the 
suggestion that the remedy for the trouble ought 
to be taught in the schools. As a result of this 
mistaken idea we have our schools teaching all 
sorts of things—from prohibition to uniform ac- 
counting and from good roads to municipal 
ownership—to the real detriment of our educa- 
tional system. 
— ———— 

That the future will see a very extensive ap- 
plication of electric motive-power to “steam” 
railways, or perhaps we should say to main- 
line railways, is a patent fact. But for the 
present, and in the immediate future, we must 
still rely on the steam locomotive. Most engi- 
neers will agree, no doubt, that it will be a good 
many years before electric railway operation 
has aisplaced even one-third of the present num- 
ber of steam locomotives. In the meantime we 
must continue operating with steam, and con- 
tinue to improve our steam operation. Surely, 
then, we must also continue to house and main- 
tuin our steam locomotives in suitable fashion. 
A speaker before the New England Railroad 
Club, recently, discussing the subject of round- 
houses, seemed to think otherwise. He re- 
marked: 


I think the members of this club would be astonished 
if they knew the extent to which electrification is now 
under way and contemplated on lines of heavy traffic. 
In view of this fact, it seems to me fair to question the 
advisability of putting so much money into a perfect 
engine-house and appliances for steam locomotives. 


This sounds rather panicky. The question dis- 
cussed was the installation of heating equip- 
ment, a ventilated roof, fireproof smokejacks, 
and the like—all of them necessary elements of 
a well-built roundhouse. Now, a reasonable de- 
preciation period for a first-class roundhouse 
may be set at 15 years. Is “conversion” so 
imminent that we may not figure on such a 
period? Has the time come when we must re- 
sort to temporary shacks for housing our loco- 
motives, in order to be ready for the time when 
electricity will make roundhouses unnecessary? 
Let us be a little more sanely conservative than 
that, and recognize that any neglect to provide 
well for our present-day locomotives is likely to 
prove far more costly than any possible loss 
from scrapping when electric service is inaugu- 
rated. 


— eon oe 


THE INVESTIGATION OF THE BLACKWELL'S ISLAND 
CANTILEVER BRIDGE. 

Ever since the fall of the great cantilever for 
the St. Lawrence bridge at Quebec, the Black- 
well’s Island cantilever bridge now approaching 
completion over the East River at New York 
City has been under suspicion. While the 
Blackwell’s Island bridge has clear spans of 
only 1,200 ft., which is only two-thirds that at- 
tempted at Quebec, it was designed to carry a 
very much heavier live load and consequently the 
dimensions of its members were quite as large 
as those of the bridge at Quebec. 

Had the Quebec disaster been found on inves- 
tigation to have been due to some local cause 
such as faulty foundation, or errors in erection, 
engineers, at least, would have had no cause to 
distrust the structure at Blackwell’s Island. 
Actually, however, the Quebec Bridge fell be- 
cause of lack of Knowledge by engineers as to 
the strength of great compression members. In 
the Blackwell’s Island bridge there are com- 
pression members designed to carry even greater 
loads than were carried by the failing chords in 
the Quebec Bridge; and the design of the com- 
pression members in these two great bridges is 
closely similar. We speak advisedly, therefore, 
in saying that the Quebec disaster raised a 
cloud of doubts as to the safety of the Black- 
well’s Island structure. f 

These doubts were felt, we are sure, at the 
time of the disaster by those responsible for the 
Blackwell’s Island bridge, and in fact engineers 
representing the company building the bridge 
and the New York City bridge department were 
There was talk 
at that time of a thorough re-examination of the 
stresses in the bridge and also of a plan for sub- 
jecting some of the big compression members 
to actual test. This plan, however, appears to 


have been laid on the shelf; and the recomputa- 
tion of stresses seems to have progressed at a 
very leisurely pace. 

Meanwhile month after month passed away 
and the erection steadily progressed. The can- 
tilever arms were joined so that the main trusses 
were completed and the floor and roadways were 
put in place. So far as the public was informed, 
it appeared probable that the bridge would be 
finished and opened for traffic exactly as if 
the disaster to the similar structure at Quebec 
had never occurred. 

Most fortunately, however, as is now evident, 
the public uneasiness concerning the structure 
finally made such a course impossible. The 
New York City newspapers, particularly the 
“Tribune,” voiced a public demand that the 
bridge should not be opened to traffic until some 
assurances as to its strength and safety were 
obtained. 

As a result of the public agitation, it was 
finally decided to have two expert investiga- 
tions and reports made upon the bridge, one 
by the firm of Boller & Hodge, Consulting En- 
gineers, and the other by Prof. Wm. H. Burr, 
of Columbia University. These investigations 
were begun last June. The reports of their re- 
sults were made public by the Commissioner of 
Bridges on Friday, Nov. 5, and are printed, sub- 
stantially in full, in this issue. Not since the 
Quebec Bridge fell has anything appeared of 
such interest to bridge engineers generally as 
these two reports. They contain information 
astonishing to the last degree. 

The Blackwell’s Island bridge, it should be ex- 
plained, was designed at the outset for a con- 
gested loading.” Experience with the old 
Brooklyn Bridge over the East River had made 
it entirely clear, at the time the Blackwell’s 
Island bridge was projected, that a bridge in 
the heart of New York City is daily subjected to 
heavy crowds during the rush hours, and may 
at any time, through temporary blocking of the 
traffic, or other causes, be densely packed with 
cars, teams and people. Even if such congested 


loading should occur only once or twice in a 


score of years, it goes without saying that the 
bridge ought to be made perfectly safe to carry 
its load at the time when the greatest number 
of human lives are dependent on its strength. 

An- expert board of bridge engineers which 
reported in 1903 on the design of the Manhattan 
Bridge over the East River advised that the 
structure should be proportioned for a “con- 
gested loading,” defined as a possible load which 
could only occur if special pains were taken to 
produce it and also for a smaller “regular” load- 
ing such as may occur under unusual conditions 
of crowding at any time. 

The Board further advised that this con- 
gested loading”? combined with dead load and 
wind pressure should produce “no stresses any- 
where reaching the elastic limit of the material.” 
This recommendation has been interpreted to 
mean that unit stresses for this congested load 
just under the elastic limit of the metal were 
approved by this Board; but such an inter- 
pretation is wholly unwarranted. 

In the design of the Blackwell’s Island 
Bridge, the “congested live loading” which 
had been recommended by the Board for the de- 
sign of the Manhattan suspension bridge was 
adopted and the resulting unit stresses from 
dead and live load alone, with no allowance 
for wind pressure, snow load, or secondary stresses 
in the members, were fixed at 24,000 Ibs. per sq. 
in. for ordinary structural steel. 

At the present time the consensus of engineer- 
ing opinion is doubtless that these unit stresses 
are beyond the limits of safety and, in fact, Prof. 
Burr so intimates in his report. But even if any 
engineers approve such high stresses, they 
will agree that such stresses represent a limit 
which should by no possibility be exceeded; and 
that if any members are stressed materially 
above this limit, it is cause for serious alarm. 

These facts were, of course, perfectly well 
known to the designers and builders of the 
bridge, and yet the computation of the stresses 
now made by two independent authorities 
shows that the very high unit stresses permitted 
by the specifications are far exceeded. 
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Messrs. Boller & Hodge treat this matter in 
their report very briefly. They say merely: 
We made a stress sheet for the loads called for in the 


specifications; BUT IT WAS EVIDENT THE STRUC- 
TURE COULD NOT SAFELY CARRY THESE LOADS 
so we had to find the maximum safe carrying capacity of 
the structure. 


The capitalization is ours and is fully justified, 
we submit, by the importance of the statement. 
Here is a stupendous bridge—one of the greatest 
in the world—designed to carry safely a certain 
loading and contracted for on that basis. On 
completion it is found to be absolutely unsafe to 
carry this load. Surely the public is entitled to 
ask who has blundered and why it is not to re- 
ceive what it has paid for. 

Turning now to Prof. Burr’s report we find it 
much more explicit on the condition of over- 
strain in the bridge. He states that the specified 
loading on the structure would stress some of the 
bottom chord members of the Island span about 
25% more than the specifications permit. Reduced 
to figures this means that some of these com- 
pression members (concerning whose strength the 
profession is in grave doubt any way) would 
carry, if the congested loading were applied, 
about thirty-thousand pounds per square inch (iess 
the usual deduction of a quantity dependent upon 
the column length and size). 

And this is not an isolated case of overstress. 
The nickel-steel eyebars in the chords of this 
same span would also be overstressed about 25%, 
or would carry a unit load of almost 49,000 lbs. 
per sq. in. It may be noted here that the speci- 
fied elastic limit of these nickel-steel eyebars 
was only 48,000 lbs. per sq. in. 

Even this is not quite the worst that Prof. 
Burr finds. We quote as follows from his re- 
port: 

“The overstresses in a number of the carbon 
steel eyebars would range from 10 to 15% in 
some members in all parts of the structure ex- 
cept in the Queens anchor arm where 30% is 
reached in one case. There would be also 
some similar overstresses in riveted tension 
members in the same parts of the bridge, ris- 
ing above 33% in a single instance. Few main 
posts in all the bridge would be overstressed 
as much as 25%. In the Queens anchor arm 
there is one post which would be overstressed 
33%. The Manhattan rocker arm would be 
overstressed nearly 20% in tension and 30% in 
compression, while the Queens rocker arm 
would be subjected to an excess of 10% in ten- 
sion and 12% in compression.“ 

“Few main posts in all the bridge would be 
overstressed as much as 25%,” is, we take it, 
a bit of veiled sarcasm on the part of Prof. 
Burr, for every engineer knows that it would 
take precious few such overloaded members to 
condemn the structure. 

It must be remembered in reading ‘the reports 
of Messrs. Boller & Hodge and Prof. Burr that 
they are rendered to the Department of Bridges, 
which is responsible for the design and erection 
of the Blackwell’s Island Bridge. Common 
courtesy, therefore, forbade anything of a con- 
demnatory tone in the reports, and confined the 
writers to a bare statement of facts. 

Curiously enough, this absence of any con- 
demnatory tone in the wording, coupled with 
the technical character of most of the report, has 
led many of the New York newspapers to regard 
these reports as quite of a reassuring character 
and they publish extracts from the reports under 
such headings as ‘‘Queensboro* Bridge Safe.“ It 
is needless for us to say to our readers that the 
bare facts given in these reports are more con- 
demnatory to those who understand their full 
significance than any mere words could possi- 
bly be. 

And it should be noted here that all the in- 
formation desired concerning the bridge has not 
yet come to light. A stress sheet has been given 
out and is printed in this issue, showing what 
loads the various members would carry under 
the loading recommended by Messrs. Boller and 
Hodge. We still lack the stress sheet showing 
what stresses would be imposed on these men- 


ae nlai ig the new official name for the Blackwell’s Island 
ridge. 


bers if the loads fixed in the specifications were 
applied. That stress sheet we hope to be able 
to obtain and prcsent in our next issue, and in 
view of the isolated examples of overstress 
quoted above, it ought to be most illuminating. 
It may shed some light, for example, on the 
puzzling question why a bridge with a dead 
weight of over 35,000 lbs. per lin. ft. can carry 
a live load of only 4,000 lbs. per lin. ft. 

We said above that the report contains ma- 
terial that will astonish the engineering profes- 
sion. Surely the facts just quoted justify this 
statement. Here is a huge bridge structure built 
by a great and wealthy city. There was no need 
and no thought of attempting to economize in 
the design, as was done from force of necessity 
at Quebec. Thecity bridge department has had on 
its staff some engineers of high professional 
reputation, and the structure has been built by 
a firm of long experience and high standing. 
Were these engineers ignorant of the stress con- 
ditions in the structure? Did they knowingly 
transgress the limitations for safe stress fixed 
by the specifications? Would they have deliber- 
ately taken the responsibility of opening the 
bridge to public use in this condition regardless 
of the terrible object lesson at Quebec a year 
ago? 

A multitude of questions of this sort come to 
mind. It is a thousand pities that the history 
of this bridge cannot be investigated by an- 
other Holgate Commission as was the history of 
the Quebec Bridge. The engineering profession 
might then gain some further knowledge as to 
how to design—and how not to design—great 
cantilever bridges. 

We should not be understood, however, as 
casting any reflection on the experts who have 
just reported on the Blackwell’s Island Bridge. 
They were limited by their instructions to cer- 
tain specified tasks. Their concern was rather 
as to what load the bridge could safely bear 
than the reasons why it is too weak to do what 
it was designed to do. 

Turning our attention now to the experts’ 
computation of the load that may safely be 
placed on the bridge, we find both in agreement 
as to the limiting unit stresses to be adopted, 
for members made of ordinary structural steel, 
viz., 20,000 Ibs. per sq. in. for the main truss 
members, reduced in the case of long compres- 
sion members by a proper amount. Adopting 
this as the safe working stress for the metal, 
Messrs. Boller and Hodge find that the main 
trusses, as they now stand, can safely carry a 
live load of about 2,000 lbs. per lineal foot each, 
and by taking oft- about 1,000 lbs. per lineal foot 
of the dead load the capacity van be raised to 
3,000 Ibs. live load per lineal foot. By assuming 
a loading of only 50 Ibs. per sq. ft. on the road- 
ways and sidewalks, and specifying that trolley 
cars shall be spaced at least a car-length apart, 
Messrs. Boller and Hodge conclude that the 
bridge may be safely opened to pedestrian, 
highway and trolley car traffic on four tracks, 
but that the elevated railway tracks cannot be 
used. Prof. Burr takes off more of the dead 
load, spaces the cars farther apart and then 
concludes that one pair of elevated tracks might 
safely be opened for traffic, provided that the 
heads of the trains are spaced at least a thousand 
feet apart. 


Is it safe to permit this great bridge to be 
used under such conditions? Is there sufficient 
assurance that regulations as to the spacing of 
trains will be actually observed without inter- 
mission? Prof. Burr cites practice on the old 
Brooklyn Bridge in the spacing apart of cars 
as justification for the adoption of similar pre- 
cautionary measures on the Blackwell's Island 
structure. On the Brooklyn Bridge, however, 
the car-spacing was adopted in view of limita- 
tions in the floor system. If through neglect 
cars should be bunched too closely together, the 
worst to be expected would be injury of some 
of the floor members or possibly of some of 
the stiffening truss members. It is almost cer- 
tain that any distress in these members from 
such overloading would become evident before 
serious accident occurred. But on the Black- 
well’s Island Bridge, when official neglect—al- 


ways a possibility, if not a probability—permits 
cars and trains to crowd closer than the limits 
fixed above, the result will be that the main 
truss members will be overstressed. 

Let us not forget just what this means. It 
means that unit stresses of 20,000 lbs. per sq. 
in., with no allowance for snow loads, for wind, 
for reverse stresses, for impact or for secondary 
stresses, such as the bending of members due 
to their own weight, may be exceeded if trolley 
cars are allowed to run closer than a car-length 
apart. Let us not forget, either, that experi- 
ence at Quebec shows that important members 
of a truss may be loaded almost to the point 
of final failure and yet show very little ex- 
ternal evidence of their condition. 

We believe this matter should receive more 
thorough consideration, at least before the 
bridge is opened to the public. There is another 
question, however, that seems to us of even 
greater importance. That question is the 
strength of the compression members in the 
Blackwell's Island Bridge. Will these safely 
carry the unit stresses which the experts have 
assumed? What margin of strength will still 
remain when such a load is applied to them? 

Both the expert reports printed in this issue 
give special attentlon to the design of these 
members, and we have studied carefully their 
discussions of the strength. We fail to find in 
this discussion any adequate assurance that 
these posts and chord members can carry safely 
the load it is proposed to place upon them. 
Both reports conclude that these compression 
members are at least as strong against bending 
horizontally as vertically; but the reasoning on 
which this conclusion is based is fatally dcfec- 
tive in that it leaves wholly out of account the 
strength—or lack of strength—in the column 
latticing. It is needless to say that the strength 
of these huge columns depends as absolutely on 
the strength of this latticing as did the unfor- 
tunate structure at Quebec. The interests at 
stake are too great and too important to rest 
on the mere judgment of any man or set of men 
as to whether this column latticing is strong 
enough or not. 

A yeur ago the profession fully debated this 
important matter, and there was substantially 
no dissent from the statement that some 
full-size compression members for the largest 
bridges must be tested under ultimate load 
before the profession can stand on absolutely 
sure ground in the design of such bridges. The- 
ories of stresses are valuable and necessary, but 
they must be reinforced by actual test or we 
shall fall into more such disasters as that which 
befell the profession on August 29, 1907. 

We call the especial attention of our readers 
to Prof. Burr’s report on this matter. We quote: 

Adverse comment has been made on the heavy compres- 
sion lower chords of this bridge, and that design there- 
fore has been scrutinized with great care 
It will be found by examination of the stress sheet that 
there are other compression members of the trusses which 
sustain higher unit stresses with a greater ratio of 
length over radius of gyration. There can be no appre- 
hension, therefore, that these lower chord eompression 
members are in any way unsafe [italics ours—Ed.] or of 


less unit carrying capacity than other main compression 
members of the trusses. i 


And so the lower chord members are safe be- 
cause the posts are weaker than the chords are! 
We doubt whether assurances of safety, based 
on such reasoning, will convince anybody. Evi- 
dently it failed to convince Prof. Burr himself, 
for elsewhere in the report we find him recom- 
mending that the Bridge Department have made 
and tested to destruction not less than six pairs 
of structural steel compression members similar 
in cross-section to typical compression members 
of the Blackwell’s Island Bridge and as large 
as can be tested in the largest testing machine 
in this country! Why go to this trouble and 
expense if these compression members are so 
safe? 


Prof. Burr’s recommendation for tests is good, 
as far as it goes, but it does not go far enough. 
Let us frankly face the fact that neither the 
public or the engineering profession can have 
confidence in the safety of the Blackwell’s Island 
Bridge until some of its full size members are 
tested, so that it can be known what their mur- 
gin of strength really Is. 


November 12, 1908. 
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Three months ago, in our issue of July 30, 
1008, Mr. Gustav Lindenthal brought forward a 
simple method by which tests on these great 


columns could be carried out at small ex- 
pense. Below on this page another engi- 
neer presents modifications of this plan. We 


make no claim here in favor of this or any 
other particular scheme fur carrying out the 
test. The point we wish to emphasize is that 
such tests CAN be made; and that they must be 
made before the Blackwell’s Island Bridge can 
be regarded as safe for public use. 

The issues at stake are too vast to permit 
any trifling or temporizing with this matter. 
Hundreds and thousands of human beings will 
pour across this bridge when it is opened, and 
we must know within reasonable limits what 
margin of safety there is in its members. 

Finally, it is proper to point out that En- 
gineering News has been throughout conserva- 
tive in its treatment of this matter. We have 
fully appreciated for more than a year that the 
safety of the Blackwell’s Island Bridge was a 
matter of grave doubt; but we forbore exciting 
popular apprehensions, in the hope that those 
responsible for the public safety would take the 
necessary steps to remove the doubt. The pub- 
lication of the reports of Messrs, Boller and 
Hodge and Burr, however, reveals conditions’ of 
overstress and consequent weakness in the 
bridge never before suspected, in addition to the 
anxieties regarding the compression members. 
What we have said above has been merely to 
present the facts revealed by these expert tech- 
nical reports in their true light. We are as far 
from desiring to pose as alarmists regarding the 
Structure as we are from aiding those who are 
endeavoring to apply to it a coat of whitewash. 
That coloring won’t strengthen the bridge a par- 
ticle, any more than the confident assurances of 
those who saw nothing wrong with those bend- 
ing chords at Quebec could avail to save them 
from ultimate failure. 


LETTERS TO THE EDITOR. 


A Simple Plan for Testing Large Bridge Members. 


Sir: Your issue of July 30 contained an interesting 
letter from Mr. Gustav Lindenthal upon tests of large 
bridge members in which full credit was given to the 
late Col. Flad for the proposal to use a quarry in mak- 
ing compression tests of heavy structural work. 

I expected to see other letters from those who are in- 
terested in the subject and who are weil qualified by 


Bottom of & 


FIG. 1. 


years of study and experience to discuss such questions. 
As no such discussion has appeared, I venture to beg— 
not as a bridge expert but on account of frequent criti- 
cisms from correspondents and staff who are experts— 
for a little space in the excellent News.“ 

Three features in the method proposed in Mr. Linden- 
thal’s letter are unsatisfactory: 

1. The correction to be made for friction in the use 
of a large hydraulic piston under heavy pressure is an 
unknown item and cannot be readily determined. 

2. The method does not provide for the test of pin 
connections between two members that are free to move 
and adjust themselves to the load as they would in ac- 
tual service. 

3. The cost of making the tests by the piston method, 
which is not to be considered at all in compari- 
son with the value of the knowledge gained, becomes an 
item of interest if equally good or better results can 
be secured with less outlay. 

The ideal condition in making such tests would be to 
have two compression members so loaded that they 
would take the applied stress as they would in the 
structure for which they were intended. The quarry 
offers an opportunity for this. Two compression mem- 
bers connected as in actual construction should be 
placed between the quarry walls with the pin connection 
midway and a little above the level line joining the 
centers of the two end pins, as illustrated in Fig. 1. 
A substantial bed or platform should be provided for 
sustaining weights and controlling the movement of the 
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A PLAN FOR LOADING LARGE COMPRESSION MEMBERS 
WITHOUT THE USE OF HYDRAULIC PRESSURE. 


two members. There should also be provision for ap- 
plying weight to the intermediate pin connection just 
as weight or stress would be applied through vertical 


test, hut the load necessary to apply with Mr. 
Dunham’s apparatus would depend on the angle 
of inclination from the horizontal made by the 


members connected to a 

panel point in actual con- Applied Weight. akan 

struction. It would be easy ant) —— 

to determine differences in oe Lifting 
elevation between the cen- Bed of Concrete — yocrew Thrust 
ters of the three pins, a, b, : — T/F — Blok 


c, within .02-in. and re- 
peated observations would 
reduce any error to ex- 
ceedingly small propor- 
tions; in fact, errors here 
might be eliminated alto- 
gether. 

The accuracy of the test 
would thus depend solely 
upon the accuracy with 
which the load applied on the 
central pin was determined. There are many methods 
suitable for loading the intermediate pin connection, but 
a metal tank of known weight to contain any desired 
weight of water would be convenient and accurate. With 
a recorded weight upon the connection b and the differ- 
ence in elevation between the three pin centers estab- 
lished, the stresses would be at once apparent and the 
behavior of the two members with all of their various 
parts—webs, lacings, rivets, etc., could be watched and 
studied for any desired length of time. Movements due 
to changes in temperature as well as the behavior under 
different loads could be readily determined and, as with 


‘any test piece, a failure to return to the original position 


when the load was removed would also be apparent. It 
may be urged that in such a test the compression mem- 
bers would be in unstable equilibrium and any move- 
ment downward of the center pin connection would be 
followed by increased stresses, continued downward 
movement and the destruction of the members. This, 
however, does not follow because weight in excess could 
be applied while the said connection was firmly sup- 
ported. Then the weight could be reduced until the 
pin rose from its support. There would be the delicacy 
of a scale beam with equally complete control of all the 
parts. Many niceties of observation and record will oc- 
cur to the expert in conducting tests of material. Com- 
pared with the hydraulic method, friction in this method 
would be a small item. If it were necessary to take into 
account the friction due to the movement of the members 
upon the intermediate pin it could be determined very 
closely by actual test elsewhere of similar parts under 
the same pressure per square inch or the intermediate 
pin could be so shaped that the bearing would become 
perfect when a given position and the maximum pres- 
sure was reached. 

Quarries are not always convenient of access and any 
way to avoid their use for such purposes and to bring 
all of the work near a bridge shop might be worth not- 
ing. Besides it is reasonable to claim that a designer 
of a product or fabric should be able to test his designs 
and fabric without depending upon the chance work of 
other men in some dis- 
tant locality and also 
without subjecting property 
and human lives to need- 
less danger. It will be 
recalled that the tension 
members in the Quebec 
bridge did not fail even un- 
der the wrecking strains 
to which they were sub- 
jected. In these days of 
concrete and reinforced concrete it should not be diffi- 
cult to provide a base of proper breadth and depth and 
50 yds. in length that would offer the necessary re- 
sistance. In connection with this base eye-bars and 
two thrust blocks could be so placed that they would 
not yield under the imposed loads. The work given to 
a couple of heavy armor plates or one conning tower 
would easily provide the block. It is evident that if 
tests were made by this method, in or out of a quarry, 
the credit should still be given to Col. Flad. 

H. F. Dunham. 

220 Broadway, New York City, Oct. 16, 1908. 

[Our correspondent’s suggestion is a very in- 
teresting one and we see no reason why large 
bridge members could not be given test loads by 
such an apparatus as he outlines. We may 
point out, however, that the friction of the pin 
joints must be taken into consideration in de- 
termining the actual stresses in the members 
under test. 

Even a rough computation shows that this 
friction would be a very considerable amount, 
probably as large a percentage of the applied 
load as the friction of a hydraulic piston. It 
could, however. be determined with a fair de- 
gree of approximation and allowance made for it. 
The friction would be approximately constant 
for a given compressive stress in the pieces under 
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FIG. 2. PLAN FOR A LARGE COM PRESSION TESTING APPARATUS 
WITH A REINFORCED CONCRETE BED TO TAKE UP STRESS. 


two pieces under test. In other words, the flat- 
ter the angle of the toggle-joint, the less the 
force required to produce a given pressure with 
it. It follows therefore, that to reduce the ef- 
fect of errors in the determination of friction, the 
two pieces should be given slope enough to make 
necessary the application of considerable weight 
to stress them to their elastic limit. 

As to whether the plan proposed would be 
cheaper than applying the load direct by hydrau- 
lic machinery, probably detailed plans and cost 
estimates of the two would be necessary to set- 
tle the question. This, however, is truly a minor 
matter; and so also is the question of the fric- 
tion in either apparatus. The important point 
to the bridge engineers of the country as we see 
it is that ways have now beén made public by 
Which the largest members of great bridges can 
be loaded to their full capacity, so that their 
actual margin of strength can be determined. 
It is of great importance to the engineering pro- 
fession that such tests be made. Without them 
we are confessedly working in the dark and risk- 
ing thousands of lives and many millions of dol- 
lars worth of property on the reliability of some 
theoretical formulas, which are themselves based 
on experiments made with models of trifling size 
compared with the members now in common use 
in modern structures.—Ed. ] 
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Readjustment of Curves in Maintenance-of-Way Work. 


Sir: Having done considerable work in readjusting ex- 
isting curves so as to fit spirals to them, I read with 
interest the article by Mr. W. H. Wilms in your issue of 
Sept. 17. I feel that he has outlined quite an amount 
of work which may ordinarily be avoided when he 
recommends finding a simple curve which will fit an ex- 
isting curve, and then finding a curve with spirals which 
will fit the same track. For some time it has been my 
custom to try only curves with spirals. This requires 
methods and formulas a little different from those 
where simple curves are tried out first. Some of the 
methods which I have tried have saved me so much 
time and patience that I feel like passing them on. 


Per Cent of Increase in Degree of Curve. 
0 4 8 12 l6 20 24 28 


no 


piral Angle 
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The following method has been tried many times 
with great success. 
A. With curves that can easily be run to intersection. 
1. Measure A and Æ. 
2. Compute R for a simple curve from the formula 
H 


exsec y A l 
3. Select a suitable spiral. One which will give a 
change in elevation of \4-in. in 30 ft. should first be tried. 


|: 


A 
4. Find value 3 in which ¢ = spiral angle for spiral 
selected. 
A 
If 5 < 3, select a spiral whose ¢ = 16 A or less. 


5. From the accompanying diagram find the per cent. 
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which D must be increased in order to keep track as 
nearly as possible in the same place. 
Note.—This diagram is plotted from different values 


$ 
for —— in the formula 


@\2 G 3 
[1 + 1.896 (—) — 0.672 (=) J D. 
A A 


This formula is given with Sullivan's spiral tables 
(standard of the Canadian Pacific Ry.) and is attributed 
by Mr. Sullivan to Mr. C. C. Wentworth’s paper No. 927, 
Transactions Am. Soc. C. E. 

6. Compute distance from P. I. to P. S. as follows. 
(In this formula @ and y are co-ordinates of the spiral.) 
Ts = y — R sin ġ + tan a A+ R cos ¢ tan & A. 

7. Compute length of simple curve between spirals and 
try the curve with spirals, setting temporary points. 

Should the resulting curve need to be moved in or 
out at the middle, a new value for R for the simple 
curve between the spirals may be found from the formula 

E — & sec A 


exsec 4 A — vers & seca A 
Of course when a new value for R is found, a new value 


for Ts must be computed. 
On inspecting the diagram it will be noticed that D’ 


D’ = 


R = 


A 
increases very rapidly as —— becomes smaller than 3. 


A 
Also that when valucs for —— are between 4 and 3, the 


change Is so rapid as to need special attention. For this 
reason, I usually compute R from the above formula 


A 
when — < 4. 
$ 


B. With curves that cannot easily be produced to in- 
tersection. 

1. Run a traverse between two points In line with 
the tangents, as Mr. Wilms describes. 

2. If construction or right-of-way notes are at hand, 
increase original degree of curve as with curves of 
class A, and try resulting curves with spirals. If such 
notes are not at hand, estimate degree of curve by taking 
the average of a number of values of the middle ordinate 
in inches of a 62-ft. chord. 

3. When the first trial curve has been run, if it is 
not satisfactory, find E from the formula 
H = R exsec %& A + @ sec %4 A — R vers & sec & A. 

(For this formula I am indebted to Webb''s Railroad 
Construction.’’) . 

Then take a new value for Y and solve for R in the 
first formula. Note that most of the work of solving 
for R was done when solving for E. 

The use of Mr. Wilm's formula T = (R + D) tan 1 A 
+ t, or the above formula for Ts is optional, but the 
writer has obtained better results from Webb's formulas 
and the saving in time occupied in trying lines will more 


than make up for the slight difference in time required 


to solve these formulas. 
F. K. Beach, 
Transitman, Canadian Pacific Ry. 
Cranbrook, B. C., Canada, Sept. 30, 1908. 


{In accordance with our usual practice we 
submitted a copy of the above letter to the 
author of the article, who replies as follows.— 
Ed.] 


Sir: In reply to Mr. Beach's criticism of my article 
in your issue of Sept. 17, I would say that I did not 
“recommend finding a simple curve which will fit an ex- 
isting curve, and then finding a curve with spirals which 
will fit the same track.” If Mr. Beach will again look 
over the article in question, he will find that in every 
case where spirals are to be inserted, the temporary 
curve is run in either from the P.S. or the offsetted P.C. 
The work of finding a curve with spirals to fit an exist- 
ing track is no greater than that for a simple curve. A 
temporary spiraled curve is run in just as in the case of 
an unspiraled curve, and if this does not fit the existing 
track satisfactorily, the necessary change is made in the 
external, after which the curve is permanently staked 
out. Mr. Beach’s method seems to me to involve a great 
amount of figuring, and then again his method is not a 
general one, but is applicable to the Sullivan spiral only. 

Yours very truly, 
W. H. Wilms. 

Steubenville, Ohio, Oct. 27, 1908. 
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The Open Tank Method of Preserving Timber; Results 


Obtained with Ties and Paviog Blocks. 

Sir: A recent issue of Engineering News [Oct. 22, 
1908.—Ed.] contains an article by Mr. Howard Weiss 
of the Forest Service, on the open-tank method of pre- 
serving timber. Mr. Weiss states that the Forest Ser- 
vice will welcome all criticisms and suggestions tending 
to advance the work. Therefore I take the opportunity 
of presenting a few facts pertaining to the results ob- 
tained from ties and lumber treated by the open-tank 
or Seely process, as it is also known,“ which have 
evidently been overlooked by Mr. Weiss. 


The Chicago, Burlington & Quincy R. R., in 1868, 
laid 25,000 tles on the New Boston branch of their road, 
treated by the open-tank or Seely process as an experi- 
ment. These ties failed and were all removed in six 
years. The failure was due to interior rot. The outer 
portion to a depth of one-half to three-quarters cf an 
inch was apparently hard and sound whereas the inner 
wood where the creosote oil had not penetrated had com- 
pletely failed. These ties caused the Burlington consid- 
erable annoyance as, to outward appearances, they were 
in a perfectly sound condition when it was discovered 
that the interior was completely rotted. 

At the time the Burlington Road made this experi- 
ment, the open-tank or Seely process was new, and Mr. 
Seely undoubtedly performed this work to the best of 
his ability. 

This process also failed on the Chicago, Rock Island 
and Pacific Ry. in six years, from the same cause as on 
the Burlington, and it also failed to preserve the pine 
lumber used in the Government Works on the Saint 
Clair Flats for a longer period than six years. 

Paving blocks treated by the open-tank process have 
produced good results in several places. In Cleve- 
land, O., some were in use for about ten years. In the 
City of Paris all paving blocks which are used under 
heavy traffic are treated by soaking in open tanks of 
hot oil. They fail from wear in about eight years, and 
this treatment answers. The blocks used on the boule- 
vards where the traffic is light are given a larger dose 
of oil, in this case they are subjected to pressure in 
closed cylinders. They last about 16 years. 

The open-tank method of crecsoting will undoubtedly 
produce good results if it is confined to the treating of 
blocks, shingles, posts, etc., or in other words small- 
dimension lumber, and it will not be successful in this 
case unless the utmost care is taken in the seasoning of 
the lumber befure treatment. As to the treatment of 
railroad ties by this method, a loblolly-pine tie, pro- 
vided it is thoroughly seasoned, would probably absorb 
the greatest amount of solution in the least time, but 
any other class of ties treated by the open-tank process 
would take from two to three weeks to absorb the same 
amount of solution that could be injected under 100 Ibs. 
pressure per sq. in. in four hours time. 

Undoubtedly the Seely process failed in the treatment 
of large-dimension lumber for the want of proper sea- 
soning; and the length of time it would take to thor- 
cughly saturate the wood was so great that the treat- 
ment was cut short and poor results followed. 

The treatment of ties with small doses of creosote oil 
has not been a succcss in this country or in Europe, the 
Robbins process and also the Blyth process failed te 
give results, and practically all the European coun- 
tries which are using creosote have for a long time been 
injecting from 10 to 15 lbs. of oil per cu. ft. of wood, 
and by so doing cbtain a life of from 12 to 20 years. 

It can be easily seen where a small dose oil treat- 
ment will fail to give results, especially in treating a 
class of timber like red and black oak and other in- 
ferior oaks. This class of timber will rot from the 
center out in almost all cases, and unless the treat- 
ment is pushed to refusal “and this is expensive,” it 
will fail to give as good results as chloride of zinc 
where ½ lb. of dry salts per cu. ft. is used. This can 
be verified by the records obtainable in this country and 
in Europe. 

If the tendency in this country is to return to the 
open-tank or Seely process, great care and judgment 
should be used, otherwise the results will be a failure, 
as heretofore. 

Yours truly, 
J. B. Card, Manager, 

Chicago Tie & Timber Preserving Co., Old Colony 
Bldg., Chicago, Ill., Oct. 26, 1908. 
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The Massachusetts State Board of Health aud New 
Methods of Purification for Water and Sewage. 


Sir: In your issue of Oct. 8, appeared an editorial 
containing direct and indirect reference to the Massachu- 
setts State Board of Health. Whether the inferences to 
be drawn from that editorial are justified or not, does 
not interest me particularly at this time; but, as the 
policy and methods of the Massachusetts State Board of 
Health are of very considerable national, and I believe 
international, interest, I feel that you might be justified 
in devoting some space in the Engineering News, which 
is certainly a publication having international influence, 
to a further discussion of the policy and methods of the 
Board. 

As Consulting Engineer for the City of Lynn, I have 
made a very careful and critical study of the policy and 
practices of the Board since its organization, with the 
result that I am convinced that, whatever the short- 
comings of its subordinates or paid agents, the Board 
itself has always stood for progress and has, as Board, 
shown a tendency to be ahead of, rather than behind, 
the times. 

You say in your editorial: 

While it (the Massachusetts State Board of Health) 


has never promulgated set rules . yet by one 
means or another it has virtually barred out of the State 


the newer methods of sewage treatment and the mechan- 
ical filtration of water. Many will believe that 
it has done much to stifle originality and progress in 
both water and sewage purification within its jurisdic- 
tion, except as both those qualities have been developed 
under its own direction at the Lawrence Experiment 


Station. 

In this, it seems to me, you do not differentiate be- 
tween the Board itself and its paid agents. I will ad- 
mit that by one means or another’ mechanical filtra- 
tion of water and certain methods of sewage purification 
have, up to the present time, been prevented from get- 
ting a foothold in Massachusetts, but I feel sure that 
the Board itself is no party to the means employed to 
bring about this result. As to who is responsible for 
these results, which may have been prejudicial to the 
best Interests of the State and which have undoubtedly 
influenced, to a greater or less extent, action in other 
States, I have as yet been unable to discover, but I 
have satisfied myself that the honorable and able mem- 
bers of the Board have no part in it. 

The first State Commission on public health in Massa- 
chusetts (1850) laid down the broad principle, which 
I believe has always controlled the official action of 
the Board, that neither ‘‘theory, vague suggestion, or 
presumptive assertion’’ can decide questions. The Board 
early took issue with English sanitarlans who were stren- 
uously insisting that drinking water was the pre-emi- 
nent cause of typhoid fever and that slow sand filtra- 
tion was a sure solution for all sanitary problems con- 
nected with water supply or sewerage. 

In its report for 1871, the Board said: “We are led 
to believe, either that English drinking-water must be 
exceptionally dirty, or that medical observers are un- 
consciously influenced by pre-conceived opinions based 
upon ingenious speculations.’’ 

In its report for 1873, the Board said: ‘‘The water 
supply of London, although filtered by the companies 
before delivery to the mains, .... is, .. ob- 
viously impure and unsatisfactory.” 

In its report of 1880, appears an article on malarial 
fever, then and for some years afterward considered a 
water-borne disease, which closes with these words: ‘‘But 
theories, it should be borne in mind, serve merely to 
formulate the knowledge acquired up to a given time; 
if too dogmatically adhered to, they serve to retard sci- 
entific progress by checking the spirit of enquiry.” 

Clearly up to 1880, the Board was apparently not en- 
gaged in the throttling of originality” whatever it may 
have seemed to be doing in later years. 

In 1890, the Board issued an exhaustive work on 
water supplies of the State. This work was revolution- 
ary in character, in that it went far in advance of then 
accepted practice, in the interpretation of the results 
of the analysis of water, as to the significance of nitro- 
gen compounds in water. The Board sald: 

Students of Sanitary Science have attempted to es- 
tablish certain standards of purity of water based on 
the determination of nitrogen. The application of these 
standards of purity has condemned many waters which 
were certainly unfit to drink, but it is equally certain 
that many wholesome waters have been thereby also 
rejected. The fallacy involved in making standards of 
purity”? based upon organic nitrogen, ammonia, nitrites 
and nitrates, is apparent when we consider that these 
substances are not injurious in themselves, at least to 
the extent which they are found in natural waters, and 
that the presence of any one of these substances in 
water docs not, of itself, necessarily carry with it any 
indication of its origin. These are relics of the days in 
which the harmfulness of a water was supposed to be 
the direct result of the injurious action of specific sub- 
stances found in it. 

It thus appears that, as late as 1890, the Board were 
taking issue with “highly arbitrary rules based chiefly 
on traditions.’’ 

In 1891, the bacteriologist of the Board reported that: 

The potato test, upon which much dependence was 
usually placed, has proven to be totally inadequate for 
two reasons. First, because the typhoid bacillus does 
not, under all conditions, give its characteristic growth 
on sterilized potato; and second, because no fewer than 
five species (of bacteria) in Lawrence waters under some 
circumstances present the same characteristics. 

In 1895 the Board reported its recommendations as to 
the establishment of a system of water supply for the 
Metropolitan District of Boston. The Board considered 
the project by which water from the Merrimac River 
should be filtered (slow sand system) and supplied tọ 
the district at an estimated cost of $17,500,000, but re- 
jected it in favor of a scheme to store the water of the 
Nashua River and deliver it to the district without 4l- 
tration. The storage scheme was carried out at an 
expense of approximately $40,000,000. The estimated 
cost of filtering all the water was $2,180,000 while the 
Board recommended the expenditure of $4,000,000 for 
the sole purpose of improving the water by storage. 
It seems beyond question that up to 1895 the Board was 
not a partisan of slow sand filtration, at least for Mass- 
achusetts. 

In its report of 1898, the Board said: It has usually 
been assumed. . . that its (B. Coll) presence in 
filtered water is suspicious, as typhoid may possibly, at 
times, accompany it, because the place of origin of the 
two germs is the same, namely, the human intestine.’’ 
The Board, however, takes issue with this assumption 
of proof and states that B. Coll are found in the de- 
jecta from all human beings and some animals, while 
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the typhoid bacillus comes only from persons who are 
iil with the disease.” 

In its report of 1901, the Board states that ‘‘tests for 
the bacillus of typhoid fever in polluted waters are un- 
satisfactory" and that “tbe various characteristic ap- 
pearances (of different species of bacteria) are so varia- 
ble that only slight reliance can be placed upon them as 
factors in the differentiation of species.“ The Board 
also refers to Whipple's findings that even the forms rec- 
ognized in the laboratory of the State Board of Health 
were entirely dependent upon the brand of gelatine used 
in the tests. This docs not seem to show that the Board 
were clinging to ‘‘highly arbitrary rules based chicfly 
on tradition.’’ 

In 1902, the Board reported that, as a result of its 
investigation, the presumptive test for B. Coli- would 
include 58 species of bacteria, of which only 12 would 
be includcd in the colon type as determined at Lawrence. 
In its report of 1905, the Board takes issue with the ac- 
cepted doctrine that the relative numbers of bacteria in 
water before and after filtration is a satisfactory test 
of the purity of the water or the efficiency of filtration. 

Clearly the Board in its official acts is progressive and 
ahead of, rather than behind, the times. Yet it is true, 
as you say, that by one means or another, mechanical 
filtration and the newer methods of sewage treatment 
have been virtually barred out of Massachusetts. 

Why and by whom? 

These are questions for which I am now seeking the 
answer. I have already made some progress and I am 
very positive in my belief that the honorable members 
of the Massachusetts State Board of Health will not be 
involved in the answer. 

Yours very respectfully, 
Edwin F. Dwelley. 
31 Exchange St., Lynn, Mass., Oct. 24, 1908. 


[In connection with the editorial note to which 
the above letter refers we have also received a 
communciation from which we quote as follows: 

With a very few possible exceptions, I believe that the 
conservative attitude of the State Board of Health has 
been exceedingly wise; and, while it may have resulted, 
as you say, in the stifling of originality and progress, 
it has also resulted in preventing a great many very 
costly mistakes by the citics and towns whose inter- 
ests it is the business of the State Board of Health to 
guard. 

It seems to me that one important function of such a 
board, acting chiefly in an advisory capacity, is to pre- 
vent cities and towns from being led into the adoption 
of schemes by able promoters, although, of course, there 
may be times when the promoter may have something 
which is better than the old and tried methods. 

In regard to mechanical filtration, you probably did 
not realize that up to a year ago there were only four 
systems of water purification in use by cities and towns 
in Massachusetts, and of these four systems two were 
of the slow sand type and the other two of the mechan- 
ical type. 

In regard to sewage disposal, no case has yet appeared 
in Massachusetts where slow sand filtration, which the 
Royal Commission finds to be the most effective, could 
not be adopted at a reasonable cost, and there can be 
no question that under such circumstances the use of 
the original schemes which have been suggested would 
not have been justified, although there is no doubt that 
much hard feeling has been causcd. 

We are far from underrating the services to 
sanitary science which the Massachusetts Board 
of Health has rendered in the past, and careful 
reading of the editorial to which our correspond- 
ents refer, will show that its purport was rather 
to state facts than to criticise policies. The con- 
trast we drew between the English Local Gov- 
ernment Board and the Massachusetts organiza- 
tion was largely to the advantage of the latter. 
That the Massachusetts Board's action in the past 
has actually prevented some communities from 
embarking on visionary schemes which have 
afterward proven failures is undoubted; but this 
conservative policy has also undoubtedly tended 
to turn inventors and experimenters toward 
other localities to make trial of their systems,— 
Ed.] 
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SEMI-ANNUAL MEETING OF: THE AMERICAN ELECTRO- 
CHEMICAL SOCIETY. 

The fourteenth general meeting of the Ameril- 
can Electrochemical Society was held in New 
York City, Oct. 30 and 31. The first day’s ses- 
sions were held at the College of the City of New 
York and the second day's at the Chemists Club. 
The weight of the technical sessions was broken 
on the first day by a luncheon given by the staff 
of the Department of Chemistry, College of the 
City of New York, and by a half hour re- 
cital on the new great organ of the depart- 


ment of music. There was also a dinner 
on the evening of the 30th, a smoker at the 
Chemists’ Club on the evening of the à1St, and 
an excursion, on the afternoon of the same day, 
to the Balbach Smelting Works at Newark, N.J. 

At the first session Messrs. H. H. Porter and 
F. C. Frary, of the University of Michigan, re- 
ported an investigation into the errors in the 
electrolytic determination of zinc, with a mer- 
cury cathode, a method coming into extended 
use. The prevalence of low results due to hitherto 
unaccounted losses of both zine and mercury was 
confirmed. These were found to be in part due 
to the general use of impure ether in the wash- 
ing of the cathode amalgam before weighing. 

Mr. G. A. Hulett, of Princeton, N. J., in 
“Equilibra in Standard Cells” gave the results 
of a chemical study of the Weston and the Clark 
standard of E. M. F. He held that the Weston 
and Clark cells were the only cells accurately 
reproducible, and that it was improbable that 
any other combination of metals would be found 
of service for standard cells. Mechanical sub- 
division of the materials of the electrode and 
electrolyte were found to tend to unreliability. 

“Chemical Energy” was the title of a rather 
speculative physical paper by Prof. J. E. Mills, 
of the University of North Carolina, in which 
the relations of chemical energy to other forms 
were discussed. The author claimed that the 
evidence was: 


That the attractive forces, whatever their nature, 
whether chemical, molecular, magnetic, electrical, or 
gravitational, which proceed from a particle are definite 
in amount. If this attraction is exerted upon another 
particle the amount of the attraction remaining to be 
exerted upon other particles is diminished by an exactly 
equivalent amount. 


It was also claimed that there was a general 
resembiance between chemical, molecular, mag- 
netic, electrical and gravitational forces, and that 
the relation between chemical and electrical 
forces depended on an unabsorbed chemical at- 
traction as a requisite. 

Prof. G. W. Morden, of Toronto, described 
some laboratory experiments on the fixation of 
atmospheric nitrogen by low-voltage arcs—90 to 
500 volts between electrodes. These arcs were 
maintained in glass bulbs and air was drawn 
through the electrical discharge. The nitrous 
oxide formed was condensed in coils cooled by 
liquid air. High-air velocities gave the great- 
est yield per KW-hr. and small velocity gave 
the highest concentration of nitrous oxide. The 
author interpreted his results as showing that 
the fixation process was not wholly a thermal 
one, but was partly electrical. 

The afternoon of the first day was given over 
to the discussion of the corrosion of iron and 
steel. Prof. A. F. Ganz, of Stevens Institute of 
Technology, opened the discussion by presenting 
the electrica] engineers’ views and requirements 
regarding the corrosion of underground struc- 
tures. He divided such corrosions as came under 
the engineer's observation into two classes: (1) 
the purely chemical or electrochemical result- 
ing from no outside causes; (2) the electrolytic 
through stray currents from outside sources. 
The electrical engineer, it was said, had two 
problems: (1) the determination of the elec- 
trical condition of the underground system as 
regards potential difference to other structures 
and as to currents flowing in, into and out of the 
system; (2) the design of protective measures at 
low cost. In studying the electrical conditions 
of pipe lines it has been demonstrated that con- 
tinuous lines do carry currents unde, many 
conditions. They are apt to pick up currents 
over a large negative area and discharge 
through comparatively small areas, causing high 
current densities and rapid pitting. If the pipe 
system were connected to other metallic struc- 
tures, as the rail system of an electric road, 
other dangers arose such as (1) the lability of 
heavy currents in high resistance spots with 
consequent destructive heating and (2) danger 
to other underground metallic systems. 

As an engineer, Prof. Ganz asked five questions 
of the electrochemists: (1) Are the conditions of 
underground street rails generally such that the 
accepted figure for the solution of iron by cur- 
rent, 20 lbs. per ampere-year, holds true, or is 
the iron apt to be put into a passive state 80 


that current leaves without corrosion? Can 
“passivity” be so induced? (2) What means are 
there for determining whether a sample of pipe 
was corroded by stray currents or by purely 
local action? (3) Can protection of underground 
structures be afforded by insulating compounds, 
in the face of knowledge that all pitch and tar 
coatings have failed? (4) Is breaking the con- 
tinuity of a metallic structure feasible? Into 
how many parts is it necessary to divide accu- 
mulated potential? (Ð What is a safe current 
density? 

Mr. A. S. Cushman, of Washington, D. C., in 
the discussion of Professor Ganz's remarks held 
that there was need of engineers defining ‘‘elec- 
trolysis,’’ “electrochemical corrosion” and simi- 
lar terms so as to avoid confusion. He held 
that there was no way of telling whether a pipe 
was rusted by stray currents or by local action 
as the result would be the same except in re- 
gard to time. 

Dr. C. H. Sharp, of the Electrical Testing 
Laboratories, New York City, briefly described 
proper methods of measuring stray currents. He 
said that the object of such measurements as 
had been undertaken was to ascertain if at any 
point any considerable amounts of current were 
leaving the pipes. Such information could be 
obtained only indirectly, as it was impossible to 
insert instruments in the pipe or even in nearby 
soil without disturbing the old conditions. It 
was said that while the millivoltmeter measure- 
ments have been misused and misinterpreted, yet 
this instrument can be used to give much valu- 
able information. When a pipe system is posi- 
tive to the rails of an electric road or to an- 
other metallic system there is liability of 
dangerous corrosion. After the potential studies 
have been made it is necessary to determine 
the current flowing from the pipe. To do this it 
is sometimes best to determine the current 
flowing in the pipe at different points and for 
this, if the resistance of the pipe is easily ob- 
tained or fairly well approximated, the drops 
of potential along the pipe line will give good 
indications. In other cases it has been found 
well to bring out very heavy leads from the 
ends of certain section of pipe line and to note 
the change in potential drop with and without 
a current (measured) flowing in the leads. This 
comparison leads to the value of the current 
normally flowing. By simultaneous reading the 
current flowing at various points along the 
stretch of pipe could be obtained and the differ- 
ences might be considered as the escape. Some- 
times it was found advisable to explore the soil 
about the pipes for currents, and in such work it 
was necessary to use electrodes that were not 
polarizable, and methods of study were to be 
preferred in which potentials rather than cur- 
rents were to be studied. 

Mr. A. A. Knudson, of New York City, de- 
scribed a peculiar case of corrosion in the bot- 
tom of certain oil tanks which had been in use 
seven years. The plates were of riveted iron 
and the corrosion was wholly on the interior of 
the tank bottoms and in a peculiar zone across 
the center in each case. Water had heen found 
in the bottom of the tanks which had 1.6% 
mineral residue of alkaline reaction and mostly 
radium salts. While some railway current was 
found flowing across the tank-yard ground yet 
there was no corrosion in the walls of the tank 
or on the outside of the bottoms. The author 
expressed the belief that lack of homogeneity 
and presence of abrasion strains with the water 
as electrolyte caused local currents and con- 
sequent corrosion. 

Mr. A. S. Cushman in discussing Mr. Knud- 
son’s paper called attention to the fact that 
when alkaline solutions were of less than certain 
concentration they apparently stimulated cor- 
rosion instead of inhibiting, as they did at high 
concentrations. 

Prof. W. H. Walker, of the Massachusetts 
Institute of Technology, spoke on the function 
of oxygen in the corrosion of iron. Then he took 
up the catalizing action of platinum, in contact 
with iron, in plating out the hydrogen freed by 
an electrolyte, and showed that mill scale had 
the same effect in stimulating corrosion at un- 
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protected points. The protection of iron surface 
by contact with zinc was shown limited to a cer- 
tain distance from the zinc which depends on the 
conductivity of the solution. Such protection 
became less and less as the distance, along the 
surface away from the zinc, became greater and 
such protection as was obtained was at the ex- 
pense of the zinc. Where slight areas of iron 
were exposed, as in barbed wire, the deteriora- 
tion of the zinc was rapid, beginning at the 
barbs, where the coating was deficient or lack- 
ing. Barbed wire had been improved by passing 
first through a galvanic plating treatment, which 
gave a heavy initial coating to the barbs. 
Internal protection of steam boilers could be 
provided, it was said, by merely keeping out 
the oxygen ordinarily carried by feed water. 
This could be done by a preheater and a dry- 
vacuum pump. It was shown that even an open 
heater will drive out most of the oxygen and 
relieve corrosion troubles. Other schemes pro- 
posed embodied passing the water over finely di- 
vided iron or the addition of alkaline sodium 
tannate. 

Mr. Maximilian Toch presented a paper on 
“Simple Methods of Preventing Electrolytic 
Corrosion.” The idea involved in the author's 
methods was first to keep water away from the 
steel and secondly to make the water next to 
the protective coating alkaline or inhibitive. A 
good linseed oil paint used in five to eight coats 
had been found to give good protection, but not 
with fewer applications. The author held that 
the behavior of iron embedded in concrete de- 
pended on the concrete. Some, it was claimed, 
contained enough sulphites, sulphates or sul- 
phides and other salts so that merely stating 
that iron was embedded in concrete did not ade- 
quately describe the conditions affecting its con- 
dition. Neat cement acted as a protector al- 
ways, but the small percentage present in some 
concretes caused it to cut little figure in the pro- 
tection of the iron. The author had secured good 
results by putting on a lime or alkaline coating 
to reduce the rust and over that a waterproof 
covering. For the latter a paint made of red 
lead and linseed oil (33 lbs. to the gallon) was 
as good as anything. He also had used an in- 
sulating paint next to the pipe and had sur- 
rounded this with %-in. of neat cement. 

Mr. A. S. Cushman in the discussion on Mr. 
Toch’s remarks stated that the object of an in- 
hibitive coating, such as a chromate pigment, 
was to chemically charge the penetrating water 
before it came in contact with the iron. If a 
successful exclusive compound could be made 
there was no need to go to this trouble of 
studying inhibitive paints. Such a compound 
had not been found. 

The discussions on the last day of the meet- 
ing were largely on commercial processes of 
interest to electrochemists. Mr. F. A. J. Fitzgerald, 
of Niagara Falls, desgribed the Lash process of 
making steel. Essentially this consists of heat- 
ing an intimate mixture of pulverized ore, cast 
iron and carbon in proper proportions. The 
process is carried out in the electric or the open- 
hearth furnace. The author reported some ex- 
periments with a Héroult furnace, using 60% 
ore and 23% cast iron. Complete reduction of 
the charge was effected by the expenditure of 
energy at the rate of 0.27 HP.-year per ton of 
steel. The finished product was turned out for 
0.33 HP.-year per ton of cast steel. 

Mr. Carl Hering, of Philadelphia, presented 
a paper on “Conduction of Heat through Fur- 
nace Walls.” The author showed that the re- 
sult from using the usual approximate formulas 
differed from those of an exact one proposed, by 
as much as 100%. The author claimed that it 
was useless to increase the thickness of walls 
over a certain stage, as the heat saving was too 
slight for the added cost. He showed curves for 
determining increase in wall thickness to allow 
certain heat loss with increase in volume of 
furnace. It was claimed that the heat loss 
could be diminished by either heating the fur- 
nace walls externally to reduce temperature 
drop or by artifically cooling them to chill the 
material and render it a poorer heat conductor. 

Mr. E. A. Sperry in presenting the subject of 
electrochemical loads for central stations asked 


for agitation among electrochemists for progress 
in intermittent processes. and among central- 
station managers for giving attractive non peak- 
load prices for energy. 

Mr. John Meyer, in a paper “Electrochemical 
Loads and the Central Station,” maintained 
that the load factor (ratio of average to maxi- 
mum energy) should be applied to such loads as 
proposed in determining costs. The ease of ob- 
taining raw material and of disposing finished 
product were important factors to be considered. 
This paper was discussed by many central-sta- 
tion men who seemed to agree that the develop- 


ment was to come through the use of small elec- — 


tric furnaces that could be worked intermittently. 


——— — 


A REPORT ON REBUILDING THE AUSTIN DAM. 


The city of Austin, Tex., has recently had 
under consideration the rebuilding of the great 
dam across the Colorado River, which was 
wrecked in a flood in 1900. Plans for the re- 
construction have been prepared by Mr. W. G. 
Kirkpatrick, and a. board of consulting engi- 
neers was called in to advise the city as to the 
reconstruction. The board was made up of 
Messrs. Arthur P. Davis, Louis C. Hil and 
Thomas U. Taylor. Messrs. Davis and Hill are 
connected with the U.-S. Reclamation Service, 
and Professor Taylor with the U. S. Geological 
Survey. The latter will be remembered by 
many of our readers as the author of the prin- 
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Proposed Reconstructicn of the Dam Across the 
Colorado River at Austin, Texas. 


cipal reports on the dam failure which were 
published in Engineering News at the time of 
its occurrence. We reprint as follows the sub- 
stance of the board’s report: 


It is unnecessary to rehearse the history of the for- 
mer work and the failure of the dam. The masonry in 
the dam is very poor, but this did not cause failure. 
We have no doubt that the failure was due to sliding. 
This was facilitated by the upward pressure of water 
which entered the foundation by means of faults and 
fissures which abound in this vicinity, and by the ero- 
sion of the foundation at the toe of the dam, which 
removed the only obstruction to sliding except friction. 
The horizontal beds of limestone are alternated with 
thin strata cf clay or soft rock which when wet served 
to lubricate the plane of failure below the base of the 
dam. 

. The possible precautions to prevent a similar failure 
are three: 

First—Provide a deep curtain wall near the upstream 
face, to cut off percolation under the dam, so far as 
possible, in order to reduce upward pressure to a mini- 
mum. 

Second—Increase the mass of the dam, and thus in- 
crease its resistance to sliding and such increase should 
be so located as to utilize the pressure of water on the 
dam, so far as possible. 

Third—Repair the foundation of the toe of the dam 
with good monclithic reinforced concrete and carry it 
down into the natural rock so as to secure its resistance 
to sliding, and protect it against future erosion. 

All of these precautions should be employed if the 
dam is rebuilt at the old site. We have prepared pre- 
liminary drawings illustrating in general the above 
ideas as applied tu the repair of the remaining portion 
of the old dam, and the construction of the new por: 
tion. 

After the new dam 18 placed in service, care must be 
taken to prevent erosion of the toe from any cause, and 
frequent examinations taken against its repetition. -. 

The curtain wall should be about 6 ft. in thickness, 
and connected by steel rods to the main body of the 
dam. It should be carried to depths to be determined 
by local conditions as work proceeds, But in general to 
20 to 30 ft. below original heel of the dam. It should 
go below any cavities disclosed by the borings or ‘other- 
wise. 

The east abutment and bulkhead are on very poar 
foundation, apd should be entirely rebuilt, carrying the 
base below the cavities and leaks that have developed. 


much harder, 


The body of the new portion of the dam should be 
built of concrete with good hard stones embedded in it, 
forming what is called “rubble concrete.” For the sake 
of appearance the granite facing, on the lower slope 
should be placed according to the former plans. This, 
however, is not necessary on the back of the dam where 
it will be concealed by water, though the granite shculd 
be used for a distance of about ten feet below the crest, 
where the back will be uncovered in time of protracted 
drought, the remaining portion of the back of the dam 
being of concrete. 

There is little value in the old works except the 
mascnry in the western half of the river, where stands 
about 500 ft. of the original dam, which needs extensive 
repair and protection to insure its safety. The pen- 
stocks are far gone with rust, and have buckled and 
warped under their excessive loads of earth. 

The power house is so far wrecked and the remaining 
portion is so poorly adapted tu future requirements, as 
to be of little use except to furnish material for new 
construction. 

In planning the power house, provision should be 
made for the installation cf about 5,000 HP. eventually, 
which can be advantageously employed in connection 
with a steam auxiliary. For the present we have as- 
sumed that about 3,000 HP. will be required, and have 
included its installation in our estimate. 

The accompanying preliminary estimates have been 
made of the probable cost of rebuilding the dam and 
power plant at the present site. These estimates should 
be used with great caution, as the foundation, especially 
at and below the line of the toe has been eroded to an 
unknown depth, and we have to depend largely upon 
assumptions regarding the necessary yardage of con- 
crete in the foundation and toe of the dam. The quan- 
tity of necessary excavation and concrete for the cur- 
tain wall is also very uncertain especially at the eastern 
end. It has, therefore, been necessary to make assump- 
tions on this point. Owlng to local conditions, these 
uncertainties can not be entirely cleared up until con- 
struction is in .progress : 

The site of the old dam is very undesirable. It is 
directly across a zone of geological faults, and the river 
bed is faulted for nearly two miles above the dam site. 
It will be impossible to prevent percolation under the 
foundation of the dam. The amount of such percolation 
is purely conjectural, but it would not only entail a 
loss of valuable water, but would be to some extent a 
menace to the safety of the dam. The rock in the 
foundation is soft and very irregular. If there were 
no property at this site, we would not regard it as 
within the realm of consideration. 

We have accordingly examined the canyon above, and 
find that a much better site exists at Mount Bonnell, 
about 2% miles above the old site, where the rock is 
and where so far as new known, no 
geologic faults exist as at or above the dam site. We 
have been materially assisted in this examination by 
Dr. F. W. Simonds, professor of geology in the State 
University. The length of the structure is about the 
same. No borings have been made here, so no accurate 
estimate of cost can be made at present. From a rough 
approximation based upon all the information at hand, 
we are of the opinion that a dam and power house ol 
equal capacity, will cost no more at the Mount Bonnell 
site than the repair of the old dam and power house. 
It will be far safer, and will have less water leakage 
and therefore, a greater available water supply. The 
cost of maintenance would be much less. 

We recommend, therefore, that borings be made at 
the site selected near Mount Bonnell, the result of which 
will indicate whether or not it is more feasible than the 
old site, and from a basis for more accurate estimates 
of its cost. 

If the borings develop a condition of foundation such 
as we expect, it will be entirely feasible to build a 
higher dam which would provide a greater head avail- 
able for power, and the great area of the upper layers 
of water will provide a large capacity for the storage 
of the frequent floods, and thus greatly increase the 
available water supply. This would increase the power 
possibilities in greater proportion than the increase of 
cost. 


ESTIMATED COST OF REPLACING AUSTIN DAM 
AND POWER HOUSE. 


Rock excavation for cut-off wall, 8,000 cu. yds. 


at $3 per cu. “.... é 2 m $24,000 
Concrete in cutoff wall, 9,000 cu. yds. at $6 
per 0 ( J Aaea 54,000 
Excavation for dam to wall and apron, 80,000 
yds., at 75 cts. per cu. xe... 60,000 
Reinforced concrete in toe-wall and apron, 
40,000 yds. at $6 per ye. eeee 240,000 
Concrete and facing in main dam, 74,000 yards 
at $6 per cu. xo. 444,000 
Excavation for east abutment, 3,500 yds. at 
$2 per // ðVL“ĩ ĩðͤĩ Saya en aces 7. 000 
Concrete and facing in maln dam, 3.500 yds. 
at $6 per cu. . ðᷣ 21.000 
Sluice gateeeeeeeeeeees e de BAe ice 5.000 
Power house and three units.. 200,000 
$1,055,000 
Engineering and @ntingencles, 0 158,500 


Total! . 1, 213, 500 
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COST DATA OF THE COLD SPRINGS RESERVOIR CON- 
STRUCTION, OREGON, U. S. RECLAMATION SERVICE. 


From advance sheets of the ‘Reclamation 
Record” for November we take the following re- 
garding the costs of constructing the Cold 
Springs Reservoir on the Umatilla Project, the 
work being done entirely by force account. The 
dam which forms the reservoir is an earth 
embankment about 3,200 ft. long and 82 ft. in 
maximum height. A notable paper descriptive 
of the materials used in the dam by Mr. D. C. 
Henry, M. Am. Soc. C. E., and Mr. E. G. Hopson 
was printed in our issue of March 7, 1907. 

The article printed in the ‘Reclamation 
Record” is as follows: 


In the accompanying tables showing the cost of the 
various features of the Cold Springs Reservoir, Uma- 
tilla Project, constructed by force account, the cost of 
construction engineering is included under general ex- 
pense and an average of about 4 or 5% of the charges 
under general expense may properly be charged to super- 
intendence. In Table I. the cost of embankment cover- 
ing the main part of the dam is made up of that of the 
gravel embankment, earth embankment and rockfill em- 
bankment, excavated and hauled directly therefor, and 
that of overhaul on 17,761 cu. yds. of Class 1 excavation 
from the spillway. Table II. shows the distribution of 
cost among these distributions of embankment. 

The gravel portion of the embankment was excavated 
with a steam shovel and hauled from the gravel pit to 
the embankment, an average distance of a little over one- 
half mile. The steam shovel engineer was paid at the 
rate of $6.20, the craneman $4.00, locomotive engineer 
$3.60, fireman $2.40 to $3.20, and laborers $1.60 to $2.40 
per S-hour day. 

The earth portion of the embankment contains 40,870 
cu. yds. of Class 1 and Class 2 material from the cut-off 
and drainage trenches and the outlet works, 17,761 cu. 
yds. of Class 1 material from the spillway, 22,396 cu. yds. 
from borrow pits placed with Fresno and wheel scrapers 
and wagons and 86,411 cu. yds. of material from bor- 
row pits, excavated with an excavator equipped with an 
orange-peel bucket. Forty-six cubic yards of Class 2 ma- 
terial from the cut-off and drainage trenches and outlet 
works were wasted, although charged against embank- 
ment in Table I. About 116,600 cu. yds. of Class 1 ma- 
terial incidentally excavated at the gravel bank were 
used for the earth embankment. The cost of this portion 
of the earth embankment has been assumed to be the 
same as that for the gravel portion of the embankment 
owing to similarity of conditions concerning its excava- 
tion and transportation. Laborers were paid at the rate 
of $1.60 to $2.40, engineers $4.00, teamsters $2.40 to 
$2.60, and teams $1.00 per head per horse per 8-hour day. 

All of the rockfill portion of the embankment was ob- 
tained from a nearby rock cliff with the exception of 3,414 
cu. yds. of Class 3 excavation from the cut-off and drain- 
age trenches and the outlet works. The material used 
was easily blasted and was delivered to the embankment 
with engines and dump cars. Five hundred twenty-four 
cubic yards of Class 3 excavation from the cut-off and 
drainage trenches and the outlet works.were wasted, 
although the cost thereof is charged against embankment 
in Table I. The rates of wages paid for this portion of 
the work were the same as those for earth embankment, 
with the exception that locomotive engineers were paid 
at the rate of $3.60 and firemen at the rate of $2.40 to 
$2.60 per 8-hour day. 


Feature. Unit. Quantity. 
age Ee Te ee 3 aie 8 

PPV vas.0e a 9 
Concrete, Class C, outlet 8 cu. yd. 7712.8 
Concrete, Class D, cut-off walls.. cu. yd 327.1 
Inlet, eee vv visa sias awe Di cu. yd 147.5 
Inlet 1 S eee ae cu. yd. 64 
Drainage, 4-in., 6-in., 8-in. tile.. IIn. ft. 2,937 
12-in. concrete Pe In. am 846 
Bridge and gates, outlet tower... sarees 9 
Feed canal, excavation and chute. 83 e 
Inlet steps, concrete cu. yd. 6.6 
Buildings enn „ „ „ „ * ö 
Surveys eeeeveeveeereeeeeee ee ee e „„ „„ „ % % „ CEE E „ ee 
Design „ „ „ „ „%% „„% „% % „% „% % „% „ „„ „% % „%% „„ „„ „6 „6 „„. 6 „ „ „ „* „„ „% „„. 
Cl u „ „ „ „„ „ % % „ „„ „ „„ „% „„ „„ „ „ „ „6 „% 6 „ „ „ „ eee „ „ „„ 


eaning up 
Transfer of plant to 
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Item. Unit. 
—!!. ee re . W 8 rr cu. yd. 
Earth from gravel pit, borrow pits and spill- 

„ e cu. yd. 
Reekfili from Gl. > Sie see RON cu. yd. 
Excavation, Class 1........... EEEE TTET TE cu. yd. 
. T§Ä%Ü%Ü”MirßÜ ͤ ⁵ ͤðͤ . cu. yd. 
Excavation, Class 3 e cu. yd. 


Total 
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TABLÐ II.—DETAILED COST OF EMBANKMENT, COLD SPRINGS RESERVOIR. 


A DINNER TO COL. GEORGE EARL CHURCH. 


As many of the readers of Engineering News 
are probably aware, the Madeira and Mamoré 
Association is made up of the survivors of those 
who took part in the famous expedition to build 
the Madeira & Mamoré Ry. in Brazil in the year 


Col. George Earl Church, M. Am. Soc. C. E. 
1878. The feature of the association is the 
annual dinner held in Philadelphia. A year ago 


the association was brought into special notice 
by the publication of the history of the Madeira 


The First Locomotive for the Madeira & Mamore 
Ry., First Run on July 4, 1878. 


& Mamoré enterprise, prepared by the associ- 
ation’s historian, Mr. Neville B. Craig. A re- 
view of this book was published in our Engi- 
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On the evening of Monday, Nov. 2, the associ- 
ation gave a complimentary dinner in honor of 
Col. George Earl Church, at the Bellevue-Strat- 
ford Hotel in Philadelphia. Colonel Church 
spent eleven years of his most active life, from 
1868 to 1879, in promoting the Madeira and 
Mamoré enterprise, and it was under his di- 
rection that the work done in 1878 was carried 
on. 

Although a native American, and prominently 
engaged in railway construction in the United 
States in his early life, Colonel Church has long 
been a resident of London, where he has been 
engaged in the development and promotion of 
Canadian railway enterprises. 

As our readers know, the Madeira & Mamoré 
Railway work was resumed a year ago, and it 
is of interest to note that the old locomotive, 
named in honor of Colonel Church and run on 
the construction railway, where a few miles of 
iron rails were laid down in 1878, was found 
still in existence by the expedition of last year. 
We reproduce herewith a photograph of this old 
locomotive, which has the distinction of being 
the first ever run above the city of Para in ter- 
ritory drained by the Amazon. We also repro- 
duce, from the attractive menu card of the din- 
ner of Nov. 2, a portrait of Colonel Church. 


—ů —— R, — — ＋ 


A MINE EXPLOSION at Rend City, III., Nov. 5, en- 
tombed four miners. A rescuing party tried for 24 
hours to reach the buried men but without success. 
Eighteen horses and mules were in the mine at the time 
of the explosion and were killed. 

ee ee 

AN OPEN SWITCH CAUSED A WRECK on the Hunt- 
ingdon & Broad Top Mountain R. R., near Saxton, Pa., 
Nov. 6. A passenger train ran through the switch and 
crashed into a_ string of freight cars on the siding. 
Seven men were injured. The locomotive and combina- 
tion baggage and mail car were wrecked. 

— 

A PECULIAR MINE CAGE ACCIDENT occurred at the 
Lance colliery at Wilkes-Barre, Pa., Nov. 3, according 
to a newspaper report. As the cage was approaching 
the top, the engineer in charge of the hoisting engine dis- 
covered that some accident to the throttle prevented his 
stopping the engine. There was one miner in the cage. 
The engineer, with great presence of mind, reversed the 
ngine and kept on reversing it whenever the cage ap- 
proached the top or bottom of the shaft until other em- 
ployees arrived and shut off the steam. The miner, after 
having been alternately hoisted and lowered some 80 or 
40 times at full speed was in a state of collapse. * It 
is not explained why the hoist was not equipped with a 
clutch and brake. 

— . —ñ—Z—•—ͤ — 


FOUR DYNAMITE EXPLOSIONS have been reported 
in Canada. Half a ton of dynamite on a scow moored 
alongside the guard pier, 2,400 ft. from the buildings 
fronting on Commissioner St., Montreal, expioded Nov. 
8, causing, it is said, a loss of $30,000 in broken win- 
dows in the buildings on Commissioner and St. Paul Sts. 

Four men at Olsen & Larson's camp, 24 miles north of 
Ingolf, Ont., were drilling in the face of a rock cut and 
struck an old charge which exploded, killing three of 
the men and seriously injuring the fourth. 

The premature explosion of a heavy charge of dyna- 
mite, Nov. 3, in a rock cut on the Transcontinental Ry., 
18 miles north of Dryden, Ont., buried eleven men under 
tons of rock. Seven were killed and four seriously in- 
jured. An investigation is under way to ascertain the 
reason for so many accidents of this nature in the con- 
struction work of this line. 

A miner at the Chambers-Ferland mine, near Cobalt, 
struck an unexploded charge with a pick, Nov. 2, and 
died the next day from injuries received in the resulting 
explosion. 

— 


CARBON MONOXIDE FROM A WATER HEATER 
burning illuminating gas is said to have caused the 
death of two women and a child in Washington, D. C., 
Nov. 6. The accident occurred in a second-story apart- 
ment on First St. The rooms were small and the win- 
dows and transoms were closed at the time of the acci- 
dent. In the kitchen, which is described as ‘‘closet-like,’’ 
were a gas range and an upright, tubular gas water- 
heater. The newspaper reports state that the range had 
not been lighted the day of the accident, but do not ex- 
plain how this was learned. It is not stated whether or 
not the heater was found lighted. The bodies of the 
women were found late in the afternoon close together 
in the kitchen near the doorway leading into the dining- 
room, in which was the body of the child. Prof. W. W. 
Skinner, of the Bureau of Chemistry of the Department 
of Agriculture, ascribes the deaths to the formation of 


carbon monoxide in the heater due to a poor burner or 
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improper management. The heater is being tested to de- 
termine the amount of CO generated when the pilot light 
is made to ‘‘strike back.“ 

— . — — 

THE ILLINOIS DEEP WATERWAY bond issue appears 
to have been adopted by the voters of that state, as the 
result of the election held on Nov. 3. At many interior 
points very little interest was shown, and compara- 
tively few voters marked the special ballot for the water- 
way. In the towns along the river routes, however, the 
vote was strongly in favor of the waterway. Up to Nov. 
9, the returns from 41 counties (out of a total of 102) 
indicated a vote of 5 to 1 in favor of the project, while 
in Cook County (Chicago and the vicinity) the vote was 
8 to 1. The vote was directly upon the proposition for the 
state to issue $20,000,000 for a waterway from the end 
of the Chicago Drainage Canal to the Illinois River 
at La Salle. The project was described in our issue 


of Oct. 15. 
— — —Ä—ñ2—œH 


PERSONALS. 


Mr. T. H. Ceperly has been appointed Chief Engineer 
of the Stuyvesant Falls power plant of the Albany & 
Hudson R. R., to succeed Mr. W. G. Andrews. 


Mr. H. B. Thayer, Assoc. Am. Inst. E. E., Vice-President 
of the Western Electric Co., has become President of 
that company, succecding Mr. E. M. Barton, Assoc. Am. 
Inst. E. E. > 

Mr. H. H. Woodman has been appointed Chief Engi- 
neer of the Missouri Southern R. R., to succeed Mr. G. 
W. Payne, resigned. Mr. Payne’s resignation is to take 
effect Nov. 15. 


Mr. William E. Keily, Managing Editor of the West- 
ern Electrician," has resigned owing to a change of 
ownership in that paper. His present address is 6503 
Minerva Ave., Chicago. 


Mr. Charles William Eliot, President of Harvard Uni- 
versity has resigned. His resignation is to take effect in 
May, 1909, when he will have completed his 40th year in 
his present position. President Eliot is nearly 75 years 
old. 


Mr. W. R. Edwards, Assoc. M. Am. Soc. C. E., has been 
appointed Assistant Engineer of Bridges of the Baltimore 
& Ohio R. R., with headquarters at Baltimore, Md. Mr. 
Edwards was graduated as a Civil Engineer from Wash- 
ington University at St. Louis, and his first work was 
as a field engineer on the construction of the bridge 
across the Mississippi River at Memphis, Tenn., in 1889. 
He was later employed in the drafting department of the 
Pencoyd Iron Works, now a part of the American Bridge 
Co. Mr. Edwards came to the Baltimore & Ohio in 
June, 1894, as an inspector of bridge and track ma- 
terials and continued in such capacity on the reconstruc- 
tion of bridges and rehabilitation of the property fol- 
lowing the receivership. He was promoted to Chief 
Bridge Draftsman June 1, 1907, which position he has 
filled up to the present time. 


Obituary. 

John E. Haworth, Assoc. Inst. M. M., was stabbed and 
instantly killed at the Mina Podcrosa, Huelva, Spain, 
Sept. 24. 

Walter A. Dennison, President of the American Oil 
Development Co., of Pittsburg, Pa., died Nov. 5 at his 
home in Brooklyn, N. Y. Mr. Dennison was born in 
Philadelphia in 1852. 

Francis H. Fassett, architect, died Nov. 1 at Port- 
land, Mc., at the age of 85 years. Mr. Fassett designed 
the Maine General Hospital, the Portland Public Li- 
brary, Portland High School and several grammar schools 
and churches in New England cities. 


James McGraw, railway contractor, died Nov. 3 at his 
home in Philadelphia. Mr. McGraw was at one time con- 
nected with the engineering corps of the Pennsylvania 
R. R., and his first work as a contractor was the build- 
ing of the Frazer branch of that system. 

Henry A. Butters, President of the Northern Electric 
Ry., died Oct. 26 at Berkeley, Cal. Mr. Butters was 
born at Haverhill, Mass., in 1850. He has been connected 
with the installation of electric railways in Switzerland, 
Mexico, Portugal, South Africa and Chile, 

William D. Cornish, Vice-President of the Union Pacific 
R. R., died at the Auditorium Annex in Chicago, III., 
Nov. 7. His death is attributed to heart failure. Mr. 
Cornish was born in Plymouth, Mass., about 59 years 
ago. He was director of a number of railway and steam- 
ship companies. 


G. Edward Sleeper, M. Am. Soc. C. E., of Boston, Mass., 


died Oct. 25, at his home in East Orange, N. J., in his. 


53d year. Owing to ill-health during the past few 
years, Mr. Sleeper has done very little work, but previous 
to his illness he was engaged in active practice for 15 
or 18 years, much of his work being in connection with 
electric railways in the New England States. Mr. Sleeper 
was a member of the Boston Society of Civil Engineers. 
He is survived by a widow and two sons. 


Herbert D. Hale, the architect who designed the En- 
gineering Societies’ Building in New York City, died 


Nov. 10 at his home on 55th St. in New York. His 
death concluded a long pertod of illness and nervous 
disorder. Mr. Hale was born in Boston, Mass., in 1866, 
and was one of the younger sons of Rev. Edward Everett 
Hale, now Chaplain of the U. S. Senate. He entered 
Harvard in 1884 and immediately after his graduation 
went to Paris, where he took the regular course at the 
Beaux Arts. Among the buildings designed by Mr. Hale 
is the new Post Office Building now being erected in 
New Orleans, La. Mr. Hale is survived by his wife, who 
was a daughter of the late Henry G. Marquand, of New 
York City, and five children. 
—_——_——______ MM 


ENGINEERING SOCIETIES. 


— 


COMING MEETINGS. 


AMERICAN RAILWAY ASSOCIATION. 
Nov. 18. Annual meeting at Chicago, Ill. Secy., W. 
F. Allen, 24 Park Pl., New York City. 
SOCIETY OF NAVAL ARCHITECTS AND MARINE EN- 
GINEERS. 

Nov. 19-20. Annual meeting at New York City. Secy., 
W. J. Baxter, 29 West 59th St., New York City. 
SMERT S SOCIETY OF REFRIGERATING ENGI- 

EERS. 
Nov. 30-Dec. 1. Annual meeting at New York City. 
Secy., W. H. Ross, 154 Nassau St., New York City. 
AMERICAN SOCIETY OF MECHANICAL ENGINEERS, 
Dec. 1-4. Annual meeting at New York City. Secy., 
Calvin W. Rice, 20 West 39th St., New York City. 
AMERICAN INSTITUTE OF ARCHITECTS. 
Dec. 15-17. Annual convention at Washington, D. C. 
5 Glenn Brown, The Octagon, Washington, 


AMERICAN SOCIETY OF CIVIL ENGINEERS.—The 
important subject ‘‘Forests and Reservoirs in Their Re- 
lation to Stream-Flow’’ was brought before the meeting 
of Nov. 4, 1908, through a paper under this title by 
Lt.-Col. H. M. Chittenden, Corps of Engineers, U. S. A. 
The paper is a voluminous discussion of the claims, im- 
pressions and arguments which support the widely pre- 
valent view that forests tend to regulate runoff, t. e., to 
lower flood heights and raise low-water stages. The 
author asserts that this view hus no sound scientific 
basis. The conclusions reached by Col. Chittenden were 
summarized editorially in our issue of Oct. 29, p. 478. 

Mr. Gifford Pinchot, Chief of the Bureau of Forestry, 
and Mr. M. O. Leighton, Chief Hydrographer of the U. 
S. Geological Survey, whose publicly expressed views, 
respectively for forestry as justified by the stream- 
regulation argument and for stream-regulation as influ- 
enced by the forestry argument, are controverted by Mr. 
Chittenden's paper, were present to oppose him, and 
spoke at considerable length. Mr. E. P. North also 
spoke in discussion, but on a more genera] subject, 
namely the general forest policy of the government, 
rather than on the specific point of contention raised 
by the author, The hour then was so late that several 
communicated discussions were not read; they were from 
A. M. Todd, S. Child, T. P. Roberts, F. Collingwood, F. 
B. Maltby and J. F. LeBaron. 

Mr. Pinchot began by an exposition of the function of 
the forest floor in conserving rainfall. Correcting a 
former illustration used by him and attacked by the au- 
thor, he said that the real storage place is not the 
mulch itself but the soil beneath as a whole, and the 
action of the porous top stratum is to retain the rainfall 
long enough so that it can sink into the earth below. 
The groundwater is the storage, not the small amount 
of moisture held in the laycr of mulch. “VA large part 
of Col. Chittenden’s argument falls as a result of this 
correction,’’ claimed Mr. Pinchot. Concerning the ques- 
tion whether forcsts increase rainfall, Mr. Pinchot stated 
that the weight of opinion is that they do, and this is 
supported theoretically by the observation that the air 
over a forest is cool, to a considerable height, which 
would induce precipitation from warmer saturated air 
currents, especially in the case of forests on mountain 
slopes. But, he claims, the influence on rainfall is of 
but minor importance. The chief thing is the regulat- 
ing effect of runoff. On this point the author had cited 
the case of the Sacramento Valley in California, where 
the timbered area of the American River, on the east 
side of the valley, showed a higher runoff for smaller 
rainfall as compared with the Puta Creek area, on the 
west side of the valley, according to -his figures. On 
checking up these figures, Mr. Pinchot said, it appeared 
that the rainfall figure for the American River valley 
was the actual mean of the rainfall records of all the 
stations inside its watershed; but the author's figure for 
Puta Creek seemed to be derived from only two sta- 
tions, one just inside and one just outside the drainage 
area, and both of them near the summit. Mr. Pinchot 
took two further stations inside and three more outside 
the area (total 3 inside, 4 outside, one being as much 
as 20 miles outside), and by averaging their rainfalls 
obtained a much lower rainfall figure. By drawing 
isohyetal lines on the basis of the rainfall records and 
therefrom determining a mean precipitation, a similar 
discrepancy developed, thus: 


Puta American 

Creek River 

rainfall. rainfall. 

Chittenden ............. 22.7 Ins. 14.6 ins. 
Pinchot (averaging) ... 9.4 ins. 14.6 ins. 
Pinchot (isohyetals) 10.9 ins. 16.7 ins. 


The corrected comparisons show (1) on the basis of 
averaged rainfall, the American River had 55% greater 
rainfall but only 23% greater runoff per square mile; 
(2) by isohyetals, the American River had 53% greater 
rainfall and only 23% greater runoff. Since the Ameri- 
can River area is steeper than the other, but timbered, 
the result is taken to demonstrate clearly the effect of 
forcsts in reducing runoff. It should be noted, however, 
that the American River has much the larger drainage 
area. 

But flood height, he added, is not the most important 
matter, except as regards river protective works. The 
chief thing is the frequency and duration of high-water 
and low-water periods. These latter wcre charted for 
a number of streams, together with rainfall figures, and 
the charts for three rivers were shown: the Mononga- 
hela at Lock 4, the Cumberland at Burnside, Ky., and 
the Red River at Arthur, Tex., for the years 1890 to 1907. 
The average lines which were drawn on these charts 
purported to show for the former two rivers an in- 
crease of number of days of both high water and low 
water, from 1890 to now, and at the same time a de- 
crease of rainfall. However, the plotted records are 
naturally very Irregular, and the straight lines drawn 
to average the several plots might have been changed 
considerably in slope without appearing less true to fact. 
In spite of this, and the short period of time covered, 
Mr. Pinchot interpretcd them as proving definitely that 
flood frequency and low-water frequency increases as 
deforestation proceeds, even though the rainfall de- 
creases. He also concludes that the Red River chart 
proves that extensive soil culture has the same effect 
as forests. 

The other remarks by Mr. Pinchot addressed them- 
selves to minor points of the author's argument and to 
his recommendations for lowland forests in preference 
to mountain forests. The forests-and-stream-flow sub- 
ject is so much more important, however, that we need 
not refer to them at length. Briefly, he charged Col. 
Chittenden with a ‘‘complete and thoroughgoing mis- 
understanding of the foundations of forestry.’’ 

Mr. M. O. Leighton’s remarks were intended to sup- 
plement those of Mr. Pinchot. He objected primarily 
to the author’s rejecting popular beliefs because not 
demonstrated by figures, without giving numerical proof 
of the opposite assertions. In Col. Chittenden's admis- 
sion that many springs and minor sources of water may 
be dried up by deforestation, he finds a proof that low 
water stages are lowered, since it cannot be conceived 
that a river retains the same quantity of flow when 
most of its ultimate sources have disappeared. He at- 
tacked the whole of the author's statements as to snow- 
fall, because snow melts from the bottom rather than 
the top, because forests do contain snowdrifts, and be- 
cause the drifts after all form only an Insignificant part 
of the total snowfall. Concerning the absence of long- 
time records of rivers, which the author deplores, he 
said that the Geological Survey has shown conclusively 
that a 10-yr. period comprchends practically the entire 
range of conditions likely to occur (with the exception 
of a few rare floods), while the Weather Bureau claims 
even a shorter pcriod. 

That the author makes gage-heights the criterion, a 
point already attacked by Mr. Pinchot, was also op- 
posed by Mr. Leighton, who declared it to be a miscon- 
ception of the subject to expect to find higher maximum 
floods as deforestation proceeds. He also claimed that 
if the rainfall figures were coupled with the author's 
tabulated records of flood heights they would disprove 
the inferences therefrom. Thus, the Tennessee River 
at Chattanooga, he stated, shows a marked reduction 
of floods, but if they be compared with the rainfall it 
will be found that relatively the flood heights are in- 
creasing. The gage at Pittsburg, for which the author 
gave figures, is not in a good section of the river, so 
that the gage height is not an accurate indication of 
the flow. As to deforestation in the Ohio Valley, more- 
over, he roundly denied the author's statement that the 
important inroads into the timber of the Ohio's drain- 
age area were made many years ago; and a similar re- 
mark applies to the Connecticut River. 

Flood damages in the United States in 190S have been 
made the subject of a careful estimate by the Geological 
Survey. The year’s damage up to Aug. 1 was no less 
than $265,000,000. No estimate has yet been made of 
damage to crops from drought, but it can be nothing 
like this sum, or nothing like even the $180,000,000 
flood damage of 1907. The author's claim that droughts 
do more injury than floods does not seem valid. 

After some further detail remarks on stream flow, Mr. 
Leighton referred very briefly to the reservoir system 
which is likely to be agitated before the Inland Water- 
ways Commission. He asserted that the reservoir ex- 
penditure will prove the best investment that the gov- 
ernment can make, and that the decision to enter upon 
it will be the most important action of the country since 
the ratification of the Constitution. The reservoir sys- 
tem, said Mr. Leighton, rests on the fundamental idea 
of developing the river as a unit, and no approach to 
that idea has been made in all the work on the United 
States. rivers done up to the present day. 
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EDITORIAL. 


Many engineers are already familiar with the 
fact that a great amount of useful matter to 
engineers is being published by the United 
States Government, and many of these docu- 
ments can be obtained for a nominal price. The 
distribution of these publications is in charge 
of the Superintendent of Documents. A brief 
catalog just issued by this official describes an 
extended list of publications relating to engi- 
neering and mechanics. Copies of this catalog 
are sent free on request. Applicants should spec- 
ify Price List 18, “Engineering-Mechanics.” A 
new price list on the subject of Transportation, 
to be numbered 25 in the series, will be issued 
in a short time. A smaller price list, known as 
a “Leaflet” series, is also issued for free dis- 
tribution, and No. 5, relating to the aging of 
cement and documents on the production and 
use of cement, will be of interest to many en- 
gineers. 

— . — 

The consolidation of the “Electrical Review,“ 
of New York, and the Western Electrician,” of 
Chicago, was announced during the past month. 
This recalls to mind the merging of the "Elec- 
(ical World” and the “Electrician” a few years 
ago. Concentration of effort in the field of elec- 
trical journals seems to be fashionable. But the 
reduction in number of electric periodicals is, 
perhaps, more apparent than real. Within the 
last few years two new journals have appeared, 
more or less directly under the auspices of the 
two chief electric manufacturing companies, 
and in addition, the monthly publication of the 
American Institute of Electrical Engineers has 
taken on something of the style and manner 
of a commercial periodical, so that, it might be 
said, three electrical journals have been added, 
for two that disappeared. Be that as it may, 
we tender our good wishes to the ‘Electrical 
Review and Western Electrician,” which is the 
product of the latest merger. It is to be pub- 
lished in Chicago, retaining the management 
and personnel of the “Electrical Review.” A 
New York office is to be maintained also. The 
first issue of the new journal appeared under 
date of Nov. 7. 

— . — 


A recent notice from France indicates a rather 
novel interrelation of the two most prominent 
French technical journals, ‘‘Le Genie Civil’’ and 
“Annales des Ponts et Chausées,” in the appoint- 
ment of M. A. Dumas, the managing editor of 
the former, as publisher of the latter. The 
“Annales,” as many of our readers Know, is the 
official organ of the French Bureau of Public 
Works, so that M. Dumas’ position as publisher 
is, in a way, a governmental one which cannot 
interfere with his private editorial capacity. 


REVIEWS. 


Internal Combustion Engines. 


Reviewed by LIONEL S. MARKS.” 


INTERNAL COMBUSTION ENGINES.—Their Theory, 
Construction and Operation. By Rolla C. Carpenter, 
M. M. E., LL. D., and H. Diederichs, M. E., Pro- 
fessors of Experimental Engineering, Sibley College, 
Cornell University. New York: D. Van Nostrand 
Co. Cloth; 6 x 9% ins.; pp. 597; numerous text il- 
lustrations and tables. $5, net. 


The literature of the internal combustion en- 
gine has been growing very rapidly in the past 
few years, but it includes very few books which 
are of any real service to the investigator or de- 
signer. There is one book which is both com- 
prehensive and thorough and which stands in a 
class by itself. It is Güldner's “Entwerfen und 
Berechnen der Verbrennungsmotoren.” Un- 
fortunately this book has not been translated 
into English, and so is unavailable to the ma- 
jority of English-speaking engineers. The Eng- 
lish books by Dugald Clerk and Bryan Donkin 
need badly to be brought up to date. The one 
American book of any value treats of part of the 
subject only. Under these circumstances there 
is obviously plenty of room for a good and com- 
prehensive work presenting to the English- 
speaking engineer the principal results of gas 
engine investigation and practice. 

Much of the work in gas engine investigation 
has been carried out in Germany. The re- 
searches of E. Meyer, Schottler, Körting, Slaby, 
Gü'dner, Langen and others have done much to 
clear up many gas-engine problems. The results 
of this very important body of work have been 
unknown to the great majority of English-speak- 
ing engineers because they have not been in- 
corporated in English books. Professors Car- 
penter and Diederichs have done a good service 
in extracting what is most valuable from German 
literature and incorporating it in their book. 
It is the most notable respect in which their 
book differs from others. The book is a serious 
and thorough piece of work. All the important 
sources have been carefully studied and good 
critical judgment has been employed in the se- 
lection and rejection of material. That it owes 
much to Güldner's book is very evident, but in 
its arrangement and methods it has its own 
strongly marked individuality. 

There are four principal divisions to the book. 
The first five chapters are occupied with defini- 
tions and theoretical considerations; the next 
five with fuels and the phenomena of combus- 
tion; then follow four chapters on gas-engine 
construction and operation; finally there, are 
four chapters on power estimation, testing, re- 
sults of tests and costs. 

The first chapter is a very unsatisfactory hodge- 
podge. Why is it necessary in such a work to 
devote a page to Celsius, Fahrenheit and 
Réaumur, or another page to a description and 
picture of a simple “mercurial” thermometer, 
especially, when a thing so obscure as the 
Baumé scale of densities goes unexplained? The 
second chapter gives a good digest of the laws 
of thermodynamics and their application to per- 
fect gas. It is surely undesirable to use the 
phrase “heat transmission” to mean the amount 
of heat absorbed or rejected by a mass of gas. 
Energy transmission has a definite meaning for 
engineers as distinguished from its utilization. 

In the chapters devoted to the comparlson of 
the various gas-engine cycles the very illumi- 
nating method due to Eugen Meyer is used. The 
modifications of the ideal cycles which occur in 
practice in the four-stroke Otto cycle are hand- 
led in an excellent way. It would have been 
well in discussing volumetric efficiencies to have 
added some of the results of American experi- 
ence to Güldner's values, but it is difficult to 
get much information on that subject. The least 
satisfactory section of this chapter is that deal- 
ing with the phenomena of the combustion and 
expansion lines. There is throughout the dis- 
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cussion the tacit assumption that combustion 
is practically instantaneous, and various actions 
are suggested as explaining phenomena which 
are probably in great part due to slow combus- 
tion. The recent work of several physical chem- 
ists has thrown much new light on the rate of 
chemical reactions, and we know now that ex- 
plosive reactions do not necessarily (or even 
generally) proceed to completion with accelerated 
velocity. Explosive reactions start with rapid 
acceleration, but after a while the relation be- 
tween the concentrations of the reacting sub- 
stances and the temperature of the mass be- 
comes such as to cause a rapid decrease in the 
rate of reaction. The particular moment at which 
the reaction begins to slow down depends on the 
composition of the explosive mixture and on 
many other factors. It is the fact that a re- 
tardation is to be expected that is apparently lost 
sight of by most writers on this subject. 

A whole chapter is devoted to the application 
of the temperature-entropy diagram to the gas- 
engine. The diagram is drawn on the assump- 
tion of constant specific heats of the gases and 
consequently there can be no value in any deduc- 
tions from it. Even if the variation in the specific 
heats were known and taken into account (which 
would still further complicate the translation of 
a pressure vo'ume into a temperature-entropy 
diagram), and if it were generally practicable 
to determine the temperature at some one part 
of the cycle (which is one of the necessities in 
constructing the diagram), the results when ob- 
tained are of such problematical value that it is 
very doubtful indeed whether it is at all worth 
while. The heat exchanges during any part of 
the cycle can be determined by heat balances 
quite as well as by this diagram. The diagram 
does not inform us whether heat is actually 
suppressed or whether it is being absorbed by 
the walls as soon as generated. The tempera- 
ture-entropy diagram is to a very great extent 
a fad. Its value is apt to be vastly overesti- 
mated by college professors, and it certainly is 
not worth a whole chapter in a book on gas- 
engines. 

The treatment of combustion and fuels is 
good. Gas producers are discussed only in the 
briefest possible way, but the discussion is well 
arranged and illustrated by figures which are 
sufficient in number and variety, but are of a 
size which demands a reading glass or a micru- 
scope for the examination of the details. The 
chapter on liquid fuels shows too much foreign 
influence. Among ten carbureters that are 
figured there surely should have been one good 
example of an American make of float-feed 
spraying carbureter. It is also observable that 
alcohol vaporizers. which are not used at all 
in this country, occupy more space than gasoline 
carbureters, of which tens of thousands are in 
use, 

The subjects of the explosibility of fuel mix- 
ture, of the pressures and temperatures result- 
ing from explosion and of the time of explosion 
are handled rather more briefly than their im- 
portance demands. The most notable omission 
is the lack of all reference to the recent work 
of Nagel on the velocity of explosion. Nägel's 
work is so definitely superior to all that has 
gone before it that it practically makes the other 
work obsolete. 

The discussion of modern types of internal 
combustion engines occupies 130 pages, and is 
illustrated by the same number of figures. These 
figures are for the most part extremely poor— 
often they are undistinguishab'e dirty smudges. 
This is the one serious blemish in this book. 
The line drawings are sometimes fair, but the 
reproductions of photographs are uniformly poor. 
An illustration has no place in a text-book if it 
does not illustrate. It is above all things neces- 
sary that the figures should be well chosen and 
well reproduced. Neither is the case in this 
chapter. The arrangement, also, is unsatisfac- 
tory. It is an arrangement, based on the engine 
builders instead of on the engines and reads 
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very much like a collection of trade catalogues. 
It is not well to incorporate in text-books the 
information that certain firms located in certain 
places make certuin types of engines up to cer- 
tain sizes. If the matter had been systematically 
arranged with a view to comparative study of 
the parts and arrangement of engines and had 
been adequately (rather than copiously) illus- 
trated it might have been valuable and instruct- 
ive; as it is, it is of but little use. 

The parts of the book dealing with ignition, 
regulation, the estimation of power, the results 
of tests and the costs of instalation and oper- 
ation are up to the high standard of the earlier 
chapters. 

Altogether this book may be highly recom- 
mended to students and engineers. It covers its 
chosen field more thoroughly and more capably 
than any other book in the English language, 
and it appears to be remarkab!y free from inac- 
curacies. The only respect in which it is seri- 
ously lacking is in its failure to handle satis- 
faciorily the subject of gas-engine construction. 
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British Ideas on Sewer Ventilation. 
THB VENTILATION OF PUBLIC SEWERS.—By John 


S. Brodie, M. Inst. C. E., F. R. S. I., etc. London, 
England: The St. Bride's Press, Ltd. Cloth; 5% x 
9 ins.; pp. 170; 25 illustrations in the text. 6s., net; 


American price, $2.40. 


It is not quite easy for American engineers to 
understand why their British cousins should have 
such interminable discussions over the ventilation 
of sewers. At least this cannot be understood 
except on the assumption that a large percentage 
of the British sewers are so old and poorly con- 
structed that the deposits in them are more vo- 
luminous and troublesome than are those in 
American sewers. Perhaps it should be noted in 
addition that a large percentage of British sewers 
are on the combined plan, and that the dry- 
weather sewage is much more concentrated than 
that in this country, owing to the relatively small 
water consumption in Great Britain. Of course 
it might be assumed in addition that the British 
public and municipal authorities are more sensi- 
tive to any ill effects that may come through a 
lack of sewer ventilation, than is the case in 
America. We think, however, that the main 
ditference lies in the defective condition of Brit- 
ish sewers and the concentration of sewage. 

Those interested in what British engineers and 
medical officers of health have said and done 
about sewer ventilation, will find the volume be- 
fore us a convenience. It is mainly a compila- 
tion. The first half is a fairly systematic ar- 
rangement of digests of society papers and dis- 
cussions, and municipal reports on sewer ventila- 
tion, accompanied by comments by Mr. Brodie. 
The first part also includes illustrated descrip- 
tions of a number of systems df sewer ventila- 
tion. A considerable percentage of these sys- 
tems are so discredited by the author, or so evi- 
dently useless, that their inclusion could only be 
warranted by a desire to make the book complete. 
In a chapter of eight pages, toward the end of 
Part I., the author submits a comparison of costs 
of the various systems of ventilation now in 
use, going into a fair amount of detail. A tabu- 
lar summary shows that the first cost of these 
systems ranges from £50 to £1,233 per mile of 
sewer ventilated (about $200 to $6,000), while the 
annual cost, including capital charges and opera- 
tion, ranges from £11 to £151 (about $55 to 
$750). The higher costs are for Shone & Ault’s 
“hydro-mechanical system of sewer ventilation,” 
some description of which was published in En- 
g:neering News of Nov. 24, 1904. 

The second part consists wholly of abstracts of 
the literature just mentioned, chronologically ar- 
ranged. These abstracts include the opinions of 
many engineers and other municipal authorities, 
as expressed in discussions and in the tabulated 
results of various circular inquiries. A great di- 
versity of opinion is shown on nearly every point 
raised, except as to the frequent necessity of 
stopping up ventilated manhole covers, and where 
this is done providing ventilating columns. These 
coluinns sometimes serve to support lamps, some- 
times are relatively large, independent stacks, 


but most commonly of all are attached to build- 
ings. 

A few of those quoted are bold enough to say 
that it is inadvisable to attempt any sewer ven- 
tilation whatever. But these are decidedly in 
the minority. A fair number, but still small in 
comparison with the total of those whose opinions 
are recorded, would like to see main traps omitted 
and the lateral sewers ventilated through house 
connections and soil pipes. It should be ex- 
plained here that as a rule the British sanitary 
authorities are not satisfied with the ordinary 
running trap alone, which is common in this 
country where trapping is required, but insist on 
a disconnecting trap which is virtually a combi- 
nation of a running trap and a manhole or air 
chamber. 

The book as a whole is well presented, from 
the publisher’s viewpoint, and assuming that 
there is a real need for an extended work on 
sewer ventilation the author is to be commended 
for the way in which he has brought together 
the most important of the available British in- 
formation on the subject. There are scarcely any 
references to sewer ventilation in other coun- 
tries, nor does the author serve his readers to 
any great extent by a scientific exposition of the 
real principles which should govern the design 
and operation of sewer ventilation. For the most 
part, he simply presents what others have writ- 
ten or done in this line, with a few words of 
comment now and then and a brief summary re- 
view of the leading ‘‘systems” of sewer ventila- 
tion described. The general viewpoint seems to 
be that engineers will make a selection from some 
of the “systems” described instead of working out 
their own scheme, in a:cordance with the funda- 
mental princip'es and the local conditions in- 
volved. 
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Steam Power Plants. 


STEAM POWER PLANT ENGINEERING. By G. F. 
Gebhardt, Professor of Mechanical Engineering, Ar- 
mour Institute of Technology, Chicago, III. New 
York: John Wiley & Sons. London, England: Chap- 
man & Hall, Ltd. Cloth; 5% x 9% ins.; pp. 816; 461 
illustrations, mostly in the text. $6, net; English 
price, 2os. 6d., net. 

Professor Gebhardt has taken up in detail all 
that relates to the development of power with 
the steam engine (or turbine) as a prime mover, 
with the exception that he has not touched on 
the actual design of boilers and engines—work 
which nowadays is not in the hands of the 
power-plant designer. No attempt has been 
made to go farther than the prime movers 
themselves. It will be recognized at once that, 
even with such limits, the field of the book 
necessitates a volume approaching the limit of 
size and price for broad circulation. 

The author takes up his subjects in a typical 
lecture-course sequence, which will apngal to 
those familiar with such methods. Elementary 
plants of the simplest condensing and non-con- 
densing types and those with all the usual heat- 
saving appliances are described with the aid of 
diagrams. This forms the introduction and 
carries out the definition of the essential parts 
of a steam power plant from the coal pile to 
the fly-wheel. The words or phrases which it is 
desired to define or to specifically draw atten- 
tion to are italicized. This scheme is carried 
through the book, though naturally most marked 
in the early parts. After the preliminary parts, 
the details of good practice and acquired knowl- 
edge of performance are assembled in groups— 
each group forming a chapter, and the progres- 
sion of subjects being from the fuel forward 
through boilers, furnaces, superheaters, coal and 
ash-handling machinery, chimneys, mechanical 
draft, engines, turbines, condensers and feed- 
water apparatus. After these, is a chapter giv- 
ing typical specifications for an engine, a boiler, 
a condensing outfit, a piping system and for the 
purchase of coal. Two more chapters describe 
typical turbine and reciprocating-engine plants. 
The final 75 pages forms six appendices and in- 
cludes a bibliography of the more recent articles 
On power-plant engineering, including gas and 
hydraulic work as well as steam, and in most 
cases related to the generation of electricity. 
The codes of the American Society of Mechan- 


ical Engineers for boiler and engine trials are 
here, with a table of the properties of satu- 
rated steam (from Peabody’s Tables) and with 
tables of conversion factors and equivalent 
values of mechanical and electrical units. 

At the end of each subdivision of a chapter is 
a brief catalog of technical articles treating 
more extensively that particular subject under 
discussion. Theory and practice go hand in 
hand through the book. A vast amount of data 
is given in tables and curves representing actual 
tests and trials, many of which studies were 
made at Professor Gebhardt’s owr school, the 
Armour Institute of Technology. But slight ad- 
verse criticism can be made on the book, and 
that only in a few minor details. To show spe- 
cifically the care and completeness with which 
the author seems to have selected and arranged 
his material would be impossible here. It can 
be hinted at, however, by running over a 
couple of chapters briefly. 

Fuels and Combustion” is the second chapter 
of the book. The first more general matter con- 
sists of classifications and descriptions of 
typical fuels and is interspersed with lists of 
articles printed by the technical press. The 
theory of combustion and combustion tempera- 
tures, of the various losses in burning coal are 
briefly discussed, and after these the proper 
purchase of coal by specification. Much atten- 
tion is paid to powdered, liquid and gaseous 
fuels and to systems for burning them. Each 
subdivision of these topics is accompanied by 
references for further reading and study. 

In the chapter on steam engines, in another 
part of the book, the author presupposes con- 
siderable knowledge of thermodynamics and 
starts his review of ideal conditions by quoting 
Carnot-cycle formulas. Actual mechanical and 
thermal efficiencies obtainable are discussed 
with the various classes of engine losses. The 
practical effects of increased steam pressure, of 
receiver-reheating, of jackets are shown by re- 
sults of tests. Then follow brief descriptions 
of types of engines in actual use—single and 
double-acting, simple, compound, triple and 
quadruple-expansion, high and low speed, simple 
and multi-valve. The practical effects of con- 
densing, superheat, cut-off point, etc., are shown 
by tabulated data. A few paragraphs take up 
binary-vapor engines. - 

The whole work seems modern, comprehensive 
and reliable and, while professedly prepared for 
students, it should serve as a good memory aid 


for the older engineer and a guide for the 
younger. Its bibliographies alone make it a 
valuable reference. 
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An English Work on Hydraulics. 
Reviewed by GARDNER S. WILLIAMS,* M. Am. Soc. 


HYDRAULICS AND ITS APPLICATIONS.—By A. H. 
Gibson, Assoc. M. Inst. C. E., Senior Demonstrator 
and Assistant Lecturer in Engineering in the Uni- 
versity of Manchester. New York: D. Van Nostrand 
Co. Cloth; 5% x 9 ins.; pp. 757; 310 illustrations in 
the text. $5, net. 


The author states in his preface that an at- 
tempt has been made to consider the science, and 
its application to the design of hydraulic ma- 
chinery, in a manner suitable for a student who 
has some initial knowledge of mechanics,” and 
those who approach the subject with no more 
preliminary training than is assumed by the or- 
dinary American text-book writer on hydraulics 
will soon find themselves beyond their depth. 
The book stands in much the same relation to 
the works of Merriman and Church that Cotter- 
ill’s does to the ordinary treatises on mechanics. 

After a very brief outline of the history of 
the science, the physical properties of water are 
taken up and cohesion, adhesion and viscosity 
are treated with considerably more detail than 
ordinarily. This discussion, though brief, pre- 
sents clearly the fundamentals of the matter and 
reference is made for more exhaustive treat- 
ment to the monograph on capillary action in 
the Encyclopaedia Britannica and to the Philo- 
sophical Transaction of the Royal Society. 

The second chapter deals with the Hydrosta- 
tics and its application to masonry dams; flota- 
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tion and oscillation of ships and the strength of 
Pipes and thick cylinders and a discussion is 
presented of the vertical shear in dams and 
retaining walls with references to the recent 
contributions on the subject by Atcherly and 
Unwin, which is followed by an analysis of the 
time of oscillation of a rolling ship. . 

Chapter III. begins what is known as Sec- 
tion II. of the book under the general head of 
Hydraulics, and opens with a resume of the 
color-band experiments of Osborne Reynolds 
and Hele Shaw, followed by a description of 
Vortical motion, but the analytical treatment is 
omitted and the reader referred to the work of 
Hicks in the Philosophical Transactions. Straight 
line and eddy motions, the critical velocity, and 
the effects of viscous resistance follow natur- 
ally, the last being treated analytically. 

In Chapter IV. is presented the theoretical 
mechanics of Hydraulics and the equations of 
motion for a viscous fluid are derived and ap- 
plied to stream line flow, following which is 
presented a comprehensive demonstration of 
Bernoulli's Theorem by the method of equation 
of forces, there being a marked distinction here 
from the ordinary demonstrations by this 
method, that account is taken of all the forces. 
The application to the Venturi meter, to sudden 
enlargement and contraction, curvature and vor- 
tex motion with some original experimental 
data, complete a chapter which for one who is 
rusty upon his mechanics will be found hard 
reading, but which is to be highly commended 
as an intermediate step to the works of Stokes 
and Lamb. In the following chapter the flow 
through orifices is presented in one of the most 
satisfactory discussions on the subject in Eng- 
lish, except that the influence of suppression of 
contraction is neglected and the case of parti- 
ally submerged discharge is treated by the old 
Du-Buat method. From the quality of the pre- 
ceding work the reviewer was led to hope that 
a more rational treatment of this case and of 
that of submerged weir would be developed. 
The discharge over weirs and through notches 
is treated, but with less analytical completeness, 
and with a misconception of the influences of 
flat crests. There are also some unfortunate 
errors in the citations of experimental data. 

The comments on the “use of the weir as a 
water measuring apparatus” indicate a con- 
siderable lack of experimental knowledge on the 
part of the author, as for instance when he 
states that in a rapidly moving stream ‘‘the 
hook gage is the only suitable appliance” (for 
reading head). Anyone who should attempt to 
use the hook under these conditions would at 
once discover the impossibility of even approxi- 
mate work with it. 


Chapter VI. is devoted to fluid friction and its 
applications to naval architecture, the investi- 
gations of Froude forming the foundation; and 
Chapter VII. to pipe flow. The derivation of 
the Reynolds equation and of the limits of the 
critical velocity is presented and an analysis is 
given of the several formulas, particularly those 
of Reynolds, Unwin, Lawton, and Thrupp, which 
is to be commended to those wishing to inform 
themselves upon the real rather than the as- 
Sumed laws of flow; but in an examination of 
experimental data the author again shows his 
lack of appreciation of practical conditions, and 
the references to the publications of the Ameri- 
can Society of Civil Engineers appear to be in- 
discriminately to Transactions and Proceedings 
under the former title. Furthermore some of 
these references seem to have been quoted or 
copied from other than the original documents. 
A considerable space is devoted to the me- 
chanics of the stoppage of flow and water ham- 
mer. i 

The hydraulic gradient and the losses in pipe 
lines’ are quite comprehensively treated in the 
following chapter, but the opportunities which 
the subjects offer for mathematical investi- 
gation are largely overlooked. 


In the flow in Open Channels, Chapter IX., the 
empiric formulas of Prony, Eytelwein, Darcy 
and Bazin, Kutter, and Manning are first dis- 
cussed and then the more rational ones of 


Fidler and Thrupp. The characteristics of 
various forms of channel are examined, the gen- 
eral equation of flow is derived; non-uniform 
flow is investigated and the general problem of 
back water presented; the latter analysis being 
much more extensive than is usually attempted, 
but its practical utility is limited by being con- 
fined to the case of uniform width. The in- 
fluence of bridge piers and the passage of boats 
through narrow channels are considered, and the 
distribution of velocity in open channels is then 
taken up, but the author has apparently over- 
looked the main points of the Bazin analysis of 
the problem and just misses a rational solution 
of the case, reaching instead the old Darcy 
equation of the parabola. In his discussion of 
erosion and deposition he very correctly ob- 
serves “The tendency to deposition of silt, how- 
ever, depends more upon the changes of velocity 
in the stream than upon the actual velocity,” a 
statement that long ere this should have been 
in every text-book, but which in print is really 
a novelty. The chapter closes with the Gaging 
of Flow in Open Channels, and in advising the 
use of the hook gage in the middle of a flow- 
ing stream. The author again shows his lack 
of experience in the field, as well as when he 
speaks of gaging by current meter with the in- 
strument fastened to a post driven into the bed 
of the stream, and he attaches to the meter too 
much accuracy, failing apparently to see that it 
is much more susceptible to the influences he de- 
scribes as operating against accuracy in float 
gagings. 

Chapter X. begins with Impact of Jets and 
gives some experimental data by the author on 
the pressures exerted on various formed vanes. 
The distribution of pressure over flat plates, 
and the action of the ball nozzle are examined 
and jet propulsion is discussed, as well as rudder 
action and the resistance of submerged bodies. 

Chapter XI. begins Section III., but the fact 
is only discoverable by reference to the Table 
of Contents, as the printer has omitted to 


indicate it in the heading of the chap- 
ter. This section is devoted to hydraulic 
machinery and opens with prime movers, 


describing in the first two chapters the ordi- 
nary types of wheels. The discussion of the 
American or mixed flow turbine is unfortunately 
confined almost wholly to the data found in the 
trade literature of a single manufacturer. The 
following chapter deals with the theory of tur- 
bine design, and Chapter XIV. is devoted to 
hydraulic engines. Chapter XV. offers as valu- 
able discussion of reciprocating pumps, and 
Chapter XVI. of the centrifugals. The hydraulic 
ram, jet pump, air lift, and hydraulic air com- 
pressors are the subject of Chapter XVII. 
Chapter XVIII. covers hydraulic power trans- 
misson and the related apparatus, together with 
water meters in which latter the American 
types, except the Venturi, are entirely omitted. 
Chapter XIX. completes the book and presents 
hydraulic lifts, cranes, presses, riveters, brakes, 
and lastly the hydraulic dynamometer developed 
by Froude and Reynolds. 


Typographically the book is well made up, but 
the paper is extremely heavy. The book, which 
contains 772 pages, weighs 3% pounds, while the 
bound report of the Massachusetts State Board 
of Health containing 774 pages of the same size, 
weighs less than 21, pounds. This excessive 
weight all too common in the present output of 
our publishing houses is a decided objection with 
the student who may have to carry three or four 
volumes at a time. 


The subject matter is not handled with uni- 
form discretion, some parts being excellent and 
others rather loosely thrown together, and the 
language in places is that of a lecturer rather 
than of a writer, and, worst of all, the citations of 
experimental data are not always accurate. In 
the hands of an instructor familiar with experi- 
mental limitations the work will be a useful 
text for advanced students, and will do much to 
improve the exactness of hydraulics as a science 
if it become generally studied, but it is a little 
too advanced for most of the students in our 
American schools. 


The Resistance and Propulsion of Ships. 


Reviewed by D. W. TAYLOR.*® 
HYIPRAULICS.—By S. Dunkerley, M. Inst. C. E., M. 
Inst. M. E., Professor of Civil and Mechanical Engi- 
neering in the University of Manchester and Director 
of tbe Whitworth Laboratories. In two volumes. 
Vol. II.: The Resistance and Propulsion of Ships. 
London, New York and Bombay: Longmans, Green 

& Co. Cloth; 5½ x 8½ ins.; pp. 253; 115 illustra- 

tions in the text. $3; English price, 10s. 6d., net. 

Although this is Vol. II. of a work on Hydrau- 
lies, it is complete in itself, Vol. I.f having to 
do with hydraulic machinery. This book is 
founded upon and evidently follows closely Pro- 
fessor Dunkerley’s lectures on the resistance 
and propulsion of ships when he was a member 
of the staff of the Royal Naval College at Green- 
wich, England. 

Chapter 1 of 3L pages deals with stream lines; 
chapter 2 of 45 pages with waves; chapters 3 
and 4 of 61 pages in all with resistances of all 
kinds, the law of comparison, etc.; chapter 5 of 
29 pages with the features affecting the resist- 
ance of full sized ships; and chapter 6 of 80 
pages with the theoretical considerations affect- 
ing the propulsion of ships. The index occupies 
7 pages. 

In discussing stream lines, the author gives a 
little elementary hydrodynamics and something 
about sinks and sources. Plane stream lines 
past a circular cylinder are discused quite 
fully, Rankine’s methods being closely followed, 
This chapter is concluded with condensed in- 
formation about the stream lines around asphere 
and Hele-Shaw’s experiments in connection with 
plane stream lines. 

Under waves, the author gives a condensation 
of Scott-Russell’s work on waves of translation 
and brief deductions of the well-known formulas 
for trochoidal waves in deep and shallow water, 
concluding with some account of capillary waves. 
In dealing with trochoidal waves he follows 
closely Rankine’s methods. 

In considering ship resistance the author sepa- 
rates it asis customary into the three components, 
eddy resistance, skin resistance and wave mak- 
ing resistance. In connection with eddy re- 
sistance he gives a number of the more or less 
contradictory formulas which have been obtained 
by various experimenters, but does not assume 
to fix that which is most correct or reliable. 

Under surface friction he gives the well-known 
Froude results. His statement, however, on p. 
S5 that “The only reliable experiments on sur- 
face friction are those by Mr. William Froude” js 
hardly warranted. Tideman's experiments, made 
very soon after Mr. William Froude publisned 
his results, are certainly reliable. 

On p. 91 is found a table of frictional co- 
efficients which the author states to have been 
given by Mr. R. E. Froude. While this table 
can be deduced from data in papers by Mr. R, 
E. Froude, it was not given directly by him. In- 
cidently, it may be remarked that in the table 
the coefficient “f” for a length of 100 ft. is 
erroneously given as 0.00913. It should be 
00923. 

In dealing with the law of comparison, the 
author gives the demonstration based upon the 
steady motion formula, and in exemplifying the 
law he abstracts Mr. Froude's paper of 1874 be- 
fore the Institutlon of Naval Architects on the 
Greyhound experiments. 

There is nothing novel in the author's treat- 
ment of wave making resistance, the figures 
and data of tests given being taken from papers 
by the elder and younger Froude, and the gen- 
eral treatment follows closely well known lines 
developed by them. 

In Chapter ð, which has the not very happy 
title “Trials on Full Sized Ships,’ the author 
gives a good deal of rather heterogeneous data 
taken almost entirely from papers before the 
Institution of Naval Architects. In this chap- 
ter would naturally be given methods for esti- 
mating resistance and power of ships. What 
little is given in this connection, however, is of 
practically no value for the purposes of the 
designer. 
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In Chapter 6, dealing with propellers, the 
author, after giving some of the general con- 
siderations affecting ship propellers, gives at 
some length Rankine’s, Greenhill’s and William 
Froude's theories of propeller action and also 
R. E. Froude’s reasoning in this connection. He 
gives the experimental results with models ob- 
tained by R. E. Froude and published by him 
in papers before the Institution of Naval Archi- 
tects in 1886 and 1892. He concludes with some 
remarks on cavitation and gives interesting 
figures from Mr. Parsons showing small model 
screws cavitating. In connection with cavita- 
tion, the author accepts the Barnaby rule laid 
down a good many years ago that the limiting 
average pressure which can be permitted per 
square inch of projected blade area is 11% lbs. 
This limit was deduced by Barnaby from ex- 
periments of a limited range and while appli- 
cable to a particular type of vessel and pro- 
peller, experience has shown it to be entirely 
unreliable as a general rule. Cavitation has 
been found where the pressure was far below 
the 1114-lb. limit—less than half in some cases 
where the blade section and tip speed were 
such as to induce cavitation. 


This book has a great many typographical 
errors, such as on p. 56, fifth line from bottom, 
“observing” instead of ‘‘obscuring;’’ on p. 65, 
eighth line, “many” instead of may; on p. 
110. about half way down, 7,540 tons“ instead 
of “1,160 tons: on p. 142, near the bottom of 
the first paragraph, ‘1.00 I. HP. per ton” in- 
stead of ‘10.00 I. HP. per ton.” In the table on 
p. 186, the heading of the second column is 
evidently erroneous, but it is impossible to say 
what is meant. In note 2 on page 222 “inward” 
is used when “outward” is meant. In the table 
of errata the author has corrected the typo- 
graphical error on p. 140 where the displace- 
ment of the vessel is given as ‘93,000 tons” in- 
stead of “9,300 tons,” but it would be advis- 
able to make a change here to bring the data 
within the limits of possibility. In illustrating 
the departure of skin resistance from the law 
of comparison the author assumes the case of 
a vessel 345 ft. long of 9,300 tons displacement 
and 23.7 knots speed. No vessel of this length 
and displacement has ever developed such a 
speed. 


This work is essentially a compilation of 
papers on its subject which appeared before the 
Institution of Naval Architects and other British 
technical societies up to 1900. The author ap- 
pears to ignore papers in other countries and 
includes no British papers on his subject sub- 
sequent to 1900, although there have been a 
number of such. In connection with model pro- 
peller experiments the author gives no data sub- 
sequent to 1892. 


For the purposes of a designing naval archi- 
tect and engineer this book is of small value, 
since it contains so little that is practically ap- 
plicable to the problems arising in practice. To 
the student who does not have access to trans- 
actions of the Institution of Naval Architects it 
will be of some value. For the purposes of the 
ordinary student the treatment of plane stream 
lines around a cylinder and of waves of trans- 
lation is quite as adequate as the original- papers 
by Rankine and Scott Russell. Scott Russell’s 
works are not accessible to most students. 


In this connection the author’s statement on 
p. 34 that Mr. Scott Russell “was the first to 
make experiments on waves” needs some quali- 
fication. Scott Russell was probably the first 
in England to make experiments on waves, and 
very probably the first in the world to make 
exhaustive and reliable experiments on waves 
of translation, but Scott Russell's investigations 
were published in the British Association re- 
ports for 1837 and 1844. In 1825 the Weber 
brothers published in German an elaborate work 
on waves giving results of many experiments 
made by them. They dealt mainly with oscil- 
lating waves and their experiments were not so 
reliable as those of Scott Russell on waves of 
translation, but they were very extensive and 
afforded a great deal of information on the sub- 
ject of wave motion. 


A Correspondence School Cyclopedia of Civil 
Engineering. 


CYCLOPEDIA OF CIVIL ENGINEERING.—A General 
Reference Work on Surveying, Railroad Engineering, 
Structural Engineering, Roofs and Bridges, Masonry 
and Reinforced Concrete, Highway Construction, Hy- 
draulic Engineering, Irrigation, River and Harbor 
Improvement, Municipal Engineering, Cost Analysis, 
ete. Editor-in-Chief, Frederick E. Turneaure, Dean, 
College of Engineering, University of Wisconsin; As- 
sisted by a Corps of Civil and Consulting Engineers 
and Technical Experts of the Highest Professional 
Standing. Eight Volumes. Chicago, III.: American 
School of Correspondence. Cloth; 6% x 0% ins.; pp. 


3.362; numerous plates and text illustrations. The 
complete set, $24. 
The Cyclopedia of Civil Engineering, like its 


predecessors, the Cyclopedia of Applied Electric- 
ity and the Cyclopedia of Architecture and 
Building*, is a compilation of various instruc- 
tion books {issued for students by the American 
School of Correspondence. These books, each 
treating some especial branch of civil engineer- 
ing, have been originally printed separately in 
the same style of typography, and are brought 
together in eight uniformly bound volumes, each 
paged both for the volume and the individual 
paper, and coplously interleaved with half-tone 
cuts which may or may not have anything to do 
with that particular part of the book in which 
they are placed. Each of the separate papers is 
the work of some well-known practicing engineer 
or engineering professor who, in most cases, is 
fully competent to write upon the subject of his 
volume. Indeed, in many instances the authors 
have already published books, to which the 
present papers bear a remarkable resemblance. 

As separate texts we have already reviewed 
many of the books included in the Cyclopedia, 
at these times commenting upon them purely 
for what they purported to be, correspondence 
school text-books, by means of which, with the 
occasional aid of explanatory papers, the home- 
student could get some knowledge of the prin- 
ciples of engineering. However, a somewhat 
different viewpoint in the estimate of the as- 
sembled volumes is necessitated by the following 
extract from the Cyclopedia. 

The marvelous developments of the present day in the 
field of civil engineering . . have created a distinct 
necessity for an authoritative work of general ref- 
erence embodying the results and methods of the latest 
engineering achievement. The Cyclopedia of Civil Engi- 
neering is designed to fill this acknowledged need. 

The aim of the publishers has been to create a work 
which, while adequate to meet all demands of the tech- 
nically trained expert, will appeal equally to the self- 
taught practical man, who, as a result of the unavoid- 


able conditions of his environment, may be denied the 
advantages of training at a resident technical school. 


This assumption that text-books for home 
study, when brought together under one bind- 
ing, may form a reference book for the prac- 
titioner, is based on a faulty or at least incom- 
plete conception of the function of the two. A 
text-book is used as the adjunct of personal in- 
struction in acquiring knowledge afterward to 
be used in practice; a reference book is for the 
occasional aid of the practitioner, versed in the 


general processes of his profession, to recall for- 


gotten details or to supply omitted ones. In the 
higher classes of text-books, those which treat 
of the principles of the profession, the elements 
of pure and applied science are expected of the 
student, and the books are so written that they 
can be used in practice as reference books. In 
elementary works, on the other hand, where the 
author is attempting to lead a reader from entire 
or at least partial ignorance of the subject into 
a fairly complete knowledge, the methods of 
developing the theme must be so elementary and 
gradated that the book can be available for noth- 
ing but initial instruction. The steps taken must 
be so minute and the explanations so explicit 
that the book will be of little value as a future 
reference once the elements of its matter are 
well grounded. 

Especially is this difficulty inherent in the 
text-books of the correspondence schools, books 
intended for entirely written instruction which 
must be so clear and so elemental that, in a way, 
they yeplace the personal element of the in- 
structor assumed by the ordinary text-book. As 
a result of this necessity for a clear exposition 


*Reviewed in Engineering News, March 16, 1905, and 
Dec. 12, 1907, respectively. 


of every statement they must omit many of the 
important but involved portions of theire sub- 
jects, partly from lack of space and partly from 
the very complication of demonstration which 
cannot be expressed in terms understandable 
by the student who has not had the benefit of 
personal explanation of certain preliminary 
passages. This effort to make the subject clear 
to the elementary student gives to nearly all of 
the papers in this Cyclopedia a superficial nature. 
They glide lightly and easily over some of the 
most important descriptions and theorems be- 
cause the space is lacking and the pupil has not 
been prepared to comprehend the necessary in- 
volved discussion. As the text-book for the 
home student we can imagine that the Cyclo- 
pedia will have a valuable place, although the 
separate volumes might serve his purpose bet- 
ter, for in the Cyclopedia he has to take the 
good with the bad. But to the practising en- 
gineer we cannot see that the collected volumes 
will serve any useful purpose. With the possi- 
ble exception of one or two papers every subject 
has been treated more thoroughly and certainly 
more broadly than in these text-books. 

The individual papers are too many for a 
separate estimate to be made in this review; 
some have already been reviewed in the past 
as separates; it is probable that the others will 
be so treated in the future. The titles in the 
eight volumes are as follows: 

V. I, Plane Surveying, Alfred E. Phillips: Mechanical 
Drawing, Erwin Kenison. 

V. 2, Plotting and Topography and Railroad Engineer- 
ing, W. L. Webb. 

V. 8, Strength of Materials and Statics, E. R. Maurer: 
Roof Trusses, Frank O. Dufour; Cost-Analysis Engineer- 
ing, R. T. Dana and H. P. Gillette. 

V. 4, Masonry and Concreting Materials, W. L. Webb 
and W. H. Gibson; Stone Masonry and Plain Concrete 


Construction, W. L. Webb and W. H. Gibson; Rein- 
forced Concrete, W. L. Webb and W. H. Gibson. 
V. 5, Steel Construction, E. A. Tucker; Practical 


Problems in Construction, S8. F. Strickland and C. H. 
Rutan. 


V. 6, Bridge Engineering, F. O. Dufour; Highway Con- 
struction, A. T. Byrne and A. E. Phillips. 

V. 7, Water Supply, F. Ð. Turneaure; Irrigation En- 
ginzering, A. E. Phillips; Sewers and Drains, Anson 
Marston; Plumbing, W. B. Gray and C. B. Ball. 

V. 8, Water-Power Development, Adolph Black; River 
Improvement, Charles E Morrison; Harbor Improve- 
ment, Charles E. Morrison. 

— — ä äœ ⁴äé¼⁴ůſgggñ — 


BRIDGE ENGINEERING. ROOF TRUSSES.—A Manual 
of Practical Instruction in the Calculation and De- 
sign of Steel Truss and Girder Bridges for Rail- 
roads and Highways, Including Also the Analysis and 
Design of Roof Trusses and Other Details of Mill 
Building Construction. By Frank O. Dufour, Assist- 
ant Professor of Structural Engineering, University 
of Illinois. Chicago, Ill.: American School of Corre- 
spondence. Cloth; 6% x 9% ins.; pp. 254 + 96; plates 
and numerous text illustrations. 


Of the many contributions to the Cyclopedia of 
Civil Engineering noted elsewhere on this page. 
the book on bridge and roof design by Prof. 
Dufour is among the best. 

Under each of the two parts—Bridge Engi- 
neering and Roof Trusses, separately paged as 
taken from two different volumes of the Cyclo- 
pedia—it takes up the computation of stresses 
and the practice of detailing. Stresses are 
treated entirely analytically, except in a few 
instances, where graphic diagrams are printed 
with no other explanation than a reference to 
a vaguely indicated companion volume. For 
such an exposition of the theory of stresses as 
a new student requires—simple, clear and con- 
secutive—the book is satisfactory. It suffers 
somewhat from its association to the Cyclo- 
pedia, in its references to other parts of the 
larger work to which the reader may not have 
access, but these references are mostly to higher 
structures or more intricate theory which the 
volume at hand does not pretend to treat. As 
indicated by the subtitle (though not by the 
main title) the steel structure alone is taken up 
in the discussion of details; under bridges there 
is no attempt to discuss masonry, and under 
roof trusses there is no reference to timber de- 
tails. 

For its intended use as an introduction to the 
study of bridge design it surely has a place, 
though it can in no way replace the more widely 
Known standard books on the same subject. 
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Two Books on Railway Track. 


Reviewed by JOHN F. WALLACE, Past-President Am. 
Soc. C. E. 

RAILWAY TRACK AND TRACK WORK.—By E. E. 

Russell Tratman, Assoc. M. Am. Soc. C. E., Associate 

Editor of “Engineering News.” Third Edition, fully 


revised. New York: The Engineering News Publish- 
ing Co. London, England: Archibald Constable & 
Co., Ltd. Cloth: G x 9 jns.; pp. 520; 250 illustrations 


in the text, and 4 large folding tables. $3.50, net. 
ELEMENTS OF RAILROAD TRACK AND CONSTRUC- 
TION.—By Winter L. Wilson, Professor of Railroad 
Engineering, Lehigh University. New York: John 
Wiley & Sons. London, Eugland: Chapman & Hall, 
Lid. Cloth; 434 x 71s ins.; pp. 320; 181 illustrations 
in the text. $2; English price, Ss. 6d., net. 
Mr. E. E. Russell Tratman’s work on “Rail- 
way Track and Track Work” not only treats 
this subject in an exhaustive and comprehensive 
manner, but provides a most valuable addition 
to the literature on American railway track, 
which, of all subjects bearing on railroad prob- 
lems, has been the one most deficient in that 
respect. 

American railway engineers who are still young 
can well remember the interest with which the 
pages of Charles Latimer's Roadmaster's Guide” 
were first read, it being, if the writer remem- 
bers rightly, the first crystallization in book 
form of the literature on practical track work. 

In later years this was followed by William 
Barclay Parsons’ book on “Track,” and track 
men generally felt that Mr. Parsons should have 
revised and re-issued this work from time to 
time, as it supplied a growing want upon the 
part of engineers and practical railroad men. 

It is certainly gratifying to the members of 
the engineering profession to know that Mr. 
Tratman has taken it upon himself to keep pace 
with the constant development in track work, 
and to continue to devise his adinirable work 
from time to time as the addition of new ma- 
terial may be necessary. 

Outside of the official publications of the 
American Engineering and Maintenance of Way 
Association, there is no single work which con- 
tains between its covers such a broad and com- 
prehensive treatment of the subject; and it is 
a work which should certainly be appreciated, 
not only by members of the engineering pro- 
fession who make a specialty of track work, but 
by every practical railway man and official whose 
duties require him to come in touch with main- 
tenance-of-way matters. 

Mr. Tratman’s work will assist in giving dig- 
nity to maintenance-of-way work, and, taking 
it out of the field of ordinary skilled labor, place 
it on the higher plane of professional engineer- 
ing accomplishment. 

The thanks of the engineering profession are 
certainly due to Mr. Tratman for his efforts in 
this direction. 

The “Elements of Railroad Track and Con- 
struction” by Winter L. Wilson, shows a fine 
and discriminating appreciation of the best, 
most effective and interesting way to bring 
before engineering students the salient prin- 
ciples of railway track and maintenance-of-way 
work. 

Professor Wilson has treated this matter in 
a very attractive and common sense manner, 
and has produced a work which should be ad- 
mirably adapted for the purpose of a standard 
text-book upon this subject for young engineer- 
ing students. He has certainly shown the 
qualities of a high-class instructor by present- 
ing his subject in plain and simple language, 
unincumbered by complicated or unnecessary 
mathematical formulas, and it is written in 
such a way as not only to interest young en- 
gineering students in this subject, but to im- 
press upon their minds the essential principles 
underlying maintenance-of-way work. 

It is to be hoped that those for whose benefit 
this work is published will appreciate it, and 
that the first edition may be followed by many 


others. eS ee 


A 24 x 17-in. sheet giving the decimal equiv- 
alents of sixty-fourths, in type -in. high and 
in easily readable arrangement, is issued by H. 
C. Karlson, 39 Cortlandt St., New York City. 
The publisher offers to send a copy of the sheet 
to responsible persons free of charge. Additional 
copies are furnished at 5 cts. each. 
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Boiler Accessories. 


BOILER ACCESSORIES. —A Complete and Authoritative 
Treatise on the Various Accessories of the Boiler 
Room and Engine Room Essential to Economical Op- 
eration, togethcr with Practical Instruction in Their 
Use. By Walter S. Leland, Assistant Professor of 
Naval Architecture, Massachusetts Institute of Tech- 
nology. Chicago, Il.: American School of Cor- 
respondence. Cloth; 644 x 9% ins.; pp. 123; plates, 
and 72 text illustrations. $1, net. 

The title “Boiler Accessories” is liberally in- 
terpreted, for space is given to boiler supports, 
settings and furnaces and to capacity, corrosion 
and incrustation, explosions, fuels and trial con- 
ditions. There is the expected matter on fit- 
tings, draft systems, pumps, injectors, feed- 
water purifiers, moisture separators, calorimeters, 
piping, etc. The book seems to well serve its 
purpose of a not-too-technical manual of boiler 
appurtenances. There are but few trade-catalogue 
cuts; the most of the diagrams appear to be from 
original drawings arranged to show the main 
ideas clearly and simply. 

In one place the author is apt to create an im- 
pression which must be contrary to his teach- 
ings, for the point is partly controverted later. 
On page 2 we read: 


The space between the bridge and the shell is from 6 
to § ins., which brings the hot gases into close contact 
with the boiler before they enter the combustion cham- 
ber beyond. 

It is generally conceded that, for economical 
and smokeless operation, the hot gases are not 
to be brought into contact with cold metal until 
combustion is completed. This very point is 
given on page 9. The unwarned student, how- 
ever, could scarcely be expected to know that a 
high bridge wall was often a good preventive of 
Such desired combustion. Indeed, some prac- 
ticing mechanical engineers require that the 
bridge wall serve merely as a fuel stop. The 
heat is to be absorbed largely in the tubes, for 
these form about 90% of the heating surface of 
the fire-tube boiler discussed. No appreciable 
advantage is claimed for making the gases hug 
the shell at the bridge wall. 

On page 14, where the author states that 
actual loss caused by the escape of smoke, even when 
it is dense and black, has been found to be slight, 
it would have been better to explain that while 
the actual loss by the carbon seen in smoke was 
small, it was a nearly infallible sign of accom- 
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panying escape of unburned gases giving a bad 
drop in efficiency of combustion. 

Mechanical stokers are passed over with some 
350 words, which seems a bit inadequate. 

Early in the book the author advises placing 
the boiler with the hand-hole end about an inch 


lower than the other end. This practice is now 
condemned by some good practicing engineers on 
several grounds. First, they prefer a level boiler 
for ease in fitting flanged connections; again, 
they claim that the circulation is usually from the 
hand-hole along the bottom of the shell and that 
a small fall of 1/16-in. per ft. will not cause the 
sediment to pass toward the hand-hole against 
the current. 
FCC 


STRENGTH OF RIVETED JOIN TS. By J. 
Superintendent Inspection Division, Maryland Cas- 
ualty Co. A lecture delivered at an open meeting 
held under the auspices of Euclid Council No. 14, 
Universal Craftsmen Council of Engineers, Baltimore, 
Oct. 29, 1908. Baltimore, Md.: Maryland Casualty 
Co. Paper; 6 x 9 ins.; pp. 12. 


Contains an explanation of how to compute 
the strength of riveted joints, both lap and butt, 
with single or multiple riveting; it is written 
So as to be easily understood. 
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Second Edition, Revised and Enlarged 


A Text Book of Mechanical Drawing and 
Elementary Machine Design 


By Jony S. REID, Instructor in Mechanical Drawing and Designing, Armour Institute; Member of the 
American Society of Mechanical Engineers: and Davip REID, formerly Instructor in Mechanical Drawing and 
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Hydro-Electric Practice. 
Reviewed by F. C. FINKLE.“ 


HYDRO-ELECTRIC PRACTICE.—A Practical Manual of 
the Development of Water Power, Its Conversion to 
Electric Energy, and Its Distant Transmission. By 
H. A. E. C. von Schon, M. Am. Soc. C. E., Civil 
and Hydraulic Engineer. Philadelphia and London: 
J. B. Lippincott Co. Cloth; 7144 x 10 ins.; pp. 382; 
140 illustrations, mostly in the text, 40 diagrams and 
33 tables. 56, net. 

If the prospective reader of this work expects, 
as the title indicates, that it is a manual of 
practice in hydro-electric development, he will 
be greatly disappointed. Without wishing to 
detract from the value of the book, so far as it 
goes, it is correct to say that the title is 
misleading. The work is really an elementary 
treatise, covering only a limited part of the 
field of hydro-electric practice in the United 
States. 

Without further special reference, this point 
will become sufficiently clear in the comments 
to follow. 

The arrangement of the matter is in proper 
logical sequence. The discussion opens with a 
statement on market requirements for a commer- 
cial development, giving an illustration, which 
is far from complete and convincing. Any such 
research should include data showing the cost 
of the power per kilowatt hour or horse-power 
hour, both from the old plants, and from the 
proposed hydro-electric development intended to 
replace them. Only in this way can conclusions 
as to probable revenue be reached with any de- 
gree of certainty. 

In Chapter 2 the treatment of the available 

water supply from streams purports to be gen- 
eral, but the rules laid down apply only to the 
eastern part of the United States and to other 
regions, where the quantity and distribution of 
precipitation are the same as there. 
This chapter is very disappointing in one other 
regard; as it fails to indicate any rules by which 
the supply of water may be determined, if regu- 
lated by means of reservoirs of a given ca- 
pacity. This is a most important problem on 
streams having radical monthly, annual and 
secular fluctuations in their discharges. 

The list of rivers given in Table 1 is of much 
value for reference, although the low flow given 
is, in many cases, based on insufficient informa- 
tion, and therefore the figures are unreliable. 
Great care was not used in preparing the list, 
as many important rivers are omitted, as, for 
instance, the Cache a la Poudre, which is the 
second largest river on the eastern slope of the 
Rocky Mountains in Colorado and the Sandy in 
Oregon, which drains the western slope of Mount 
Hood, the highest mountain in Oregon, and is 
an important tributary of the Columbia near 
Portland, while many less important streams 
are included. 

Chapter 3 should have had reference to 
many important matters affecting the invest- 
ment of capital in hydro-electric projects, among 
which may be mentioned the status of such 
undertakings on National Forest Reservations, 
which now include some 160,000,000 acres of 
public land and most of the mountain streams 
with undeveloped water power in the United 
States. Also the matter of acquiring water 
rights for power both under State and National 
laws and from vested interests should have 
formed an important part of this chapter. 
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The data given in Chapter 4 relating to costs 
is well presented. It is both accurate and valu- 
able as relating to the region of the Middle 
West adjacent to the Great Lakes but, with the 
exception of the diagrams for arriving at quan- 
tities, has little application elsewhere. 

Chapter 5 is devoted to showing how hydro- 
electric projects should be presented in the form 
of an engineering report. Whatever the opinion 
of the author, it is safe to say, that the method 
outlined is not now regarded as the most com- 
plete and satisfactory one for making such a 
presentation. The most advanced hydro-electric 
engineers seem to prefer graphical demonstra- 
tions and presentations, both because they are 
less confusing than figures, and therefore more 
easily grasped by others, and also because they 
condense the information. 

Aside from this, the example chosen is an un- 
fortunate one, because it is insignificant in 
character and too simple to serve as a model, 
when large and important projects, involving the 
usually complicated features accompanying them, 
are to be reported upon. 

Chapter 6 is a very complete exposition of 
the surveys and other preliminary investiga- 
tions required before planning a project. It is 
not general, however, and can only be said to 
apply in its entirety to the eastern part of the 
United States. Even there some classes of pro- 
jects, which require extensive storage capacity, 
have high heads or are located on streams, 
where the water is already employed for some 
other purpose, require a variety of investigations 
not mentioned. Much of the rudimentary in- 
struction in surveying, topography, etc., might 
well have been omitted, and the space it occu- 
pies devoted to more important subjects not so 
readily accessible in other books. 

The matter in Chapter 7 is presented in 
better form than that in any other part of the 
work. Were it not for the failure to treat more 
in detail the so-called “Distant Diversion De- 
velopments’” shown in Plans 14, 15 and 16, there 
would be nothing further to wish for. 

As a matter of fact most all opportunities for 
a direct development, or one quite near the di- 
version point, have been utilized. Those re- 
maining nearly always require long feeder con- 
duits, terminal regulating reservoirs, etc., which 
present many difficult and engrossing problems 
to the hydro-electric engineer. Hence a com- 
plete presentation of this would have been very 
valuable, particularly as it is not now available 


in any other book. 


In Chapter 8 the treatment of coffer dams, 
the back water curve, spillways and retaining 
walls is admirable and fairly complete. So much 
cannot be said for dams. In the presentation of 
this very important subject poor judgment is 
shown. While it would not have been necessary 
to enter fully into the theory of constructing 
various types, as this is available in many other 
writings, there “should have been presented a 


summary of standard designs with a discussion - 


of conditions for which each is the best adapted. 
Such an analysis would be of much value, par- 
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ticularly if accompanied by cost data for dif- 
ferent parts of the country. 

The treatment of structural types of canals, 
llumes, pipes and other conduits for conducting 
the water supply from the diversion to the 
power-house cannot be commended. It is in fact 
less complete and advanced than that in many 
other books on kindred branches of engineering. 
The necessities of hydro-electric service have de- 
veloped distinct types of construction for such 
conduits. The demand for uninterrupted ser- 
vice and permanency is responsible for this con- 
dition, which has recently found expression in 
the work of hydro-electric engineers of the 
modern school. 

Space does not permit the full discussion of 
some apparent inaccuracies in the presentations, 
such as the statement that pipes should always 
be laid above ground and the design of pipe 
intake shown in Fig. 81. There are many situ- 
ations requiring that riveted pipes be covered 
on account of temperature changes, which in- 
clude leakage in seams and rivets, such leakage, 
no matter how slight. being disastrous by reason 
of oxidizing the metal. Nor does proper design 
follow Fig. 81, because a bell mouth” or ‘‘taper 
inlet” is advisable te admit the full capacity of 
the pipe line and save loss of head. 

The treatment of power stations is to be com- 
mended, if it be limited to low head stations, 
with reaction turbines. Nothing given is ap- 
plicable to the other class of hydro-electric 
plants with impulse turbines. 

Chapter 9 opens with an elementary dis- 
cussion of the principles relating to hydraulic 
force and its dynamic energy obtainable for 
doing work through impulse or reaction upon 
freely rotating curved vanes. This is the first 
step towards the design of hydraulic turbines, 
and leads to the more complex studies in ap- 
plied hydro-mechanics relating to turbine de- 
sign. 

Instead of following this logical trend, a dis- 
cussion of which would be of great value to many 
American engineers, the book takes up that side 
of the subject which is generally presented with 
more or less completeness in the trade publica- 
tions of hydraulic turbine manufacturers. While 
the material presented is with few exceptions 
well chosen and correctly stated, its value to 
hydro-electric engineers is slight, since their 
files and libraries are already overburdened with 
the same class of information. 

On the other hand very little is available in 
the English language relating to the mechanics 
of design, the principles governing the relation 
of speed, powcr, efficiency and losses, the cor- 
rect analysis required to minimize losses of 
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Preface to Second Edition.—The very flattering 
reception given to the first edition of this work, 
resulting in an exceedingly large sale within the 
last three years, has pointed to the very general 
interest in the subject treated of, by the persons 
for whom the book was especially intended. In 
consequence of the very considerable developments 
in the industry, it has seemed desirable, after the 
exhaustion of the second impression of the first 
edition, to revise the manuscript completely, and 
to bring it up to date. This has been done with the 
results given in the accompanying pages. 

The writer is indebted to Mr. C. N. Forrest for 
a revision of the matter regarding the methods of 


analysis which are described, and for many other 


suggestions. 
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energy and erosion ete. Recourse must now be 
had to European authors, whose works are not 
translated into English, in the pursuit of this 
class of knowledge. 

Nothing of value is given in regard to im- 
pulse turbines. The illustration in Fig. 114 
represents a crude and practically obsolete type, 
and the accompanying discussion gives no con- 
ception of modern impulse turbine practice. 

The statement on page 287, that tangential 
impulse turbines are always mounted on hori- 
zontal shafts, is a mistake, whatever may be 
the relative merits of mounting them horizontally 
or vertically. There are many instances of hy- 
draulic impulse turbines mounted on vertical 
shafts both here and abroad. 

The discussion on governors is also from the 
standpoint of the catalogs of manufacturers, 
without entering into their theory. No infor- 
mation, as to the conditions necessary to secure 
proper regulation of hydraulic plants with any 
type of governor, is given. The question of 
sufficient power in the governor to move the 
gate or nozzle is not the only one, as the time 
required in so doing, the moment of inertia in 
the rotating masses of the equipment being gov- 
erned, its speed, capacity, etc., are equally as, if 
not more, important in solving the problem. 

The statement on page 329 that impulse tur- 
bines are now generally regulated by changing 
the area of the nozzle with a plug or needle oper- 
ated by the governor is wholly erroneous. On 
the contrary such regulation for impulse tur- 
bines is secured by deflecting the nozzle or with 
a movable hood or collar in front of it, the 
motion being secured by attachment to a gov- 
ernor. The needle is used to regulate the dis- 
charge for different loads, and is usually moved 
by hand from the switchboard, or by an auto- 
matic device slower in its motion than the gov- 
ernor. 

Where the regulation by needle valves for high 
heads has been attempted the results have been 
disastrous, as at the plant of the Animas Water 
& Power Co. in Colorado, which had its force 
main wrecked from this cause. 

The discussion of governors omits to mention 
the Escher-Wyss type of hydraulic governor, 
which is now being made in this country by the 
Allis-Chalmers Co., and is used successfully in 
some of the most extensive and modern hydro- 
electric plants recently constructed, as for ex- 
ample the Los Angeles Edison Co.’s Kern River 
plant. 

There is not much to be said on the discussion 
of electrical equipment, except that it is not 
up to date in some respects. This may possibly 
be pardoned by reason of the continuous and 
rapid advance in this branch, except as to some 
notable matters like the suspension type of in- 
sulator, to which no reference whatever is made. 
While the treatment of electrical matters is both 
elementary and incomplete, it gives some data 
of value in condensed form. In fact it is quite 
proper to give this subject only slight attention 
in a work of this kind, because most of the 
equipment required is standardized by the 
makers and the information necessary to choos- 
ing is readily secured from them. 

With the limitations here stated the book has 
its value to the practitioner, but its principal 
use ig to the beginner, who desires to take up 
low head hydro-electric work in the Middle West 
or East. 

—— 9 ——$—$—$__—__—_— 


MUNICIPAL WATER SUPPLIES OF ILLINOIS.—By 
Edward Bartow. Water Survey Series No. 5, Uni- 
versity of Illinois Bulletin. Urbana, Ill.: The Uni- 
versity. Paper; 6 x 9 ins.; pp. 123; numerous tables. 

Brief descriptions of public water supplies of 

Illinois are here given, accompanied in many in- 

stances by sanitary and mineral analyses of the 


water supplied. 
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Important New Book 


SEWAGE DISPOSAL WORKS 


By HUGH P. RAIKES 


Assoc. M. Am. Soe. C. E., 


Assoe. M. Inst. C. E. 


In view of the fact that many millions of dollars are spent annually on Sewage Disposal Works?’ 
it is of the greatest importance, in the interests both of economy and of public health, that thos® 
who are entrusted with the design and construction of such works or with the expenditure of pub“ 
lic money upon them, should not only clearly understand the essential principles involved, bu 
should also have at their disposal the latest results of contemporary experience to guide them in the 


practical application of those principles. 


The author of the present book has presente 
sewage purification and has produced a practical and up to date work on the subject. 


d an impartial review of the modern methods of 


We can, 


without hesitation, highly reeommend this book to all engineers interested in this important and 


timely subject. 


Cloth; 6x 9 inches; xv + 414 pages: 72 illustrations 


Price, $4.00, net 
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MANUAL OF REINFORCED CONCRETE AND CON- 
CRETE-BLOCK CONSTRUCTION.—By Charles F. 
Marsh, M. Inst. C. E., M. Am. Soc. C. E., M. Inst. 
M. E., and William Dunn, F. R. I. B. A. New York: 
D. Van Nostrand Co. Flexible leather; 4 x 6e ins.; 
pp. 290; 113 illustrations in the text, and 52 tables. 
$2.50, net. 

The extensive work on “Reinforced Concrete,” 
a large quarto volume published some years ago 
by Messrs. Marsh and Dunn, is one of the. best 
known of the treatises on the subject, certainly 
the most complete of any published by a British 
author. Its main faults for American sale are 
its rather unwieldy size (partly due to the al- 
together too extensive discussion of various 
similar patented systems) and its use of British 
standards of measurement and practice. Real- 
izing these deficiencies the authors have pre- 
pared the present hand-book in which 


the object has been to give in a concise and handy form 
for every-day use the methods employed for the solution 
of every-day problems, with the information most fre- 
quently required in as condensed a form as possible con- 
sistent with a clear presentation of the subject. 


To this end the matter published in the large 
edition has been abridged and condensed, many 
designing tables and diagrams have been added 
and the whole brought down to a hand-book 
style, in which the more involved discussions 
are omitted. The result is a very good de- 
signing hand-book, a trifle obscure, perhaps, in 
some of the theory, but still quite valuable to 
the office-man in concrete work. The adoption 
for American practice is quite obvious, for in 
cases where British units are used, the Ameri- 
can analogue is also given, with a few except- 
ions, where the change has been omitted or for- 
gotten. In some cases this omission is very 
confusing, especially when it is remembered 
that the British ton is 2,240 lbs. and that there 
the system of gaging concrete is pounds of ce- 
ment to cubic feet of sand and stone, instead of 
the much simpler volumetric gage used in this 
country. 

' The question of construction, which should 

take up a large part of a hand-book, is only 

touched upon in some general statements and 
the reprinted instructions to inspectors issued 
by a well-known reinforced-concrete firm. In 
this portion there is room for great improve- 
ment, but the valuable tables and diagrams 
should be of great assistance in design, once the 
method of their derivation with the consequent 
field of application is understood by the de- 
signer. . 
— . — 

THE TEN- YEAR BOOK OF CORNELL UNIVERSITY.— 
IV. 1868-1908. Ithaca, N. Y.: The University 
(David Fletcher Hoy, Chairman Committee). Cloth; 
6 x 9% ins.; pp. 793. $3. 

This decennial publication of Cornell Univer- 
sity contains, in separate alphabets, the officers 
of the university and all students of the univer- 
sity (in the long-term courses) since its foun- 
dation in 1868, together with their present occu- 
pation and address, and, if conferred, the degree 
to which they are entitled. It also contains a 
list of all short-term students, a geographical 
distribution index, and the list of graduation 
classes of the university from 1868-1908. 
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Practical Irrigation 


Its Value and Cost 
By August J. Bowie 


Includes 100 tables of comparative cost, relative 
soil production, dimensions, capacities and design 
of reservoirs and wells, with other data of value to 
the practical irrigation engineer. 


CONTENTS 

CHAPTER I.—Whauat Irrigation has Accomplished. 
II.—Units in Use. III.—Methods of Irrigation in 
Use. IV.—Evaporation. V.—Actual Results of Ir- 
rigation. VI.—Diffcrent Sources of Water Supply. 
The Natural Flow of Streams. Reservoirs. Natural 
Reservoirs. Cost of Stored Water. Value of Loca- 
tion. Artificial Reservoirs. Canals as Storage Ba- 
sins. Underground Supply. VII.—Methods and Ap- 
pliances for Obtaining Water. Conduction and Dis- 
tribution of Water. Calculation of the Flow of 
Water in Ditches. Measurement of Flow of Water. 
Natural Reservoirs. Wells. VIII.—Wells. Law of 
Flow of Wells. Methods and Cost of Boring Wells. 
1X.—Pumps and Pumping Machinery. X.—Irriga- 
tion near Bakersfield. XI.—Methods of Charging for 
Water Irrigation. XII.—Economic Limit of Irriga- 
tion. XIIJ.—Earth Tanks. XIV.—Large Artificial 
Reservoirs. XV.—Large Reservoirs for the Storage 
of Artesian Water. 
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Published and for sale by the 


McGRAW PUBLISHING CO. 


239 W. 39th Street, New York 


NINTH THOUSAND 


Standard Handbook 


FOR 


Electrical Engineers 


Officially adopted in more than 30 colleges and 
universities. 


SECOND EDITION. 


Thumb Indexed, Flexible Morocco binding, 1300 
pages, 1300 illustrations. Price $4.00 net. 


Send for 32-page descriptive circular with sample pages 


McGraw Publishing Company 


239 West 39th Street, New York 
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Corporate Accounting 


By H. C. Bentley, C. P. A. A practical book treat- 
ing of the treasurer’s duties and liabilities; the cor- 
porate books of account; bank deposits, checks and 
dividends: negotiable instruments; stock and bond 
issues; with numerous forms. The most complete 
and valuable work of the kind. 600 pp. 1908. Buck- 
ram, prepaid, $4.00. 


Financi ng 5 


A practical book by Francis Cooper, telling how 
money is secured for enterprises. Capitalization, 
prospectus writing, methods of presenting, etc., dis- 
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Metals and Alloys. 


Reviewed by BRADLEY STOUGHTON.* 


PRACTICAL METALLURGY. —An Introductory Course 
for Gencral Students. By Thomas Turner, Professor 
of Metallurgy in the University of Birmingham. Lon- 


don, England: Charles Griffin & Co., Ltd. Philadel- 
phia. Pa.: J. B. Lippincott Co. Cloth; 5 x 8 ins.; 
pp. 103; five illustrations in the text. $1.25, net. 


ALLOYS (Non-Ferrous).—By A. Humboldt Sexton, F. 
I. C., F. C. S., Professor of Metallurgy in the Glas- 
gow and West of Scotland Technical College. Man- 
chester, England: The Scientific Publishing Co. 
Cloth; 54% x 83, ins.; pp. 283; 137 illustrations in the 
text. 78. 6d., net; American price, S3. 

The first book is a manual of laboratory experi- 
ments in metallurgy and assaying. In recent 
years it has become more and more the custom 
in engineering schools—long established in some 
—to supplement the class-room work in metal- 
lurgy, especially for students in metallurgy, 
mining and chemistry, with experiments per- 
formed in the laboratory by the students them- 
selves. In some of the English universities this 
class of exercise goes under the name of ‘‘prac- 
tical metallurgy.” The published English lite- 
rature on the subject is chiefly American and, 
although very good, is brief. Such additions as 
this one are welcome. Professor Turner aims 
to illustrate the basic principles of the subject 
he treats, and not only those who teach in the 
laboratory, but also those who have occasion 
to devise experiments for lecture demonstra- 
tion, will find his ideas very useful. The ex- 
planations are concise and clear, and the neces- 
sary calculations plainly set forth. Less than 
two-thirds of the text is devoted to assaying 
and analytical chemistry, under the heads of 
sampling and weighing, examination of iron ores 
and iron and steel, assay of silver and gold, all 
of which is much more briefiy treated than 
would be the case in a book intended primarily 
for students in a country which produces the 
precious metals. A little more than one-third is 
devoted to the study of metals and the metal- 
lurgical art itself, including some interesting in- 
formation and experiments on metals and alloys, 
oxidation and reduction, fuel, fireclays, slags and 
fluxes, microstructure and electro-metallurgy, 
the two latter however, covering only two and 
three short pages respectively. 


There has been no book in English, so far as 
we know, which covers both what we may call, 
for want of a better description, the theoretical 
and the practical side of the mixing and making 
of alloys. Such a one Professor Sexton has here 
given us, with the object of providing for 
students, and more particularly for makers and 
users of alloys, a brief account of some of the 
advances which have recently been made in the 
study of alloys.” It presents the new physico- 
chemical theory of solutions which has been so 
illuminating in the study of metals and alloys, 
as all will remember especially in connection 
with iron and steel, although these latter metals 
Professor Sexton does not touch upon here but 
has treated elsewhere.t It discusses the im- 
portant and valuable properties of alloys, meth- 
ods of research and investigation, precautions in 
mixing and melting and methods of preparation. 
We think it will prove a very useful handbook 
for both the classes for which Professor Sexton 
prepared it, and also as a reference book for 
all who are interested in alloys or in metal- 
lurgy. In the introduction Professor Sexton 
gives a partial definition of alloys and refers to 
the four principal methods of research, which 
are: chemical analysis, microscopic examina- 
tion, the study of fusion and solidification, and 
of the physical properties. Then follows a very 
interesting discussion of the properties of al- 
loys, such as strength, color, fusibility, electric 
properties, etc., and a chapter (perhaps too brief 
a one in view of its importance) on the phe- 
nomena of solidification. Chapter IV. then tells 
‘what the microscope can teach,” and includes 
a description of the apparatus, methods of pre- 
paration of samples and something of struc- 
tures likely to be met. This is followed by an- 
other good chapter, on the properties of metals 


*Adjunct Professor, Department of Metallurgy, Colum- 
bia University, New York City. 

+The Metallurgy of Iron and Steel, by A. Humboldt 
Sexton. 


most often used, and then about 86 pages on 
the copper alloys, including especially brasses, 


bronzes, bearing metals, ete., where he has 
gathered together much information of great 
value. The white alloys—solders, pewter, Bri- 


tannia metal, Babbitt and other white bearing- 
metals—are then discussed in more or less de- 
tail, and the alloys of nickel, of which the best- 
known is German silver. The last class of al- 
loys treated, except a brief section on amalgams, 
are those of the precious metals, comprising 
chiefiy those used for coinage and jewelry and 
the gold and silver solders. The book is com- 
pleted by 40 pages on the preparation of alloys, 
including mixing and melting, the different types 
of furnaces and fuels, and a short note on elec- 
tro-deposition. Precautions necessary in casting 
are mentioned in different places in the volume 
under the head of the several alloys. Alto- 
gether, the information here contained is so im- 
portant and so well presented that no one in- 
terested in the study and the making of alloys 
can afford to be without it. The author says 
himself that the book does not contain a com- 
plete account of what has been done, and any 
one who expects to find in it a solution of all 
of his troubles will be disappointed, but he can 
find a great deal of value and usefulness, and 
will be stimulated by learning how much more 
he can discover by his own efforts. 


ean 


Translation of a German Book on Electric Furnaces. 
Reviewed by JOSEPH Wi RICHARDS,* M. Am. Inst. 
E. 


ELECTRIC FURNACES.— The Production of Heat from 
Electrical Energy and the Construction of Electric 
Furnaces. By Wilhelm Borchers, 


Privy Councillor, 
Doctor of Philosophy, 


Professor of Metallurgy and 
Director of the Institute of Mines and Electro-Metal- 
lurgy at the Royal Technical College, Aachen. Trans- 
lated by Henry G. Solomon, Assoc. M. Inst. E. E., 
Consulting Electrical Engineer. London, New York 
and Bombay: Longmans, Green & Co. Cloth; 5% x 
854 ins.; pp. 224; 282 illustrations, mostly in the 
text. $2.50, net. 

There are now several kinds of books on “Elec- 
tric Furnaces.” One is a record of laboratory 
experiments, and is a mine of accurate scientific 
information in that line; another is an uncritical 
compilation of good, bad, and indifferent propos- 
als, mostly in the commercial way; a third is a 
fairly good combination of these two, but writ- 
ten by a professor with little laboratory or prac- 
tical experience. The present is, for industrial 
purposes, an improvement on any of the preced- 
ing. It classifies and it describes, it explains and 
it criticises, and in most cases the author is 
quite competent to give the reader accurate and 
satisfactory information. The matter is well 
arranged, finely illustrated and altogether very 
readable. 

There is one great fault in this work which 
the reviewer must mention if he would fulfill 
his duty. The writer of the book has an exag- 
gerated opinion as to the value of some of the 
experiments which he himself made with elec- 
tric furnaces between 1888 and 1898. Accord- 
ing to the text, some of the most important im- 
provements in electric furnace processes since 
then (and even some which were invented be- 
fore!) were directly ascribable to the researches 
of the author. Most of such statements must be 
taken with many grains of salt; in fact, many 
of them are wholly unjustified by the real facts. 


We hope this criticism will not deter anyone 
who wants a really good book on electric fur- 
naces from purchasing the work, but it should be 
read with the above caution in mind. 


In connection with induction furnaces, Mr. E. 
A. Colby is not given any credit, whereas he 
should have considerable. Although the book 
professes to be brought up to date, the interest- 
ing vacuum furnace of Arsen and the “Monox” 
furnace of Dr. Potter are left out. The omis- 
sions, however, are not numerous, and mostly 
of unimportant matter. 

The translation is fairly well done, but some 
words are not given their exact equivalents in 
technical English and consequently the reader 
gets some exercise in guessing their meaning. 
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A treatise designed especially for American 
Engineers, covering the manufacture, proper- 
ties and testing of cement, and the preparation 
and use of cement mortars and concretes. 
Special attention is given to the Costs OF 
CEMENT AND CONCRETE for different uses and 
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A Monograph on a Notable Engineering Work. 


PHILADELPHIA’S RAPID TRANSIT.—Being an Account 
of the Construction and Equipment of the Market 
Strect Subway-Elevated and its place in the great 
system and service of the Philadelphia Rapid Tran- 
sit Company, together with a Review of the Work 
of the Millard Construction Co. Philadelphia: The 
Millard Construction Co. 10 x 12 ins.; illustrated 
with numerous half-tone cuts and full-page portraits. 


Of the work technically described by the above, 
an artistically-bound presentation copy has 
reached us. Without stopping to inquire whether 
the book will be available for general circula- 
tion among engineers we make record of it here 
because in at least one respect—aside from the 
unnecessarily costly ensemble—it is of quite un- 
usual character. One of the six main divisions 
of the text is a remarkably graphic summary of 
the engineering difficulties encountered in the 
subway work. The six chapters are general de- 
scriptive statements of (1) the Philadelphia sub- 
way-elevated system of trackage as a whole, (2) 
the generating and converter stations, (3) the 
problems and methods involved in the construc- 
tion of the subway section City Hall, to Front 
Street, (4) the elevated structure, including the 
four-track bridge over the Schuylkill, (5) the 
track and the signal system, and (6) the oper- 
ating equipment. Without disparaging the other 
parts of the text, of which we may mention the one 
describing the elevated structure as particularly 
well conceived, we can safely say that the re- 
view of the subway work, section 3, is the fea- 
ture of the book. In very brief compass—only 
2) pages—and without the aid of a single draw- 
ing (there being neither map nor drawing in 
the entire book), this section succeeds in giving 
a clear and interesting, almost captivating, sur- 
vey of the complications that affected the cen- 
tral phase of the Subway-Elevated construction. 
It is evidently the work of one minutely fa- 
miliar with the execution of the work in its 
broad aspects as well as its details, and en- 
dowed with skill in clear statement at the same 
time. It is a valuable technical essay on city 
subway building. Mainly on this account the 
book is a distinguished novelty among souvenir 
descriptive publications. 

— . —— 


A New Edition of Turneaure and Russell's 


Public Water Supplies. 


PUBLIC WATER-SUPPLIES.—Requirements, Resources, 
and the Construction of Works. By F. E. Turneaure, 
Dean of the College of Engineering, and H. L. Rus- 
sell, Dean of the College of Agriculture, University 
of Wisconsin. With a Chapter on Pumping-Machin- 
ery by D. W. Mead, Professor of Hydraulic and 
Sanitary Engineering, University of Wisconsin. Sec- 
ond edition, revised and enlarged. New York: John 
Wiley & Sons. London, England: Chapman & Hall, 
Ltd. Cloth: 54% x 9% ins.; pp. 808; 281 illustrations, 
mostly in the text, 102 tables, and 1 separate dia- 
gram. $5; English price, 21s., net. 

The authors appear to have given this new 
edition of their valuable book on water-supply 
for municipal purposes a thorough overhauling. 
When the first edition of the book appeared, it 
was immediately recognized as being in advance 
of anything else then available on the subject 
suited to American needs. The lapse of seven 
years, during which no competing work has ap- 
peared, and the revision which has now been 
made, establish the book more firmly than ever 
in its position among American texts on water- 
supply. 

The first edition was reviewed at some length 
in our issue of May 16, 1901. The present edi- 
tion does not depart at all from the lines of the 
first one. Such changes as have been made are 
designed to bring the book up to date. The most 
marked changes appear in the sections relating 
to water purification, where the chapter on me- 
chanical or rapid filtration has been rewritten 
and enlarged and more prominence has been 
given than before to the subject of coagulation. 
Other notable changes 


relate to methods of bacterial examination of water, the 
investigation of d-water and the construction of 
collecting works, data on the use of water, data on rain- 
fall and flow of streams, the construction of dams, and 
the application of reinforced concrete to conduits, dams, 
filters, reservoirs, and tanks. 

One of the most valuable features of the origi- 
nal work was its references to the book and 
periodical literature on water-supply. These 
references, we are glad to see, have been brought 


well down into the present year. 
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Water Power Engineering 


The Theory, Investigation and Development of 
Water Powers. By DANIEL W. MEAD, 
Professor of Hydraulic and Sanitary Engi- 

= neering, Univ. of Wisconsin. 

904 pages, 413 illustrations, numerous tables. 

Price, $6.00 net. 


Iron, Steel and Other Alloys 


A new reprint, slightly corrected, of the Sec- 
ond Edition of this standard work. By 
HENRY M. HOWE, Professor of Metallurgy 
in Columbia University. 

516 pages, 123 illustrations....Price, $5.00 net. 


Metallurgical Calculations 


Part 3. Metals other than Iron (Non-ferrous 
Metals). By JOSEPH W. RICHARDS, Pro- 
fessor of Metallurgy, Lehigh University. 

204 pass Price, $2.00 net 


Hot Water Heating and 
Fitting 
Modern Hot Water Apparatus, the Method of 
their Construction and the Principles In- 
volved. By WM. J. BALDWIN. 


Fourth Edition, revised and enlarged; 322 
pages, 213 illustrations ....Price, $4.00 net. 


Curves for Calculating Beams, 
Channels and Reactions 


Twenty-five Charts for Structural Engineers. 
By SIDNEY DIAMANT. 

40 pages, 25 full-page plates, 3 illustrations. 

3 Price, $2.00 net. 


Practical Irrigation 


Its Value and Cost. By AUGUST J. BOWIE. 
252 pages, 53 illustrations. . . Price. $3.00 net. 


The Plane Table and Its Use 


In Surveying 


By W. H. LOVELL, Topographer U. S. Geo- 
logical Survey. 
50 pages, illustrated .......... Price, $1.00 net. 


Drawing Instruments 


Their Use and Abuse. A manual for engineers 
and engineering students. By WALTER G. 
STEPHAN. 

112 pages, 74 illustrations.....Price, $1.00 net. 


Notes on Hydroelectric 
Developments 


Deals particularly with the commercial devel- 
opment of hydroelectric properties. By 
PRESTON PLAYER. 

70 pages, 3 diagrams.......... Price, $1.00 net. 


Automatic Block Signals 


And Signal Circuits. By RALPH SCOTT. 
252 pages, 220 illustrations....Price, $2.50 net. 


Technical Dictionary 


In Six Langauges. Vol. 3 now ready. Deals 
with Steam Boilers, Steam Engines and 
Steam Turbines. 

1,334 pages, 3,500 illustrations. 

Price, $4.00 net. 


Electric Railway Auditing 


and Accounting 


By WM. H. FORSE, Vice-President American 
Street and Interurban Railway Accountants’ 
Association and Treasurer Indiana Union 
Traction Co. Forms illustrated are repro- 
ductions of those actually used by electric 
railways. Requirements of interurban rail- 
ways have been carefully considered. 

162 pages, many charts and forms. 
Price, $2.00 net. 


Street Railway System of 
Metropolitan Boston 


The Wm. H. Baldwin Prize Essay. Prize 
awarded by the National Municipal League 
in April, 1908, to A. E. PINANSKI, of 
Harvard, 08. 

oS pages, with a full bibliography. 

Price, $1.00 net. 


Electrical Contracting 


Shop System, Estimating, Wiring Construction 
Methods, and Hints on Getting Business 
By LOUIS J. AUERBACHER. 

162 pages, with suggested forms and numerous 
illustrations .............. Price, $2.00 net. 


Switchboards 


For Power, Light and Railway Service, Direct 
and Alternating Current, High and Low 
Tension. By WM. BAXTER, JR. 

192 pages 150 diagrams and illustrations. 

Price, $1.50 net. 


Problems in Electrical 
Engineering 
A collection of 1,226 problems prepared for the 
use of college students. By WALDO V. 
LYON, Instructor in Electrical Engineering, 


Massachusetts Institute of Technology. 
218 pages, 30 diagrams...... Price, $1.50 net. 


Telephone Laws 


The Organization and Operation of Telephone 
Companies. By A. H. McMILLAN, Legal 
Editor of the “American Telephone Journal” 
and member of the Bay City (Mich.) Bar. 

346 pages Price, $3.00 net. 


Standard Handbook for 


Electrical Engineers 


Second Edition, 1908, Ninth Thousand. 
Flexible Morocco binding, with THUMB IN- 
DEX; 1,300 pages, 1,300 illustrations. 

Price, $4.00 net. 


Electrical Catechism 


An Introductory Treatise on Electricity and Its 
Uses. By GEO. D. SHEPARDSON, Profes- 
sor of Electrical Engineering, Univ. of Min- 
nesota. 

422 pages, 325 illustrations. . . . Price, $2.00 net. 


Electric Motors 


Their Installation, Control, Operation and 
Maintenance. By NORMAN G. MEA DE. 
160 pages, 126 illustrations. . . Price, $1.00 net. 


Alternating Current 


Phenomena 
Theory and Calculation. By CHARLES P. 
STEINMETZ, Past-President American In- 
stitute of Electrical Engineers. 
Fourth edition, revised and enlarged: 768 
pages, 202 illustrations....Price, $5.00 net. 


Electrical Illuminating 
Engineering 


A text and reference book. Contains a chapter 
with valuable tables for illumination calcu- 
lations. By WM. E. BARROWS, Assistant 
Professor of Electrical Engineering, Armour 
Institute of Technology. 

220 pages, 135 illustrations....Price, $2.00 net. 


Induction Coils 


Their Theory, Design and Construction. By 
H. ARMAGNAT; translated by O. A. 
Kenyon. 

221 pages, 109 illustrations....Price, $2.00 net. 


American Practice of Gas 
Lighting 


And Gas Piping. A treatment for consumers 
and others on interior illumination by gas. 
By WM. PAUL GERHARD. 

310 pages. Price, $3.00 net. 
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For the benefit of those who are not familiar 
with the earlier edition, we may outline the 
contents of the book very briefly, as follows: 
Part I. deals with Requirements and Resources, 
taking up in order the quantity of water re- 
quired and sources of supply, and quality. Part 
II. deals with the Construction of Water-Works. 
It includes a chapter on Hydraulics, in which the 
various formulas and related matters are re- 
viewed; this is followed by sections on collect- 
ing, Purification and distributing works. 

As in the earlier edition, only one chapter deals 
with operation and maintenance. It seems al- 
most a pity that this chapter was not expanded 
into two or three or even more; but, after all, 
perhaps the authors were wise in not doing so, 
since the volume already extends to more than 
800 pages, and water-works operation might 
profitably have a book to itself. Such a book, 
perhaps, would best serve its purpose if it was 
written by some of the best of our water-works 
superintendents or superintending engineers. 

This book having, as already stated, attained 
its place as a standard, and there being no ma- 
terial change from the original plan, it seems 
unnecessary to attempt much in the way of 
criticism. It may be said, however, that in re- 
vising the chapter on Communicable Diseases 
and Water-Supplics the authors do not seem to 
have reflected the latter-day ideas as to the im- 
portance of other causes than water for the dis- 
semination of typhoid fever. The only reference 
to the discussions that have arisen out of the 
agitation over continued typhoid at Washing- 
ton since the filtration plant was put in oper- 
ation there, is to one of the articles that have 
appeared in which this matter is mentioned. 
The only other point which we will question is 
the statement on page 217 regarding the life of 
riveted-steel pipe. After stating that it is 
probably safe to assume the life of cast-iron 
pipe 75 years, it is stated that “carefully pro- 
tected riveted [steel] pipe will also have a very 
long life, but not so long as cast-iron.” From 
this it might be inferred that the life of steel 
pipe was not materially less than that of cast- 
iron pipe. 

— . — 


PRACTICAL FARM DRAINAGE.—A Manual for Farm- 
er and Student. By Charles Gleason Elliott, Chief 
Drainage Engineer and Chief of Drainage Investiga- 


tions, U. S. Department of Agriculture. Sccond edi- 
tion, rewritten. New York: John Wiley & Sons. 
London, England: Chapman & Hall, Ltd. Cloth; 


4% x 7% ins.: pp. xv. + 188; 46 illustrations in the 

text. $1.50; Euglish price, 6s. 6d., net. 

Mr. Elliott states in his preface that he has 
entirely rewritten this book, which he first gave 
to the public some 25 years ago. The volume 
presents in handy and simple form the main 
principles and a goodly number of details of 
drainage, as applicable to the needs of farmers. 
The use of simple leveling instruments and sim- 
ple means of mapping are described, the prin- 
ciples and practice of location and construction 
are set forth, figures are given on the cost of 
drainage work, and suggestions for record keep- 
ing are made. A brief chapter deals with the 
drainage of earth roads. There is also a chapter 
on special problems in drainage, in which muck 
lands, the prevention of erosion of hillsides, and 
salt marshes, are taken up. Finally, there is a 
chapter on the drainage of irrigated lands. The 
book as a whole seems well designed to fulfil its 
purpose, which is to supply “farmers and stu- 
dents” with the elements of the subject. Those 
wishing to go more fully into drainage problems 
are referred to “Engineering for Land Drain- 
age,” by the same author. 

— 

THE MODIFICATION OF ILLINOIS COAL BY LOW 
TEMPERATURE DISTILLATION.—By S. W. Parr 
and C. K. Francis. Bulletin No. 24, University of 
Illinois Engineering Experiment Station. Urbana, Il.: 
The University. Paper; 6 x 9 ins.; pp. 48; 16 illus- 
trations in the text. ` 

This bulletin is essentially a preliminary re- 
port on several years of experimental work on 
the behavior of Illinois (bituminous) coals at 
comparatively low temperatures. The work re- 
corded is uncompleted and aims at the eventual 
“anthracizing’’ of such coals. The work was of 
@ laboratory-research character to develop the 
conditions which govern the decomposition pro- 


cesses. No attempt is shown, in this bulletin, 
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author, partaking of the nature of a set of specifications telling how to do the 


work, economically, expeditiously, 


systematically and safely. 


Flex. morocco; 8% x 11 ins.; 200 pages; over 200 illustrations and plates......$5.00 


JUDSON.—Road Preservation and Dust Prevention 


The preservation of surface and the prevention of dust on macadamized roads 
form a problem to be solved by engineers charged with the maintenance of the many 
thousands of miles of roads in the U. S. This book deals with the origin, control 

and prevention of dust, giving details of existing methods, costs and results of their 


u se. 


Cloth; 6 x 9 ins.; 144 pages; 


16 illustrations e e 


KETCHUM.—Design of Highway Bridges 


The most complete treatise on the subject yet published. 
in Truss Bridges; Design of Highway Bridges; 


Appendix giving General 


Three Parts: Stresses 


Highway Bridge Details; with an 


Specifications for Steel Highway Bridges. 


Cloth; 6 x 9 ins.; xiv + 550 pages; 300 illus.; 77 tables; 8 folding plates; printed 
and bound uniform with “Steel Mill Buildings” and “Walls and Bins’’.........$4.00 


THOMSON.—Design of Typical Steel Railway Bridges 


A book of great practical value for the instruction of Civil Engineering Students, 
and one which can be studied with profit by those in actual practice, as well as by 
draftsmen who desire to become familiar with the methods employed in designing 


offices. 


Cloth; 6 x 9 ins.; 185 pages; 21 diagrams and drawings; 5 plates.......... 


SMOLEY.—Smoley’s Tables 


$2.00 
(Fifth Edition — Revised and Enlarged) 
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directly to develop a commercial process of de- 
veloping an artificial anthracite. 

The low-temperature distillations were carried 
on in atmospheres of nitrogen, oxygen and 
steam. A survey of the data presented shows 
that the coal residue retains much of the vola- 
tile matter of the original coal, though this 
exists in a changed form. The coal residue has 
a marked resemblance in composition to the 
smokeless coals. The liquors resulting from the 


by-product recovery seemed to have no tarry 
compounds but were composed of oils, ammonia, 
phenol, etc. 

It is shown that finely pulverized hitu:ninous 
coal in contact with oxygen began to i.? oxidized 
at about 120° to 185° C., and that ignition 
Started at about 160°. The descriptions of ap- 
paratus and methods and the details of results 
are entirely intelligible only to one with a 
knowledge of organic chemistry. 
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INSTRUCTIONS FOR EXPERIMENTS IN LABORA- 
TORY FOR TESTING MATERIALS.—By W. K. 
Hatt, Professor of Civil Engineering, Director Labor- 
atory for Testing Materials, Purdue University. (La- 
fayette, Ind.: The Author.) Paper; 5% 8 ins.; 
pp. 40; five illustrations in the text. 


The acquirement of an intimate personal knowl- 
edge of the nature and peculiarities of construc- 
tive materials by enginecring students is so im- 
portant a thing that every real effort toward giv- 
ing students such a knowledge merits apprecia- 
tive reception. The testing laboratory is one of 
the chief engines for imparting Knowledge of ma- 
terials, but in most schools it is not used to its 
utmost. The Purdue schedu'e of testing. out- 
lined by Professor Hatt in this pamphlet, is dis- 
tinguished by exceptional breadth and thorough- 
ness, and engages the attention of cducators from 
this fact. The pamphlet contains also some pre- 
liminary remarks on the purposes of the course 
and the methods to be followed by the student, 
and here is evidenced a clear perception of the 
important end of testing instruction, to give “a 
knowledge of materials by handling them and 
watching their behavior under stress.” 

—— mm 


A Mechanic’s Handbcok. 


AMERICAN MACHINISTS’ HANDBOOK.—And Diction- 
ary of Shop Terms. A Refcrence Book of Machine 
Shop and Drawing Room Data, Mcthods and Definitions. 
By Fred. H. Colvin, M. Am. Soc. M. E.. Associate 
Editor of The American Machinist,” Author of ‘‘Ma- 
chine Shop Arithmetic.” ete., and Frank A. Stanley, 
Associate Editor of The American Machinist,” Au- 
thor of Accurate Tool Work," cte. New York and 
London: Hill Publishing Co. Flexible leather; 4 x 
7 ins.; pp. 511; numerous text illustrations and tables. 
$3, net. 

There is much information that an intelligent 
mechanic or artisan requires that he cannot be 
expected to carry in his head or close by his 
hand in loose quantities. Such data and infor- 
mation of greatest use to him has not been 
found to the desired extent in standard me- 
chanical-engineers’ pocket books or even in 
works on machine shop practice, and it would 
seem that the authors of this handy volume had 
done a real service in assembling all this data 
With the recommended practices and methods 
in brief, clear statements. 

Among the tables of data there need to be 
noted those on screw threads, drill and tap sizes, 
dimensions of gears and sprockets, indexing for 
milling cutters, on nuts, bolts and screws, key 
and shaft dimensions, on drawing-room stanji- 
ards, weights of wire bar and sheet stock and 
the usual reference tables of weights, measures 
and conversion factors, shop trigonometry, etc. 

The processes briefly described as good practice 
include such work as screw-thread cutting, tool 
making and grinding of all sorts, thread meas- 
uring, filing, soldering, design of gearing, milling 
processes, grinding and lapping, calipering and 
fitting, adjustment of belts and shafting, heat 
treatment of steel, etc., etc. 

One of the notable features of the book is the 
dictionary of machine shop terms, occuping 
about a fifth of the book. This is composed of 
short descriptions of apparatus, often illustrated, 
terse definitions of physical concepts or me- 
chanical processes, : 

Typographivally, the book is pleasing and ap- 
parently accurate. There seems no reason why 
the book should not well fill its expected place. 
— 
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KNOCKS AND KINKS.—Causes, Detection and Cure for 
Many of the Commonest of These Troubles of the 
Engine-Man. Plain Directions for Prevention and 
Remedy. Compiled and Written by Hubert E. Collins. 
New York and London: Hill Publishing Co. Cloth; 
414 x 7 ins.; pp. 137; 82 illustrations in the text. $1. 
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LOGARITHMS FOR BEGINNERS.—By Charles N. Pick- 
worth, Whitworth Scholar, Author of "The Slide 
Rule,” etc. Second edition. London, England: Whit- 
taker & Co. New York: D. Van Nostrand Co. 
Boards; 4% x 7% ins.; pp. 43. $1, net. 

A MANUAL OF UNDERGROUND SURVEYING.—By 
Loyal Wingate Trumbull, Consulting Mining Engineer. 
New York and London: Hill Publishing Co. Cloth; 
6 x 9% ins.; pp. 251; 94 illustrations, mostly in the 
text. 3, net. 


THE “MECHANICAL WORLD” ELECTRICAL POCKET 
BOOK FOR 1909.—Containing a Collection of Electri- 
cal Engineering Notes, Rules, Tables and Data. Man- 
chester, England: Emmott & Co., Ltd. Cloth; 4 x 
6% Ins.; pp. 208: 63 illustrations in the text. 6d., 
net; American price, 20 cts. 


THE MICHIGAN ENGINEER.—Containing the Proceed- 
ings of the Michigan Engineering Society for the Year 
1908. Grand Rapids, Mich.: The Society (A. L. 
Holmes, Secy.). Cloth; 5% x 9 ins.; pp. 224; folding 
and other plates, and text illustrations. 


MODERN PRACTICE IN MINING.—Vol. I.: Coal, Its 
Occurrence, Value, and Methods of Boring. By R. A. 
S. Redmayne, M. Inst. C. E., M. Inst. M. E., His 
Majesty's Chief Inspector of Mines, ete. London, 
New York and Bombay: Longmans, Green & Co. 
Cloth; 5. x 8 ins.; pp. 199; 123 illustrations in the 
text, and one large folding table. $2, net. 

THE NATIONAL ASSOCIATION OF COTTON MANU- 
FACTURERS.—Transactions, Annual Mecting, Held 
in Huntington Hall, Massachusetts Institute of Tech- 
nology, Boston, Mass., April 16-17, 1908. Boston, 
Mass.: The Association (45 Milk St.). (C. J. H. 
Woodbury, Scey.) Boards; 6 x 9% ins.; pp. 52 
numerous illustrations in the text. $1 to members; 
$5 to non-members. 


NAUTICAL CHIARTS.--By G. R. Putnam, M. Am. Soc. 
C. E., Director of Coast Surveys, Philippine Islands, 
1900 to 1906. New York: John Wiley & Sons. Lon- 
don, England: Chapman & Hall, Ltd. Cloth; 5% x 
9% ins.; pp. 162; folding and other plates. $3. 


PIPES ANI) PIPING.—Compiled and Written by Hubert 
E. Collins. New York and London: Hill! Publish- 
ing Co. Cloth; 4% x 7 
in the text. $1. 

POWER RAILWAY SIGNALLING.—By H. Raynar Wil- 
son, Author of “Mechanical Railway Signalling.” No. 
5, The Railway Series of Text Books and Manuals by 
Railway Men for Railway Men and Others. London, 
England: The Publishers 95 the “Railway Engi- 
neer.” Cloth; 9% x 12 ins.; pp. 342; 625 illustrations 
in the text. 18s.; American ieie: $7. 20. 
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SOME IMPORTANT BOOKS} 


At Last—Nearly Ready 
Pocketbook for Civil 


Engineers 


By ALBERT I. FRYB, M. Am. Soc. C. E. 


After a lifetime spent in accumulating material, 
and nearly four years of hard, grinding work in 
putting this matter in shape for publication, the 
author has produced a comprehensive and up-to-date 
pocketbook for civil engineers—not a scrap-book, 
but a condensed treatise on civi] engineering, filled 
with data and tables, many of which have never 
before been published. For instance: The author 
spent twelve weeks of constant labor calculating 
und checking one new table, the need of which had 
been shown him by his own experience as an engi- 
neer. 

Thus there is crowded into the 1,200 pages a vast 
amount of matter that makes this the one book 
that no civil engineer or contractor can afford not 
to have. It is an epitome of modern civil engineer- 
ing knowledge—a whole library condensed into one 
flexible leather pocketbook. Price, $5 net, postpaid. 


Concrete Construction 
Methods and Cost 
By HALBERT P. GILLETTE and CHARLES 8. 
HILL. 


Containing 700 pages of cost data and methods of 
concrete construction of all kinds, this book is 
unique among all the books on concrete. The au- 
thors have confined their work to the methods and 
costs of concrete construction. They have not 
gone into the testing of cement, nor into the physi- 
cal properties of concrete, nor into the design of 
reinforced concrete, etc.; but they have filled the 
pages of their book with the sort of information that 
an engineer or contractor needs in estimating the 
cost and in reducing the cost of concrete work, both 
plain and reinforced. The various dcsigns of forms 
and centers and the layout of plant for mixing, con- 
veying and placing concrete receive the most com- 
plete treatment ever given to these important sub- 
jects. Cloth; 6 x 9 inches; 700 pages; 310 illustra- 
tions. $5 net, postpaid. 


Reinforced Concrete 
A Manual of Practice 


By ERNEST McCULLOUGH, C. E. 


This book is written for the practical concrete 
worker and for the engineer who desires in plain 
words the fundamentals of correct design and the 
practice of sound and economical construction work. 
The following are press comments: 

The author has personally supervised the erection 
of many of the buildings he has designed, thus giv- 
ing him a broad, practical experience and eminently 
fitting him to treat the subject embraced within the 
covers of this book.—Carpentry and Building, 

Nearly all the matter Is original and not compiled. 
The author tells ‘‘how to do” things. Statements 
are reliable and in clear language.—Iniand Architect. 

This little manual aims straight at the practical 
and hits the mark.—Concrete. 

Cloth; 5 x 7% inches; 136 pages; illustrated. Price, 
$1.50 net, postpaid. 


Practical Cement Testing 


By W. PURVBS TAYLOR, M. S., C. E. 
Engineer in Charge of Philadelphia Municipal Test- 
ing Laboratories. 


The list of chapters includes: (1) Classification 
and Statistics, (2) Composition and Constitution, (3) 
Manufacture, (4) Inspection and Sampling, (5) The 
Testing of Cement, (6) Specific Gravity, (7) Fineness, 
(8) Time of Setting, (9) Tensile Strength, (10) 
Soundness, (11) Chemical Analysis, (12) Special 
Tests, (13) Approximate Tests, (14) Practical 9 
tion, (15) Other Varieties of Cement than Portland, 
(16) Specifications (The Author’s, Am. Soc. C. E.; 
Am. Soc. Test. Mtls.; Soc. Chem. Indust.; Corps 
Eng., U. S. A.; British Standard, Can. Soc. C. E.). 
Cloth; 6 x 9 inches; 330 pages; 142 illustrations; 58 
tables. $3 net, postpaid. 


Handbook of Cost Data 


By HALBERT P. GILLETTH, M. Am. Soc. C. B. 
Managing Editor ‘‘Engineering-Contracting.’’ 


Whether for the purpose of estimating the cost of 
work or for securing hints that will lead to a reduc- 
tion of costs, this 622-page book is invaluable to 
every contractor and engineer. Send for 22-page 
pamphlet giving contents and sample pages. The 
rice of Gillette’s ‘‘Handbook,’’ bound in leather, is 
4 net, postpaid. 


Field System 
By FRANK B. GILBRETH. 


This book was written by one of the largest gen- 
eral contractors in the world, and contains nearly 
200 pages of rules and instructions for the guidance 
of his foremen and superintendents. It is the out- 
growth of over 20 years of experience in the con- 
tracting business and embodies scores of suggestions 
for economizing and for increasing the output of the 
men on the job. Mr. Gilbreth fs the contractor who 
made the ‘‘Cost-plus-a-fixed-sum-contract’’ famous. 
200 pages, with illustrations; bound in flexible 
leather, gilt edges. Price, $3 net, postpaid. 


Telephone Construction 
Methods and Cost 


This book is by all odds the most complete and 
systematic record of cost for any one class of con- 
struction work that has ever been published. Its 
author is Clarence Mayer, formerly Cost Statistician 
and Facilities Engineer, Chicago Telephone Co. The 
book covers pole line construction, cable construc- 
tion, underground construction, ete. Send for 
pamphlet giving table of contents and sample pages. 
The book contains 300 pages, and its price is $3 net, 
postpaid. 


Railroad Location Surveys 


and Estimates 


By F. LAVIS, M. Am. Soc. C. E. 


The contents include chapters on: Résumé of 
Methods and Explanation of Terms—Reconnaissance 
—Organization and Equipment—The Preliminary 
Survey, Field Work—Maps and Office Work—Loca- 
tion—Suburban Rapid Transit Railways—Estimates 
and Tables of Quantities—Surveys in Tropical Coun- 
trics and Notes on Modifications of Organization and 
Equipment—Trigonometrical and Curve Formule, 
Tables of Level Cuttings, etc. 270 pages, 73 illus- 
trations, 10 folding plates. $3 net, postpaid. 


The Largest and Most Com- 
prehensive Book on Con- 
crete and Reinforced 
Concrete 


A book of nearly a thousand pages, and containing 
over 700 illustrations, is Reid's Concrete and Rein- 
forced Concrete Construction.” It is a library on 
concrete itself, and no engineer’s or contractor’s li- 
brary should be without it. In this small space we 
can tell little about the book. Send for the 16- -page 
pamphlet giving full table of contents and sample 
pages. Price, $5 net, postpaid. 


Theory and Design of Rein- 
forced Concrete Arches 


By ARVID REUTERDAHL. 
Chief of Bridge Department, City of Spokane, Wash. 


The books which have heretofore been published 
on this subject are either so mathematically abstruse 
or leave so much to the reader to demonstrate for 
himself that they are of little value to the general 
practitioner or to the technical student whose math- 
ematical ability is not of exceptional order. These 
objections have been overcome in this book. Every 
principle is explained thoroughly—there are nd miss- 
ing steps in the mathematics. 182 pages; numerous 
diagrams and tables. Price, $2 net, postpaid. 


Rock Excavation ° 
Methods and Costs 


By HALBERT P. GILLETTE, M. Am. Soc. C. E. 
Managing Editor ‘‘Engineering-Contracting.’’ 


One superintendent writes that he has cut the cost 
of his drilling and blasting practically in two since 
he received this book and applied the methods given 
by Mr. Gillette. 

The chapters are: Rocks and Their Properties— 
Methods and Cost of Hand Drilling—Machine Drills 
and Their Use—Steam and Compressed Air Plants— 
Cost of Machine Drilling—Cost of Diamond Drilling 
—Explosives—Charging and fFiring—Methods of 
Blasting—Cost of Loading and Transporting Rock— 
Quarrying Stone—Open Cut Excavation—Methods 
and Costs on the Chicago Drainage Canal—Cost of 
Trenches and Subways—Subaqueous Hixcavation— 
Cost of Railway Tunnels—Cost of yee: Shaft 
Sinking and Stoping. Cloth; 5% x 7 inches; 884 
pages; 56 figures an illustrations. $8 net, postpaid. 
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CASTING THE CONCRETE LIONS FOR CONNECTICUT 


AVE. BRIDGE, WASHINGTON, D. C. 


In our previous descriptions of the large con- 
crete bridge which carries Connecticut Ave. 
across Rock Creek gorge at Washington, D. C., 
we have mentioned the large concrete lions which 
are placed on each of the four end newels of the 
bridge railing. These figures have recently 
been successfully cast and we are able to present 
here a view of one of the finished lions and also 
a description of the methods used in the casting. 
The molding of large and intricate figures in con- 
crete is a comparatively recent process, and even 
now is in the hands of a few specialists, but the 
highly artistic effects that some of these gentle- 
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ONE OF THE FOUR CONCRETE LIONS AT THE APPROACHES OF THE CONNECTICUT AVE. BRIDGE. 


men have been able to procure makes it apparent 
that there is a wide field for this work. 

The Connecticut Ave. Bridge lions are in two 
models—for the opposite sides of each end—after 
the designs of Mr. R. Hinton Perry, the New 
York sculptor, whose Neptune fountain in front 
of the Library of Congress is well known to all 
who have been in Washington. Mr. Perry fur- 
nished quarter-size models, for the approval of 
the Engineer Commissioner, Maj. J. J. Morrow, 
and the Consulting Architect, Mr. E. P. Casey, 
and two full-size models for the use of the cast- 
ing contractor, the Erkins Co. of New York City. 
The full-size lion rests on a pedestal (shown in 
the half-tone), is about 9 ft. high, and is of 


solid concrete. In each lion there is the 
following reinforcement: one %-in. pipe in 
each fore leg, one 1% round rod in the 


curled-up tail and one %-in. round rod placed 
ina horizontal plane about the level of the 
mouth so as to reinforce the head. Each of the 
figures was cast in place on its pedestal, two 
plaster molds being used for the four figures. 


Calculating the Intersection of Any Two Grade Lines (illustrated); A. J 
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laying the concrete are the features of the work 
that merit description, although mention should 
be made of the care taken by Mr. Perry in 
modeling the figures so that the concrete casting 
could be accomplished, at the same time obtain- 
ing fine detail and bold relief. 

The models were shipped from Mr. Perry’s 
studio in Hoboken to the plant of the Erkins Co. 
in New York, and there the plaster molds were 
made. These molds consisted of about 150 pieces, 
varying from 9 to 24 ins. in thickness, interlock- 
ing so as to form strong backing when set up 
and, in the longer pieces, reinforced with 1-in. 
iron pipe and wooden strips. These pieces were 
so designed that the last piece placed was a key 


which had to be removed first in the dismantling 
process. Where undercuts necessitated a sepa- 
rate small mold, for ease in removal, these 
smaller pieces were tied to the back mold with 
rope running through holes in both pieces and 
tightened on the outside by wedged-up toggle- 
sticks. When the molds were removed the rope 
was cut, allowing the removal of the outer form 
first, and then the undercut block was taken out 
without damaging the overhanging piece of con- 
crete. 

In the casting the mold was first set up en- 
tirely around the figure for a height of 2 ft. 6 ins., 
then the inside of the joints carefully pointed up 
with plaster of Paris and finally the molding 
surface was covered with two coats of shellac to 
prevent adhesion of the cement to the mold. In- 
side of the figures a rough form was placed about 
5 ins. from the face forms so that a surface coat- 
ing could first be cast, afterward to be backed up 
by a central filling. Accordingly this surface 
layer was placed in 8-in. thicknesses, worked well 
in by the hands and then successively rammed; 
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The method of preparing these molds and of first, with small iron rammers about 2 ins. in 


diameter, so as to occupy about two-thirds of the 
original space; second, with wooden mallets, and 
third, with sand bag rammers (about a quart of 
sand to a bag) until an impression could no 
longer be made with the hand. The surface was 
then scratched with a nail or trowel for bonding 
and the interior space filled in with a wet 1:2:4 
concrete. The mixture used in the facing was 
dry and is described below. The work proceeded 
thus in 2 ft. 3 in. layers up to the top and the 
keying was made in the head of the lion. 

In regard to the mixture used in the facing, we 
would quote Mr. W. J. Douglas, M. Am. Soc. C. 
E., Engineer of Bridges of the District of Colum- 
bia, who had charge of the construction, and who 


kindly furnished us with the accompanying in- 
formation. Mr. Douglas says: 


The mortar facing was placed s8 dry that no amount 
of hammering or ramming resulted in flushing of water 
to the surface. The following formula was used for the 
facing mortar. It was the intention to get a limestone 
effect, which was attained. 


AMOUNT OF MATERIAL USED IN ONE BATCH. 


2 cu. ft. Dexter Portland Cement. 

1 cu. ft. Blanc Stainless Cement. 

6 cu. ft. Indiana limestone sand (% in. down). 
5 qts. refined yellow ochre. 

1 qt. waterproofing. 

7½ gals. water. 


This material was carefully mixed. The cements were 
first carefully mixed together to a uniform color and 
the ochre and waterproofing were then added and the 
material was again mixed to an even color. It was 


` then spread out and the limestone sand was added and 


the materlals were again mixed to a uniform color. The 
whole mass was then turned over four times (raking at 
the same time) the water being added by sprinkling 
from a watering-can during this last mixing. 
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The mold was kept in place two days. After the re- 
moval the concrete lions were kept wet for three weeks 
and on the warmer days they were covered with wet 
bags. Upon the removal of the mold the work was 
found to be excellent. After three weeks the carving 
or tooling of the lions was begun. This carving or tool- 
ing consisted largely of tooth chiseling the surface so 
as to remove the plaster of paris which appeared as 
flour over a smajl portion of the two lions, to produce 
a uniform appearance, to obliterate the few marks, to 
accentuate to a slight extent the detail and tq bring 
out a small amount of undercut work which could bet- 
ter be brought out this way than by molding. 

The method employed of using dry facing concrete, 
while hardly novel, is, I believe, new to many engineers, 
so it may be worth while to give the theory on which 
it is based. In nearly all engineering work today, even 
for ornamental work, concrete and mortar is cast very 
wet. Economy as a rule gov- 
erns the use of this wet 
mixture for ornamental work 
and other practical rea- 
sons demand it for mass 
and reinforced-concrete work. Toggle 
However, in ornamental work SY. 
which cannot be cast up- 
side down and afterwards 
set in place, we have much 
trouble with laitance efflor- 
escence and hair cracks re- 
sulting from the floating of 
the finer material to the 
top. In addition to this we 
find a weaker mixture in the 
top surface and air holes in 
the other surfaces. The 
most serious trouble resulting from the use of a wet 
mixture is shrinkage and where the design is such that 
the concrete passes from large to small sections very 
rapidly, the resulting shrinkage cracks cannot be pre- 
vented, even with a liberal use of steel; further, this 
shrinkage causes a less decided cast, causes greater ad- 
hesion to the mold and makes it almost impracticable 
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Method of Holding 
Undercut Blocks to 
the Main Mold. 


to get the heavy undercut blocks out without injury to - 


the cast. In order to have the mortar facing set up 
evenly from the inside as well as from the outside, the 
backing concrete was made very wet so that the mortar 
facing would rob it of part of its water. 

The work was carried on in September, so that 
excessive temperatures were not met with. The 
Erkins Co. had nine men engaged. Mr. E. 
Weedon Clark was in charge, and to him is due 
considerable praise for the successful execution; 
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Although costs in this detailed casting are not 
of much value in estimating other work, because 
the various factors which enter into the construc- 
tion are so variable, it may be of some value to 
state that the contract was let at about $150 per 
cubic yard of concrete laid, this price covering 
the entire construction, but not the fee paid to 
the sculptor, whose work was under separate 
contract. 

The accompanying half-tones show the admir- 
able modeling achieved by Mr. Perry and the 
excellent quality of the execution. Unfortunately 
there is no accompanying scale by which the size 
may be judged, but it may be remembered that 
the pedestal base in line with the lion is some- 
what over 12 ft. in length and that the top of the 
head is 9 ft. from that same base and about 14 
ft. from the roadway of the bridge. 
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A DESIGN FOR A PORTLAND CEMENT PLANT WITH A 
CAR SYSTEM FOR TRANSPORTING MATERIALS.“ 
By C. J. TOMLINSON. 


A method of manufacture of Portland cement 
calculated to develop a logical evolution of 
economies in the work should be the object of 
every progressive plant manager. The extent 
and rapid growth of the industry has made it 
possible to expend considerable sums in the ef- 
fort to accomplish economies; an economy of 1 
ct. per barrel or less than 2% of the mill cost 
of manufacture, will pay 10% on an investment 
of $182,000, in a 5,000-bbl. plant. But if this 
work is not followed up in a logical manner the 
results fall far short of the possible economies 
that could otherwise be effected. The best in- 
terests of the industry are centered in this 
problem of cost reduction, and its solution. 

A cement plant manager contemplating the 
purchase of grinding machinery for rough 
grinding has, at the present time, the choice of 
eight types of machines of radically different 
design that are being offered and installed for 
this work. The choice of crushers, of dryers, 
of fine grinders or of a type of kiln is simple in 
comparison; although the practice in these de- 
partments is far from standardized. 

Each of these types of rough grinders re- 
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under him there were two skilled mechanics who 
could work inside the lions and six laborers. 
With this force it took about one week to com- 
plete each lion, from the assembling of the molds 
to the finishing tooling. The completed figures 
are remarkably good, only a few defects being 
found on the work. There are a few spots on 
each lion about the size of a walnut, where the 
cement set up without sufficient ramming, and 
one small piece of undercut work had to be cut 
out and replaced. 


FIG. 1. GENERAL PLAN OF PORTLAND CEMENT PLANT. 
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ferred to has a certain economic adjustment, 
speed of driving, rate of feed, degree of fine- 
ness of the material being fed and fineness of 
production. Then, too, the nature of the ma- 
terials being treated varies in the different lo- 
calities. 

These machines are designed under the most 
empirical rules as to proportions and economic 
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size, and are usually installed over a mill con- 
veyor alongside a number of other grinders, 
given a short test as to rate and fineness of 
production and then thrown out or enthusias- 
tically adopted. In the latter event, the con- 
tinuous duty required of them develops a thor- 
ough understanding of their peculiar objections— 
the store room repair charges for some part are 
considered excessive—and the search is resumed. 

In order to successfully evolve an ideal design 
or type of machine for this work, it is 
Necessary to secure complete data of the 
performances of the various modifications 
leading up to this result. It is not enough 
to know that a machine will do the work: it is 
of the highest importance to know by just what 
amount a change in design or operation affects 
the economic result. 

The obvious method to accomplish this is to 
weigh all of the production of the different ma- 
chines and to test it periodically as to fineness; 
in fact, create an immense testing department 
of the grinding departments in which the differ- 
ent modifications are tested to destruction under 
the most searching and equal competition. 

In order to do this, it is necessary to install a 
conveying equipment that will make it possible 
to give the different machines individual atten- 
tion. In an effort to solve some of these require- 
ments, I have prepared the accompanying ten- 
tative plans of such a plant. The various types 
of continuous conveyors and elevators are not 
readily adaptable to these requirements and are 
also a source of considerable annoyance in the 
operation of a large plant, and in these plans 
have been replaced with an arrangement of elec- 
trically-operated scale and larry cars and skip 
hoists. The elevating is concentrated in four 
double-track skip hoists with skips of 12 tons 
capacity each. These hoists are so situated as 
to form an alternative path for the movement 
of material in case of breakdown of any one of 
them. 

The plans represent a plant with a capacity of 
about 5,000 bbls. per day and show also space for 
future merease in the different departments. 

The rock is first dumped from the quarry car 
into one of the skips at hoist No. 1 and ele- 
vated to the bin above a 67-ft. level track, over 
which it is transported to the crushers in the 
crusher and dryer building by a motor-driven 
hopper-bottom car. The elevation of this track 


COAL STORAGE & 
PULYV TC RISING BVILDING. 


is enough to provide a gravity path for the 
material through screens, crushers, dryers and 
rolls, from which it falls into bins over the 
regular narrow gage yard tracks. The cars 
operating on these yard tracks are similar to 
those in use in the storage yards of blast fur 
nace plants and consist of two short bogies with 
railway type motor and having a heavy hopper- 
bottom car body hung on suitable scales. . 

The material is taken from the dryer house 
back to hoist No. 1, elevated and transferred to 
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the raw mill directly, or to the rock-storage 
bins beyond the dryer and crusher building. In 
case the material is taken to storage-bins, it is 
subsequently transferred by the scale car to 
hoist No. 1 and thence to the raw mill. The 
scale car then moves on beneath the raw mill 
to receive the ground material, which it trans- 
fers to hoist No. 2. This hoist is similar to No. 
1, with the addition of suitable dampers or 
doors to confine the dust, and delivers the 
powdered material to the car operating over the 
kiln room bins and raw grinding department. 
The plan of the yards and the elevations 
shown should make this readily understood, and 
as the system of handling the clinker and 
cement is very similar to that for the 
raw material, it will not need further ex- 
planation. The clinker may be taken from 
the kiln bins and readily handled at a much 
higher temperature than is practical with 
continuous conveying machinery. The clinker 
storage yard for aging the clinker will require 
the services of a special machine, a pair of 
heavy motor-driven rolls mounted complete with 


two swinging booms carrying short belt 
conveyors. This outfit should be mounted 
on two  narrow-gage bogies so that it 


may be readily moved from place to place 
under the yard or the machine shop. The 
wear on these roll shells is very rapid and the 
shop crane will expedite the repairing required. 
A spare outfit of this sort would be found use- 
ful in replacing the services of a pair of rolls, 
undergoing repairs, in the rock-dryer depart- 
ment. | 

The plans show no dryer department for dry- 
ing the clinker taken from the storage yard. If 
there are good and sufficient reasons for satu- 
rating this clinker, as is done in some plants, a 
dryer department should be introduced between 
hoist No. 3 and the finishing mill. 

It should be practicable to serve the entire 
plant, on occasion, with four motormen, one 
operating a car on each of the elevated tracks 
and one on each of two cars in the yard 
tems. The hoists may be started from the 
car platforms and will automatically stop them- 
selves, as is the practice 
at a number of blast 
furnace plants. 

In these plans no con- 
cessions have been made 
in an effort to economize 
in first cost of erection, 
nor are they intended to 
do more than clearly 
show the application of 
the conveying equipment. 
In regard to the ques- 
tion as to whether de- 
partments of this ar- 
rangement will give as 
good results in main- 
taining or perfecting the 
proper mix on the raw 
side, it should be noted 
that the storage depart- 
ment here shown, in con- 
nection with the scale 
cars, offers a system that 
should be of considerable 
value in producing the 
required mixture; and 
the operation of dump- 
ing into hoists, then 
to bins, then to cars 
again, then to bins 
over machines, should 
mix the charge as completely as is ever accom- 
plished by the use of a common conveyor in a 
commercial plant. And then the powdered ma- 
terial is given this working again in the process 
of delivering it to the kilns. 

The intimate admixture of the materiale ac- 
complished by the average conveyor system is 
of meager value in comparison to that produced 
in the average fine grinder. 

In conclusion, these plans show a radical de- 
parture from accepted designs for this work, 
but as the plants have increased in size, it has 
become more and more evident that the problem 
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Fig. 3. 


Half Cross-Section of a Grinding 
Department. 


of efficiently serving the machines could only be 
met by a most radical solution. The serving 
machinery should combine efficiency and flexi- 
bility, be a ready means of information regard- 
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ing the machines it serves and, finally, be of the 
greatest aid and least interference in the diffi- 
cult tasks of repairing these machines. 
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THE OXY-ACETYLENE PROCESS OF CUTTING AND 
WELDING.* 


The oxy-acetylene process for autogenous weld- 
ing and emergency cutting of metals was first 
introduced into this country from France about 
seven years ago. At present there are three or 
four companies in the United States manufac- 
turing the oxy-acetylene apparatus under the 
French patents but with various individual modi- 
fications in details of construction. 

The acetylene is generated from calcium car- 
bide in the same general way as for illuminating 
purposes. It is desirable, however, to have a 
Slightly higher pressure im the acetylene line in 
the case of the blowpipe, and generators have 
been devised which produce the gas under pres- 
sures as high as 15 lbs. per sq. in. The pressure 
is regulated in the Goodyear generator by floats 
which move with the level of a water surface 


controlled by the pressure in the generating 
chamber. The movement of these floats controls 
the supply of carbide falling from the hopper into 
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FIG. 4. 


the water in the generating chamber. In the 
Davis pressure generator the amount of carbide 
admitted to the generating chamber depends 
upon the rotation of a ring equipped with vanes 
which “plow” the carbide from the edge of a 
circular plate upon which it flows from the hop- 
per. This ring, or plow, is driven, through a 


*A previous article on this process was published in 
Eng. News, June 27, 1907, p. 706.—Ed. 
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lated so as not to oxidize the metal. 


train of gears resembling clockwork, by the action 
of a descending weight. The clockwork is stop- 
ped or released by a lever actuated by a raw- 
hide diaphragm upon one face of which acts 
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LONGITUDINAL SECTION THROUGH KILN ROOM AND CLINKER STORAGE. 


the acetylene pressure. In both these types the 
pressure may be set at any point within their 
respective ranges by simple adjustments of the 
regulating devices. In ordinary work the 
acetylene is piped direct through a reducing 
pressure valve from the generator to the torch, 
or blowpipe. When a portable outfit is needed, 
the acetylene is dissolved under pressure in 
acetone and stored in cylindrical steel tanks. 
The apparatus for generating oxygen has not 
yet reached as high a degree of standardization. 
It is desirable, especially in welding, that the 
oxygen supply be pure and of constant quality 
in order that the flame may be definitely regu- 
For small 
installations, the oxygen is supplied stored in 
cylindrical tanks at a pressure of from 125 to 
200 Ibs. per sq. in., but, in cases where this 
would be inconvenient, it can be generated at 
a reasonable cost by the well-known chlorate of 
potash process and compressed into tanks at the 
place where it is to be used. The compressor 
for this purpose must be of special construction, 
taking into account the 
nature of the upon 
which it Cylin- 
ders, pistons and all parts 
with which the oxygen 
comes in contact are 
faced with copper, and 
ordinary lubricating oil 
cannot be used, as it is 
liable to be vaporized 
forming with the oxygen 
an explosive mixture, 
From the tanks the oxy- 
gen is led through tubes 


gas 
works. 


ELEVATION OF 12-TON HOIST BETWEEN FINISHING MILL 
AND STOCK HOUSE. 


to the blowpipe, and a pressure regulating valve 
is used, as in the case of the acetylene. 

The blowpipe, or torch, is the main feature of 
the oxy-acetylene apparatus and it is mainly 
in the” details of its construction that the out- 
fits of the different manufacturers differ. There 
are two general types, one of which operates on 
the injector principle. The oxygen at relatively 
high pressure: (15. to 20 lbs.) passes with con- 
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siderable velocity past the openings through 
which acetylene is admitted at a pressure gen- 
erally less than 1 lb. per sq. in. and draws the 
acetylene with it to the flame end of the ngzzle. 
In the second, or pressure, type of torch, the 
acetylene is brought to the mixing space in the 
nozzle at a pressure of about 5 lbs., it being 
claimed that a more definite mixture can be 
secured in this way. In both types cocks are 
provided at the torch controlling separately the 
amount of each gas so that the operator can 
regulate at will the size of flame and the mix- 
ture. 

A demonstration of steel cutting by the oxy- 
acetylene process given at Columbia University 
Oct. 23 by the Equitable Engineering Co., 60 
Wall St., New York, gave an idea of the possi- 
bilities of this method. A bar of machine steel 
of rectangular section, 2 ins. x 3% ins., was cut 
through in about one minute, a 9-in. I-beam in 
less than two minutes, and a 4-in. x 6-in. beam 
built up of four l-in. steel plates riveted to- 
gether was cut through in slightly less than six 
minutes, after a brief preheating with the same 
torch. The torch used at this demonstration was 
the ‘“‘Pyrokopt’” torch made by the Linde Air 


Products Co., of Buffalo, N. Y. Acetylene was 


supplied by a Goodyear generator and was 
brought to the torch at a pressure of about 10 
ins. of water. The cutting torch differed from 
the welding torch of the same make in having 
a third tube for high-pressure oxygen. This tube 
ends in a conical nozzle within the nozzle car- 
rying the oxy-acetylene mixture and delivers a 
strong jet of oxygen in the center of the flame 
of the torch. It is this oxygen jet that does 
the cutting. The surrounding flame brings the 
steel to a temperature so high that it is burned 
through upon the application of the jet of 
oxygen. The cutting jet was supplied with oxygen 
at a pressure of 190 lbs. per sq. in. Welds were 
made at this demonstration in steel, cast iron 
and aluminum. In welding cast iron, a rod of 
a special composition was used to provide an 
excess of metal to allow for machining, etc. In 
the case of steel and aluminum, a rod or wire 
of the same material as that being welded was 
employed in the same way. A flux was used 
with the steel to prevent excessive oxidation. 

A most interesting demonstration of oxy- 
acetylene welding was given at the factory in 
Jersey City of the Davis-Bournonville Co., 90 
West St., New York. Two plates of %-in. cast 
iron were welded together forming a strip about 
8 ins. long and 2 ins. wide. This was then sup- 
ported at each end and broken by striking it 
with a hammer directly above the weld. The 
break was irregular, three or four small frag- 
ments breaking out, as would be expected in a 
solid plate, and a close inspection revealed no 
indication of the joining in any of the fragments. 
Two pieces of strap iron were welded edge to 
edge and then bent over along the weld through 
an angle of 90° by hammering in a vise. There 
was no sign of any separation. 

The most striking feature of this demonstra- 
tion was the welding of copper to steel and cast 
iron to steel. In both cases a thorough mingling 


and perfect union of the two metals seemed to 
be effected. The weld of steel and cast iron was 
tried on an emery wheel and it was found that 
there was a continuous gradual variation from 
steel to cast iron, or vice versa, it being im- 
possible to pick out by the appearance of the 
spark any one point as the point of union. The 
Davis-Bournonville Co. used no flux in welding 
steel, but in welding cast iron a special powder 
was used to remove the film of scale or rust 
from the surface of the metal after fusing it. 
The torch used by this company is of the 
pressure type. For cutting purposes, a tube for 


high-pressure oxygen is attached to the weld- 
ing torch by a simple clamp. The nozzle of this 
tube is then close beside the heating nozzle and 


FIG. 1, 
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projects about in. beyond it so that in use it 
may be brought closer to the metal being cut. 
In making a cut, the torch was moved so that 
the oxygen jet followed the flame. The web of 
a 15-in., 60-lb. I-beam was cut through in one 
minute. The kerf in this case was about in. 
wide. Costs per hour, including labor at 30 cts. 
per hour, are given by this company as follows:. 


Welding. 
Thickness of metal: 


1/32-in. 5 1/10- In.; cost per lineal foot ........ $0.0087 
-in. to %-in.; cost per lineal foot .054 
T/yg-in. to - in.; cost per lineal foot ....,.. 3374 
; Cutting. 
Thickness of steel: 
-In. or less; cost per lineal foot ........ $0.0447 
-In. to 1%-in.; cost per lineal foot ....... -0627 
14%4-in. up; cost per lineal fee -1005 


Nozzles of several sizes are provided for cut- 
ting and welding different thicknesses of metal. 
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INFRINGEMENT OF PATENTS ON MECHANICAL 
filters is charged in a suit brought by the New York- 
Continental-Jewell Filtration Co. against the city of 
Harrisburg, Pa. Arrangements have been made by 
which a number of other cities using mechanical filters 
will cooperate in the defense of the suit. Among them 
are the cities of Louisville, Ky., New Orleans, La., Co- 
lumbus, O., and the Hackensack Water Co., of New 
Jersey. 


FIG. 2. OVERHEAD ELECTRIC EQUIPMENT AT PORT HURON STATION. 


ELECTRIC LOCOMOTIVE FOR THE ST. CLAIR TUNNEL, 


THE ELECTRICAL EQUIPMENT OF THE ST. CLAIR 
TUNNEL, GRAND TRUNK RY. 


The submarine tunnel under the St. Clair River, 
between Port Huron, Mich., and Sarnia, Canada, 
was completed in 1900. It is a single track, iron 
lined tube tunnel, 19 ft. diameter, and 6,032 ft. 
long, with approach grades of 2%. The total dis- 
tance between the ends of these approach grades 
is about 214 miles. 


Four tank locomotives of special design were 
built to handle the trains on this tunnel line, 
which is operated as a separate division. These 
locomotives were arranged to burn anthracite 
coal in order to avoid the inconvenience due to 
heavy smoke in the tunnel. Their maximum 
tractive effort limited the 
train loads to about 760 
tons, and even with 
this load the speed was 
often very low on the 
approaches. With the 
growth of traffic, the ca- 
pacity of the line was 
overtaxed, and the num- 
ber of trains became so 
great that the ventilat- 
ing equipment was over- 
taxed. Several accidents 
occurred, and trains were 
stalled owing to the 
crews becoming over- 
come by the gas-laden 
atmosphere of the tunnel. 

In order to increase the 
traffic capacity, and to 
eliminate the dangers in- 
cident to steam locomo- 
tives in the tunnel, it was 
decided to adopt elec- 
tric traction, and Mr. Bion J. Arnold, M. Am. 
Inst. E. E., was engaged to investigate and re- 
port upon the matter. After consideration of his 
report, Mr. Arnold was commissioned to prepare 
the necessary plans and specifications, and in 
1905 a contract for the necessary plant and 
equipment was awarded to the Westinghouse 
Electric & Mfg. Co., which had submitted a bid 
for a 3,000-volt alternating-current single-phase 
System. The general features of this system 
were described and illustrated in our issue of 
Jan. 18, 1906. 

The plant has been in continuous operation 
since May 17, 1908. It has handled the entire 
traffic, which is said to be the heaviest railway 
service in the world that is operated by electric 
traction, since it includes freight as well as pas- 
senger service. An inspection of the work was 
made Nov. 12 by a party of engineers and offi- 
cials, on the invitation of the Grand Trunk Ry. 
The following description of the plant and equip- 
ment as now in use is taken from a paper read 
before the Western Society of Engineers (Chi- 
cago) by Mr. F. A. Sager, of the Arnold Co.: 

LOCOMOTIVES.—One of the locomotives is shown in 
Fig. 1. Three locomotives have been provided for this 
service, each consisting of two half-units. Each half- 
unit is mounted on three axles driven through gears 
by three single-phase motors with a nominal rating of 
250-HP. each. The nominal power of the complete loco- 
motive is 1,500-HP. The motors have a very liberal 
overload rating, and it is easily possible to develop 
2,000-HP., and on occasion in excess of this, in one loco- 
motive. The half-units are duplicates in every respect, 
and as the multiple-unit system of control is used, they 
can be operated when coupled together with the same 
facility that a single-phase half-unit can be operated. 

The locomotives are designed to develop a drawbar 
pull of 50,000 lbs. at the comparatively low speed of 10 
miles per hour. They are powerful enough to start a 
1,000-ton train on a 2% grade in case this should be 
necessary, and can haul this train at 11 to 12 m. p. h. 
on the grade. At a test (using a dynamometer car), it 
was found that a single half-unit developed 43,000 Ibs. 
drawbar pull before slipping the wheels. This was done 
on a comparatively dry rail, with a liberal use of sand. 
On this basis it would be possible to develop about 
86,000 lbs. drawbar pull with a complete locomotive. 

The maximum speed of the locomotives is 35 m. p. h. 
It is not the intention to operate them at a speed in 
excess of 30 m. p. h. Speed indicators are provided, 
with a large dial in the cab. These indicate the speed 
at which the locomotive is running, and record the speed 
throughout the run. It is estimated that an engine can 
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make the trip between terminals with a 1,000 ton train 
in 15 mins. This would provide for four 1,000-ton 
trains per hour. 

Inside the cab is located practically all of the appa- 
ratus, with the exception of the motors. and the brake 
rigging. Included in this apparatus is a single-phase 
transformer used for reducing the current from 3,300 
volts to a voltage suitable for application to the motor. 
The transformer, as well as the motors, are air-cooled, 
the supply of air being furnished by an electrically 
driven blower in the cab. The blower is driven by a 
single-phase motor, the current being supplied at 100 
volts by a tap from the main transformer. With the 
moderate supply of cooling air furnished by the blower 
fan, both transformers and motors are able to operate 
at full capacity with comparatively little increase in 
temperature above that of the surrounding air. The air 
for the cooling is taken n 
through a shutter in the side 
of the locomotive cab, and 
is distributed through sheet 
metal ducts installed under 
the floor to the three mo- 
tors and to the transformer. 
From the latter, the air 
passes either through an 
opening in the floor of the 
cab into the open air, or, 
if desired, into the interior 
of the cab. In the latter case 
an appreciable amount of hear 
can be secured from the main 
transformer for heating the 
cab. 

Motor-driven air compres- 
sors are also located in the 
cab. The air brake equip- 
ment is of the standard type 
used for electric cars and lo- 
comotives, with the exception 
of the motors, which ere sin- 
gle-phase. They are oper- 
ated by means of an electric 
controller, which serves to 
keep the normal air pressure 
at about 100 lbs. The 
compressed air operates both the automatic and straight 
air equipment on locomotive and train, and is used for 
a variety of minor purposes in and about the locomotive. 
All of the contactor switches used in controlling the 
operation of the locomotives are air operated, the air 
valves being operated by direct-current electrical con- 
trol. This is also true of ringing the bell, blowing the 
whistle, raising and lowering the trolley, and applying 
sand to the tracks. 

Speed control of the locomotive is effected by vary- 
ing the voltage at the terminals of the motors. This is 
effected by making connection with various transformer 
taps by mcans of the air operated, electrically controlled 
contactor switches. Electric control of the contactors is 
effected through the master controller, which in the elec- 
tric locomotive replaces the throttle valve in the steam 
locomotive. The current for the master controller is 
furnished by a small storage battery operating at about 
20 volts, the battery in turn being charged by means 
of a small motor-generator set. 

The electric controller has 21 points in all, 17 of 
which are running points. This provides for an in- 
crease in the speed of the locomotive from the lowest 
running speed to the maximum speed by very slight 
gradations, thus making it possible to maintain practi- 
cally constant drawbar pull, while the locomotive is ac- 
celerating the train. This is very desirable, as the min- 
imum variation in the drawbar pull while handling the 
train through the tunnel decreases the liability of break- 
Ing the train in two. Particular attention was given 
this phase of the train operation in designing the loco- 
motive, and the resulting remarkable decrease in the 
number of breaks-in-two since the operation with elec- 
trie locomotives is a source of great satisfaction. 

On the master controller is also located the reverse 
lever, which controls through the electrically operated 
solenoids the air operated contactors used in reversing 
the motor connections. Here also are located “the push 
buttons, which serve to raise and lower the trolley, op- 
erate the front and rear sanders, reset the circuit 
breaker, and ring the bell. The ringing of the bell and 
the application of sand by means of the front and rear 
sanders are also controlled by foot pedals. 

Each half-unit is arranged for operation in either di- 
rection; air valves, a master controller and ammeter 
being located at each end of the cab. By means of cable 
couplings, the control system of two or more half- 
units can be thrown in parallel, thus providing for the 
operation of any number of half-units from any master 
controller. In this way the two half-units are generally 
operated in the handling of freight trains through the 
tunnel. The passenger traffic can ordinarily be taken 
care of by a single half-unit. 

The current is collected from the trolley wires (22 ft. 
above the track) by means of a sliding bow pantagraph 
trolley. Electric headlights are provided, as well as 


FIG. 3. 


lights for the illumination of the interior of the cab and 
the dials of the indicating instruments. The heating 
of the cabs is provided for by means of standard elec- 
tric heaters. Heat is also available for drying the sand 
stored in the sand boxes. In general, the M. C. B. stan- 
dards have been conformed with. The general dimen- 
sions of each half-unit are as follows: 


e sec eex 23 ft. 6 ins. 
Height, top of rail to top of roof........ F 
Height, top of rail to top of pantagraph 

nne ⁰ a 3 
AOC TR: d-i (BIR: wishes E T E beanees e. 
Total weight (evenly divided over three 

./ ˙ : aN aAa ara a eee 67% tons 
Weight of complete locomotive unit......135 tons 
Length of rigid wheel base 16 ft. 
Diameter of driving wheels 62 ins. 
Normal speed of train ascending 2% grade. 10 m. p. h. 
Normal speed on level tracks......... 25 to 30 m. p. h. 
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OVERHEAD EQUIPMENT ON TUNNEL APPROACH. 


(Tall steel columns supporting the high tension transmission lines are seen at the 


left.) 


PUMPING.—This is necessary to free the tunnel ap- 
proaches from water due to rain storms or melting 
snow, and the small amount of condensation and seep- 
age water collecting in the tunnel. For this purpose 
pumping plants have been installed at both tunnel por- 
tals. That at the Port Huron entrance consisting of 
two centrifugal pumps, each capable of delivering 4,000 
gals. per min., driven by direct-connected, 100-HP., 
three-phase, 25-cycle, 3,300-volt, induction motors. That 
at the Sarnia entrance consists of two 5,500-gal. pumps 
driven by two 200-HP. motors of the same type. In ad- 
dition a 150-gal. pump driven by a small induction mo- 
tor is located in each pump house, these pumps serving 
to take care of the small amount of water that is con- 
stantly finding its way into the drainage wells. 

The centrifugal pumps used in this service can be 
primed by means of the water stored in the large dis- 
charge pipes. Valves controlling the flow of water are 
all located so as to be conveniently accessible for the 
pump-house operator. The equipment has been found 
to operate in an entirely satisfactory manner, and pro- 
vides for the handling of water with a minimum amount 
of attendance and expense. 

Two 150-gal., motor-operated, centrifugal pumps are 
located at the foot of the Sarnia grade, and serve to 
remove from the tunnel the condensation and seepage 
water, delivering it to the well at the portal. The seep- 
age pumps are similar to the small pumps in- 
stalled at the portal pump houses, with the exception of 
motors, which for this service are entirely enclosed, 
suitable for continuous operation in the tunnel, where 
they are Hable to be subjected to more moisture than 
are the motors located in the 
pump houses. 

LIGHTING AND POWER. 
—Incandescent lamps in the 
roundhouses, the passenger 
stations and the Y. M. C. A. 
buildings in both Port Huron 
and Sarnia are furnished with 
current from the electric 
power plant by means of 
step-down transformers, re- 
ducing the voltage from 3,300 
to 110 volts. Motors operat- 
ing at 3,300 volts have been 
installed in the roundhouses 
at Sarnia and Port Huron, 
the current supply being 
taken from the power plant. 

In all, 480 lights have been 
installed throughout the 
tunnel on either side at a 
height of 10 ft. above the 
rail. The tunnel lamps are 
operated four in series from 


the 440-volt secondaries of the lighting transformers in- 
stalled in the tunnel. Similar transformers furnish the 
current supply for the tunnel drainage pump motors, 

In addition about 30 arc lights have been provided 
and installed in the yards at either terminal. These 
are for general illumination around passenger stations, 
roundhouses, and coal chutes. The current for the arc 
lights is furnished at the power plant by means of a 
mercury arc rectifier. The total amount of lighting is 
somewhat under 100 KW., which, together with the 
motor requirements of 100 KW., makes a total of 
slightly over 200 KW. for small power and lighting 
outside of the plant. 


ELECTRICAL DISTRIBUTION SYSTEM.—For the dis- 
tribution of the single-phase current to the locomotives, 
substantial steel towers have been erected throughout 
the tunnel yards. The steel work used for supporting 
the working conductor consists of strong lattice columns 
supporting bridges of trussed construction. The aver- 
age spacing of the overhead bridges is 250 ft. They are 
designed to extend over all tracks that are to be elec- 
trified. Those located at passenger station extend also 
over the platforms, thus in no way interfering with the 
access of passengers to and from the trains. This ne- 
cessitates a length of about 141 ft. in case of some of 
the bridges located on the Port Huron side, the bridge 
spanning seven electrified tracks, in addition to the sta- 
tion platform. This is shown in Fig. 2. 

Single catenary construction is used throughout, a 
messenger cable of -in. extra heavy galvanized steel 
being suspended immediately over the center lines of 
the tracks. The working conductor is attached to the 
messenger cable by means of fittings of varying lengths, 
so arranged as to support it at a uniform height of 22 
ft. above the top of the rail. No. 0000 hard-drawn 
grooved copper is used througtout the yards. On the 
approaches and through the tunnel two 300,000-cm. con- 
ductors have been installed. The messenger cables 
forming the catenary construction terminate at the tun- 
nel portals, where they are securely anchored to eye 
bolts imbedded in the heavy masonry portal. At this 
point the messenger wires supporting the working con- 
ductor in the tunnel are anchored to special brackets 
located on the tunnel face. The conductors in the tun- 
nel are continuous with those on the tunnel approaches. 

The method of supporting the trolley inside of the 
tunnel shell was conditioned by the requirement that 
complete overhead equipment should not encroach on the 
tunnel opening more than 9 ins. This has been accom- 
plished by bolting to the tunnel shell special iron 
brackets, each of which supports two spool-shaped in- 
sulators. These insulators in turn support steel mes- 
senger cables, which are drawn taut throughout the 
length of the tunnel, and attached to brackets at the 
tunnel portal. Special clamps are attached to these mes- 
senger cables at points between the insulator supports, 
and these in turn serve to support the two trolley wires. 
The insulating supports are attached to the tunnel shell 
at intervals of 12 ft., as also are the clamps connecting 
the messenger cable with the trolley. This method pro- 
vides an attachment at once sufficiently rigid to main- 
tain the proper clearance between the trolley and the 
tunnel shell, and at the same time sufficiently flexible 
to provide for the proper operation of the trolley bow 
on the overhead conductor. Section switches have been 
provided where necessary to permit of disconnecting the 
working conductor over any switch track from the main 
line extending throughout the tunnel. 

The columns at one end of the bridges have been ex- 
tended above the bridge to support the transmission 
wires which supply current for the power and lighting 
service at the roundhouses and stations, as well as for 
the arc light circuits. (Fig. 3). Overhead lines termi- 
nate in the pump houses, at either tunnel portal, where 
they are connected with the underground feeder system 
at the panel boards. 

All feeder lines connecting the various parts of the 


FIG. 4. VIEW OF TUNNEL PORTAL. 
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equipment to be supplied from the power plant are 
carried in the tunnel conduits. For this purpose four 
conduit lines have been laid on either side of the tun- 
nel. Connection has been made with these conduit lines 
at a point about 1,700 ft. from the Port Huron portal 
by a vertical shaft extending from the top of the tunnel 
to the surface of the ground, terminating at about 75 ft. 
from the power plant. The overhead feeders (terminating 
as above noted in the portal pump houses) are contin- 
ued as underground feeders down through the tunnel and 
up the shaft, finally terminating in the switchboard at 
the power plant. 

For the pumping service, two independent feeders are 
laid from each portal pump house, one being installed 
on either side of the tunnel and both terminating at the 
power plant switchboard. The heavy feeders for sup- 
plying the locomotive current to the trolley extend from 
the tunnek through the vertical shaft to the power- 
house. This arrangement provides for all feeders leav- 
ing the power plant underground. The cables are paper 
insulated, lead encased and are installed in tile ducts. 

POWER PLANT.—This is located on the Port Huron 
bank of the St. Clair River, about 100 ft. from the 
center line of the tunnel. The foundation footings were 
carried down to the clay, and were designed for a 
bearing pressure of 2 tons per sq. ft. All of the column 
footings supporting the coal bunkers, as well as the 
footing underneath the stack, receive additional support 
in the way of piling, on account of the location on the 
river bank. The self-supporting steel structure is car- 
ried on concrete foundation walls and footings. The 
steel work carries the reinforced cinder concrete roof, 
the runway for the traveling crane in the turbine room 
and the reinforced-concrete coal bunkers in the boiler 
room. The brick building walls are also carried on the 
concrete foundations, and are built about the steel col- 
umns. The roof is of cinder concrete overlaid with 
composition roofing. Drainage downspouts are taken 
Cown through the interior of the building and discharge 
into the sewer system. 

Coal is delivered to the plant in hopper cars, which 
are run over a wooden trestle leading above the re- 
ceiving hopper, into which it is dumped by gravity. The 
coal-receiving hopper feeds directly into the crusher, 
which has a capacity of about 30 tons per hour, and 
which acts at the same time as a feeder, delivering the 
coal at a uniform rate to the vertical bucket elevator 
extending to the top of the building. From the vertical 
clevator the coal is fed by chutes onto a conveyor belt, 
from which it is discharged by an automatic tripper ar- 
ranged to deliver the coal at any point above the bunk- 
ers. Slow-speed induction motors drive the coal hand- 
ling apparatus, a 20-HP. motor being used in the 
crusher and a 10-HP. for the operation of the elevator 
and conveyor. 

Coal for firing purposes is drawn directly from the 
bunkers, through sheet metal chutes, into the stoker 
hoppers, which are located in front of the boilers. The 
ashes are drawn from the grates of the boiler furnaces 
onto the boiler room floor, where clinkers are broken 
and delivered through a coarse grating into the ash 
hoppers which are suspended underneath the floor. From 
the hoppers they fall by gravity through ash grates 
into the push cars, and are dumped into an-ash chute 
connecting with the coal elevator. The elevator, when 
handling ashes, discharges into a spout leading to a 
small ash bunker at the end of the building. From 
this bunker they can be delivered by gravity into cars 
alongside the power plant. 

The generating plant consists of two Parsons- 
Westinghouse turbo-generators, designed to oper- 
ate at a normal voltage of 3,300 volts, with a fre- 
quency of 25 cycles per second. They are three- 
phase machines, but are required by the specifi- 
cations to furnish their full rated load of 1,250- 
KW. single-phase current. The turbines are ap- 
proximately 37 ft. over all, 6 ft. in width, and 8 
ft. high, designed to operate at 1,500 r. p. m. 
The generators are cooled by means of air drawn 
through the coils by vanes installed on the rotor. 
A speed-limit device is arranged to cut off the 
supply of steam in case the speed of the turbine 
exceeds a predetermined value. There are two 
steam-driven exciters of 25-KW. capacity each. 


There are four water-tube boilers of 400-HP., : 


with flues leading to a Weber reinforced-concrete 
chimney, 150 ft. high above the flues. The boilers 
have under-feed stokers and work under forced 
draft supplied by fans. The condensing water is 
taken from the river, and the feed water from 
the city mains. The generating plant consists of 
ten Parsons-Westinghouse turbo-generators. 
CONSTRUCTION AND OPERATION OF THE ELEC- 
TRIG SYSTEM.—The entire electrical equipment has 
been in preliminary operation during the larger part of 
the year 1908. The work of construction was done with- 
out any material interference with the traffic through 
the tunnel. The greatest difficulty was experienced in 
carrying out that part of the installation located in the 


tunnel proper. For this purpose the tunnel was given 
over to the contractor for construction purposes for two 
two-hour periods each day during the time that actual 
construction was in progress in the tunnel. The con- 
struction of the overhead work in the yards was carried 
out without any serious interference with the ordinary 
traffic of the road, and the power plant construction 
was not subject to any interference on account of rail- 
way operation. 

The problem of transferring the operation from steam 
to electricity gave rise to another problem which was 
successfully solved by the mutual cooperation of the 
representatives of the railway and the contractor. No 
attempt was made to make a sudden transfer, but every 
precaution was taken, not only to thoroughly test out 
all electrical equipment before using it in regular ser- 
vice, but also to allow ample time in which to thor- 
oughly familiarize all those connected with the opera- 
tion of the equipment with their work. 

Locomotive enginemen were trained in the use of the 
electric locomotives. The force required for mainte- 
nance of the locomotives and for maintenance and op- 
eration of the power plant were secured and assigned 
their duties during the time that the first experimental 
and test runs were made with the equipment. When 
everything was in readiness, test runs were made with 
locomotives alone. Moderate-size trains were then taken 
through the tunnel as test loads, and finally a limited 
number of regular trains were handled by the electric 
locomotives. 

In this way, by gradually increasing the amount of 
work done by the electrical equipment, the entire opera- 
tion was transferred from steam to electricity. No de- 
lays worthy of notice occurred, either during partial op- 
eration, or during the time of preliminary electric oper- 
ation. 

— . —-— — —— 
COALING BARGES AT HAVANA, CUBA. 
By. E. H. SANBORN.® 


The type of coaling barge shown by the illus- 
trations has been developed by the Havana Coal 
Co. to meet the peculiar conditions under which 
steamers are coaled at Havana, Cuba. All coal- 
ing is done in the stream, and as steamers are 
usually surrounded by small lighters receiving 
and delivering freight, it is rarely possible to 
place the fueling barge broadside to a steamer. 
This necessitates the delivery of coal from the 
bow of the barge. (See Fig. 1.) As the barges 
are loaded from a dock by bridge tramways, it is 
necessary that they shall have no obstructions 
above the deck to interfere with the grab buckets 
or the aprons of the tramways. 

For many years the company has used a num- 
ber of fueling barges, equipped with chain and 
flight conveyors running in an inelined trough 
rising from deck level at the stern to a high A- 
frame at the bow, and there discharging into a 
Swinging telescopic chute. As an improvement 


upon this system the company has equipped sev-. 


eral barges with the arrangement shown in the 
illustrations, and two years of operation have 
demonstrated the efficiency of the equipment. 
Upon the bow of the barge there is a wooden 
tower 55 ft. high, through which the coal is ele- 
vated for delivery into the steamship bunkers. 
In the latest type now being built the wooden 


FIG. 2. CONVEYOR DIAGRAM OF HAVANA 


tower is replaced by a light steel one of the 
same height. These barges were built by Quig- 
ley, Davis & Dorp, of Camden, N. J. 

The conveyor (made by the Link-Belt Co.) con- 
sists of V-shaped buckets, 20 x 20 ins., attached 
at intervals of 36 ins. to two strands of steel 
roller chain running noiselessly between steel 
guides in a steel trough about 100 ft. long, built 
alongside the keelson of the barge and below the 
level of a false deck. The conveyor dumps at 
the top of tower on the forward side into the 
hopper of a 60-ft. telescoping chute 15 ins. in 
diameter. With this chute the barge has a range 


of delivery from the water line to a bunker hatch 


40 ft. above. The conveyor returns down the 
after side of the tower and along the deck, where 
it is covered by a steel plate roof to deflect lumps 
of coal when the barge is being loaded. The con- 


*Treasurer, Havana Coal Co., Philadelphia, Pa. 


veyor travels at a speed of 120 ft. per min., and 
can deliver 100 tons of coal per hour if run con- 
tinuously, which, however, is rarely possible, as 
trimming in the bunkers necessitates intermit- 
tent operation. The conveyor is driven by a 35- 
HP. engine, located at the base of the tower. 
This large power is required by the frequent 
starting of the conveyor under full load. Coal 
is fed into the conveyor through steel chutes on 
the bulkheads, which divide the hull into four 
compartments, having an aggregate capacity of 
about 750 tons. Two chutes bolted to the bulk- 
head are needed for each compartment, and lead 
down directly to the conveyor. Ordinarily two or 


COALING BARGE 


R 
! 
7 


[LIGHTER | 
COALING BARGE 


75 


Fig. 1. Diagram Showing Loading Position of Coal- 


ing Barges at Havana, Cuba. 


three men are required at a chute. Movable 
plates on the faces of these chutes are taken off 
as the level of the coal is lowered, and when the 
bottom is reached loose planks are removed from 
the conveyor trough. The details of these chute 
plates are shown in Fig. 4. 

The port of Havana enjoys a reputation for 
rapid bunkering of steamers by these barges, and 
vessels calling at that port for coal only are 
fueled at a rate approached in few other ports in 
the world. Four fueling barges are often used 
to coal a single steamer, putting into the bunkers 
as high as 1,200 tons in eight hours. Ordinarily 
two barges to a steamer are sufficient. 
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CALCIUM CHLORIDE AS A PREVENTATIVE OF FREEZ- 
ING IN AUTOMATIC SPRINKLER SYSTEMS.* 
RUTGER B. GREEN, M. Am. Soc. C. E. 


In the protection of factories against fire by the auto- 
matic sprinkler system, a herring-bone system of small 
water pipes is spread over the ceiling with fusible sprink- 
ler heads distributed so that each head protects an area 
of about 100 sq. ft. of ceiling above and fioor below. 
These heads are usually de- 
signed to melt at a temper- 
ature of about 150° F. so 
that any fire starting be- 
neath them and causing 
them to attain that temper- 


e ature is automatically 
Bon quenched by a jet of water 
e released from the pipes 


through the melted sprink- 
ler head. 

In cold buildings these 
water pipes are apt to 
freeze; to prevent which, it 
has been customary to fill 
the pipes with compressed 
air, an air valve being 
placed in the main water- 
supply pipe just below the 
freezing line. The air valve 
may be underground or in 
a room sufficiently warm 
at all times to prevent the 
freezing of the water 
pipe just below the valve. This air valve, -which is 
really a eheck valve against the air and separates the 
air-filled part of the piping from the water-filled part, 
has to be designed with a large air-area opposed to a 
small water-area so that it is necessary to furnish 
an air pressure of only one-quarter or one-third the 
water pressure; tho idea is that when a sprinkler head is 
melted by fire under an air-filled system, the more air 
there is in the pipe, the longer it takes the water to push 
it along and reach the fire, a few seconds’ time often 
being of great importance in what is called a quick fire. 
To this objectionable delay in the use of compressed air 
there has been added the high first cost of the air- 
valve, the care needed to keep it in good order, its tak- 
ing up three or four times as much room as the water- 
main, and the fact that compressed air is not always 
available at isolated buildings. Again, an air leak in a 
piping system is very difficult to find so that electrical 


COALING BARGES. 


dnos Pnie from the Cornell Civil Engineer,” October, 
+The Solvay Process Co., Detroit, Mich. 


November 19, 1908. 


ENGINEERING NEWS. 


551 


Eee 


alarms and constant watchfulness of the air valve are 
needed to prevent the air leaking out and water follow- 
ing it up in cold weather, when a freeze-up would be 
very expensive in itself as well as dangerous in case of a 
fire at the same time. 

The mills in which the writer has had charge of the 
fire protection make carbonate of soda from salt and 
limestone, the sodium chloride and calcium carbonate 
being broken up and reunited into sodium carbonate and 
calcium chloride, the latter being regarded as a by- 
product. In solution, calcium chloride is much heavier 
than water, slow to boil and slow to freeze, strong solu- 
tions being able to withstand temperatures as low as 30° 


that fresh water getting through the check valve is taken 
up in the solution before it can freeze. 

This substitute for compressed air has been used for 
four winters successfully in unheated warehouses in 
Detroit. 

ee — tO 
MEETING OF THE AMERICAN PEAT SOCIETY. 


The American Peat Society, the formation and 
first meeting of which was noted in Engineering 
News, Oct. 31, 1907, held its second meeting at 
Toledo, Ohio, Oct. 22, 23 and 24. In the absence 


of the president, Dr. Joseph Hyde Pratt, of 
Chapel Hill, N. C., Prof. 
C: A Davis; of Ann 
Arbor, Mich., presided. 
At the first session cur- 


lization of peat was taken 
up by representatives 
from the different 
tions of North America. 


sec- 
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FIG. 4. DETAIL OF BULKHEAD CHUTES, HAVANA COALING BARGES. 


below zero. Its general introduction as a non-freezing 
solution for the water-jackets of automobiles some years 
ago suggested its use as a substitute for compressed air 
in exposed automatic sprinkler systems. The insurance 
companies, when asked for approval of this innovation, 
raised the question of expansion. The coefficient of cal- 
cium chloride is high, so that as the check valve prevents 
the expansion’s finding relief back in the water main, it 
might send the pressure on the sprinkler system up to 
bursting point and cause as much damage by water as a 
fire would. Various arrangements were suggested to tak 
care of this expansion, the most prominent being air- 
chambers, relief valves, and a U-seal arrangement of the 
supply main to take the place of the check valve in pre- 
venting the heavy calcium chloride from working back 
into the main. Recent experience in rail welding having 
shown that the expansion in the rails of street railway 
tracks has a way of taking care of itself when the rails 
are laid too close to allow of longitudinal expansion, an 
experiment was tried with two sprinkler systems, one 
building being equipped with an expansion air-chamber, 
and another unimportant building without any expansion 
device at all. The elaborate air valves were then re- 
placed with simple check valves, and a strong solution or 
calcium chloride was pumped in. A year’s test showed 
that the expansion took care of itself as in the railroad 
rails. Evidently a network of small piping has con- 
siderable elasticity which is helped by the trapping of 
small quantities of air in the piping when being filled 
with the calcium chloride, and by small leakages back 
through the check valves, very few of which will not leak 
a little. 

In filling a sprinkler system with calcium chloride on 
the approach of cold weather, it is first necessary to drain 
all the fresh water out from above the check valve, as the 
calcium chloride is so much heavier than water that any 
water remaining in the pipe will be floated up into the 
small piping under the higher roofs, where it may freeze 
before it has had time to combine with the calcium 
chloride solution. This drainage is done through the cus- 
tomary drip-pipes provided in the air system, where it is 
even more important to get all the water out of a system 
before pumping in the air. Again, in very cold build- 
ings, care must be taken to let the air out of the high 
points of the piping system as the calcium chloride is 
pumped in. Otherwise, any large quantity of air trapped 
in the pipes will leak out so slowly as to be unsuspected 
and thus make room for fresh water to enter through 
the check valve and possibly for the calcium chloride to 
pass out. The air is very readily let out through vent 
cocks or by unscrewing an occasional sprinkler head it- 
self. This precaution is rendered less important from 
the fact that the check valve is usually placed in the 
large supply main, which is less liable to freeze than a 
small pipe, and also has so much calcium chloride in it 


Elevation. 


iowa, 
excellent bogs there. As 
a result of that visit, a 
plant had been estab- 
lished and it had successfully operated all sum- 
mer. His own plant was reported as working at 
full capacity with a market for three times the 
amount of fuel produced at $5 per ton. 

Mr. Erik Nystrom, of the Canadian Bureau of 
Mines, gave a brief report, stating that he knew 
of only two places where they were actually 
making peat-fuel in Canada. Many companies 
have been formed, but nothing further has been 
heard from them. The government, it was said, 
has been interested in the matter of peat devel- 
opment, and some surveys of different peat bogs 
have been made by the Bureau of Mines, which 
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FIG. 3. COALING BARGES OF THE HAVANA COAL. CO., HAVANA, CUBA. 


will establish a peat gas and power plant for 
experimental purposes during the coming year. 
Dr. J. McWilliam, of London, Ontario, also re- 
ported on Canadian activities, and dwelled upon 
a process for briquetting and on the use of peat 
dust for boiler fuel. (These processes were de- 
scribed in our report of the first meeting of this 
society, Oct. 31, 1907.) Mr. F. J. Bulask, of 


Toledo, spoke on the work in the vicinity of 
Toledo. His peat-fuel plant was reported as 
hampered in its development because of lack of 
transportation facilities, but the delay gave time 
for experimental work in various directions. He 
emphasized the great need for a practical dryer 
for artificially drying peat-fuel. ' 

On recommendation of the Committee on By- 
Laws and Resolutions, the annual membership 
fee was fixed at $3.00 and the associate grade of 
membership was abolished. 

Prof. C. A. Davis was elected as an honorary 
member. It was voted to enroll one directing 
official of each European peat society as an hon- 
orary member. i 

Boston was selected as the place for the next 
meeting, in September, 1909. It is proposed to 
arrange a comprehensive exhibition, at this time, 
which will show the many uses of peat and the 
machinery and plants necessary for transforming 
the peat in the bog into a marketable product. 

The following officers were elected for the com- 
ing year: 

President, Joseph Hyde Pratt, State Geologist, 
Chapel Hill, N. C. 

Vice-Presidents: (1) Eastern States, Marion R. 
Campbell, U. S. Geological Survey, Washington, 
D. C.; (2) Great Lakes and Mississippi Valley, 
Carl Kleinstueck, Kalamazoo, Mich.; (3) South- 
ern States, Robert Ranson, Crescent City, Fla.; 
(4) Pacific States, Prof. J. G. Scrugham, Univ. of 
Nevada, Reno, Nev.; (5) Canada, Dr. J. Mc- 
William, London, Ontario; (6) New York Section, 
Prof. F. R. Stevens, Skaneateles, N. Y.; (7) New 
England Section, E. C. McKenney, Devonshire 
Bldg.,. Boston, Mass. 

Secretary-Treasurer, 
bridge, New York City. 

The following list of papers were presented for 
discussion: 


(i.) “Commercial Aspect of Gasifying Peat,” by 
Mr. Robert Schorr, San Francisco. 

(2.) “Utilization of Peat,” by Dr. Samuel S. 
Jodidi, Agricultural Experiment Station, East 
Lansing, Mich. 

(3.) “Peat and Swamp Land,” by Mr. Joseph 
Hyde Pratt, Chapel Hill, N. C. 

(4.) “Life in a Michigan Peat Marsh,” by Carl 
Kleinstueck, Kalamazoo, Mich. 

(5.) “Peat in Ireland,” by Mr. Herbert Garnett, 
Eaton Rapids, Mich. 

(6.) Briquetting of Peat,” 
Moulton, Dover, N. H. 

(7.) “Latest Developments in Peat Gas Pro- 


Julius Bordollo, Kings- 


by Mr. Otis E. 


ducers,” by Dr. Otto 
Zwingenberger, N ew 
York City. 


(S.) “Peat in Indiana,” 
by Mr. A. E. Taylor, 
Findlay, Ohio. 

(9.) “Artificial Wood 
Made from Peat,” by 
Mr. F. Schuenemann, St. 
Louis, Mo. 

(10.) “Latest Peat Re- 
searches of the United 
States Geological Sur- 
vey,” by Prof. ©. A. 
Davis, Ann Arbor, Mich. 

The majority of these 
papers considered one 
phase or another of 
making peat gas, al- 
though there were im- 
portant discussions on 
peat drying and the 
recovery of nitrogen 
for fertilizers. It was 
stated that at the Fuel- 
Testing Plant of the U. 
S. Geological Survey 
in Pittsburg, and at 
the Canadian Bureau of Mines, Ottawa, peat 
power-gas plants would soon be installed. 

The Commercial Artificial Fuel Co. gave a din- 
ner to the society on one evening of the conven- 
tion and on the following day the members in- 
spected the plant of this company, about 18 miles 
from Toledo. This plant is one of the largest and 
most successful peat projectg in America, 
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INDUSTRIAL PHOTOGRAPHY.* — 
By S. ASHTON HAND. M. Am. Soc. M. E. 


Photographs of machinery, interiors of shops, products 
of machines, processes of manufacture, etc., are gener- 
ally made to aid the selling department of an establish- 
ment in disposing of its product. 

Sometimes the photographs themselves are used as an 
advertising medium, but in the majority of cases half- 
tones are made from them for use in catalogs, or for 
illustrations in trade journals. Catalogs have of late 
years developed into veritable works of art, and their 
preparation calls for photographic work of the highest 
order. l 

To this end it shouid be the aim of the photographer 
to produce prints that will require the least retouching 
When used for making half-tones, and this for two rea- 
sons: First, the retouching of prints for half-tone work 
is quite expensive; and second, the print that requires 
the least retouching gives much the best results in the 
finished half-tone. A print which requires very little 
retouching to produce a first-class half-tone is a good 
one for all other purposes, but a print good enough for 
all other purposes may be a very poor one from which to 
produce a half-tone.f 

Nearly all industrial establishments are equipped with 
a photographic outfit of some kind, and in some in- 
stances an experienced photographer is in charge; but 
in the majority of cases one of the draftsmen must take 
care of all the photographic work of the establishment, 
and it is in the hope of 
aiding some of the latter 
that this paper has been pre- 
pared. 

APPARATUS.—The camera 
should be a strong and serv- 
iceable one having a long 
bellows with very little cone. 
In fact, one with a perfectly 
straight bellows is best, as 
it allows greater adjustment 
of the lens board without 
danger of the bellows folds 
cutting off any of the object. 
The vertical and side swings 
should be ample. 

The camera need not be 
larger than 6% by 8% ins., 
and should not be larger than 
8 by 10 ins., as anything 
over this size is cumber- 
some to handle, and requires 
a very expensive lens, and a 
great deal of skill to operate. 

If large prints are wanted, 
bromide enlargements can 
be made up to any reasonable 
size, and if for any reason 
large direct or contact prints 
are wanted, a slightly en- 
larged positive can be made 
from the negative, and a 
negative as large as wanted 
can be made from the posi- 
tive. This procedure has its 
advantages, as it is often 
possible to correct in a great 
measure any errors in ex- 
posure or development, and many errors in lighting and 
position. 

The writer never uses a camera larger than 67% by 
8% ins., and has produced many excellent enlarged nega- 
tives up to 24 by 36 ins., by the method above men- 
tioned. 

The tripod should be solid and stiff with the fewest 
possible joints. An excellent thing for use with it is a 
triangle with sides about 36 ins. long, and with a roller 
or caster under each point as shown in Fig. 1. With the 
tripod mounted on this arrangement, the camera can be 
moved any distance or in any direction without material 
change in level. 

The lens should be the best obtainable, and too great 
emphasis cannot be placed on its being of -long focus. 
Never under any circumstanccs should its focus be 
shorter than the diagonal of the largest plate with which 
it is to be used. It should be capable of rendering sharp 
definition from corner to corner of the plate when using 
a comparatively large diaphragm. A lens of this char- 
acter will render the focusing much easier, and will en- 
able the exposure to be made in the shortest possible 
time. 

The plates should not be the most rapid made, as the 
emulsion with which these are coated is not generally 
rich enough in silver to give printing density for any- 
thing but portrait work, and also because the timing 
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*A paper to be presented at the New York Meeting 
(December, 1808) of the American Society of Mechanical 
Engineers and printed in the November “Journal” of the 
society, p. 1344. 

Superintendent, Chandler & Price Co., 6000 Carnegie 
Ave., Cleveland, Ohlo. 

The reproductions in this paper were made from pho- 
tographs upon which there was no retouching whatever. 
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Fig. 1. 


Tripod with 
Triangular Base. 
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Fig. 2. Details Brought Out and Shadows Avoided 
by Preparation of Machine Parts before Pho- 
tographing. 


of the exposure must be very exact. Unless both ex- 
posure and development are just right, the negative will 
not be “snappy” enough to produce a good bright print. 

Very slow plates take long exposures, and unless skil- 
fully bandied in development will produce prints with 
entirely too much contrast. Plates of medium speed are 
the best “and should be of the kind known as double 
coated” or “non-halation.” Plates of this kind are first 
coated with a slow emulsion, and after drying are again 
coated with a somewhat faster emulsion. Plates so 
coated allow of very great latitude in time of exposure. 

If interior views are to be made where windows and 
other openings to the light have to be faced, then the 
plates should be coated on the back with a compound 
known as “backing.” This will prevent to a great extent 
halation or blurring of the high lights caused by refiec- 
tion of light from the surfaces of the plate under the 
emulsion. This “backing” should be washed off with a 
damp sponge before development. 

PREPARATION OF THE SUBJECT.—If a machine is 
to be photographed, it should be painted with a finishing 
coat of drab paint, which may be designated as mouse 
color,” and the paint should be so mixed as to dry abso- 
lutely flat,“ that is, without any gloss whatever. If 
parts underneath the machine or in shadow are wanted 
to be shown, they should be painted a lighter shade than 
the more prominent parts, and the deeper they are in 
shadow the lighter they should be painted, even in ex- 
treme cases blending the color gradually into a white. 
All brightly polished parts should be daubed or rubbed 
over with a handful of soft putty to dull the brightness. 

Unless these precautions are taken, the parts in 
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Fig. 4. 


Distorted View Made by Pointing the 
Camera Upward. 
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Fig. 3. Detail of Fig. 2. 


shadow will show very dark in the photograph, and if 
very close together will be seen only as one shapeless 
mass, and the bright spots will show chalky white with 
very black lines and little or no detail. If letters or 
figures cast on any part of the machine are wanted to be 
shown, daub them with white paint from the end of the 
finger. Rubbing with chalk will give them a very rough 
appearance. Figs. 2 and 3 show machines that were 
properly prepared for being photographed. 

It must be borne in mind that all high lights and 
shadows are greatly intensified in photography, and that 
a sensitive plate that will register all the gradation of 
tone as seen by the human eye has yet to be made. 


If possible, it is best to photograph a machine before . 


it has been run, otherwise oll from the bearings will 
seep out on the paint and leave dark and glossy spots 
which will look badly in the photograph. If the machine 
is to be run before being photographed, then it should 
not have its finishing coat until after the run or test is 
over. Before the finishing coat is put on, all the bear- 
ings should be thoroughly flushed with gasolene and the 
whole exterior cleaned with the same stuff to remove 
all oil. l 

LIGHTING AND POSITION.—Machinery should never 
be photographed out of doors or under a skylight, as 
there is too strong a top light which causes deep 
shadows. The light shouid preferably come from the 
north, and should fall on the machine at a downward 
angle of about 20° from the horizontal. Cross lights 
from other windows should be avoided by pulling down 
the shades or tacking up heavy paper. Cross lights 
make a confusion of shadows and obliterate certain lines, 
giving the machine anything but a natural appearance. 
If necessary to photograph the machine by other than 
northern lighting, then make the exposure when the sun 
is overhead. If the exposure must be made when the 
sun is shining through the windows at any considerable 
slant, tack cheese cloth over the windows to diffuse the 
light. 

A machine should never be photographed directly from 
the front, which will make it appear too flat. For depth, 
the camera should be placed enough out of center to 


Fig. 5. Distortion of Fig. 4 Corrected in Repro- 
| duction. 
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FIG. 6. 
CORRECT DISTORTION SHOWN 


show a little of one side of the machine and high enough 
to show a little of the top. 

A background of heavy drilling, either white or very 
light in color, should be hung not less than 6 ft. back of 
the machine. It should be of ample size—large enough 
so that the camera can be moved where wanted and stilll 
show the background behind every part of the machine. 
If there are folds or wrinkles in the background, have a 
man at each side take hold of the edges and shake the 
curtain slowly and gently during the whole time of the 
exposure. This will prevent the folds or wrinkles from 
showing in the photograph. 

Shop floors are dark in color, and if a machine is 
photographed directly on the floor it is often puzzling to 
know where the lower part of the machine ends and the 
floor begins. Therefore a floor cloth of the same color 
and width as the background should be used. It should 
be deep enough to extend from 4 to 6 ft. in front of the 
machine and under it and to the background. This will 
define the lower parts of the machine, and also reflect 
the light upwards, softening the shadows. Instead of a 
floor cloth, sheets or strips of light colored paper can 
be used, but be sure there is no pronounced red or yel- 
low, as such colors are non-actinic and will show black 
in the photograph. 

FOCUSING.—Never focus on the center of the ground 
glass, as this will give you the point of sharpest focus 
of the lens and what is wanted is the average focus; 
therefore focus at a position midway between the center 
and the edges of the ground glass. Get the nearest parts 
of the machine in focus. Small diaphragms will sharpen 
the distant parts. 

Sometimes a better effect can be obtained by pointing 
the camera slightly downward, but if at any time the 
camera is used in any other than a level position, the 
ground glass should be brought to a vertical position, 
otherwise the result will be distorted lines. 


FIG. 8. PHOTOGRAPH FROM NEGATIVE TAKEN WITHOUT SPECIAL PRE- 
CAUTIONS AGAINST STRONG LIGHT. STRONGEST LIGHT at FAR END. 


CAMERA AND NEGATIVE HOLDER ARRANGED SO AS TO 
IN FIG. 4. 
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Fig. 4 shows a distorted 
view of a part of the side of 


a building, made by point- 
ing the camera upward. If 
the photograph of a ma- 


chine shows such distortion, 
and for any reason it cannot 
be photographed again, a 
negative can be reproduced 


eliminating the distortion, 
by placing the negative in 
a frame tilted at such 
an angle that the nar- 
rowest lines are nearest 


the lens, and making a pos- 
itive in the camera, tilting 
the ground glass at an equal 
angle, but in 
site direction. 


the oppo- 
A negative 
can be made from this positive, as shown in Fig. 5, 
which was actually made from a negative reproduced in 
the above manner from that used for Fig. 4. Notice 
how much the top of the negative had to be enlarged to 
bring the lines parallel. 

Fig. 6 shows a camera and negative holder in the 
proper position for this operation. è 

If the machine to be photographed is a long one, re- 
quiring a raking view, use the horizontal swing to bring 
that part of the ground glass on which the image of the 
farthest part of the machine appears, farthest away 
from the lens. This will even up the focus and make 
it possible to use a larger diaphragm, shortening the 
time of exposure, and also extend the vanishing point to 
a greater distance, giving it a more normal perspective. 

If there are perceptible vibrations to the floor on 
which the photographing is done, get three pieces of 
harness felt %-in. thick, and two or three inches square. 
Piace one of these on 
the floor under each leg 
of the tripod, and they 
will absorb all 
vibrations and keep 
camera steady. 


ordinary 
the 
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FIG. 7. DETAILS OF A DARK SHOP BROUGHT OUT BY LONG 
EXPOSURE. 


EXPOSURE.—Exposures should always be ample, as 
an under-exposed plate can never be made to show that 
which the light has not impressed upon it (although it 
can be greatly helped by skilful development), but a 
moderately over-exposed plate can easily be treated in 
development, or even afterwards, so as to yield a first- 
class print. Fig. 7 is an illustration of details brought 
out by long exposure in the dark part of a shop. 

If in doubt as to the correct time of exposure, make a 
guess as near as possible. Suppose your guess to be 
four minutes, then put a loaded plate holder in the 
camera and draw the slide so as to expose two inches of 
the plate and make an exposure of two minutes; cap the 
lens, draw the slide out two inches more, and make an- 
other exposure of two minutes. Repeat this, drawing 
the slide two inches at a time, until the whole plate has 
been exposed. 

If the plate is an 8 by 10, there will be five parts hav- 
ing respective exposures of 10, 8, 6, 4, and 2 minutes 
each. Develop this plate, and it will be easy to tell 
which part has had the proper exposure, and from the 
position of this part the time can readily be found. 

INTERIORS.—In photographing interiors, avoid point- 
ing the camera towards windows if possible, but if this 


FIG. 9. SAME CONDITIONS AS IN FIG. 8, BUT WITH STRONG LIGHT 


IN FOREGROUND. 
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FIG. 10. PHOTOGRAPH ON SAME DAY AS IN FIGS. 8 AND 9. 
CAMERA POINTED DIRECTLY TOWARDS THE LIGHT. 


cannot be avoided, then cover the windows with heavy 
drilling or thick wrapping paper, fastening it well 
around the edges, so that no bright margins of light are 
visible. After the exposure has been made, the window 
coverings can be removed and an additional exposure of 
a fraction of a second can be given. This will give tho 
windows a natural appearance and will often show ob- 
jects on the outside. Interiors can be photographed 
without these precautions, but skilful work will be re- 
quired to make good negatives. 

Figs. 8 and 9 were made on a very bright day when 
snow was on the ground, and the light coming in the 
windows was intensely white. As the negatives were 
wanted in a hurry, no precautions were taken to soften 
or stop out the light at the windows. The far end of 
Fig. 8 was a southern exposure, and the sunlight was 
streaming in at the windows. Fig. 9 is a view in the 
same room taken from the south end, where the light 
was 80 intense that the milling machine in the fore- 
ground appears light in color, although it was painted a 
dark steel color. 

Fig. 10 shows work in process in a special machine. 

This was made on the same day as Figs. 8 and 9, and 
with the camera pointed directly at the light. To work 
successfully under such conditions, the photographer 
must know to a nicety just how long a certain kind of 
plate may be exposed before halation takes place, and 
just how to get the best results in development from the 
shortest permissible exposure. 
- COPYING.—In copying drawings or other subjects in 
black and white, it is necessary to use a very slow plate, 
give the shortest possible exposure, and use a concen- 
trated and well restrained developer. Unless this is 
done, the lines of the drawing will not be clear and 
sharp. . \ 


Photograph of Worm and Gear, with 
Upper Part of Case Removed. 


Fig. 12. 


If a copy is to be made from a blueprint, it will be 
necessary to bleach the print in a weak solution of am- 
monia and water, and after a thorough washing, to im- 
merse it in a weak solution of tannic acid. The part 
that was formerly blue will now be a rich purplish 
brown. The necessity for this treatment is that blue is 
an actinic color, and a negative made from such a print 
will have very little contrast; while brown is a non- 
actinic color, and a negative made from a print of that 
color wili have plenty of contrast. 

ENLARGING NEGATIVES.—A negative can be repro- 
duced in a larger size by first making a positive in the 


copying camera, and then 
making a large negative from 
the positive by the use of the 
same instrument. 

If a negative is enlarged to 
many times its original 
size, a granular effect will be 
noticed. This is caused 
by magnification of the emul- 
sion structure which is made 
up of countless hills and val- 
leys. This granular effect 
can he eliminated by slightly 
over-exposing and greatly 
over-developing the original 
negative, and then reducing 
it to the proper density. The 
positive should have the 
same treatment. 

Reduction does three things: 

(a) It reduces or clears the 


shadows faster than the 
high lights. Therefore over- 
exposure is resorted to in 


order to increase the density 
of the shadows in pro- 
portion to the high lights, 80 
that they shall bear proper 
relation to each other after 
reduction. 

(b) It thins the density of 
the negative or positive. 
Therefore over-developing is resorted to in order to 
have resulting density after reduction. 

(c) It cuts down the hilis to the level of the valleys, 
so that very little if any granular effect is noticeable 
when the emulsion is magnified. 

In reproducing negatives either in the original or a 
large size, there is a splendid chance for what may be 
termed jockeying.“ A brilliant negative may be made 
from a very flat one, and vice versa; errors in per- 
spective can be corrected by the method shown in Fig. 
5; unequal lighting can be corrected by judicious shad- 
ing during exposure, and various stunts“ that will sug- 
gest themselves to the ingenious mind can be per- 
formed. 

X-RAY OR GHOST PHOTOGRAPHS.—When an illus- 
tration is wanted to show clearly some hidden interior 
part of a machine in relation to and more distinctly 
than other parts, the usual procedure is to have a wash 
drawing made in India ink, from which the half-tone is 
produced. This method is always expensive, and the re- 
sults are often very unsatisfactory. 

Fig. 11 shows a power-driven machine for cutting pa- 
per, in which the power is transmitted through worm 
gearing and a positive clutch, all of which is enclosed 
in an oil tight case, as shown at the lower lefthand part 
of the machine. An illustration showing the worm and 
worm wheel in mesh was wanted. 

An engraver was called in, who said he could do the 
job in a satisfactory manner. Blueprints showing both 
details and construction were furnished him as a guide 
to size and shape of the various parts, and their appear- 
ance when assembled. After repeated attempts, his re- 
sults were not satisfactory, and it was decided to rely 
entirely upon photographic methods for the illustration. 

The case and its contents were removed from the ma- 


Fig. 13. Exterior of Case to be Photographed on 
Same Plate with Fig. 12. 


chine and mounted on a box. The upper part of the 
case was taken off, leaving the worm wheel and. the 
clutch collar exposed to view. The worm and shaft were 
removed from the upper part of the case and placed in 
their proper position in relation to the worm wheel, as 
shown in Fig. 12. A dark background was placed in the 
rear and an exposure was made. After the exposure the 
cap was put on the lens, the worm and shaft taken 
away, and the upper part of the case put in position as 
in Fig. 13. A light background was substituted for the 
dark one, and another exposure made on the same plate, 
the result of which is shown in Fig. 14. 


11. Photograph of Paper-Cutting Machine, 
Showing Clutch Mechanism to be Brought Out 
by Photographic Methods. 


Fig. 


DEVELOPMENT.—Of the art of development much has 
been written, and more has been said, but the fact re- 
mains that the only adequate teacher is experience. 
A few hints, however, concerning the behavior of certain 
mixtures of developer, may be of service. 


„ (1) Too weak a developer makes a flat thin negative. 
(2) Too concentrated a developer makes a negative with 
too much contrast. (3) Under-developing makes a neg- 
ative lacking in printing density. (4) Over-developing 
makes a thick dense negative requiring a very long time 
to print. (5) An under- exposure should be developed 
with a diluted developer. (6) An over-exposure should 
be developed with a concentrated developer well re- 
strained with bromide of potash. (7) Developers, like 
artists’ colors, should be mixed with Drains. (8) Choose 
a moderately slow developer, learn how to use it, and 
don’t let any one persuade you to change it. 


PRINTING.—Printing can be done in so many ways 
and on such a variety of papers, and the solutions neces- 
sary for developing and toning require such care in com- 
pounding and handling, that it can in most instances be 
better and more cheaply done by a professional. 


— EE AG SED 


PUBLIC IMPROVEMENTS, accepted by the voters in 
the recent election, include the construction of a deep 
waterway from Lockport to Utica, Illinois, along the INi- 
nois River as a part of the 14-ft. waterway from Chicago 
to the Mississippi River. This will cost $20,000,000. 


-The voters of Pittsburg decided to increase their bonded 
indebtedness by $4,430,000 for six projects: $1,000,000 for 
a bridge over the Allegheny at the Point; $240,000 for 
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Fig. 14. Result of Exposures Figs. 12 and 13 on 
Same Plate. 


rebuilding the Larimer Ave. bridge; $2,675,000 for the 
purchase and extension of the works of the Monongahela 
Water Co.; $30,000 for a bridge over Negley run, from 
Everett to Omega St.; $185,000 for rubbish-disposal 
plants; and $300,000 for laying water mains in the 
East End section. l 

Baltimore ratified a loan of $5,000,000 for transform- 
ing the valley of-the Gunpowder River into a storage 
basin with a capacity of 20,000,000,000 gals. 

San Francisco on Nov. 12, by a vote of 6 to 1, decided 
to build a new municipal water supply and bring water 
from the Sierra Nevada Mountains. 


November 19, 1908. 
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STEEL AND CONCRETE TIES IN EUROPE. 


The use of steel and concrete ties for light and 
local railways was discussed in a report on track 
construction presented by Mr. C. de Burlet, of 
the Belgian Local Railways Co., at the conven- 
tion of the International Union of Street and In- 
terurban Railways, held at Munich in September. 
Of 69 companies of the class mentioned, 47 use 
wooden tles exclusively, 7 use steel ties ex- 
clusively, 13 use both wood and steel (2 using 
steel only at switches), and 2 use both wood and 
concrete. 

The steel ties in all cases are of the inverted 
trough section, some having horizontal ribs at 
the ends of the flanges, and the ends are closed 
in order to retain the ballast. The ties for 
meter gage tracks are from 5 to 6 ft. long, weigh- 
ing from 33 to 90 Ibs. The ties for standard 
gage tracks are from 6% to 84 ft. long, weighing 
from 97 to 115 lbs. The cost of the ties for 
standard gage tracks varies from $1.60 to $2.40 
(according to their weight and to the condition 
of the steel market). On all but four of the rail- 
ways, the rails rest directly upon the ties, and 
are secured by clamps with keys or bolts. The 
inward inclination of the rails (which is the uni- 
versal practice in Europe) is obtained by bend- 
ing the tie. ` 8 

The results of the steel ties are satisfactory, 
except on two Hines which intend to abandon 
them. The fastenings are considered to be more 
reliable and secure than with wooden ties, thus 
increasing the safety of traffic. The mainten- 
ance work upon the track is, as a rule, more diffi- 
cult but less frequent attention is required than 
with wooden ties. 

Reinforced-concrete ties are used by the Ham- 
burg street railways and the Voiron & St. Beron 
Ry. The Hamburg lines are of standard gage. 
Their concrete ties are 7.2 ft. long, weigh 308 
Ibs. and cost $1.50. The concrete is composed of 
33% cement and 66% sand or gravel. The rein- 
forcement consists of five %-in. round bars near 
the top surface. The ties are of rectangular 
section 6 x 8 ins., but the rail seats are raised 
so that the depth is 8.4 ins. at these points. This 
is done to bring the rail to the proper level for 
the paving. Each rail is held by clamps on a 
U-bolt which is set diagonally to the tie, and 
has a bearing plate placed between its horizontal 
leg and the base of the tie. The ties were laid 
in 1906, and are considered superior to wooden 
or metal ties. Their great weight gives them 
Stability, the rail fastenings are more secure and 


cause less wear, and the ties can be used with- © 


out any special support or foundation. They are 
expected to have a much longer life than wooden 
ties, l 


The Voiron & St. Beron Ry. has had 400 
Gilland concrete ties in use since 1903. They 
have given satisfactory results and promise to 
have a long life. The line is of meter gage. The 
ties are rectangular, 5% x 7% ins., 6 ft. long, 
with a weight of 230 lbs. They cost $1 each. 
There are three reinforcing frames, each con- 
sisting of a steel bar bent to form an upper and 
a lower member with diagonal members between 
them. There is also a coil of wire around each 
hole for the fastenings, with a metal sleeve or 
thimble in the top of the hole. At each rail seat 
there are two tapering holes, each filled solid by 
a pair of semicircular wooden wedges driven in 
from the bottom. The screw spikes are driven 
into these, the mushroom heads of the spikes 
bearing upon the rail base. | 
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THE FREIGHT-CAR SITUATION on Oct 28 was al- 
most identical with that on Oct. 14, the last previous 
report. The Car Efficiency Committee of the American 
Railway Association finds that on Oct. 28 there were 
110,912 idle cars (against 115,036 two weeks before), a 
decrease of 4,124. Box cars showed a slight increase in 
surplus, 39,383 as against 38,878. Flat cars also show 
increased surplusage. The improvement was in coal, 
gondola and hopper cars, which decreased from 37,556 
to 31,541, a change of 6,015 cars. There are still coun- 
tervailing shortages of about the same amount as two 
weeks ago, 8,000 cars, as before chiefly on the north- 
western and Canadian lines. A decrease of 14,000 in the 
cars held in repair-shops is also reported for the two 
weeks, so that the effective increase in utilized cars is 
about 18,000. 


THE REPORT OF THE PENNSYLVANIA WATER SUPPLY 
COMMISSION: FORESTS, STREAM FLOW AND 
FLOOD CONTROL. 


The annual report of the Pennsylvania Water 
Supply Commission, recently issued, contains a 
considerable amount of interesting information 
bearing on the current discussion relative to 
river regulation in the United States, with re- 
spect to flood prevention and also with respect 
to the effect of forests upon the flow of streams. 
The Commission is made up of three men ap- 
pointed by the Governor, together with the Com- 
missioner of Forestry and the Commissioner of 
Health, ex-officio. Mr. John Birkinbine, of Phila- 
delphia, is the Chairman, Mr. Henry M. Brack- 
enridge, of Pittsburg, is the Vice-Chairman, and 
Mr. Farley Gannett, of Harrisburg, is the Com- 
mission’s Engineer. The report makes a pamph- 
let of 88 pages, and many engineers will doubt- 
less desire to secure copies for their private 
libraries. Space permits us in the following re- 
view to touch only upon the points of special 
interest with relation to the subjects referred to 
above. 

The fourth chapter of the report is entitled 
“Deforestation and Its Effect on Stream Flow,” 
and the Commission here and elsewhere defi- 
nitely accepts the theory that the removal of 
forests has a marked effect upon the prevalence 
of floods and the diminution of the streams in 
times of drought. It is admitted, however, that 
opinions on this matter rest more upon general 
observation than on extended measurements of 
scientific accuracy. The Commission points out 
that reliance upon personal observation is a 
doubtful guide, as few persons now living are 
familiar with the conditions that obtained when 
the original forest cover still existed. 

The Commission prints tables showing the 
total rainfall, run-off and evaporation on the 
watershed of Perkiomen Creek from 1883 to 
1903. This stream has a drainage area of 152 
square miles, and has been closely studied for 
many years in view of its possible utilization as 
a source of supply for Philadelphia. The table 
shows that in the years from 1883 to 1893 the 
average ratio of run-off to rainfall in the Perkio- 
men watershed was 51.46%, while in the ten 
years from 1893.to 1903 it was 44.97%. 
this apparently shows a smaller rate of run-off 
in recent years, the change is probably entirely 
due to chance variations. As illustrating this, 
it may be said that whereas in the year 1884-5 
the per cent. of run-off was 48.3, in 1902-03 the 
per cent. of run-off was 60.4. It is not likely, 
moreover, that the changes in forest conditions 
on this watershed have been such as to ma- 
terially influence the run-off, although no state- 
ment regarding this is made in the report. 

Another table is given, from the report of the 
State Geological Survey of New Jersey for 1881, 
which presents a comparison of the flow in gal- 
lons per square mile from forested and from 
barren areas in New Jersey. We present the 
table, as follows: 


-—— Watersheds.— 
Passaic 
River, Barren 
forested. watersheds. 


Av. flow in gallons per 


Months sq. mi. of watershed. 
Ar!!! 597.000 631.000 
% ——U— —Paÿ eae Exe wes 297.000 145,000 
Illi. WAS Sears 272.000 139.000 
II ee We we ee ce ĩð 8 207,000 22,000 
Al eases 140,000 22,000 
September 139.000 23.000 
Gebe es kaaa 129,000 22,000 
Novende mn 129,000 23,000 
December 250.8 hes oa eee oes ee 127,000 asese 


It may well be criticised that the two water- 
sheds compared might be of entirely different 
character as regards subsoil, etc. 

A much more convincing and interesting table, 
herewith reproduced, records the flow of two 
small streams in Delaware County, Pennsylvania, 
as measured by Mr. Henry Birkinbine, Engineer 
of Wayne, Pa. We quote from the report as 
follows: 


Gagings were taken of the two streams at points where 
the areas above the weirs were in each case one square 
mile. One stream flowed through woodland, aud the 
other through open but cultivated country. These gag- 
ings were carefully taken, at first daily, and afterward 
two or three times a week, and were practically simul- 
taneous at each stream. 


While 


Ohio basin receives 41.2 ins. 


second in round numbers. 


COMPARISON OF FLOW FROM TWO STREAMS OF 
ONE SQUARE MILE DRAINAGE AREA EACH, ONE 
FORESTED AND ONE BARREN.” 


Yield Yield 
from forested from barren 
Date. stream in stream in 
gals. permin. gals. per min. 
For month of Aug., 1896.. 31.02 to 64.7 13.11 to 37.76 
Sept. 6, 1806, after an all 
night raiuiiuiu ns 50. 10 54.06 
Sept. 8, 186802808. 31.02 7.97 
Early part of Oct., 1896... 31.02 10.4 
Oct. 12, 1896, immediately 
after a severe rain 127 165 
Nov. 6, 186, heavy rain.. 61.36 83.22 
Nov. 7. 1896, rain 50.1 


63.30 
For month of Nov., 1896... 33.00 to 98.96 25.83 to 192.72 
For month of Dec., 1896.. 55.69 to 67.95 73.08 to 122.75 


January, 1897, two mea- 

surementè«gzn ssd 85.72 to 112.69 73.08 to 122.22 
February, 1897, two mea- 

s urementtk 98.96 104.88 to 152.94 
March, 1897, six measure- 

menig ie oo hee Ss Hees 25.83 to 85.72 45.31 to 179.10 
April, 18 sies ese ee eos $8.07 to 119.84 93.84 to 128.16 
May, 1897, two measure- 

Hentis 88.97 to 112.69 73.08 to 122.02 


From 1897 report Pennsylvania Department of Agri- 
culture, Bureau Forestry. 

From these records it is seen that the extremes of flow 
were greater from the barren stream, that in the sum- 
mer or dry weather months the flow was less in the 
barren stream, and that directly after rains the deforested 
stream reached a higher rate of run-off and soon fell to 
a lower rate than that having a forested drainage area. 


The Commission concludes, as a result of all 
its discussion, that forests are of value as 
regulators of stream flow, reducing floods and 


increasing the discharge in dry weather. It 


urges, therefore, throughout the report, that the 
forests should be preserved and increased be- 
cause of the greater value of the streams for 
water-power and for navigation, and because of 
the value of the forest in preventing erosion and 
the choking of the streams with sediment. 

The sixth chapter of the report is a review of 
the principal fioods which have occurred in 
Pennsylvania, and particular attention is paid 
to the great flood of March 14-15, 1907, at Pitts- 
burg. The Commission points out, what has al- 
ready been shown in these columns: that the ex- 
traordinary height of the Allegheny and Monon- 
gahela at Pittsburg was caused chiefly by floods 
in the Monongahela coincident with fairly high 
water in the Allegheny and one of its tributaries 
near Pittsburg, the Kiskiminetas. It appears 
that the heavy rainfall which was the chief 
cause of the flood extended over only about 26% 
of: the whole watershed tributary to the Alle- 


.gheny and Monongahela at Pittsburg, and it is 


evident, therefore, that a storm of considerably 
less violence which extended over this whole 
watershed might cause an equal or greater 
flood at any time. 

Concerning the prospects of future flood dam- 
age at Pittsburg, the Commission says: 


That greater floods may be expected at Pittsburg is 
suggested by a comparison of the records of the Ohio 
and Susquehanna rivers. These two streams drain at 
Wheeling, W. Va., and at Harrisburg, Pa., respectively, 
23,800 and 24,030 square miles, areas approximately 
equal. If conditions of rainfall, forest cover, topography, 
geology, development and industry were alike in the two 
basins, flood discharges approximately equal at these 
two points might be expected. The Susquehanna drain- 
age basin is subject to a rainfall of 41 ins., while the 
The topography does not 
differ essentially, each stream having certain tribu- 
tarles leading from the glaciated areas and regulated by 
lakes, ponds and swamps, and both draining the sides of 
the Allegheny Mountains, through other tributaries. 

The records show that the great rain of May and June, 
1889, resulting in a run-off at Harrisburg, in the Sus- 
quehanna River, of 29.2 cu. ft. per second per square 
mile, while during the flood of March, 1907, the Ohio 
at Wheeling reached but 20 cu. ft. per second per 
square mile. What a discharge of 30 cu. ft. per second 
per square mile at Pittsburg would mean in damage and 
loss of life cannot be foretold. 


Concerning fioods in the Delaware River, it 
is stated than on Jan. 8. 1841, this river had a 
discharge at Lambertville, N. J., of 254,600 cu. 
ft. per second, or 37 cu. ft. per second per 
square mile of tributary drainage area. This 
flood was almost equaled by that of Oct. 11, 1903, 
when the flow is given as 250,000 cu. ft. per 
This flood was due to 
a very heavy rainfall which at the same time 
caused a record breaking flood on the Passaic 
River in Northern New Jersey. 

On the Schulykill River on March 1, 1902, a 
flow of 42.9 cu. ft. per second per square mile 
of drainage area took place over Fairmount 
Dam, Philadelphia. 
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The Susquehanna River is especially subject to 
floods. That of June 2, 1889, was the highest on 
record. We quote the Commission’s remarks 
respecting this flood as follows: 

The flood of June, 1889, when a large part of the city 
of Harrisburg was under water, had, at that point, a max- 
imum rate of discharge of from 28 to 30.6 second-feet 
per square mile of drainage area. The storm causing 
this flood was general over a large portion of the state 
and lasted about 34 hours, during which time from 4 
to 9 ins. of rain fell on the drainage basin. This flood 
reached a stage of 33.5 ft. above low water at Will- 
lamsport on the West Branch, while the highest stage at 
that point during the flood of 1865 was 27 ft. The Che- 
mung River, a tributary of the North Branch of the 
Susquehanna, with a drainage area of 2,055 square miles, 
reached a maximum rate of flow at Elmira on June 1, of 
67 second-feet per square mile. 

On the West Branch of the Susquehanna River 
the flood damage has been particularly destruct- 
ive in the city of Williamsport. In the flood of 
1889, there were 78 lives lost there and enor- 
mous damage was wrought. The North Branch 
of the Susquehanna has in recent years caused 
disastrous floods in Wilkesbarre. In March, 
1902, and March, 1904, the floods here destroyed 
bridges costing $1,300,000 and millions of dol- 
lars worth of other property. 

On the Ohio River at Pittsburg there have 
been six great floods in the last 24 years, and 
four of these have taken place since 1902. 

In 1895 a law was passed in Pennsylvania 
under which the state assumes the burden of 
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A MACHINE FOR BORING ROCK TUNNELS. 


The three illustrations herewith show a ma- 
chine which its builders expect to accomplish 
very radical changes in the tunneling through 
rock. The machine is designed to chip away the 
heading face by the action of a number of pneu- 
matic hammers fitted with chisel or point bits 
(as may be suited to the kind of rock encoun- 
tered), a sufficient number of hammers being 
used that, when the holder or head on which 
they are mounted is rotated in the axis of the 
tunnel, every part of the circular face is reached 
by the bits. Means for supporting and turning 
this head, feeding it forward, adjusting its posi- 
tion laterally and vertically, and means for 
bringing away the rock chips from the face, form 
the other essential parts of the machine. It is 
the joint invention of Mr. E. F. Terry, of the 
New York contracting firm of Terry & Tench 
Co., and Mr. O. S. Proctor, of Denver. A new 
corporation, the Terry, Tench & Proctor Tunnel- 
ing Machine Co., has been formed to build and 
perfect the machine and put it to use in con- 
tract work. The first machine is well along to- 
ward completion. 


The general view Fig. 1; reproduced from a 
drawing of the completed machine in substan- 


tially the form now being built, will enable its 


principle of working to be understood. The ma- 
chine is carried on a four-wheel main truck at 
the rear and a two-wheel guide truck at the 


ones are tilted inward. Six hammers are mounted 
on each bar except one, which latter has seven, 
to cover the central portion of the face. The 
hammers on successive arms are at slightly dif- 
ferent radial distances from the center, so that 
as the head rotates they cut along different cir- 
cles. Four of the hammers on each bar are 
grouped in a close cluster at the outer end, to 
concentrate cutting power on the longest cutting 
zone, 

Between the four groups of hammers are fixed 
steel plates which, with the casing of the head, 
form pockets adapted to catch the rock chips 
split off the face wall by the hammers. These 
pockets, when they reach the upper quarter of 
the rotation, discharge into a hopper behind the 
head, which in turn discharges to a belt con- 
veyor leading to the rear end of the machine. 

The hollow shaft leads air to the drills through 
its central bore, hose connections being taken off 
valved branches fitted in the front end of the 
shaft. An air-chamber at the rear of the shaft 
with stuffingbox in which the shaft rotates is 
bolted to the frame beam, and receives air from 
the supply pipe. Thrust collars on the rear 
bearing transmit the feed thrust from the frame 
to the head. 

Rotation of the head is accomplished by a com- 
pressed-air engine mounted on, the forward part 
of the frame (see Fig. 2), which, by worm-wheel 
drive rotates a longitudinal shaft carrying a pin- 
ion on its front end. This pinion meshes with a 


0 
FIG. 1. TERRY, TENCH & PROCTOR CO.“ S8 ROCK TUNNEL DRILLING MACHINE IN POSITION ON WORKING TRACK. 
(From a drawing. The tool-head as shown is not the preferred form; the tools are now set in planes parallel to the shaft.) 


rebuilding county bridges destroyed by floods. 
Since 1897 demands on the state treasury for 
this purpose have amounted to $4,417,000. Of 
this amount about $3,500,000 was expended in 
the three years, 1902, 1904 and 1907. 

The Commission’s recommendations respecting 
flood control are as follows: 


This Commission recommends the placing of the flood 
control work under the direction of a central state au- 
thority, to prepare a comprehensive scheme of coopera- 
tion and concerted action by municipalities and public 
and private corporations. Protective measures such as 
dikes, walls, local straightening of channels, etc., 
sometimes effective, fail in that they do not reach the 
source of the trouble. The state should lead the way to- 
ward correcting as far as possible the causes of the 
floods. 

Certain flood conditions may be ameliorated by the 
reforestation of the denuded forest areas of the state, by 
the construction of extensive storage reservoirs upon 
tributaries of rivers, and by straightening, widening and 
deepening stream channels. By such means it may be 
possible to prevent the increasing frequency and damage 
of floods, but such works must necessarily be extensive. 
Dams impounding large quantities of water would have 
to be erected; the flow from them to be so controlled 
that at periods when floods might be expected, the reser- 
voirs would be at least partially emptied and ready to 
receive the flood water. The first work of this nature 
in the state is soon to be commenced at Harrisburg, 
where considerable damage has resulted from the floods 
in Paxton Creek, a stream which passes through the 
city, draining an area of 23 square miles. Plans are 
being prepared by the city for the construction of a stor- 
age reservoir, to be located about five miles above the 
creek mouth, to catch and hold the flood flow, with 
gates so operated as to allow the passage of a more uni- 
form quantity of water throughout the year. 


front. The rear truck runs on a 22-in.-gage track 
of light T-rails laid on wooden ties along the 
center line of the finished tunnel excavation. 
Midway between these rails is laid a line of du- 
plex rack-rail, which is engaged by a double 
(staggered) spur gear journaled on the truck and 
operated by an engine on the truck, whereby the 
whole machine is fed forward to its work. The 


front truck has broad conical wheels adapted to 


run on the invert part of the tunnel bed. (See 
cross-section in Fig. 2.) On the front truck rests 
the forward end of a 20-in. I-beam laid flatwise, 
which is the frame of the machine. The rear end 
of this I-beam bears a yoke casting which is car- 


ried adjustably on the rear truck. A horizontal. 


and a vertical screw, which can be operated by 
power, permit this yoke to be moved vertically 
or laterally, whereby either the alinement of the 
frame or its gradient can be varied. In the 
frame beam are seated two bearings, one over 
the front truck, the other near the rear, in which 
a hollow longitudinal shaft is mounted. This 
shaft carries the drill head at its forward end. 
The drill head is the simplest element of the 
machine. It comprises a hub, a peripheral cas- 
ing, four connecting arms, and four bars to 
which the hammers are fastened. These bars 
are straight in radial direction, and the hammers 
are seated in a plane parallel to the axis, as in 
Fig. 2 (not in the skewed helicoidal grouping of 
Fig. 1). The profile of the bars seen at right 
angles to the shaft, however, is slightly convex 
forward, so that the group of hammers on the 
bar has different angles, the outer hammers 
being tilted slightly outward, while the inner 


gear bolted to the rear face of the hub of the 
drill head. The feed is also operated by an air 
engine, this one being set on the rear truck, and 
driving, by a friction wheel, a gear train which 
turns the feed gear meshing with the rack 
bolted to the ties as already mentioned. This 
engine also drives the belt conveyor, by a 
sprocket chain from the engine shaft to the shaft 
of the rear conveyor pulley. 

The conveyor is to the left of the center line, 
and extends from below the hopper which re- 
ceives the chips from the head pockets, to a point 
above and behind the rear truck, where it drops 
the debris into mucking cars brought up behind 
the machine. It is planned to lay four rails be- 
hind the machine, the central two being the 
track rails of the rear truck, while the outer 
two with the middle two form two 18-in.-gage 
tracks for small mucking cars. <A transfer apron 
is to be attached to the rear of the machine, on 
which the cars are shifted from the incoming 
track to a point under the conveyor discharge 
and thence, when full, to the outgoing track. 

The hammers which do the actual work of 
breaking the rock are, of course, the vital part 
of the machine. The design shown in Fig. 3, 
with a 3-in. cylinder, has been worked out for 
them. The valve is operated by air through 
small ports communicating with the cylinder. 
Spring cushions are provided at front and rear 
end of cylinder. The front cushion has cup 
leather packings at both ends of the spring; 
compressed air is admitted between the pack- 
ings by a small connection with the air supply, 
which will give an air-cushion action added to 
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the spring action. Clamps of U-shape, as shown 
in Fig. 2, hold the hammers to the radial bars 
of the drill head. 

When the machine is in final working shape 
it will probably have some auxiliary devices for 
facilitating operation. One of these already 
planned is an indicating arrangement which 
will tell the operator at all times whether the 
feed is just keeping up with the advance of the 
chisels or is too fast or too slow. In this ar- 


rangement each hammer is equipped with a pair 
of contacts, the rear one closing when the chisel 
does not cut as fast as the feed, and the front 
one closing when the chisel cuts faster than the 
feed. These contacts will light up one or the 
other of a pair of colored electric lamps mounted 
back of the respective hammer on the drill head. 


Cross Section - 


builders believe this to be the most favorable 
size, irrespective of the size of tunnel to be 
built, and that for say a railway tunnel they 
would recommend driving an 8-ft. heading with 
the machine and breaking down to full section 
by the regular drilling and blasting procedure. 


— — — — 


STRESSES IN THE BLACKWELL'S ISLAND (QUEENS- 
BORO) BRIDGE UNDER FULL SPECIFIED LOADING. 


We discussed in our last issue the serious over- 
stresses in the Blackwell’s Island Bridge, as 
shown in the expert reports upon the structure. 
It now develops that the condition of overload is 
even worse than was shown in the text of these 
reports. 
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the same parts of the bridge, overstresses rising 
above 33% in a single instance.” 

The accompanying table from Boller & Hodge’s 
stress sheet shows that instead of one riveted 
tension member being overstressed 33%, there 
are actually several members overstressed 45 to 
47%. It will be understood that these percent- 
ages of overstress are in both cases based on the 
very high unit working stresses which were per- 
mitted by the specifications for this “congested 
loading.” 

In comparing the table with that printed last 
week, it will be seen that both refer to the same 
parts of the bridge. The one last week showed 
the stresses under the loading which is considered 
safe by Boller & Hodge, and the stresses should 
be compared with the unit stresses specified for 
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FIG. 2 PLAN AND SECTIONAL ELEVATION OF ROCK TUNNEL DRILLING MACHINE. 


Thus the operator will know from the color of 
the lamps lighted whether he is feeding at the 
proper rate to keep up with the cut. The lamps 
will also inform him when a chisel strikes a 
pocket and therefore runs too far forward in 
its stroke, and if necessary he can then cut off 
the air supply from the hammer in question, by 
means of a series of electric buttons controlling 
the air supply valves. Provision will also be 
made for a water spray at the face to keep down 
dust, with control valve at the operator’s po- 
sition. 

The machine now being built is designed with 
an &-ft. drill head, which is the size shown in 
our illustrations. It is understood that the 
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During the past week the Commissioner of 
Bridges of New York City requested Messrs. 
Boller & Hodge to furnish the stress sheet which 
they calculated for the specified ‘‘congested 
loading.” This sheet was not available when 
our last issue was published. Since then we 
have inspected this sheet and taken from it the 
complete list of stresses in the worst stressed 
region, viz., the Island Span and the Island Can- 
tilever Arm West. These stresses are reprinted 
in the table on the two following pages. 

We quoted from Prof. Burr’s report last week 
the statement that in the Queens anchor arm 
there would be 30% overstress in carbon steel 
eyebars and “in the riveted tension members in 
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working load, which they accept as the limit 0) 
safety. The table on the following pages, however, 
is for the “congested” loading of the specifica- 
tions, for which the following high unit-stresses 
were permitted by the specifications, viz., 39.000 
lbs. per sq. in. tension on nickel-steel eyebars, as 
against 30,000 under the “working” load; 24,000 
tension on riveted or eyebar carbon-steel mem- 
bers as against 20,000, etc. The only point in 
which no distinction is made between “working” 
and “congested” loads is in the stresses of floor- 
system, hangers and subdiagonals, the last two 
of which appear in our tables. The stresses in 
these members differ from those given last week 
(Continued on page 560.) 
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FIG. 3. AIR TOOL FOR ROCK TUNNEL DRILLING MACHINE. 
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Island Cantilever Genes 


THE BLACKWELL'S ISLAND (QUEENSBORO) BRIDGE. STRESSES UNDER SPECIFIED CONGESTED LOADING. 
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Island Span 


From stress sheet prepared by Boller & Hodge in connection with their expert report on the safe traffic capacity of the bridge, and submitted at the request of the De- 
partment of Bridges subsequent to the report. 
Stresses in units of 1,000 lbs. Unit-stresses in units of 1,000 Ibs. per sq. in. 
+ indicates tension. 


COMPUTED FOR THE FOLLOWING LOADS. 


Main Members computed for 
Lbs. per lin ft. 
per truss. 


LIVE LOAD: 
Two lines of elevated railway, 1,700 
11-ft. footwalk, 75 Ibs. per sq. ft 

Upper floor 


Two lines of street cars, 1,000 
17%-ft. width of roadway, 100 lbs. per sq. ft 


Total live load, per foot of truss.... 
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8.000 


This load is to be placed in the positions giving maximum 
stresses in the individual members. 


Sub-Members computed for 


On each elevated railway Oe aoe ,000-lb. cars having 


four axles spaced 6 ft., 


10 ft. 


— indicates compression. 


On each street railway track a 52,000-lb. street car hav- 
ing two axles spaced 10 ft., 


track. 


or 1,800 ft. per lin. ft. of 


On any part of roadway 48,000 Ibs. on two axles 10 ft. 


apart and ö ft. gage covering a space 12 ft. x 30 ft., 


and 


100 lbs. per sq. ft. on the remaining roadway surface. 
On the footwalk a load of 100 lbs. per sq. ft. 


WIND LOAD. 


Wind pressure, 2,000 Ibs. per lin. ft. 


of bridge, all 


acting in plane of bottom chord. Of this 1,000 Ibs. is 
taken as covering the entire bridge, and 1,000 Ibs. ts 
taken as a moving load placed in the positions giving 
maximum stresses in the individual members. 


DEAD LOAD. 
Stresses computed for the weight of metal in the struc- 


ture, 


-per truss, 


106,122,031 Ibs. 


for the bridge or 52,561,016 lbs. 


distributed according to the actual panel- 


loads, plus a uniform load of 3,650 Ibs. per lin. ft. of 
truss, as follows: 


Concrete sub-pavement 
Wood block pavement 
Street car tracks 
Elevated railway tracks 
Footwalk slab 


Lbs. per Hin. ft. 
of truss. 


„ % „%%% „„ „% %% %% % % „%%12½k•6304vũ—ĩ „„ „ 64% „ 
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Sidewalk stringers, cantilever brackets and 


gratings 
Three railings 


Gas mains, mail chutes, trolley wires, tele- 
phone cables and their attachments, etc. 


203 


3,650 


The stresses in only two arms are reproduced here, but 
these are in general the most heavily stressed parts of 


Area 
8q. ins. 


75.0 Gr. 
105.0 Gr. 


210.0 Gr. 
247.6 Gr. 
355.6 Gr. 


510.8 Gr. 


666.8 Gr. 
834.8 Gr. 
949.2 Gr. 


1040.2 Gr. 
1072.1 Gr. 


43.0 Gr. 
34.4 Nt. 


43.0 Gr. 
34.4 Nt. 


875 

94.5 Nt. 
141.8 Nt. 
210.0 Nt. 
290.0 Nt. 
384.0 Nt. 
496.0 Nt. 


612.0 Nt. 


57.2 Gr. 
45.7 Nt. 


74.6 Gr. 
61.0 Nt. 


92.5 Gr. 
77.4 Nt. 


84.3 Nt. 


105.0 Nt. 


115.5 Nt. 
136.5 Nt. 
152.2 Nt. 
173.3 Nt. 


189.0 Nt. 7 


210.0 Nt. 


Dead Live D.L. + 
Load. Load. L. L. 
I — 15 
— 680 —1621 — 2301 

+ 1347 + 667 
— 1620 —2446 — 4066 
+ 1570 
— 2929 —3321 — 6250 
+ 1609 
— 4625 —4327 — 8952 
+ 1545 
— 6604 5404 —12008 
+ 1409 
— 8722 —6478 —15200 
+ 1243 
—10876 —7509 —18385 
+ 1004 
—12271 —8011 —20282 
+ 935 
—12601 —7858 —20459 
+ 773 
—12601 —7858 —20459 
+ 773 
TOP CHORD. 
— 890 — 855 
+ 35 + 785 + 820 
— 785 — 598 
+ 187 + 798 + 980 
—1271 — 489 
+ 782 + 1621 + 2403 
—1492 
+ 1739 + 2447 + 4186 
—1538 
+ 3079 + 3346 + 6425 
—1473 
+ 4819 + 4375 + 9194 
—1343 
+ 6878 + 5498 + 12376 
—1186 
+ 9128 + 6651 + 15779 
—1112 
+ 11822 + 8065 + 19887 
—1065 
+ 14516 + 9109 + 23925 
MAIN DIAGONALS. 
+ 1358 + 1308 
— 242 —1119 — 1361 
+ 1109 + 867 
— 9965 — 221 
+ 774 +1412 + 2188 
— 895 
+ 926 + 1428 + 2354 
— 724 
+ 1338 + 1562 + 2900 
— 644 
+ 1505 + 1597 + 3102 
— 509 
+ 1926 + 1730 + 3656 
3 — 462 5 
+ 2128 + 1815 + 3943 
— 368 
+ 2555 +1977 + 4532 
— 334 
+ 2785 + 2085 + 4870 
— 230 
+ 3087 +2121 + 5208 


Island Cantilever Arm, West. 
BOTTOM CHORD. 


Unit 
Str. 


— 0.2 
—21.9 


—19.4 
—25.2 
—25.2 
—23.5 
—22.8 
—22.0 
—21.4 
—19.7 
—19.1 


—19.9 
+ 23.8 


—13.9 
+ 28.5 


— 4.6 


L/R 
Abt. 


18 
19 


S 


1 27.3 


+ 44.3 
+ 45.3 
+ 43.8 
+ 42.7 
+ 41.1 
+ 40.1 
+ 39.1 


—20.3 
+ 28.6 


—18.2 
+ 14.2 


— 2.4 
+ 28.0 
+ 27.9 
+ 27.6 
+ 26.9 
+ 26.8 
+ 25.9 
+ 26.2 
+ 25.8 
+ 24.8 


Nickel Steel Eyebars. 


Structural: Steel Eyebars. 


Member. 
L57-L58 


L58-L59 
L59-L61 
L61-L63 
L63-L65 
L65- L867 
L67-L69 
L69-L71 
L71-L73 
L73-L74 
L74-L75 


U57-U59 
U59-U61 
U61-U63 
U63-U65 
U65-U69 
U69-U71 
U71-U73 
UT3-U75 


U57-C58 
C58-L59 
U59-C60 
C60-L61 
U61-C62 
C62-L63 
U63-C64 
C64-L65 
U65-C66 
C66-L867 
L67-C68 
C68-U69 


685.5 Gr. 
717.0 Gr. 
711.2 Gr. 
711.2 Gr. 


660.0 Nt. 
516.0 Nt. 
426.0 Nt. 
384.0 Nt. 
360.0 Nt. 
360.0 Nt. 
392.0 Nt. 
448.0 Nt. 


1 


365.0 Gr. 
400.0 Gr. 
225.3 Nt. 
238.7 Gr. 
199.5 Nt. 
330.7 Nt. 
304.5 Nt. 
239.7 Nt. 


261.9 Gr. 
218.6 Nt. 


196.9 Gr. 


163.7 Nt. 
181.9 Gr. 
151.2 Nt. 
211.9 Gr. 
171.6 Nt. 
177.5 Gr. 
148.0 Nt. 


the bridge. 
Island Spas. 
BOTTOM CHORD. 

Dead Live D. L. + 
Load. Load. L. L. 
—12566 —7902 —20468 
+ 820 

—12566 —7902 — 
+ 820 

—13271 —9255 —22526 

; + 1206 

—12090  —10238 —4 
+ 2381 

—10063 — Je —19985 
+ 2016 

— 8805 —0615 —-18420 
+ 3225 

— 8136 9002 —17138 
+ 3011 

— 8710 —8685 —17395 
+ 2539 

— 8813 —7287 —16100 
+ 1407 

— 8041 —5855 —13896 
+ 894 

— 8041 —5855 —13896 
+ 894 

TOP CHORD 

—1 

+ 15866 +10013 + 26779 
—2368 

+ 12593 +10511 + 23104 
—2916 

+ 10218 + 9922 + 20140 
—3225 

+ 8950 + 9615 + 18565 
—3256 

+ 8318 + 9309 + 17627 
—3011 

+ 8276 + 9002 + 17278 
—2531 

+ 9004 + 8916 + 18010 
—1566 

+ 10583 + 8592 + 19175 

MAIN DIAGONALS. 

— 1736 —5684 — 7420 
+ 3227 + 1491 

— 2234 —5684 — 7918 
+ 3053 + 819 
—2397 

+ 2503 + 2813 + 5316 
—2405 — 291 

+ 2114 + 2855 + 4769 
—2276 

+ 4195 + 4173 + 8368 
—2358 

+ 3833 + 4103 + 7936 
—2437 

+ 2665 141 3729 + 6394 
—2456 — 111 

+ 2345 + 3692 + 6037 
—2671 — 1346 

+ 1325 + 3380 + 4705 
—2811 — 1789 

+ 1022 + 8374 + 4396 

— 382 —3241 — 3623 
+ 2969 + 2587 

— 80 —3124 — 3213 
+ 2998 + 2909 


Unit 
Str. 
—19.2 
—19.5 
—21.8 
—24.1 
—26.0 


—26.8 


L/R 
Abt. 


Nickel Steel Eyebars. 
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Queens Cantilever Arm 


Island Cantilever Arm, East Queens Anchor Arm 


Island Span 


Island Span (continued). 
MAIN DIAGONALS. (Continued.) 


Island Cantilever Arm, West (continued). 
MAIN DIAGONALS. (Continued.) 


Area Dead Live D. L. + Unit L/R Wind Area Dead Live D. L. + Unit L/R Wind 
Member. sq. ins. Load. Load. L. L. Str. Abt. Str. Member. sq. ins. Load. Load. L. L. Str. Abt. Str. 
C48-U49 38 — 210 oa Bs . L69-C70 193.9 Gr. —3044 — 257 —11.0 35 
224.0 Nt. + BHS + 22) + 5598 + 25.0 2 164.2 Nt. + 887 + $360 + 4247 +25.9 
L49-C50 — 114 8 8 C70-U71 217.6 Gr —2 7 — 1761 — 8.1 35 
228.0 Nt. + $464 + 2113 + 5607 + 24.6 2 181.3 Nt. + 1196 + S425 + 4621 +25.5 
cCw-U5I 8 poe San 8 5 2 L71-C72 211.0 cr. — 98 RMB — B41 —15.8 38 
248.0 Nt. + 3761 + 2290 + 6051 2442 176.4 Nt. +2529 + 2431 +13.8 
L51-Ch2 tes — 27 2 5 E C72- 7 187.5 Gr. —3232 — 2084 —15.9 38 
240.0 Nt. + 3711 + 2069 1 5780 1 21.1 ra 157.0 Nt. + 248 + 264 + 2932 +15.7 
cm-U33 — 25 = 73-C74 328. 7 Gr. — 2300 —557 — 792 —20. 1 
i; O0.0Nt + 4049 +I + 62% +4224 |Ë ai Pa ene ae . NA 
La3-C34 o = T4-UT5 353.0 Gr 1922 577 TAN) 21.2 91 
TAT ao, Cc = „ N).. 1 — 2922 — . — 11 — 7 
182.0 Nt + 2556 1187 + BWO 424.15 i T3238 T 1316 
CAH-US5 — 680 j 75 
204.0 Nt. + 2026 + 20008 + 192 + 24.2 
L55-C56 106.1 Gr. —1S61 1476 —13.9 98 NE Ste: 
8.9 Nt. + 385 + 1678 + 2063 + 22.9 : T 1250.6 Gr. —15937 — 929 —25159 —20.1 53 
cĂ-US5T 129.7 Gr. — 18631 — 1058 — 8.2 93 UST-LT : +2077 
108.2 Nt. + 803 + IND2 + 2655 + 24.5 B 250.6 Gr. —16497 2077 —25719 —20.6 53 
207 
MAIN POSTS. 9 T 
P T 44.1 Gr — 191 — 127 — 318 — 72 38 99-1551 236.9 Nt. 3120 45217 4 8337 35.2 
r 72.5 r. — 27 — 220 — 477 — 65 ` Von $ | —2511 
T 74.7 (r. — 674 —OXS — 1662 —22.3 41 + 2093 4 5217 7 8210 
U41-L41 2 + 620 T 163.3 Gr. — 1060 —1937 — 2997 —18.4 34 
B 102.7 Gr. = 945 E — 1802 —17.5 UG1-LG1 — 99] 12127 + 1136 
+ 591 B 227.3 Gr. — 1147 —2078 — 3227 —14.2 
T 1080Gr — 108 —1113 — 2213 —21.5 42 — lo 1 2121 + 1001 . 
U43-L43 + 450 T 281.0 Gr. — 2504 —3277 — 5871 — 20.9 62 
B 139.8 Gr. — 1183 1199 — 2382 —17.0 U63-L63 + 2142 
+ 42% B 343.0 Gr. — 2675 —3370 — 6045 —17.6 
D 
T 130.4 Gr. — 1547 —1271 — 2818 —21.6 46 + 2098 
U45-L45 H 28 T 191.0 Gr. — 1268 —2971 — 4339 —22.7 57 
B 166.2 Gr. — 1641 1369 — 3010 —18.1 605-105 1294 +2347 + 1053 
+ 306 B 254.5 Gr. — 1448 —3048 — 406 —17.7 
T 1562Gr. — 1937 —1279 — 3316 —21.2 48 o ase = 1 +2289 + < 1 oes 
-_ + 207 a . 8 r. — 111. == — 1. 
U4T-LAT B 191.5 Cr. — 2045 ie — BRAT IRS Cer Ge oaee seek “cdi si ais oR 
+ 19 ~ 7 ~ 
T 141.8 Gr. — 107 I  — 2742 —19.3 54 
T 178.6 Gr. — 2273 — 1406 — 3679 —20.6 54 UG9-L69 121.7 Nt. — 42 42746 + 2704 422.2 
U49-L49 5 3 Erai i B 206.3 Gr. — 188 —2725 — 2913 —14.1 
B 213.5 Gr. — 2351 io — 3884 —18.2 — 107 + 2699 + 2592 
S AR 2 Go g T W42Gr + R ART — 1023 — 5.9 57 
T 186.4 Gr. — 2472 —1356 — 3828 — 20.5 51 U71-L71 148.7 Nt. + 877 72866 4 3743 + 25.2 
U51-L51 D + 24 z B 237.7 Gr. + 717 —1 %57 — 1250 — bt 
B 221.7 Gr. — 2557 5 — 4053 —18.3 + SO4 + 2859 + 3663 
+ 2 
7 = 3 = : — 2 ed > Sere 
T 136.2 Gr. 1495 1193 2688 19.7 59 en NL + 3143 5118 4 82601 134.9 
U53-L53 on ` + 599 as U73-Li B L999 
B 172.2 Gr. — 1586 55 — 2030 —17.0 1 10 FANS + 8131 
wel eee 76.5 Nt. + H2 1 1708 4 2250 $20.4 75.175 7271 1 
U55-L55 5 120.0 Gr. + ½% LIHT A — 6.8 675758 B 919.3 r. 11125 FC 19011 20.7 53 
+ 4589 + 1708 + 2197 + 2741 
ROCKER ARM AND HANGERS. 
U37-L37 44.1 Gr. 1003 — 998 G4 HANGERS: 
31.2 Nt. + 10 + 894 + sm C58- L5S 51.0 Nt. to ġa + 434 + 967 +190 
5 31.0 Nt. + 179 + 795 + 558 C60-L60 51.0 Ft. + 487 + 406 + s 4165 
C4⁰ r a 62 62 : a Y om 2 e 32 
31.0 Nr. + 187 + 33 „ 500 ee ) NS a a 
C42-L4A2 — 40 C64-L64 43.0 Nt. + 350 + 371 $+ 727 + 16.9 
7 31.0 Nt. + 195 + 330 + 525 C66- L6G 43.0 Nt. + $46 + 371 + 717 + 16.7 
C44-L44 31.0 Nt. + 243 + 320 + 563 COR- LGS 4.3.0 Nt. + 342 + 371 + 713 + 16.6 
C45-L46 44.0 Nt. + 272 4 338 + 610 070-170 43.0 Nt. + 356 + 380 + 736 117.1 
C48-L4S 0 Nt. + 207 + 355 + 662 Sais N “ns E 
C30- L5O 440 t. 1 HT 4 / + T8 3 171711 8 
C52-L52 44.0 Nt. + 893 + 391 + 781 CT4-LT4 51.0 Nt. + 151 + 434 + 885 + 17.4 
(-L 52.0 Nt. + 437 + 411 + 818 é 
C36-L56 52.0 NTt. + 488 + 434 + 922 
SUB DIAGONALS. 
SUB DIAGONALS. nee z 7 a 
C38-L37 21.5 Nt. + 24 ...... + 24 5 7) ² eR ̃ Ee aA 
C38-U39 36.0 Nt. + 241 + 268 + 509 C60-L59 53.0 Gr. — 39% — 231 — 620 —11.7 300 
C40-L41 23.0 Gr. — 148 — 208 — 351 39 C62-L61 45.7 Gr. — 862 — 218 — 580 —12.7 31 
+ 19 C64-L63 42.1 Gr. = 320 = 214 — 531 —12.6 31 
C42-L43 25.7 Gr. — 166 5 e 378 43 C66- L65 53.0 Gr. — 808 — 211 — 514 — 9.7 37 
z C68-L69 42.1 Gr. — 203 — 211 — OM —12.0 31 
C44-L45 28.4 Gr. — 202 — 205 — 407 48 5 £ i 
C4K-L49 33 8 Gr. — 232 — 1 — 48 45 C72-L73 53.0 Gr. = 3245 — 231 — 576 —10.9 30 
C- 36.4 Gr. — 27 — 225 — 522 DO C74-L75 75. g — 42 — 2 = = — 8.6 1 
C2-L 42.1 Gr. — 338 — 231 — 5565 48 . N ann 3T Bis 8.9 
C3- LIS 49.4 Gr. — 370 a — 63 58 
C56-L57 75.0 Gr. — 419 — 237 — 656 90 SUB POSTS 
SUB POSTS U58-C58 21.8 Gr. I — 151 — 6.9 60 
U28-C38 15.0 Gr. — AT EEN, — 17 — 11 160 -C 15.0 Gr. == POT rere — 107 — 7.1 62 
U40-C40 15.0 Gr. — 19 S — 19 — 1.3 U62-C62 15.0 Gr. — 81 F : — R4 — 56 
CH CH Boge I ee JUN I R I2 Uo4-Chd 150 r. = 2 — % —50 
U46-C46 15.0 Gr. — 39 eee — 39 — 2.6 U66-C66 15.0 Gr. = TL arees — 171 — 4.7 
U4S8-C48 15.0 Gr. =- 44 tees = 44 — 2.9 U68-C68 15.0 Gr. = Gl. ees — 71 — 47 
- C50 5.0 Gr. — 9 — of — 4.9 70.7 = _ >» 
U52-C52 15.0 Gr. — 7 eee — 76 — 6.1 vn oe 15.0 Gr. se — 73 —49 
1. C54 15.0 Gr. — 1004 — 101 — 69. 5T UT2-C72 15.0 Gr. — 888 — 88 — 5.9 62 
Ui6-C56 21.8 Gr. 117 — . — 137 —63 61 v74-C74 21.8 Gr. — 107 Bei te — 107 — 4.9 
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(Continued from page 557.) 
because the “recommended” loading of Boller & 
Hodge included no elevated trains and con- 
templated the removal of considerable dead-load. 


GREATEST UNIT-STRESSES—For the sev- 


era] kinds of main members the following are 
the most heavily stressed members: 


GREATEST STRESSES UNDER SPECIFIED ‘‘CON- 
GESTED” LOADING FOR THE SEVERAL KINDS 
OF MEMBER. 

Unit-stress, 
lbs. per sq. in. Per 
cent. 


„ 
dead and live — ex- 
Actual. Specified cess. 

Nickel-Steel Eyebars: 

U65—U69 (Top Chord, Island 


149,000 439.000 26 


Spa) 3 
Structural-Steel Eyebars: 
C116—L117 (Main Diagonal, 
Queens Anchor Arm)..... 
Riveted Tension Member: 
(Structural Steel.) 
U59—L59 (Main Post, Island 
Spann) 
Riveted Compression Member: 
(Structural Steel) 
Bottom Chord. 
L65—L67 (Middle Panel, Island 
Spann 26, 800 
Web Member. 
U117—L117 (Main Post, Queens 
Anchor Arm) —25,800 
Compression Member with “Greatest 


131.300 +24,000 30 


+35,200 +24,000 47 


—21. 300 26 


19.500 32 


Percent Over- 


stress. 
C74—U7T5 (Main Diagonal: 
Island Span) 1 1 81 21.200 —14,600t 45 
Member Carrying Reverse ress: 
L91—C92 (Main Diagonal, {333 300 —19.500§ 20 
Queens Cantilever Arm). I 133,300 724.000 39 
For l/r = 27 
95 ve = 45) by formula 24,000 — 100 1/r. 
§For l/r = 45 


The serious significance of these over-stresses, 
however, appears from comparison with the elas- 
tic limits of the material, rather than with the 
specified stresses. The actual stresses quoted in- 
clude no allowance for wind stresses (though 
these would materially increase the stresses in 
the bottom chords), and no allowance for second- 
ary bending stresses (though these amount in 
some members to several thousand pounds per 
square inch). For these reasons the stresses 
even under congested load should remain so far 
below the elastic limits of the respective mem- 
bers as to give room for these additional minor 
stresses, as well as to provide against the in- 
evitable non-uniformities of stress distribution, 
of which the calculation takes no account. Yet 
so far from allowing this Indispensable margin, 
the stresses under dead and live loads alone 
exceed the elastic limit, in some cases very con- 
siderably. The following facts demonstrate this: 

NICKEL-STEEL EYEBARS.—A hundred or 
more full-size tests of bars were made, and the 
elastic limits were carefully measured in all of 
them by extensometer. Many tests showed elas- 


tic limits higher than 49,000 Ibs. per sq. in., but 


almost as many showed elastic limits below this 
point. The specified figure was 48,000 Ibs. per 
sq. in. Those bars which fell below 48,000 lbs. 
were rejected, but as only one bar was tested 
out of forty or fifty furnished, it cannot be 
claimed that all the bars used in the bridge are 
stronger than 48,000 lbs. elastic limit. In fact, 
since the tests showed a few elastic limits as low 
as 40,000 lbs. per sq. in., there is a good pre- 
sumption that the weakest nickel-steel bar in 
the structure does not greatly exceed this 
strength. 

In contrast, the stress calculation shows 49,000 
Ibs. per sq. in. in some panels of bars, without 
allowance for bending or non-uniform stress. 

CARBON-STEEL EYEBARS.—The specifica- 
tions required full-size tests to show an elastic 
limit of 28,000 lbs. per sq. in. The acceptance 
tests satisfied this figure, without greatly exceed- 
ing it. The crippling strength of a panel of 
these bars, therefore, is limited to 28,000 lbs. per 
sq. in., provided the total stress divides equally 
among the several bars, an assumption which 
cannot be entertained conscientiously. If it di- 
vides unequally, the strength of the panel is 
lower than 28,000. 

The actual stress, in the worst case, is 31,300 
lbs., which is about 12% over the elastic limit, 
without allowance for bending or for non-uni- 
formity of stress distribution. 

RIVETED MEMBERS.— No full-size tests were 
made, so that the crippling strength of these 
members can only be estimated. The specifica- 


tions say that specimen tests of plates and 
shapes must show 30,000 lbs. elastic limit as a 
minimum. Probably a somewhat larger value 
was obtained, if commercial material was fur- 
nished, say 32,000 average. The elastic limit of 
full-size members would unquestionably be much 
lower, due to the influences of fabrication. There 
is no safe ground for supposing it to be higher 
than 30,000 lbs. per sq. in in tension. 

The greatest tension in the bridge, for riveted 
members, is 35,200 lbs., without allowance for 
bending. This exceeds the limit 80,000 by 17%. 

In compression, failure would occur at much 
lower loads than the tensile elastic limits, in 
many cases, as previous tests of ordinary bridge 
struts show. As for tests of the very large 
compression members in this bridge, 100 to 1,000 
Sq. Ins. cross-section, none have ever been made 
and it cannot be asserted with confidence that 
the unit-strength of small columns would be at- 
tained. In fact, the Quebec Bridge chords ex- 
hibited fatal distress at stresses of 16,000 to 
18,000 lbs. per sq. in., and two of them subse- 
quently failed altogether at about 17,000 lbs. per 
sq. in. 

In the Blackwell’s Island Bridge the greatest 
unit-load on a compression member is 26,800 
Ibs. per sq. in. for a chord member, and 25,800 
Ibs. per sq. in. for a web member. Having re- 
gard to the effect of slenderness, and measuring 
this effect by the column-formula prescribed in 
the specifications, the worst case is a diagonal 
with 21,200 Ibs. per sq. in. But as this formula 
is considered to make an excessive reduction for 
slenderness, the two former cases may be quoted 
as the worst compression stresses in the bridge. 
They include no allowance for bending due to 
weight, bending due to distortion of truss, or 
(in the case of the bottom chord) stress due to 
wind. 

EXCESSIVELY LOW STRESSES; WASTED 
MATERIAL.—Almost as striking as the exist- 
ence of the dangerous overstresses is the irregu- 
larity and apparently erratic character of the 
stresses, which represents unequal utilization 
and therefore waste of material. The latter 
would not be highly important in a bridge of 
ordinary size, but it becomes critical in a bridge 
so large that, as in the case of this one, a struc- 
ture which itself weighs 35,000 lbs. per lin. ft. 
is able to safely carry only 4,000 Ibs. per lin. 
ft., and where each pound of weight saved adds 
a pound to the live-load capacity. 

The irregularity of stress is exhibited typically 
by the following summary, prepared from Boller 
& Hodge’s stress sheet for dead-load plus the 
specified congested live-load: 


VARIATIONS OF MAXIMUM STRESS IN DIFFERENT 
CLASSES OF MAIN MEMBERS. 

[Where a member carries both kinds of stress, the 
lower of the two maxima was not considered in drawing 
up the following list. Cases of unusually low stress ap- 
parently governed by special reasons, as bottom chord 
adjoining hangers and anchorages, are not included in 
the list.] 

Tensile or com- 
pressive stress, 
Ibs. per sq. in. 


Lowest. Highest. 
Bottom Chord 
Nickel-Steel Eyebars (in top chord). 
Carbon-Steel Eyebars (in diagonals). 


Riveted Diagonals and)........... —11, 25, 800 
Pos A „ 13.600 435, 200 
Hanges 8 4713, 100 421,700 
Sub-Diagonals . — 8, 1 —15, 
414. 100 


*In same member. Other members with but one kind 
of stress show lowest maximum of —11,100 lbs. per sq. in. 

This is in the posts of Island Span adjoining the 
towers, only, and may result from an error in design. 
Other maxima are 433.300 in one of the rockers, and 
many values between 29,000 and 30,000 in posts. 


Between the maximum and minimum cases in 
each group are found a full range of intermediate 
values. 

The irregularities of stresses in the floor mem- 
bers are even greater. These were stated in 
Boller & Hodge’s report, as follows: 


Variation of Max. Stress, 
Lbs. per sq. in. 
LOWER FLOOR: 
Trolley Stringers with cover- 


DCC (((( 4, 600 to 7,000 
Trolley Stringers without cover- 

Pes EE 7,200 to 11,000 
Roadway Stringers ............ 7,900 to 14,600 
FloorbeamS ...essssssssesesss 15,000 to 16,000 

UPPER FLOOR: : 
Elevated Ry. Stringers......... 6,500 to 9,100 
Sidewalk Stringers ........... 4,100 to 10,800 
Floorbeams .........cseeceess 13,000 to 14,400 

Total variation ........ 98 4,100 to 16,000 


One item in this floor list is explained by 
special reasons: The cover-plated stringers have 
the same duty as those without cover-plates. 
The plates were an afterthought, to fit the trol- 
ley-tracks for carrying possible future subway 
cars, the intention being that cover-plates should 


later be put also on these stringers which had 


already been built at the time the plates were 
decided on. But it will be noticed that even in 
the cover-plated class alone, some stringers have 
an extreme fiber stress of 4,600 lbs. per sq. in, 
while others have a fiber stress of 7,000 lbs. per 
sq. in. 

Part of the variation in another item of the 
list is explained by the fact that the upper floor 
floorbeams have modified section to carry the 
erection traveler. The chief items of low stress, 
however, are for the stringers, and the figures 
above show that a large amount of unnecessary 
weight was introduced, for no reason now ap- 
parent, and at the cost of valuable live-load 
capacity. 

From the preceding facts regarding irregular 
and excessively low stresses, it seems probable 
that a good part of the 25% increase in dead 
weight during construction (shown by comparing 
the actual with the estimated weight of the 
Structure) is accounted for by metal wasted by 
giving some members lower stresses than other 
members performing similar service. 

—— — 

THE U. 8. GOVERNMENT CEMENT MILL at the 
Roosevelt Dam turned out 52,791 barrels of cement in 
the six months ending June 30, 1908. The operating cost 
of manufacturing is reported in detail in the ‘‘Reclama- 
tion Record” for November from which we quote: 


Owing to the fact that the contractors for Roosevelt 
Dam did not require a larger output the mill was either 
idle or run at part capacity for a portion of this period. 
Had the mill been run at full capacity for the period 
its output would have been about 72,000 barrels and the 
average cost per barrel would have been somewhat less. 


Superintendent and chemists ....... . . . 80.047 
Operating labour 289 
Maintenance lab‚oeuerrrr 067 
Maintenance material Sener e s094 
Clay dens 8 „c «ODL 
Clay hauling J E ce Wai le --- 063 
Quarry expense . 134 
Supplies eee eeeseseeeeeeeaeevewes eeeseeovsveeeoesesns .038 
Fuel—wood 2 22 „ 66 „ ee ° eee 2 „ „ „* e (3 .081 
Fuel—oil G 5„4ö5ũ:ũũ „„ „ „6 „ „6 „6 „666 „ 6 6 6 „ „ „ . 981 
Power Hwk 8 . 109 
Total e. aso (EE „ „% % % % „„ „ „ 6 „ % EE SE EE „ 20 eee 81. 96 


It will be noted that halt the entire cost of the fin- 
ished cement is the cost of the oil required for burning, 
which has to be hauled by wagon from Phoenix, 60 miles 
away. 

— . 

COMPARATIVE COST OF USING HARD AND SOFT 
Water in Boiler Plants.—In connection with an investi- 
gation of the quality of surface and underground waters 
in different parts of the United States, R. B. Dole, of 
the United States Geological Survey, has made an esti- 
mate of the saving that may be accomplished in the 
production cost of steam by the use of a plant for 
softening hard water. 

Analyses of Maumee River water, selected as a typi- 
cal hard water, show that it contains incrusting solids 
amounting to 360 parts per million, 105 parts of which 
are suspended mud, etc., and the rest carbonate and 
sulphate of calcium with some magnesium, a combina- 
tion which inevitably forms a hard scale in boilers. If 
this water were used in a 1,000-HP. boiler, 100,000 gal- 
lons daily would be required. In six working days 1,800 
pounds of scale would be deposited in the boiler. In 
the following figures, the first set estimates the proba- 
ble excess cost due to the use of bad water, while the 
second estimates the probable cost after purifying the 
water. The inference to be drawn from the difference 
in dollars and cents is obvious: 


COST WITH USE OF TARD PANATER, 

Average coal consumption for 1,000 HP. boiler 
48 tons a day, 48 tons of coal at 7.1.50 1. 
372. Estimated saving in fuel on this water 
due to use of treated water is 5 per cent. 
Five per cent. of $72 is $3.60 per day, or, 


for 300 working days. .. 51.080. 00 
Cleaning boiler, at $8 per week 5 416. 00 
Repairs for tubes, etc A 200.00 
Boiler compounds 250. 00 


Coal for raising steam after cleaning, "104 
tons at $1.50........ 


dhe, ees 156.00 
744% depreciation on boiler plant "costing $15,000 1,125.00 


sen 6% %% %%% ᷑˙ ͤ „6 ee res eee $8,227.00 
COST WITH USE OF SOFTENED WATER. 


10% interest and depreciation on softening 
plant costing $3,500. . 2 22 „ „„ e „ „ 0% „% „% „„% „„ „ „6 „ 6 6 „ $850.00 
Boiler repairS8 cies ees has see ees deaw sss e 50.00 
Chemicals at 1 ct. per 1,000 gallons........ 300.00 

con for elaine steam after cleaning, 16 tons 
h ðWW ⁵ðVZuĩ 88 24.00 
5% depreciation. on boiler plant costing $15, 000. 750.00 
Total e S E E 0 L E E E E EERENS ESESSEZEERESS EEN] 0 


The total saving in a single year is, therefore $1,758 
which is practically half the cost of installing a soften- 
ing plant.—Press Bulletin, U. 8. Geological Survey. 
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The reduced volume of railway traffie which 


has distinguished the past year has had at 
least one gratifying result. The number of 
Casualties on the rail has fallen off in even 
greater proportion. Accident Bulletin No. 28 


of the Interstate Commerce Commission, just at 
hand, shows that in the year ending June 30, 
1:08. Jess than half as many passengers were 
killed in train accidents as in the previous year. 
Of course a large part of this great falling off 
is purely fortuitous. The real ratio of improve- 
ment in the safety of travel is probably better 
represented by the figures for the total of em- 
ployees and of passengers killed and injured 
from all causes, which is as follows: 


„ 


Year 
Ending No. of Passengers No. of Employces 
June 30. Killed. Injured. Killed. Injured. 
105 7.57 10.010 3,261 45,426 
16 418 11,1855 33.807 55.524 
Tor 617 13.5907 4... 62.6890 
1218 HG 12,645 3.38 56.844 


While fewer travelers and fewer employees in 
a year of business depression account for part 
of the reduction in casualties, probably more is 
due to the fact that Superintendents have had 
an opportunity to weed out their forces and dis- 
charge inefficient and careless men. Bosides 
this there has been less crowding of trains on 
the road and in the yards, and no need for keep- 
ing rolling stock in service while unsafe to run. 

— . — 

The questions relating to the influence of for- 
ests on stream flow, raised by Col. H. M. Chit- 
tenden in our issue of Oct. 24, receive some in- 
teresting discussion in the letters published on 
another page of this issue, and also in the report 
of the State Water Supply Commission of Penn- 
sylvania, which we abstract this week. Of par- 
ticular interest is the evidence showing the 
erosion resulting from deforestation in the 
Province of Quebec. We are sure that this 
instance could be matched by illustrations with- 
in the experience of very many of our readers. 

It will not have escaped attention, we are 
sure, that Col. Chittenden’s theories, if they were 
well founded, would have a most important 
bearing upon the problems of water-supply en- 
gineering, as well as those of the irrigation en- 
gineer. In fact, Col. Chittenden, in the article 


referred to, went so far as to say that the forests 
which clothe the summits of the mountains in 
the Far West were an injury rather than a 
benefit to the irrigutors in the valleys below. 
In the same way, if Col. Chittenden were right, 
a drainage basin furnishing a water-supply to 
a city had better be cleared fields than covered 
With forests. Surely, these conclusions are so 
contrary to common sense and common observa- 
tion of all intelligent men, that they cannot be 
given any serious weight in settling questions 
cf practical policy. It is a matter of common 
observation that streams flowing from a water- 
shed covered with primeval forest remain clear 
and limpid even in times of heavy rainfall: 
Whereas streams flowing from similar areas with 
Similar slopas which are cleared are always 
roily in times of heavy rain. Certainly, there- 
fore, the cities which have taken pains to en- 
courage forestation on the basins from whieh 
they draw their water-supply have made no 
mistake. 

Another mutter deserving some attention in 
Col. Chittenden’s paper, to which we did not al- 
Tule at the time, is his statements regarding the 
‘ntluence of flood erosion upon agriculture. The 
fact was clearly brought forward at the Con- 
servation Conference held in the White House 
last May, that the human race is absolutely de- 
pendent for existence upon the thin “layer of 
fertile soil whieh covers all arable lands. The 
effect of erosion is continually to destroy this 
liyer of soil and take away its fertility on all 
the steep slopes; and while to some extent the 
flood waters do fertilize the bottom lands in the 
Valleys, it is wholly insufficient to compensate 
for the loss ‘sustained by the lands in the high- 
lands. Further than that, the frequent effect of 
erosion is to cover up fertile soils with deep lay- 
ers of barren sand and clay. We could cite ac- 
tual instances where comparatively — trifling 
streams have in the course of years covered up 
many acres of once fertile lands and rendered 
them non-productive. The late Professor Shaler, 
in his remarkable little book, which ought to be 
familiar to every engineer who aims to be wen 
informed on the great question of the conserva- 
tion of natural resources, points out that lands 
above a certain steepness, which are devoted to 
cultivation, will inevitably lose their fertility and 
become barren in the course of years. A forest 
growth, however, covers the steep slopes with a 
spongy layer, which retards the run-off and fil- 
ters it to a certain extent; so that, whereas these 
same slopes would be a barren rocky or sandy 
waste if the forests were removed, they will 
under its protecting cover bear a continuous 
crop of timber if properly cared for. 

A remark may also be véntured here concern- 
ing Col. Chittenden'’s claim that, while the nat- 
ural forest may have an influence in retarding 
run-off, the forest under scientific cultivation 
where the debris is removed would not be equally 
beneficial. It is true, of course, that in some 
forests, particularly on the Pacifie slope where 
processes of decay are very slow, the fallen tim- 
ber ard dead branches exercise a material in- 
fluence in holding the moisture. But there is 
little of such primeval forest left in the Appa- 
lachian regions, and the time is not far distant 
when it will be all gone even on the Pacitie 
coast. In the forest of the future, undoubtedly. 
the demand for wood products, and even for 
fuel, is likely to be such that dead trees and 
branches will be removed as they fall, as will 
the debris left by the lumbermen. But the really 
Valuable muleh on the surface of the ground is 
that produced by the annual fall of dead leaves, 
and no forester, so far as we are aware, has ever 
proposed to remove these, 


A NEWSPAPER CERTIFICATE OF SAFETY FOR THE 
BLACKWELL’S ISLAND BRIDGE. 


We alluded last week to the fact that the 
technicalities in the expert reports on the Black- 
wells Island Bridge had so muddled the news- 
papers, that some of them had interpréted the 


reports to be highly commendatory of that 
structure and reassuring as to its safety! These 


newspapers have been further bewildered by the 
remarkable deliverances of a technical contem- 
porary, which has taken the position that the 


important thing to do is to get the bridge into 
use and reassure the public as to its safety in- 
stead of “fussing around over excess strains in a 
number of members”! 

Illustreting the daily newspaper's muddled 
State of mind, we quote the following editorial 
from the New York “Times” of Nov. 14: 


The consulted regarding the safety of the 
Que cnsboro Bridge disagree between themselves in some 
respects, and their technical critics also disagree. Thus 
the “Engineering Record” regards the reports as satis- 
factory, while “Engineering News' views them with 
alarm. Under such conditions it behooves the untech- 
nical person to disregard the engineers’ patter about the 
radius of gyration, whatever it may be, and whatever 
it may signify, and to fix their attention firmly upon 
plain facts cqually within the knowledge und estimation 
of all. 

It seems as though there was a margin of safety which 
has been overlooked. The bridge was designed for four 
elevated tracks, and the trouble is that now the experts 
repoft that the bridge is safe for only two elevated 
tracks. But there are no elevated railways at the Queens 
end of the bridge, and there is no reason to suppose that 
any Manhattan elevated will ever run over the bridge. On 
the contrary, it is likelier that the Manhattan elevated 
lines will be torn down than that elevated roads will be 
built in Queens. However that may be, it is certain that 
not within any time forescen will there be any elevated 
road seeking access to the bridge which the engineers say 
is safe for the traftic of two tracks. It is a disappoint- 
ment to learn that the bridge is of less capacity than had 
becn hoped, but it is safe beyond any possibility of doubt 
for any traffic which will be put upon it within many 
years, so many that the future may be left to take care 
of itself, ad quate and timoly warning having been given. 

It must be understcot thit the question of safety 
arises not at all regarding ordinary traffie, but only re- 
garding ‘‘congisted loading’ or the great st lod that can 
be imagined as happening. and such as is altogether un- 
likely to happen. If there never should be any elevated 
traffic, the lines provided for it could be used for trolley 
ears, whose weight is less concentrated and less trying 
to such structures, 


experts 


The grave responsibility which rests upon the 
technical journal to fairly and judicially inter- 
pret, and explain the significance of such re- 
ports as those on the bridge in question, will not, 
We are Sure, escape the notice of our readers. 

The “Times” remark that “the engineers’ patter 
about the radius of gyration, whatever it may 
be” should be disregarded by the untechnical 
person, would be amusing were the matter less 
serious, 

It might possibly interest the “Times” and its 
readers to know that the whole question Whether 
the bridge is safe, even under the redueed load- 
ing now proposed, depends on that same “radius 
of gyration“ and upon whether the engineers’ 
“patter” concerning it is sound or unsound. 

As to the Times““ discovery of an overlooked 
“margin of safety.” it may be excused for say- 
ing the bridge was “designed” for four elevated 
tracks, sinee the bridge ought to have been, and 


7 


everybody supposed it was, so designed. But 
from the stress sheet published this week, it 
looks very much as if the additional elevated 


tracks were put on about as an Arab would toss 
an extra bundle on a patient camel’s back! 

For the “Times” information we will say that 
if those four elevated tracks were put in place 
and the loads specified in the contract for the 
ridge were applied, there are members in the 
structure which would be strained beyond the 
elastic limit of the metal. 


But the “Times” thinks that there is safety 
because the bridge was designed for a ‘“eon- 
gested loading’ or a load “altogether unlikely 
to happen.” We cannot leave our daily con- 
temporary even that comfort. because on a can- 
tilever bridge, a congested loading is by no 
means so unlikely. We would explain to the un- 
technical editor that on a cantilever bridge it 
docs not take a crowd of trains and cars and 
people the whole length of the span to produce 
maximum stresses as on a suspension bridge. 
On the contrary, mere bunching of trafie on 
two or three short sections of the bridge will 
stress some parts of the bridge to the limit. 

The “Times” assumes a very grave responsi- 
bility when it says that the bridge “is safe be- 
vond any possibility of doubt for any traffic 
which will be put upon it within many years;”’ 
but the technical authorities which have misled 
it into such a position have taken an even graver 
burden of responsibility. 
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CONCERNING HIGH UNIT-STRESSES IN STEEL BRIDGE 
DESIGN. 


A year ago, at the suggestion of a number of 
engineers who recognized a rapidly growing 
tendency toward high unit-stresses in steel con- 
struction, we discussed in these pages the sub- 
ject of unit-stresses and pointed out that vari- 
ous considerations imperatively dictate large 
margins of safety. We venture to recur to this 
important subject at the present moment, when 
the investigation of the Blackwell's Island 
Bridge forcibly illustrates what dangers may 
lurk in high stresses. It has been shown that the 
structure as built is so weak, or in other words 
the intended loading so high, that the specified 
safe unit-stresses would be exceeded by 25%, 
33% and in a few members even 47%! Now, as 
Professor Burr remarks in his report: 


These greatest overstresses, running with two or three 
exceptions not above a maximum of 25% of the stresses 
permitted under the specifications, would not be serious 
if the permitted working stresses were not initially high. 

That is to say (since the observation, if it 
has merit at all, may be generalized) conser- 
vative unit-stresses put us in a position to feel 
much easier about the possible effects of errors 
in calculation. 

Obviously this is one reason for avoiding high 
unit-stresses. But it is by no means the 
strongest reason, and indeed we believe it to be 
a very bad reason, since decent engineering 
practice neither requires nor permits a margin 
for faulty or slipshod calculation. As this, how- 


ever, is in a sense a matter of opinion rather 
than fact, its further discussion may be dis- 
pensed with. The fact remains, as Professor 


Burr points out, that it would have been very 
fortunate and a source of much present satis- 
faction if the engineers responsible for the de- 
sign of the Blackwell’s Island Bridge had chosen 
considerably lower working stresses. 


Since, in discussing high unit-stresses, we must 
particular structure, 


needs refer again to this 
let it be said that the alarmingly excessive 
stresses revealed by the investigations are not 
intentional, and cannot be said to have the ap- 
proval of the Department of Bridges of New 
York City. As to how they came to exist, no 
official explanation has been forthcoming; but 
it is entirely safe to say that no engineer, in- 
side or outside the Department of Bridges, be- 
lieves that on the showing of the stress sheet 
it is safe to subject the bridge to even the work- 
ing loads prescribed in the design. The engi- 
neers of the Department will certainly not ad- 
vocate higher unit-stresses than those fixed in 
the specifications. 

These specified working load stresses, how- 
ever, are themselves unusually high. It is true 
that in the investigation to determine the max- 
imum permissible loading, both Prof. Burr and 
Boller & Hodge have used these high stresses, 
but the former asserts his belief, in unmistaka- 
ble terms, that the specified stresses are higher 
than it is prudent to use in designing. Boller 
& Hodge do not express an opinion on this 
point, though their report suggests the infer- 
ence that they would themselves employ more 
conservative stresses. 

Substantially the same high stresses 
adopted for the ill-fated Quebec Bridge: 


The maximum unit stresses that Mr. Cooper proposed 
to use were about 21.000 Ibs. per sq. in under ordinary 
loading and 24,000 lbs. per sq. in. under extreme con- 
ditions. He considered that the extreme conditions as 
specified would never occur. [The "extreme conditions,” 
therefore, are dircctly analogous to the ‘‘congested load- 
ing” of the Blackwell's Island Bridge.—Ed.] 

By reference to the table it will be seen that the speci- 
fled stresses for the Quebec bridge under working condi- 
tions are in advance of current practice and we believe 
that they are without precedent in the history of bridge 
engineering. Under extreme conditions the Quebec bridge 
stresses are in general harmony with those permitted 
in the Blackwell's Island Bridge. [Report of Royal Com- 
mission on Collapse of Quebee Bridge, p. 148.] 


were 


They are indeed “without precedent,” but only 
because of the exceptional dimensions of the 
structure in which they were used. Differences 
in magnitude being allowed for, many other 
bridges of the recent past are designed for 
stresses equally unusual. 

Indeed, if one looks beyond these two isolated 
examples of bridge design, and reviews the 
trend of bridge engineering during the past 
decade, the observer is impressed with the fact 


` current 


that there has been a rather general tendency 
toward using higher unit-stresses than were 
in the previous period. No one, of 
course, has gone quite as far as was done in the 
two cases cited; yet these two are nothing more 
thin pre-eminent instances of the prevailing 
drift. The working-load stresses of 21,000 and 
20,000 lbs. per sq. in. specified for the two huge 
cantilevers are directly in line with the 17,000 
to 20,000-lb. stresses fixed for numerous bridges 
of quite ordinary proportions. 

If these facts be granted, we are bound to put 
to ourselves the question: Are there any good 
grounds for the increase in unit-stresses? If 
the movement is based on sufficient reasons, 
Surely these reasons should be widely Known, 
and should long have been proclaimed publicly 
as evidences of notable advance in the art! But 
we recall no statement of the kind; no one, so 
far as we know, has proffered a public justifi- 
cation of the modern unit-stresses as against 
those of the middle ’90’s. If, on the other hand, 
there are no reasons or insufficient reasons for 
the increase, it is even more important that the 
fact be known. 

Frankly we do not believe that any good rea- 
son can be found for the upward trend of 
unit-stresses in bridge practice. We are unable 
to discover essential change in any one of the 
elements which affect permissible unit-stress. 

As to quality of material: Commercial bridge 
steel of today is substantially the same as that 
of fifteen years ago. Its ultimate strength, elas- 
tic limit and ductility have not been improved, 
nor is the uniformity of the modern product any 
greater. Instances of brittle steel have not been 
unknown during the last five years, and on this 
score also no advance can be claimed. 

As to loads: The only influential factor is the 
expectation as to future increase of load (on 
railway bridges). In the early M's it was rec- 
ognized that engine and train weights were in- 
creasing continually, so that a bridge might dur- 
ing its normal life be required to carry loads 
much greater than those current at the time of 
its construction. But in this respect we are no 
better off today. Almost every year of the last 
decade has given us a new “heaviest locomo- 
tive,” and a limit to the advance cannot yet be 
fixed, especially if rail improvements in prospect 
materialize. And a very similar remark might 
be made as to train loads. : 

It appears, then, that neither on the score of 
improvement in steel, nor on the score of load 
contingencies is it possible to allege any reason 
why higher stresses should be allowed today 
than were warranted a dozen or fifteen years 
ago. 

Nor have our methods of stress analysis ad- 
vanced in accuracy to account for a decreased 
allowance of margin of strength over computed 
stress. The entire armament of the bridge de- 
signer was already developed a quarter century 
ago. The methods used in the 90's are the same 
as are used today. Secondary stresses have re- 
ceived no increased attention. In no way can 
we find that present-time stress calculations give 
a closer approximation to the tax on the struc- 
ture than those of the earlier period. 

And lastly, there has been no advance in the 
way of full-size tests of members or entire 
structures. Our first-hand knowledge of the 
correspondence between calculated strength and 
real strength has not been improved, and no 
warrant of more definite knowledge exists for a 
decreased safety-margin. 

To sum up: There is no difference between 
the conditions of fifteen years ago and the con- 
ditions of today, as concerns permissible unit- 
stresses. If the old stress limits of 13,000 to 
15,000 lbs. per sq. in. were proper, the limits 
now employed are excessive. Conversely, if the 
modern specifications are justified, bridge engi- 
neers of the early and middle nineties were very 
backward in utilizing the capacity of their ma- 
terial, and their structures have unnecessary 
strength. As to the latter alternative, no more 
can be said than this: it has not been proven. 
The bridges of the earlier period have stood, but 
we have not heard it asserted, much less proved. 
that they are needlessly heavy or wasteful of 
material. The absence of proof is significant, 


. tice. 


and puts the burden of justification on the ad- 
vocates of the high unit-stresses now current. 

While thus no valid reason for the upward ten- 
dency of stresses is discernable, it is not difficult 
to find the causes. And these causes, or at least 
two of them, are of a peculiar character that 
demands a brief examination. 

A first cause may be seen to reside in the fac: 
that the earlier bridges have stood and have 
shown no signs of distress under their loads. No 
important failure or accident is on record against 
reputable bridges of that period. so far as we 
recollect. A continuing record of this kind nat- 
urally breeds confidence and venturesomeness. 
The designer might plausibly reason with him- 
self: “These bridges, calculated for unit-stresses 
of 14.000 lbs., having performed admirably, I 
may safely advance to 15,000.” The progression 
is easy, if gradual. but it is not self-limiting, 
and leads on insensibly to excess. And in fact 
the increase in unit-stresses has been gradual; 
no abrupt changes have occurred, and the for- 
ward movement has been all but imperceptible. 

This cause is so obvious as to its manner of 
influence and as to its ultimate result that it 
hardly needs mention here, except to make our 
list complete. On the other hand, the two fur- 
ther causes of the increase of allowed unit- 
stress as we conceive them, are much less plain. 

The first is the influence of specifications 
crawn for exceptionally large bridges upon gen- 
eral bridge specifications. It is apparent that 
such influencing does take place, since excep- 
tional structures always receive much public 
discussion, their design is a matter of general 
interest, and their specifications are naturally 
considered to be models of excellence and 
weighty precedents for the design of other struc- 
tures. The special character of the unit-stresses 
fixed for their proportioning is not remembered 
as easily as the stresses themselves. When the 
specified stresses are higher than found in or- 
dinary practice, many an engineer will uncon- 
sciously conclude that he himself has been un- 
duly conservative, and that up-to-date practice 
sanctions increased unit-stresses. <7 4 

Even when the engineer would stick to the 
safe side, his employer may insist that the stecl 
Which he pays for shall take the heavier load- 
ing. “Did not these engineers of great fame ad- 
vise high unit-stresses for this or that huge 
structure? Who are you to put your opinion 
against theirs?” 

That there are such essential differences be- 
tween very large bridges and ordinary bridges 
as to permit different unit-stresses for the two, 
is something like an axiom, in bridge engineer- 
ing. It is held that higher stresses are allowa- 
ble in very large bridges. So widely is this be- 
lieved that citation of authorities seems un- 
necessary; yet an apt passage in the report on 
the Quebec Bridge Inquiry is worth notice: 


We have already indicated that the dimensions of the 
Quebec bridge were such that the use of the highest safe 
unit-stresses was justifiable and good engineering prac- 
If we were sure that the loads were correctly esti- 
mated, that the stresses acted in the bridge exactly in 
accordance with the assumptions and that the elastic 
limit of the built-up members was not less than 32.000 
Ibs. per sq. in., 24,000 lbs. per sq. in. would not be an 
unsafe stress for structural steel, provided that the 
material is regular in quality and the details satisfac- 
torily worked out to suit such a stress. [Report of Royal 
Commission on Collapse of Quebec Bridge, p. 148.) 

What foundation there may be for allowing 
higher stress in a very large bridge than in 
small ones need not be discussed here. There 
are some opposing considerations. Thus, in the 
above quotation the clause “If we were sure 

that the elastic limit of the built-up 
members was not less than 32,000 Ibs. per sq. 
in.” touches on a matter wherein the bridge of 
ordinary size is on much safer ground than the 
very large bridge. Full-size tests of such mem- 
bers as are used in the smaller bridge have 
been made, but no tests of the much larger mem- 
bers of the other. On this account more must 
be allowed for uncertainty, in the case of the 
large members. But there is on the other side 
the immensely important consideration of im- 
pact and related effects, which demands a very 
large allowance in the unit-stresses of ordinary 
bridges. We know with practical certainty that 
in very large bridges the impact effect practi- 
cally disappears for the main truss members. 
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This fact, together with some others, as the re- 
duced effect of unforeseeable load contingencies, 
etc., is probably sufficient to justify the use of 
higher unit-stresses in bridge structures of great 
size. 

Be this as it may, the general acceptance of 
the view that they are justified is undeniable. 
And this means that when the engineer reads 
the specifications drawn for an exceptional 
bridge, he must constantly be on his guard 
against permitting himself to regard their unit- 
stresses as models. This is not always done. 
The published stress specification for the Quebec 
and Blackwells’ Island bridges will undoubtedly 
tend to give a forward impulse to the rise of 
unit-stresses. We trust that all such influence 
may be neutralized, and, if possible. that the 
present discussion may contribute to this end. 

The second of the two special causes for the 
increase in unit-stresses is a recent one. The 
report of the Commission of Experts on the de- 
sign of the Manhattan suspension bridge pub- 
lished in 1903,“ has, we believe, exerted a dis- 
tinet influence in the direction of less conserva- 
tive stressing. Doubtless no such effect was in- 
tended or desired by any member of the Com- 
mission, More than this, we believe that this 
influence is based wholly on a misinterpretation 
of the Commission's statements. 

It is to be particularly noted that the Com- 
mission did not fix or recommend any unit- 
Stresses in figures. What it actually said con- 
cerning them was as follows: 


We consider that the bridge should be so proportioned 
that with the congested load of 16,000 Ibs. per lin. ft.. 
covering the whole bridge, combined with dead load and 
wind pressure, no stresses would be produced anywhere 
reaching the elastic limit of the material or impairing 
the stability of the anchorage. In other words, it should 
not be possible for such extraordinary congested load to 
do any permanent injury to the bridge. [Report of 
Commission on Manhattan Bridge, Eng. News, March 12, 
1s, p. 248.) 


A somewhat fuller statement of the same 
thought was given by Mr. C. C. Schneider, a 
member of that Commission, in his special report 
on the design of the Quebec Bridge, written less 
than a year ago, as follows: 


If we knew all the strains occurring in a member of a 
structure, and if the material and workmanship were 
perfect. we could allow strains up to the true elastic 
limit of the material. These ideal conditions of material 
aud workmanship, however, cannot be realized in prac- 
live, and in addition to the computed direct strains on 
which the proportions of the members are bascd, there 
are secondary strains produced by the bending from 
their own weight and deformation of the trusses under 
load. Allowance must, therefore, be made for these con- 
uug ncies in determining on unit strains which may be 
can<idercd within the limits of safety. [Report of C. C. 
Schneider on Collapse of Quebec Bridge, in Report of 
Royal Commission, p. 155.] 


His meaning is still more specifically expressed 
farther on in his report, where he has occasion 
to select unit-stresses for his analysis of the 
bridge. He selects basal stresses of 21,000 lbs. 
per sq. in. for the ordinary load, and 24.000 for 
the extreme load. It will be observed that the 
latter figure is by no means up to the elastic 
limit of the metal; yet even so it is higher than 
Mr. Schneider would use in his own work, for 
he adds the significant remark: 


The writer does not advocate these high unit strains, 
but only desires to fix a limit within which the strains 
may be considered safe, and which could be used in 
tumparison with the tables in Appendix B. [p. 156.] 


Besides this, it is to be noted that the Com- 


mi-sion of 1903 were not discussing bridge 
stresses in general or bridge construction in 
general when they made the recommendation 


zuoted above. Their report was directed solely 
to the question whether the design of Mr. Gustav 
Lindenthal for the Manhattan suspension bridge 
consisting of a chain of nickel-steel eyebars was 
to be approved as safe. To apply their conclu- 
sans and recommendations to a wholly different 
‘type of structure is therefore quite unwar- 
ranted. 

We deem it a duty to call particular attention 
to this report of the Commission of 1903 because 
in attempt is just now being made to place upon 
mis Commission the responsibility for the high 
stresses and even to excuse the serious over- 
stresses in the Blackwell’s Island Bridge. Prof. 
Burr in his report printed in our last issue said: 


I cannot concur in the opinion of the Commission of 
Dredge Experts that a possible combination of loads 


‘Engineering News, March 12, 1903, p. 243, and July 
2, IB, p. 24. 


should be permitted to produce stresses just under the 


elastic limit. 
$ $ è * s s s s 


Computations * * * show that the stresses produced by 
the prescribed congested live load combined with the 
dcad load are higher than prescribed as permissible in 
the specifications and higher than prudent to permit, 
although practically not in excess of the limits approved 
by the Commission of Expert Engineers in 1903. 


The head of the Commission of 1993 was the 
late Geo. S. Morison. We can imagine what he 
would say, were he still living, to the charge 
that he approved of unit stresses “just under 
the elastic limit.” or that such stresses as 35,000 
Ibs. per sq. in. in a riveted tension member are 
“not in excess of the limits approved by the 
Commission of 1903.” 

The important point, however, is that such a 
Statement ought by no means to go unchallenged 
and uncontradicted. The harm it may do can- 
not be foretold. Engineers are already under 
pressure enough to go to the limits of safety in 
their designs without circulating the story that 
eminent leaders of the profession have advised 
that metal may be safely stressed to a point 
“just under the elastic limit.” 

Careful reading of the report of the Commis- 
Sion of 1903 shows that the Commission no- 
Where advised that unit-stresses for ordinary 
working loads might be raised. It merely ad- 
vised us an additional safeguard, that one par- 
ticular great bridge should be proportioned, not 


-only for a working load assumed in the ordinary 


manner, but also for the greatest load that could 
possibly be placed on the structure, and that the 
unit-stresses produced by such loading might 
properly be permitted to be assumed higher than 
for the ordinary loads. 


LETTERS TO THE EDITOR. 
Useful Special Method for Finding Centers of Gravity. 


Sir: The following method, which I have never known 
to be used, lends itself quite readily to the determination 
of the center of gravity of an area or of a line. 

According to principles in mechanics the area of a 
surface of revolution is equal to the length of the line 
whose revolution generates the surface, times the dis- 
tance its center of gravity moves in one complete revo- 
lution. In the same way, the volume of a solid of revo- 
lution is equal to the area of the radial section times the 
distance its center of gravity moves in one complete 
revolution. 

Take for example a wire bent in the form of a half 
circle, whose length is equal to 7 R. Denote by C the 
distance of the center of gravity of the wire from the 
axis of revolution. Then the surface of the sphere gen- 
erated by rotating the wire about the diameter of the 


circle, which we know to be 47 Rz, is also equal to 
7 R. 2 % C. Equating and solving for C, we find 
6 4 77 R? 2 R D 
2 R r m 


To find the center of gravity of a semi-circular sheet: 


The volume of a sphere, which we know to be — 7 Ra, 
3 


T 
must also, according to Mechanics, equal ——-. 2 7 C. 
2 
where C is the distance of the center of gravity of the 
sheet from the straight side of the sheet. Equating and 
solving for C, ; 


4 77 R 4 R 
3 72 R? 3 77 


Although this method cannot be applied to all cases as 
easily as in these, it is nevertheless convenient to use 
in a number of simple problems. In short, the center of 
gravity of any line can be easily found if we know the 
area of its surface of revolution; and the center of grav- 
ity of any area can be easily found if we know the vol- 


of its solid of revolution. 
ew W. F. Schaphorst. 


Agricultural College, New Mexico, Oct. 23, 1908. 
— 51QM.?2 
Calculating the Intersection of Any Two Grade Lines. 


Sir: While engaged in locating in the mountains of 
Mexico, a number of years ago, I often had occasion to 
produce two long fixed grade lines to an unknown inter- 
section. To shorten this work I devised the following 
simple formula which may be of interest to some of your 
readers as it quickly gives the elevation at the P. I. of 
any twọ grade lines, regardless of their algebraic signs. 
As indicated in the accompanying sketch, let 
FLX = elevation in fect of the unknown intersection of 
the two grade lines AX and BX (or CX). 

ELA = elevation in feet at point of beginning of one 
grade line. 

EI. B (or El. C) = elevation in feet at beginning of other 
grade line. 


R, = gradient of AX. 
Rz (or Rs) = gradient of BX (or CX). 
D = horizontal distance, in feet, between A and B 
(or C). 
Then 
Diff. between ELA and ELX 


— ee ee Le 


Diff. between. FLX and ELB (or El. 0) 
+ a a D 
R., (or Rs) 


If, in substituting in the equation, care is taken to 
place the elevations so that the smaller ones are sub- 


Finding the Intersection of Two Grade Lines. 


tracted from the larger ones, then all gradients are to be 
taken as positive quantities. The equation is readily 
solved for ELX. 

Example.—Given J) = 2,000 ft.; FLA = 1,450 ft.; ELB 
= 1.452 ft.: Hi = 005 and R = .O, both grades de- 


seending toward the unknown point. Then by tha 
formula, 
1.450 — ELX 1,452 — ELX 
2,000 = ————_-—-—-. — — — 
005 008 
06 = 006 (1,450 — ELX) + . 005 (1,452 — El. A). 
= 8.7 — ON, EI. X + 7.26 — . 000 El. X 
= 15.96 — 011 El.. 
15.90 = . 011 EI. X. 


therefore EI. 1 = 1,445.45. 
The horizontal distances from A to X or X to B are 
easily found, as follows: 
1,450 — 1,445.45 
AX = ——— = 909.1. 
.005 


1,452 — 1,445.45 
006 
Yours truly, 
Arthur J. Rector, 


Engineer, K. C., M. & O. Ry. 
Kansas City, Mo., Sept. 30, 1908. 


— — ͤ wↄñ 


BX = = 1,090.9. 


Forests and Stream Flow In New England. 


Sir: Your editorial in the issue of Engineering 
News for Oct. 29 on the “Relation of Forests to Stream 
Flow’’ accords so well with our experience and observa- 
tion in this region that it seems proper to submit a bit 
uf corroborative testimony. 

In this upper valley of the Connecticut at a point (lat. 
434°) where there is about 3,200 square miles of drain- 
age area above us, the facts are as follows: 

1. There bas been no marked change in the mean 
annual precipitation since about 1835, although of course 


there have been cycles of dry years and wet years. 


2. There has been no noticeable increase in the river 
floods. In fact, the highest flood which the writer ever 
saw here occurred more than twenty-five years ago, 
and nothing has since anywhere nearly reached the level 
of the record flood of 1869. 

According to the testimony of the oldest inhabitants, 
there is probably more woodland throughout this sec- 
tion of country than there was fifty years ago. In ail 
directions old pastures are growing up to white “ine. 
The writer has made a few feeble attempts at reforesta 
tion and finds that, unless large expense is incurred, 
Nature, left to herself, will outstrip him five acres or 
more to one in the neighborhocd of other woodlands. 
It must be understood, however, that there is probably 
little or no primeval forest left. Former generations 
have cut over the woodland, as the present one is doing: 
but the average maturity of the existing forest is prob- 
ably less than twenty-five years ago. Thirty years ago, 
more or less, the wood-burning locomotive made large 
demands upon the forest; and today that is followed 
by the cuttings for the pulp mills; but the latter is more 
discriminating, since the hard wocds are not wanted. 

Again, as an officer of the water-works company con- 
stituted by Dartmouth College and the village precinct 
jointly, the writer has made particular observations 
over the two square miles of area tributary to the reser- 
voir (84 acres water surface), all of which the company 
owns cr controls. He has traversed this area during 
the progress of rain storms and at the time of maximum 
flow from the streams and has noted the following facts: 
A large district consisting of meadow upland, pasture, 
and mixed woodland has a comparatively thin and spongy 
topsoil two or three feet thick overlying an impermeable 
clay hardpan. This part mainly has a rather steep 
slope, i. e., 30 to 45 ft. per 1.000. From surface observa- 
tions the run off is most uniform from the grassy 
meadows, but the percolation—is doubtless considerable. 
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in surface and hold the water 
off is less regular, and prob- 
although that is undeter- 
generally rough and uneven 
interspersed with boulders and hummocks 
height of the rain, abounds in many 
which retard the flow at the 
fecd the brooks for a con- 
siderable period afterwards. But the territory as a 
whole like a large volume of water 
which finds its way into the reservoir by percolation and 
scepage during many following days or even weeks. 

Another portion of the district hillsides 
with cutcropping ledges of decomposing slaty rock, and 
here the gcneral run-off is much more rapid; but the 
grassland and pastures and woodland alike retain a very 
considerable amount of the rain-fall, which maintains 
for a long time good springs of water. The whole ter- 
ritory is of such a nature that all percolating water is 
finally caught in the reservoir. 

While these observations apply to special conditions 
in a hilly country - altitude from 700 ft. to 1.300 ft. 
above sea level- the same observations could 
be made over other and much wider areas tributary to 
the Connecticut River. After than thirty years 
of familiarity with the climatic conditions of the region, 
the writer would say that, although-in hearty sympathy 


The pastures are uneven 
in pools so that the run 
ably the percolation is 

mined. The 
in surface 

and, during the 
pools and 
time, but 


less, 


woodland is 


slough-holes, 


which continue to 


retains sponge a 


has steeper 


doubtless 


more 


with the entire movement for conservation of the for- 
ests by all proper and reassneble measures, he believes 
that the “cause” hes been and is greatly iniured by 
mistaken zeal of advocates who overstate their case. 
let us have all the facts and duly apply them, but let 
us not be michkd by hasty thecretical deductions of the 


doctrinaires. 

Referring to the numbered stat 
cized :* 

(1.) Sometimes true ard 
crop, especially grass in a 
rainfall than a forest on equal 
spring, when the fallen leaves 
pressure of the snow and ice. Hence the apparently 
more rapid drying off of “tillage” than of wcodland may 
be due to deep permeability promoted by cultivation. 


ments you hive criti- 
not. <A 
may 
Especially in the 
packed, after the 


Sometimes growing 


meadow, retain more 
arca. 


are 


* 


(2.) The conditions determining saturation are 89 
many that such a sweeping general conclusion is not 
warranted. 

(3. In hot weather the temperature of forests is de- 


cidedly lower than in “the open,” which would in itself 
cause evaporation. As to the relative absorbing 
and evaporating capacity of grass and other crops as 
compared with that of trees, we need more facts before 
generalizing so confidently. 

(4.) Not in accord with our experience, 
are great conservators of the snow 
oration and delaying the run-off. 

(5.) This statement accords nearly with our experi- 
ence, provided the ground is not too severely or un- 
wisely burned over, by accident or to get rid of “slash” 
or brush. 

(6.) Probably true of New England at least. 

(7.) We have no definite observations, but have no 
reason to think that the average run-off is appreciably 
more or less than formerly. 

Yours truly, 
Robert Fletcher, 
Pres. and Engineer of Hanover Water-Works Co. 
Hanover, N. H., November 2, 1908. 
— — — 0 — 


less 


The forests 
hindering its evap- 


The Relation of Forests to Stream Flow in Quebec. 


Sir: Will you allow me to say a few words in regard 
to Col. Chittenden’s article on Forests and Floods in 
your issue of Oct. 29. 

For the past four years I have observed closely the 
relation of forests to stream flow and I cannot agree 
with Col. Chittenden's conclusions. 

In regard to No. 2 I find that water, even after 
complete saturation of the for st fleor, flows off more 
slowly from the woods, owing to mechanical obstruc- 
tion of the litter, than from land which has been 
burned over or which is bare. In my opinion water 
which falls on land which has been burned over 
and on which grass and brush have up 
not only evaporates more quickly, but also runs off 
much faster than from normal for st. In regard to the 
accumulation of water held in different parts of the 
giving rise to flood conditions, this is purely a 
matter of the topography of the country and has noth- 
ing to do with forest 

In regard to conclusion 3. I 
extent influence precipitation, 
from such territory 
quent rainfalls. All through the drought 
mer, in th» territory under my dircct 
ering an arca of 10,000 square miles, the sections which 


come 


forcst 


lands əs opposed to unforest«d. 

believe that forests to 
and that the evap- 
induces more fre- 
of this sum- 
observation, 


some 
oration perhays 
CoV- 
frequent local showers while the 
lands was absolutely dry. 
In regard to conclusion 4. I believe it to be entirely 
erroneous. Unquestionably the melting of the winter 
snows is much retarded by the shade of the evergreen 


*Engineering News, Oct. 29, p. 478. 


were well forested had 


territory adjacent to cleared 


trees, but the time taken for the snow to melt is actu- 
ally lengthened. Our snows in the forests here last 
sometimes past the middle of May, while those in the 
open country disappear completely from two to three 
wecks earlier. 
In regard 
question that 


to conclusion 5. There is absolutely no 
in this section the cutting off of the for- 
ests on the hillsides and summits directly causes ero- 
sion of the soil. As soon as the trees are cut off and 
before the new growth has an opportunity to start, the 
soil commences to disappear, leaving the rocks entirely 
bare. The photograph which I enclose shows this con- 


AN EXAMPLE OF EROSION ABOUT 14 YEARS 
THE TIMBER. 


dition much better than words can describe it. It all 
depends on the character of the growth which springs 
up after the deforestation whether or not the soil is re- 
tained. In any case the evaporation is so much more 
rapid from land covered with brush, briers, etc., than 
from land well forested, that the soil b coming dry un- 
der the influence of the wind and sun is much more 
easily eroded and removed by heavy showers. This is 
particularly true of sandy soil such as occurs through- 
out this region. 

Col. Chittenden may be right, as you say, in regard 
to the large rivers whose headwaters are in the Rocky 
Mountains, but his conclusions are certainly erroneous 
for this section of the country. 

Very truly yours, 
Elwood Wilson. 
Supt. Forestry Division, Laurentide Paper Co. 
Grand Mere, P. Q., Nov. 4, 1908. 


——— — e—— —-—_ 
Forests, Stream Flows and Storage Reservoirs. 


Sir: In your eminently fair criticism of my recent 
papers on the relation of forests to stream flow, pub- 
lished in your issue of Oct. 29, there are two respects in 
which my argument has possibly been misunderstood. 

There can, of course, be no objection to the estab- 
lishment of forest reserves in the Appalachians wherever 
the topography is of a character to satisfy the essential 
conditions of such reserves. Omitting certain incidental 
advantages of forests, the primary and controlling pur- 
pose of their creation and maintenance at public ex- 
pense is the timber which they are to furnish. Alto- 
gether secondary and subordinate is the uncertain in- 
fluence which they may have upon stream flow. This 
proposition will no doubt be slow of acceptance, but 
I believe it must prevail in the long run. If it is cor- 
rect, and if our future forest reserves are to be estab- 
lished solely with reference to their use as'a source of 
timber supply, then there are unquestionably extensive 
areas in these mountains that are not nearly as well 
adapted to this purpose as are available lowland areas 
of vast extent in various parts of the country. 

In the matter of rcservoirs your criticism has given 
me the impression that you consider my papers upon 
the whole hostile to the reservoir idea. This was not 
my intention. The storage of our wat rs for various 
tuses—power, domestic supply, navigation on canals and 
the smaller canalized rivers, maintaining the purity of 
small streams in periods of drought, etc.—is a matter of 
the very highest importance and one justifying thorough 
consideration by the public authorities. The adverse 
ground taken in my argument r-lates solely to the ex- 
aggerated claims put forth for th? beneficial effects of 
reservoirs in controlling floods and maintaining naviga- 
tion on our larger streams. Even in this case it is not 
intended that such larger control might not be physi- 
cally possible, but that its vast cost makes it impracti- 
The same or better results can be realized by 
It is only these vision- 


cable, 
other methods at far less outlay. 


ary features of the reservoir propaganda that my crit- 
icism is aimed at—the quixotism, if you please, which 
appears in exaggerated form in the following remarkable 
passage from that now classic work, “The Mississippi 
and Ohio Rivers,” by Col. Charles Ellet, Jr. (1853)—a 
work which we have all heard a great deal about, but 
very few have read: 


Reservoirs may eventually be made of sufficient ca- 
pacity to hold all the annual excess, and make the daily 
flow almost entirely uniform. The banks of the Ohio 
and Mississippi. now broken by the current and lined 
with fallen trees, ready to be swept by the next freshet 
into the channel, there to form dangerous snags, may 
yet, in the course of a very 
few years, be cultivated and 
adorned down to the water’s 
edge. In the opinion of the 
writer, the grass will here- 
after grow luxuriantly along 
the caving banks; all ma- 
terial fluctuations of the wa- 
ters will be prevented, and 
the level of the river's sur- 
face will become nearly sta- 
tionary. Grounds, which are 
now frequently inundated 
and valueless, will be tilled 
aud subdued; the sandbars 
will be permanently covered. 
and, under a uniform regime 
of the stream, will prob- 
ably cease to- be produced. 
The channels will become 
stationary. The wharves will 
be built as the wharves 
on tidewater, with little, if 
any, reference to the fluctua- 
tions of the surface. The 
lower streets of all th: 
river towns, no longer ex- 
Įosed to inundations, will 
acquire new value. Th: 
turbid waters will be ar- 
r.stcd in the upper pools, 
and the Ohio first, and 
ultimately the Missouri and 
Mississippi, will be made 
10 flow forever with a 
constant, deep and limpid 
stream. The ice will be 
swept off as it forms, and 
neither cold nor droughts 
will longer be suffered injuri- 
cusly to affect the naviga- 
tion. The ocean steamers will not then be confined to 
tide-waters, but will be able safely to ascend the living 
streams to seaports on their borders, and the extent of 
the inland navigation will be limited only by the limit 
to the water which is supplied by the atmosphere. 

All this may be accomplished on the Ohio for about 
the cost of three or four ships of the line [say half a 
million each, including armament]. The great and only 
difficulty is, so far to overcome the cold incredulity of 
the public as to obtain from Congress a sufficient ap- 
propriation for the completion of the first two riser- 
voirs. This once effected, and a single practical demon- 
stration made, it will perhaps be as difficult to convince 
the future engineer that a thing so clear and palpable 
could ever have been doubted, as it at first was to re- 
move the doubts. 


AFTER REMOVAL OF 


Very truly yours, 
H. M. Chittenden. 
U. S. Engineer’s Office, Seattle, Wash., Nov. 5, 1908. 
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Gravel Ballast for Railway Track—Occurrence of Floods 
in Australia. 


Sir: I have just been reading in your issue of Aug. 
6, 1908, p. 148, an interesting article on the use of 
gravel ballast. 

I may say that here in Queensland, as well as in 
America, we use gravel ballast very extensively, in 
fact, probably two-thirds of our lines are finished off 
with this material. I note particularly that Mr. Staf- 
ford states that it might be assumed that ballast should 
be entirely free from sand, and I agree with him en- 
tirely in his contention that such is not the case; a 
considerable quantity of sand undoubtedly improves the 
whole. 

In Queensland we have large areas of rolling downs 
country somewhat similar to the prairies of America, 
the formation being basaltic and cretaceous. In periods 
of drought these soils crack to great depths, sometimes 
to many feet if the drought is prolonged, and to a width 
of several inches. It is found that where broken stone 
ballast is used on these classes of soil, cracks form be- 
neath the ballast. and the road virtually ‘‘gocs all to 
pieces” in dry weather, but if the stone ballast is filled 
up with sand and a width of, say 2 feet, on each side 
of the ballast is covered with not less than 6 ins. of 
the same, the results are surprisingly beneficial, and 
practically no cracking at all takes place. We are at 
present, I may say, as rapidly. as means will permit, 
sanding many miles of our track. 

I am now building a line 175 miles in length over the 
lower cretaceous rolling downs country, and the whole 
of this is being ballasted with sand. About half of 
this sand has been obtained from a pit situated almost 
in the center of the open plains, the discovery of which 
was purely accidental. The sand in this pit appears 
to be of unknown depth and illimitable quantity, and 
this is the more curious because the river beds do not 
contain a spoonful in miles. It is my intention on 
reaching the terminus, which is situated on a river 
bearing very large quantities of excellent gravel, to top 
the sand 


th? gravel as quickly as possible, tọ prevent 
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the wear which takes place when the sand blows on to 
the rails and into the bearings. 

It is most interesting geologically to note the instant- 
aneous change of vegetation and general character which 
takes place with the geologic formation here, one having 
great treeless plains covered, in good with a 
mast marvelous growth of waving grass, and not a stone 
for miles; the other (probably Devonian) being rocky 
with stunted trees and sparse grasses, with almost every 
mile of the Cloncurry River holding about half a mil- 
lion yards of ideal gravel. I send you a few photos 


seasons, 


exemplifying the contrasts, but I must explain they were 
except 


taken towards the end of a dry season, where 
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tain the line in fairly good order and at very low cost. 
The main feature, however, is the success of sand in 
stopping the cracking of the soil under the ballast. 
Yours faithfully, 
W. Pagan, 
Chief Engineer, Queensland Railways. 


Brisbane, Australia, Sept. 17, 1908. 


[With his letter Mr. Pagan forwarded a num- 
ber of large and fine photographs of the country 


along the line of the Queensland Railways, but 
lack of space prevents us from presenting all 
of them. We do show, however, four views illus- 


Fig. A 


Treeless and 


Stoneless Prairie. 


Fig. 2. Rocky Uplands. 
DIFFERENT TYPES OF COUNTRY ON NEW CLONCURRY RY., QUEENSLAND, AUSTRALIA. 


water is shown. The watercourses are dry except in the 
wet season, and the rails were laid first, and the bridges, 
of which there are five miles, were built afterwards, 
and we were caught by an unusually early wet season. 
Undoubtedly, as Mr. Tratman states in the article 
above referred to, it is economical to use plenty of 
gravel, or stone either, for that matter, if finances will 
permit. Unfortunately, owing to the sparseness of our 
population, we are obliged to endeavor to build our lines 
as cheaply ‘as possible. I have therefore limited myself 
to 5 ins. of sand under the sleepers, but this, with 2,640 
7-ft. 9 x 4%-in. sleepers per mile, and our comparatively 
light loads, (8 tons to each axle), enables us to main- 


Fig. 3. Building New Crossing. 
THE VICISSITUDES OF RAILWAY CONSTRUCTION IN 


trating the different formation noted in the let- 
ter and also a portion of the flooded region. 

Fig. 1 is a view overlooking the village of 
Cloncurry, with the “stunted trees and sparse 
grasses” and rocks. In contrast Fig. 2 shows 
the ‘‘treeless plains, covered with grass.” In 
this latter view the camels, with their Afghan 
drivers imported to Australia, are engaged in 
carrying freight, -supposedly before the construc- 
tion of a railway. Mr. Pagan states that these 
camels are quite uncommon in Queensland, al- 
though they are frequently met with in western 


Fig. 4. 
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Australia. Fig. 3 shows the construction of a 
temporary bridge, replacing one recently washed 
out by floods, and in Fig. 4 is the same site 
some eight hours later, in which short time the 
river rose in a flood, which washed out the 
temporary cribwork and cleaned off the drift 
from the banks, and subsided to its original 
level. At this place the crossing was washed 
out ten times in one month.—Ed.] 
——@q—______ 


Notes and Qneries. 


In the article òn the Closure of the Charles River 
Dam'' in our issue of Nov. 5, it should have been stated 
that Mr. Geo. B. Francis, M. Am. Soc. C. E., acted as 
Consulting Engineer on the revised design for the shut- 
off dam. 


The note on cable railways in Chicago, in our issue of 
Nov. 5 (p. 500) might give the impression that cable rail- 
ways are still in operation in that city. As a mattcr of 
fact they were abandoned in 1906 (Eng. News, Sept. 20, 
1906), and the note in question refcrred only to the re- 
construction of the old tracks having cable conduits. This 
work was described in our issue of Nov. 7, 1907. 
paper on the ‘Analysis 
Mineral Content,” published in our issue’ of Oct. 1, an 
error occurred on p. 357 at the bottom of the middle 
column through the transposition of the worcs “‘hard” 
and soft.“ The correct reading is: 

(1) Soft Seale: H not more thin .25. 

+ * $ * — * w + 


(3) Hard Scale: 


In the of Water for Its 


H more thin 8. 


ANNUAL CONVENTION OF THE ROADMASTERS AND 
MAINTENANCE-OF-WAY ASSOCIATION. 


The 26th annual convention was held Nov. 10, 


11 and 12 at the Blatz Hotel, Milwaukee, Wis. 


About 65 members and a number of visitors 
were registered, and there was a fair exhibit of 
track material and appliances. There were seven 
sessions held, but an unreasonable amount of 
time was lost in casual speeches and other ir- 
relevant matter, the regular proceedings being 
frequently interrupted to give visitors or others 
a chance to “say a few words.“ The program 
included three committee reports, three papers 
and seven topical questions. The reports and 
papers were read, but only three subjects were 
discussed and the topical questions were omitted. 
The discussions were free, the remarks relating 
more to personal practice and experience than 
to general principles or conditions. The enter- 
tainments included trolley rides around the city 
and an illustrated talk on Milwaukee, this last 
being followed by an informal reception. 

The first session was called to order about 
10.30 a. m., on Nov. 10, when addresses were 
made by Mr. D. S. Rose, Mayor of the city; Mr. 
R. H. Aishton, General Manager of the Chicago 
& Northwestern Ry., and by Mr. J. A. Kerwin, 
President of the association. The remainder of 
the session was devoted to brief addresses by 
various members and visitors. The following is 
a summary of the technical part of the pro- 
ceedings, the first matter taken up being a com- 
mittee report on claims due to fires and injuries 
io stock and employees. 
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PROTECTION AGAINST FIRES AND AGAINST IN- 
JURIES TO STOCK. 


To guard against stock claims is to guard against the 
encroachment of stock on the right-of-way. To effectu- 
ally accomplish this, the entire line must be protected 
by good, substantial fences, first-class cattleguards and 
gates. 

One of the most fruitful sources of stock claims is the 
difficulty of having farmers and others close their gates 
when not in actual use. Most states have laws covering 
such negligence, and a notice printed on strong linen 
cloth, fully setting forth the provisions of the law, should 
be posted on each gate. Before a farm crossing is es- 
tablished, the party to be served should be required to 
execute an agrecment to keep the gate in repair and 
closed at all times when not in actual use, and to take 
every reasonable precaution to guard against accidents 
in driving stock across the right-of-way. 

When feasible, all farm and public crossings should 
be established at points where a subway or overhead 
bridge can be constructed, and considerable expense to 
provide such crossings is warranted. 

When there are ponds of water along the track, which 
cannot be drained, it is a good plau to locate the fence 
next to the track rather than fence them in. When stock 
want water, and it is in sight, they will generally go 
through or over a fence to attain their object. 

In prairie country, where a running fire can sweep 
over a large territory there should be good fire guards 
plowed not later than June each „ear. This requires not 
less than four furrows, and to further guard against the 
possibility of fire breaking over them, two or three 
swaths should be mowed with scythes or mowing ma- 
chines next to the furrows while the vegetation is still 
green. As soon as Sufficiently dry it should be burned. 

Fire guards, to be effective, should be so far from the 
track that the prevailing wind would not carry the 
sparks from a locomotive beyond them. This work can 
usually be accomplished at a nominal cost if the track 
men will make it a point to gain the friendship of the 
farmers and stockmen along their territory. 

Where the growth is very heavy and much valuable 
property is exposed, it is a good plan to have a couple 
of farmers haul water and keep right along with the 
burning gang. A method uscd in western Kansas was 
to keep a work train with four or five water cars with 
the burning gang. The gang consisted of 12 to 15 sec- 
tion men, and the same number of stockmen. If the 
wind was favorable, both sides of the track were fired 
at the same time, beating out the back-flre with wet 
gunny sacks or by dragging green cow hidis weighted 
down with small logs or pieces of bridge stringers. 

With a few swift ponies and a supply of green hides 
weighted down and attached to long ropes these can be 
dragged over a fire when it gets beyond control of sec- 
tion men, and subduing it very quickly and effectually. 
Also the blow-off cock on the work-train engine can be 
brought into play, and a stubborn fire smothered out in 
its incipiency. In this way, by having water always at 
hand and plenty of help and facilities for keeping fire 
under control, good fire guards can be burned at the rate 
of ten miles per day. 

In a prairie country the mechanical department should 
provide some sort of spark arrester on all locomotives 
during the late summer and fall. Firemen should be in- 


Btructed not to shake the grates when the engine is 


passing hay or grass land or crossing bridges. 

Where oil fuel is used exclusively for the locomotives, 
fires are practically unknown. Occasionally a piece of 
hot brick will drop from the arch and unless caught by 
the ash pan, a fire is likely to be the result. In rare 
instances sand used under forced draft for cleaning the 
soot out of the flues becomes so hot it will ignite the 
dry grass and weeds with which it comes in contact. 
When practicable this cleaning should be done when 
passing plowcd fields. 


The discussion turned largely on the laws of 
different states in regard to recovering damages 
for stock killed by trains; also on the methods 
employed by different railways in providing 
against accidents of this class and in handling 
the claims for dumages. Mr. Rice remarked 
that in getting at the valuation of stock that 
have been killed he finds out whit assessment 
has been given for taxes. On a certain part of 
one road no damages are paid, the land being 
obtained by condemnation proceedings and the 
farmers required to sign an agreement to keep 
cattle off the right-of-way. As they know they 
will have to stand any loss, they are much more 
careful as to Keeping gates closed and fences in 
repair. 


Mr. Tratman (“Engineering News”) considered 
it useless to put upon the gate a sign setting 
forth the legal requirements and penalties, as 
recommended by the committee. Such signs are 
sometimes required by law, 
reads them. A conspicuous 


sign “Close This 


but nobody ever . 


Gate; as Required by Law,” would be much more 
effective. In Maine, the law prohibits the turn- 
ing of cattle loose upon the highways, so that 
the railways are not much concerned about the 
use of cattleguards at road crossings. As to 
diverting the fence so as to leave a pond on the 
field or farm side, he thought that such a prac- 
tice might lead to trouble. The fence is sup- 
posed to mark the boundary of the right-of-way. 
If the railway does not fence the full width of 
its right-of-way it may lose some rights (after 
a term of years). Thus, the future widening of 
an embankment might result in filling up the 
pond in question. The farmer might then claim 
this as a regular watering place for stock, and 
obtain damages or compel the railway to build 
a retaining wall to avoid encroaching upon the 
pond, which is really located on its original 
right-of-way. 

As to fire guards, one member stated that his 
practice is to clear a ft. strip next to the fence, 
and fires on the right-of-way cannot. pass this. 
When a fire is started by an engine, the section 
foreman ascertains the number of the last train 
that passed (or the number of the engine) and 
telegraphs to division headquarters. ‘The spark- 
arresting device of this engine is then carefully 
examined. Mr. Cornell (C. & N. W. Ry.) pointed 
out that grass should be kept cut around bridges. 

As to personal injuries to track employees, the 
Chicago & Eastern Illinois Ry. has adopted an 
accident insurance system, 
small portion of their wages until a fixed sum 
has accrued, after which they make no more 
payments. Mr. Tratman remarked that when a 
boarding train is set out on a special siding the 
Switch should be spiked in order to prevent any 
accidental turning of a train into the siding 
and causing death or injury to the men in and 
around the cars. If the boarding train is to be 
Stationed at one point for any length of time, 
the track connection should be taken up as a 
positive prevention against any accidental mis- 
use of the switch. One member spoke of the 
danger of men standing up on the flat cars of a 
work train when the train is in motion. On the 
other hand, Mr. Cornell (C. & N. W. Ry.) spoke 
of the dangers of the men sitting on the sides 
of the car, where they are likely to be injured 
by passing trains or by obstruction at the sides 
of the track, such as the wing fences of cattle- 
guards. 


The report of the committee on the organiza- 
tion of the track department on a division was 
then presented, and some extracts from this are 
given below: 


ORGANIZATION OF A ROADMASTER'S DIVISION. 

A roadmaster should have a clerk, and the pay should 

be sufficient to secure a clerk who can take entire 
charge of office work, with the exception of the corre- 
spondence. A roadmaster should devote his time to work 
being done on his division. He should see his foremen 
daily if possible, but should not bave stated times for 
going over the division. He should be on the work as 
much as possible each day; he should outline all the 
work to be done on the division, and see that the work 
is properly done. He should be the judge as to how 
many laborers should be employed in order to keep the 
track up to the condition required by his superior off- 
cers. 
When the traffic conditions permit, the roadmaster 
should be furnished with a motor car. This should be 
operated under train orders or by proper understanding 
with the train dispatcher, in order to provide against 
accidents. 

The regular sections should be of modcrate length, 
taking into account the condition of roadbed, the traffic 
conditions, number of switches, and the length of addi- 
tional tracks and sidings. Where the conditions warrant 
sections of exceptional length, they should be furnished 
with some motive power to take the men to and from 
work. 

Section forcmen should be paid a competent salary, in 
order to secure good foremen. In the past few years 
it has been demonstrated, that railroad companies are 
not getting value received for the money expended for 
section laborers, for the reason that a poor class of 
laborers is all that can be had for the small wages. 

Foremen of extra gangs should be picked from among 
the best section foremen on the division. All gangs over 
25 men should have an assistant for every 25 men over 
this number, with a time-keeper. One foreman should 
never be in charge of more than 75 men. 

A roadmaster should be allowed full latitude as to the 
way of doing work on his division; he may be instructed 
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as to what there is to do, but the way to do it should 
be left for him to dccide. 

The discussion related largely to the number 
of men per mile and the number of miles per 
section on different railways. These features 
cannot be determined arbitrarily, but must de- 
pend upon various local conditions. Most of 
the speakers favored short sections, about four 
miles on double track or six miles on single 
track. One member has 10-mile sections, but 
this was considered too great a length to be 
cured for properly by the section gang. Mr. 
Sweeney (C. & E. In. Ry.) has double-track sec- 
tions three miles long. Mr. Cafferty (A. T. & 
S. F. Ry) considered that wages for labor are 
in many cases high for the class of labor em- 
ployed, but it is hard to obtain men of a better 
class. In general, however, the track depart- 
ment suffers from poor pay, a poor class of lubor 
and lack of permanent employment. Under such 
conditions it is hard to build up an efficient 
force. One member expressed the opinion that 
extra gangs should be avoided as much as pos- 
sible, the work being left to the regular section 
gangs. 

WOODEN AND STEEL TIES. 

A general discus?'on on this subject was opened 
by Mr. J. M. Meade (A. T. & S. F. Ry.) He re- 
ferred to the reports issued by the government 
some years ago, giving particulars of the use 
of metal ties on foreign railways, and he ex- 
pressed the opinion that some of these were 
adapted to American railways as strong enough 
to carry the rolling stock and traffic of these 
lines. On his roid, wooden ties treated by pre- 
servative processes are extensively used, and 
experiments are being made with a foreign prac- 
tice of using dowels of treated hardwood to re- 
ceive the spikes. The dowel is threaded and 
screwed into the tie, and has a hole to receive a 
screw-spike. This system is to be used on 290 
miles of track, the spikes being driven by a port- 
able machine fitted with a gasoline engine. This 
road has also 8.000 acres of land for a plantation 
for tie timber. Mr. W. M. Camp (“Railway Re- 
view”) referred to the tie-plantation experiments 
of the Pennsylvania R. R., and to the very 
limited supply available from such plantations. 
Mr. E. E. R. Tratman (Associate Editor of En- 
gineering News) was of opinion that the demand 
for tie supply cannot be met by any one source. 
Wooden ties will continue to be used very largely, 
but their life will be increased by the use of 
preservative processes, metal tie-plates and im- 
proved rail fastenings. Steel ties will also be 
used more extensively. Concrete ties may be 
found satisfactory for sidetracks and vards (thus 
reducing the maintenance work), but they ap- 
pear to be too rigid for main track service. AS 
to the suggestion that steel ties cannot be made 
strong enough to carry American rolling stock, 
he pointed out that steel ties are in successful 
use for nearly 100 miles of the Bessemer & Lake 
Erie Ry., which has extremely heavy engines 
and trainloads and an extremely heavy traffic. 

Mr. Meace suggested that the fact that this 
railway is owned by the steel company which 
makes the ties rather discounted the evidence 
as to the advantages of the latter. It was shown, 
however, that the strength of the ties has been 
proved bevond dispute, while other roads are 
using these ties experimentally. Mr. Layng. En- 
gineer of Track of the Bessemer & Lake Erie 
Ry., discussed the practical importance of the 
steel ties in regard to their strength and to the 
small amount of maintenance work required. A 
paper was presented by Mr. Camp, describing 
the steel-tie track of this road, from which we 
take the following extracts: 

STEEL TIES ON THE BESSEMER & LAKE ERIE 
RY.—The grades are undulating, and double-headers are 
required for the freight service. Curves of 4° to 6° are 
frequent, and there are a number of sharper oncs. More 
than 100 miles of the main line is double track. 

As for the traffic, the figures for 107 showed that 
6.500,000 tons of iron ore was carried south-bound, 
3.000.000 tons of coal north-bound, and about 3,000,000 
tons of miscellaneous freight carried both ways, making 
in all, about 12,4 0,000 net tons of freight. The gross 
tonnage, including that of passenger trains, probably 
exceeded 21,000,000 tons. The standard freight locomo- 
tives of the road are of the consolidation type weighing 
125 tons (without the tender), other freight locomotives 
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in service weigh 112 tons. More than 92% of the freight 
cars are of 100, 000-Ibs. capacity, regularly overloaded 10 
to 20% in the ore traffic. These trains commonly make 
25 to 45 miles per hour on down grade, and the speed of 
the passenger trains is as fast as the curves will per- 
mit: 45 or 50 miles per hour regularly, and 60 miles per 
hour between stations where the curvature is moderate. 

Such conditions render track maintenance arduous and 
expensive. The use of tie-plates is necessary with 
wooden ties on the sharp curves, to prevent excessive 
wear and spreading of the gage. In 1900, some steel 
ties of triangle section were laid, but the cost of main- 
tenance was excessive, and they were lacking in strength 
as beams. 

After investigating the successful use of the I-beam 
Steel tie invented by Mr. C. Buhrer, of the Lake Shore 
& Michigan Southern Ry., it was decided to make an 
extensive trial of this. Accordingly 1,200 were laid in 
October, 1904, and during the next spring 13,057 more. 
The service of the ties was carefully watched and rec- 
ords of expense for maintenance of surface were kept for 
comparison with that of wooden ties on the adjoining 
track. 

The result has been that steel ties are now used 
throughout the main line in the construction of all new 
second track and sidings, and for tie renewals. In 1906, 
the number of steel ties laid was 68,521 ; in 1907, 98,206: 
and for the year 1908, 71,484 steel ties were provided. 
This makes a total of 252.558, or enough ties, if used 
continuously, to lay about 90 miles of track. 

The tie (which is now known as the Carnegie steel 


tie) is 8% ft. long, 5½ ins. deep; the top face is 414 ins. 


wide, the bottom face is 8 ins. wide. The weight 180 
Ibs. The rail is held on either side by a clip bolted to 
the top flange of the tie. The standard track construc- 
tion of this road consists of 100-Ib. rails, in 33-ft. 
lengths, laid on 20 steel ties, ballasted with crushed 
Slag screened to sizes %-in. to 2 ins. 

Careful records of maintenance expense, particularly 
on the piece of track (4.4 miles) laid with steel ties in 
1104-5, have shown that the expense of maintaining the 
Steel-tie track in line and surface is somewhat less than 
75% of that required for track on wooden ties. In this 
barticular instance, the track on steel ties carries the 
southbound traffic, which is much heavier than that on 
the adjoining track laid with wooden ties. 

An interesting paper on “The Principles of 
Railway Curves” was read by Mr. F. A. Smith 
(of the Roadmaster and Foreman’’). This 
dealt with the character of simple and com- 
Pound curves, curve easements, and the super- 
elevation on curves. This was followed by a 
paper on “Railway Maintenance of Way” by Mr. 
E. E. R. Tratman (Engineering News); some 
extracts from this paper we shall publish later. 
The last subject taken up was the committee 
report on the proper care of track material and 
tools. This related to the proper methods of 
piling ties, timber and rails; keeping stocks or 
rail and joint fastenings and other track ma- 
terial; caring for scrap; and making the neces- 
sary reports and requisitions for tools. This 
was accepted without discussion. 


OFFICERS AND ANNUAL MEETING. 

The election of officers resulted as follows: 
President, A. E. Hansen (C. & N. W. Ry.), Green 
Bay, Wis.; Vice-Presidents, J. Sweeney (C. & 
E. IN. Ry) and W. A. Brandt (C. & N. W. Ry.); 
Secretary and Treasurer, W. E. Emery (P. & 
U. Ry.), Peoria, III. The next meeting will be 
heid at Washington, D. C., in November, 1909. 


i Oe 

THE METHOD OF CALCULATING STRESSES FOR THE 
BLACKWELL’S ISLAND BRIDGE, AS USED IN 
BOLLER & HODGE’S RECOMPUTATION. 

The Blackwell’s Island Bridge over the East 
iver at New York City is a “continuous” or 
statically indeterminate structure, and moreover 
it is indeterminate in the second degree, since it 
has two redundant members. The three separate 
cantilevers which compose the bridge are each 
stable and rigid in itself, but they are inter- 
connected by rockers which constrain them to 
deflect together. Thus, loads on any part of the 
bridge influence all other parts. The amount of 
this influence depends on the relative stiffness of 
the several parts. Thus the calculation of stresses 
must be carried out by aid of the well-known 
principles of elastic analysis, as applied to framed 
Structures. 

The actual computations for a structure by this 
method are very laborious, involving an enor- 
mous number of multiplications of long decimal 
feures. However, in the recomputation of the 
bridge recently carried out by Boller & Hodge at 
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the order of the Board of Estimate of New York 
City, a simplification of the formulas and sys- 
tematization of the numerical work was devised 
which secured a notable economy of labor and 
time. The simplified arrangement of the formu- 
las is credited to Mr. C. W. Hudson, M. Am. 
Soc. C. E., who was engaged on these computa- 
tions for Boller & Hodge. 

The method was sketched briefly in an appen- 
dix to the firm's report on the bridge, but in our 
reprint of this report, last week, this was omitted 
for the reason that it properly merits separate 
consideration. The following statement, based 
on this appendix explains the method: 

The three parts of the bridge, 4, B and 0 (Fig. 
1), are Separately stable and statically determin- 
ate when the rockers at L and R are cut or dis- 
connected. Their interconnection by the rockers 
produces certain stresses in the rockers, whose 
amount depends on how the loading is distrib- 
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uted. If the stress in any member be calculated 
(1) for the actual loading when the rockers are 
cut, and (2) for the rocker stress caused by this 
loading, the sum of the two will give the true 
Stress in the member. Thus to enable the true 
Stresses to be found, the rocker stresses must 
be known. 

The stress in each rocker, or in other words, 
the force which it must exert on the abutting 
ends of the bridge parts, is determined by the 
requirement that the rocker stress must equal- 
ize their deflections. If the rockers were cut, for 
instance, a load on Part A would cause the right- 
hand end of A to deflect (either up or down), but 
would cause no deflection of B. The rocker when 
connected causes B to deflect also, at the same 
time reducing the deflection of A in such measure 
as to make the two deflections equal. To find 
how great the rocker Stress must be to accom- 
rlish this effect, it is necessary to compute the 
deflections which would occur in the absence of 
the rocker, and the changes produced by a 
rocker stress of assumed amount, say 1 lb., from 
Which the actual rocker stress can be calcu~ 
lated. 

The changes of deflection due to a rocker stress 
of 1 lb. may be expressed just as well by the 
deflections produced by a downward load of 
1 lb., at the rocket, acting on each of the abut- 
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ting arms. The latter differ from the former 

only in algebraic sign, which is readily taken care 

of in the subsequent computation, and they are 

more convenient for use. These 1-lb. deflections, 

six in number, are to be calculated (the rockers 

being cut) for the conditions indicated by Fig. 2, 

or in words: 

dı = deflection of Part A at L under a load of 1 
lb. on A at L. 

ds = deflecfion of Part B at L ) under a load 

d» = deflection of Part B at R 12 5 1 lb. on B 
At L. 

d, = deflection of Part B at P) under a load 


deo = deflection of Part B at R of 1 Ib. on B 
at R. 

d, = deflection of Part C at R under load of 1 lb. 
on Cat R. 


Throughout the calculation, all deflections are 
to be considered positive if downward, negative 
if upward. The six unit-deflections above listed 
are all positive. They are readily computed from 
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the Known truss Outline and known cross-sec- 
tions of members. ö 

With that loading for which the rocker stresses 
are to be found, calculate now the four deflec- 
tions which this load produces at the rocker 
points (the rockers stil] being cut) namely: 

Da =the deflection of A at point L. 

Doi =the deflection of RB at point L. 

Dvr =the deflection of B at point R. 

De =the deflection of C at point R. 

As above noted, these are to have the plus 
sign if downward, minus if upward. 

The unknown rocker stresses may be called 
L and R; they are to be marked positive if they 
represent tension. They must be of such amounts 
as to reduce (or increase) Da and increase (or 
reduce) Dur to equality, and similarly for Dor 
and De. Since one pound acting downward on 
A at L produces a deflection downward (positive) 
of di, a rocker tension of L lbs. (acting upward 
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on A) produces an upward (negative) deflection 
whose value is Lui: since both L and dı under 
these conditions are positive, the quantity Lda 
must be given the minus sign. 

In algebraic expression the equality of the re- 
sultant deflections of 4 and Bat L Appears thus, 


True deflection of A at L -| True Deflection of Bat L 
=D, — Ld, = Dyn + L di + Rda 


Similarly equating the deflections of B and 0 
at rocker R, 


True deflection of B at he True deflection of CatR 
= Dy + Rd; + L dz i = D. — Rd, 
The first of these equations, solved for R in 
terms of L gives 
D. — L dı L dc — Dy, 
y E E 
dso . 
which substituted in the second equation pro- 
duces 


D, — Dri — L. (di + d») 
Der + (ds + d) ———— L + dos 
dig 7 
= D. 

Solving this expression for L gives its value, 
and from it the value of R is found by substitu- 
tion. The two values may be simplified Slightly 
more by noting that dw = ds, from Maxwell’s 
reciprocal] theorem, so that dso is eliminated by 


putting in its place deo, The rocker stresses then 
are: 


(Da — Doi) (ds + d.) + (Dy, — De) dz 


(De — Dur) (di + dz) + (D — Da) dzo 


— 


— 
— 


(di + di) (da + ds) — as. 
Which expressions are symmetrical 
center of the bridge, as the Physica] 
require. 

In using these equations for computation of 
rocker stresses for a large number of different 
load combinations, a great deal of work may be 
Saved by separating the effects due to loads on 
the three parts A, B and C. In this case the 
calculation of the rocker stresses js reduced to 
multiplying a Single static defloction by one of 
three constant coefficients. The latter may be 
calculated once for all from the drawings of the 
bridge. in advance of all other work, and do not 
depend upon the distribution of loads, as will 
readily appear. 

Thus, when only Part A is loaded, the rockers 
being cut, there is no deflection of either B or C, 
in other words D. alone has a value, while Dol 
= 0, Der = 0, and De = 0. Under these condi- 
tions the formulas for L and R reduce to the fol- 
lowing simple forms: 

For loads on Part 4 


about the 
conditions 


da + d, 


— 


L = . —-_—_ 


(di + d) (da + dı) — dio 
daa 


88 


(di + dz) (da + dy) — aso 
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in which only Da depends upon the distribution 
of load being considered. 

Similarly, when Part B alone is loaded, we ob- 
serve that Da and De are each zero, so that we 
obtain from the general formulas the following 
simplitied expressions: 

For loads on Part B 


L = — Dy —_—— — —_ — 
(di + di) (i ＋ ds) - dèo 
dzo 
t Dimm 
(di + di) (da + ds) — dy 
dao 
H = Dr es y 
(di + d.) (dz + d.) - do 
di + dz 
— Dor — 
j (dı + d») (d; + d.) - dz o 


And when Part C alone is loaded, Da = 0, Dur 
=: O, and Der = 0, Whence, from the general for- 
mulas: 

For loads on Part C 


dza 
L — — De Pa ee ee 8 
(di F d.) (da + ds) —d3 o 
di + d» 
R = D) ——— —vðv.—— 


(di + d) (d; +d,) — dio 


If these three sets of equations be inspected 


closely, it will appear that the cocfficients dupli- 
cate each other in several instances, and that 
the eight coefficients really are only three, which 
may be designated by the letters, M, N and G, 
thus, 
d; +d, 
(di + dz) (da + d- dx 
dio dg 
N = — — — = M 
dı ＋ dz) (d; + d.) — dio d; + d. 
dı + dy dy + d.» 
GG T = M —--—— 
(di + d») (d. + d.) — d3, da + dı 


Then the rocker stresses are: 
For loads on Part A only: 


L = M. 
R= - N D. 


For loads on Part B only: 


L = — M Dua t N Dur 
R =N Dm — G Dhr 
For loads on Part C only: 
L=— N De 
N = G De 

The calculations necessary are, then, as fol- 
lows: Compute di, da, ds, di and dio; from them 
compute M, N and G, defined as above; next, for 
any loading on either Part A, B or C, compute 
the statical deflections Da, or Dir and Dur, or 
De, and multiply by the coefficients M, N and G 
according to the appropriate pair of the six for- 
mulas last given. This gives the rocker stresses 
separately for the partial loads. For any combi- 
nation of these loads, the partial rocker stresses 
are simply added, with due regard, of course, to 
their signs. 

[It may be noted that if the bridge were ex- 
actly symmetrical about its middle point, ds and 
dy would be equal respectively to di and ds, and 
in this case, as the formulas defining M, N and 
G show, G would be equal to M. The calculation 
would, then, be still simpler. ] 

The tedious part of the calculations is the com- 
putation of deflections and rocker-stresses. Gen- 
erally speaking, this must be done anew for each 
separate distribution of loading, and when the 
maximum position for a given member is not 
known in advance, several positions must be 
computed. But by proper arrangement of the 
work there necd be only as many deflection com- 
putations as there are panel-points. 

This was made use of in Boller & Hodge's 
analysis of the bridge. The procedure was as 
follows: l 

Placing a load of 1 lb. at the first panel-point, 
the statical stresses in the various members were 
calculated, and from these the statical deflection 
was computed, and the rocker stresses then ob- 


tained by multiplication by M and N. The rocker 
stresses enabled the true stress in every member 
of the bridge to be computed. This process was 
repeated for the second panel-point, then for the 
third, and so on for the entire length of bridge. 
This is in effect a complete calculation for draw- 
ing intluence lines, but a tablé of stresses was 
found very much more convenient than a plotted 
Cluster of influence lines, for the subsequent 
work. The true stresses being tabulated, from 
the table it was easy to determine at sight whieh 
panel-points required to be loaded to produce 
maximum stress in any particular member. Then. 
multiplying the true-stress values, which are for 
loads of 1 lb., by the respective panel-loads (all 
the panel-lengths are different) and adding the 
products, the actual maximum live-load stress 
in the member resulted. 

As noted in the report referred to, the dead-load 
stresses did not require the use of elastice ana- 
lysis, because the rockers were not to be ad- 
justed until after the entire dead load was placed, 
so that as concerns deal-lend the bridge is in 
three unconnected parts. However, the table of 
Statical stresses obtained in the course of the 
live-load calculation served also as a ready 
means of obtaining the dead-load stresses. 

A portion of the table of maximum stresses for 
the greatest load which in the opinion of Boller 
& Hodge is safe for the structure, was given in 
our last issue. Elsewhere in the present issue is 
given the corresponding part of the tahle of 
maximum stresses under the specified “congested” 
loading. Both these tables were computed by the 
method above described. 

ee a — — 


CENTRIFUGAL AIR COMPRESSORS.* 


In order to successfully meet a demand for 
moderate pressure air compressors, which was 
felt to be great, for industrial air-blast and ex- 
hauster service, the General Electrie Co., of Sehe- 
nectady, N. Y.. has conducted a series of tests 
for several years on centrifugal compressors. AS 
a result of this work a line of air compressors 
has recently been placed on the market working 
with pressure ratings from 0.88 to 4.0 Ibs. per 
sq. in. and in capacities from 750 to 10,090 cu. 
ft. of free air per minute. 

The centrifugal air compressor consists essen- 
tially of a rotating impeller surrounded by a suit- 
able casing with an intake opening at the center 
and a discharge opening at the circumference. 
In appearance, and in operation it is similar to 
the familiar centrifugal pump, the efficiency de- 
pending largely upon the design of the impeller 
and casing and on the proper shaping of these 
parts. These machines are of heavy construction 
and will operate under adverse conditions with a 
very low cost of maintenance. 

A successful compressing unit of this type 
necessitated a thoroughly reliable high-speed 
driver. For this purpose standard turbines have 
been used in many cases and standard turbo- 
generators have been utilized as direct-current 
motors with but slight change. Compressors 
driven by induction motors are also available. 
Figs. 1 and 2 show the representative types of 
turbine and motor-driven coampressors. Direct- 
current motors, as already mentioned, are of con- 
struction similar to the generators in turbo- gen- 
erator sets. Commutating poles and shrunk-ring 
commutators are used so that sparkless commu- 
tating is insured. Each direct-current motor is 


*From information and data furnished by the General 
Electric Co., Schenectady, N. Y. 
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STANDARD 


Nominal Diam. Nom- 
Rated Capacity, of dis- inal 
pressure, cu.ft.free charge H.P. 


lbs. per air per pipe, driv- length, width, height, 
89. in. min, ins. er, ft. ins. ft. ins. ft. ins. 
Foundry, cupola or low pressure: 
0.88 2.6%) 12 20 5 2 3 4 3 11 
0.88 3.600 16 30 5 6 3 11 4 7 
0.88 7.649 20 mM. 6 9 4 4 5 5 
0.88 10,000 28 75 R 6 6 0 5 8 
Moderate pressure: 
TW 8 11 4 9 4 0 3 11 
2 1.500 10 20 4 10 4 5 4 3 
2 2.400 12 20 5 0 5 0 5 2 
2 4,200 16 70 6 8 5 3 5 5 
High pressure: N 
3 1.300 R 30 4 9 4 9 4 7 
3.25 2.400 12 56 6 3 5 2 5 0 
38.25 4.400 14 75 T 2 5 4 5 7 


SIZES SINGLE STAGE 


—-Direct-current motors — 


, compressor shell 


C ENTRIFUGAL AIR COMPRESSORS 
Approximate dimensions of sets with various drivers 


furnished with a suitable rheostat, so that ad- 
justment of pressure can be obtained by changing 
the speed. The turbines used for compressing 
units are of the Curtis type, in all cases similar 
to those now being manufactured for use with 
generators. Under the same conditions of serv- 
ice, the steam consumption compares favorably 
With that of the best reciprocating engines. 
Slight speed variations can be readily made se 
that changes in pressure are easily obtained. 
Turbine-driven sets can be furnished for non-con- 
densing operation and sets above 50-HP. can be 
furnished to operate condensing, if desired. 
These turbines are adapted for steam pressures 
from 100 to 175 lbs. The induction motors, when 
used for compressor driving, are furnished with 
the “‘squirrel-cage” rotor. Since the speed of this 
type of motor cannot be varied, care must be 
taken to specify a pressure sufficiently high to 
cover the operating requirements, because at con- 
Stant speed the pressure cannot be varied with- 
Out altering the design of the impeller. 

All these compressors should be furnished with 
a blast gate located in the discharge main. This 
gate consists of a simple butterfly valve which 
prevents the compressor from becoming loaded 
during the starting period. It also cuts off the 
discharge main from the opening through the 


to the atmosphere when the 
shell is not in use, 


As in the case of centrifugal pumps, the pres- 
sure depends on the peripheral vélocity of the 
impeller. Increased pressure can be ‘obtained by 
increasing the speed. The volume of free air de- 
livered is limited, however, by the capacity of 
the driver, and hence must be reduced propor- 
tionately to the increase in pressure, otherwise 
the driver might become overloaded. 

The pressure in the mains leading from the 
compressor is entirely free from pulsation and 
practically constant for all volumes within the 
rated capacity of the compressor. Contrary to 
the results obtained, in the studies of this coim- 
pany, with positive-pressure blowers, the power 
required to drive centrifugal compressors varies 
approximately with the volume of air delivered 
when operating at a constant speed. This giver 
a greater flexibility and improved economy to 
the centrifugal type where variable loads are re- 
quired, satisfactory efficiency being obtained be- 
tween the limits of 25% and 125% of the rated 
load. 

For foundry cupola service the direct- current 
motors can be compound wound so as to auto- 
matically increase the speed should the volume 
of air delivered decrease, thus increasing the 
pressure of the air and preventing undue reduc- 
tion of flow of air through the cupola when it 
chokes up. Further adjustments of pressure can 
be made by changing the speed of the motor by 
means of the field rheostat. Similar results are 
obtained for the turbine-driven sets by means of 
a compensating governor. This feature is not re- 
quired in all foundries, though it is considered 
essential in some. 


For much blast furnace seryice this type of: 


compressor bids fair to supplant the reciprocating 
blow engine, according to the claims of the 
makers. <Any type of reciprocating engine is 
more or less delicate and requires enough atten- 
tion and care to result in a very large mainte- 
nance expense each year. To keep the blowing 
engine at its most efficient operating point, it is 


——— Induction motors—— -——Curtis steam turbine—— 
Approx. dimensions in Approx. dimensions in 


ft. and ins. ft. and ins. 
length, width, height, length, width, height, 
ft. ins. ft. ins. ft. ins. ft. ins. ft. ins. ft. ins. 
3 0 3 1 3 11 4 11 3 4 5 11 
5 0 3 11 4 7 5 1 3 11 4 7 
R 0 4 4 5 4 6 6 4 4 5 O&A 
T 4 6 0 5 8 7 6 6 0 5 8 
8 T 4 0 3 11 4 4 4 0 3 11 
2 8 4 5 4 B 4 7 4 5 4 3 
4 8 5 0 5 2 4 B 5 0 5 2 
6 0 5 3 5 5 6 4 5 3 5 5 
4 4 4 9 4 7 4 6 4 9 4 7 
5 6 5 2 5 0 5 6 5 2 5 0 
6 0 5 4 5 7 6 0 5 3 5 7 
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usually necessary to overhaul and clean it at 
least once a year. If this is not done the eff- 
ciency decreases very rapidly. The cost of build- 
ings and foundations is a large item to be con- 
sidered when selecting a blowing unit, because 
the blowing engine inherently requires consider- 
ably more floor space than the centrifugal unit. 
At least three of these centrifugal compressor 
sets could be installed in the space required for 
one reciprocating blowing engine. 

For smelters these units have been recom- 
mended and for pulp mills and chemical works 


DANGER TO FIREMEN FROM PLAYING FIRE STREAMS 
ON LIVE WIRES. 


At a meeting of about 200 officials and em- 
ployees of the Pensylvania R. R. held at Altoona, 
Pa., Aug. 17, instructions and demonstrations 
were given in the methods of handling live 
wires, in the precautions necessary, methods of 
resuscitation, and in addition studies were made 
of the risk of shock to firemen playing streams 
of water on live wires. Mr. R. H. Newbern, 
Superintendent Insurance Department, has con- 
tributed an account of this meeting to the Oc- 


of potential between the nozzle and ground to be noted 
in each case. The following results were obtained, at the 
voltages specified below, in tests made the day previous 
to the general demonstration: 


525-Volt Trolley Wire—-in. Nozzle: 


Distance of nozzle Potential between 


from wire. nozzle and ground. 
111 ³˙¹mA ̃ 20 volts. 
/ ²· A 38 volts 
ttc Nee Acc wsacern 60 volts 
Site. WW 8 70 volts. 
r x vk e welh ree ks 210 volts. 


These results show that the nozzle may be handled 
without discomfort up to a point between three and four 
fect from the wire when those holding the nozzle are 


FIG. 1. 


where a small degree of vacuum is required, they 
have been claimed as adapted for exhausters. 
Since the pressure developed is practically con- 
stant irom no load to 25% overload, as is shown 
in Fig. 3, these compressors are well adapted for 
constant-pressure work as in gas or oil-furnace 
service. For this service one large compressor 
may be installed in a central location with distri- 
bution mains running to the different furnaces, 
such an installation being preferred to one in 
which a number of small blowers are located in 
various places. For ordinary gas or oil furnaces 
a rated pressure of 1.7 lbs. should be sufficient, 
although for furnaces 
requiring a concentrated 


or positively directed jet Zi00 a 20 
27 lbs. rated pressure £90 § 18 
may be desirable. 1 
Many advantages are ga gs 
claimed for these cen- 270 514 
trifugal compressor units S so rA 1.2 
on account of their sim- È 50 15 
plicity. The only wear- 8 E 
ing parts are the bear- 440 208 
ings, and there is neither 930 406 


gearing nor belting. A 
great advantage is also 8 
claimed where a variable S 10 202 
volume is required at 0 
constant pressure, as this 

is a characteristic which 

is inherent in a cen- 

trifugal compressor with- 

out change of speed or 
appreciable loss in efficiency. In the displace- 
ment type of compressor at constant speed, how- 
ever, the pressure drops rapidly with the output 
aboye a certain point and the volume is limited 
by the size of the cylinder and the speed. Where 
pressure fluctuation, due to periodic opening of 
compressor valves, is objectionable a storage tank 
is required, involving a cumbersome and expen- 
sive arrangement, which is done away with 
where the centrifugal blower can be used. 


STEAM-TURBINE DRIVEN. 


200 300 400 
Load Quantity of rea Air ; cu. F. 
(Reduced to 14.7 Ibs. atmospheric Pressure at 60° Fahrenheit) 


FIG. 3. LOAD CHARACTERISTICS OF A CENTRIFUGAL 


FIG. 2. ELECTRIC-MOTOR DRIVEN. 
FIGS. 1 AND 2. CENTRIFUGAL AIR COMPRESSORS; GENERAL ELECTRIC CO., SCHENECTADY, N. Y. 


tober quarterly of the National Fire Protection 
Association. The following extracts from Mr. 
Newbern’s article show the results of the tests 
with streams: 


By reason of the increasing use of electricity along the 
lines of the Pennsylvania Railroad Co., it has become 
of great importance that employees have a better under- 
standing of the personal hazard involved in the handling 
of live wires so that the rescue and resuscitation of those 
suffering or who have suffered electric shock may not be 
delayed through ignorance or misconception. 

In order to determine definitely what hazard, if any, 
existed for firemen when they were compelled in line of 
duty to play water from fire streams on live wires at 


—— @ 
1 
pee de ak 
BAES 
SEPA. 
SRR 
TENE 


500 700 800 000 1000 


per Min. 


.AIR COMPRESSOR. 


various potentials, arrangements were made so that cir- 
cuits of 525, 2,300 and 4,600 volts, respectively, were 
available. The 525-volt line was a direct current trolley 
wire connected to the trolley of the Altoona & Logan 
Valley Electric Railway Co. The 2,300-volt and 4,600- 
volt lines were fed from alternating current generators 
at the Altoona car shops. One side of each of these cir- 
cuits was thoroughly grounded and the fire stream played 
on the other side which was suspended in the air and 
thoroughly insulated. A suitable voltmeter was connected 


standing on the ground. It may be carried much nearer 
without harm but would probably cause some discomfort. 
If those holding the nozzle were standing on a ladder or 
were otherwise insulated from the ground it would be 
quite safe to bring the nozzle to within a few inches of 
the wire. 


2,050-Volt Line—%-in. Nozzle: 


Distance of nozzle Potential between 


from wire. nozzle and ground. 
e eter eee ‘ static. 
F as Vik wk ied Rea we $ static. 


4,100-Volt Line—%-in. Nozzle: 


Distance of nozzle Potential between 


from wire. nozzle and ground. 
% ˙ A oy eee ee static. 
. ˙ . ——T——T ven een static. 


In each of the above tests no measurable deflection 
could be obtained on the voltmeter but upon touching 
the nozzle with the hand when standing on the ground 
a slight effect due to static electricity was noted. All 
the above results were obtained in tests conducted the 
day previous to the general demonstration. In the dem- 
onstration, however, results were obtained which agreed 
with these. These results follow: 
525-Volt Trolley Wire—%-in. Nozzle: 


Distance of Nozzle 
from wire, 


. -0 in, 
2,300-Volt Wire—1-in. Nozzle: 
Distance of Nozzle | 
from wire. 


8 ft. O in. 
4,600-Volt Wire—l-in. Nozzle: i 
Distance of Nozzle Slight indication of 
from wire. static electricity 
10 ft. O in. to hand. 

In each case the nozzle was sufficiently near the wire 
so as to cause a solid stream to play on the latter. Just 
how far the results of a fire hose test with salt water 
will differ from those above, which were made with 
fresh water, cannot be said at the present time. 

Experiments were also made with streams from hand 
chemical extinguishers and it was found that when a 
solid stream is played on a high potential wire it be- 
comes a source of danger to one holding the extinguisher. 
For instance, the nozzle of an extinguisher was held at 
a distance of 9 ins. on a grounded 2,050-volt alternating- 
current line. The difference of potential between nozzle 
and ground was 1,500 volts when the extinguisher was 


Slight indication to 
hand 
at nozzle. 
Slight indication of 


static electricity 
to hand. 


' insulated from the ground. 


While the excessive potential existing between 
the nozzle of the hose attached to the chemical 


between the nozzle and ground to enable the difference: extinguisher may be partly due to the increased 
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conductivity of the solution constituting the 
stream as compared with ordinary water, yet it 
must be largely due to the absence of the stream 
electrically connecting the nozzle with the 
ground. The danger would be removed if the 
extinguisher were well grounded. The use of 
salt-water fire streams should not be more haz- 
ardous than fresh-water. The presence of many 
salt-water streams playing through high po- 
tential wires might, however, be expected to 
cause trouble to the electrical apparatus sup- 
plying these wires on account of the ground 
connection of the streams and the short-circuit 
current. 
—ͤ——-— —— 
A NEW RECORD ESTABLISHED IN DRIVING HARD 
ROCK TUNNELS. 
By J. B. LIPPINCOTT,* M. Am. Soc. C. E. 

All American records for driving hard rock 
tunnels where drilling is required were broken 
during the month of October by the forces of the 
Los Angeles aqueduct at work on the south 
portal of the Elizabeth Lake tunnel. For the 31 
days ending at midnight, Oct. 31, the distance 
run was 466 ft. Until this time, the American 
record of 449 ft. for tunnel boring of this de- 
scription has been held by the Gunnison tunnel 
which is being built by the United States Recla- 
mation Service for the Uncompahgre irrigation 
project. 

The Elizabeth tunnel is the opening by which 
the waters of the Los Angeles aqueduct will be 
carried through the crest of the Coast Range. 
The tunnel is to be 27,215 ft. long, of which 355 
ft. is in open cut, giving 26,860 ft. from portal 
to portal, and is approximately 60 miles north 
of Los Angeles. The portal is 24 miles from a 
railroad. 

The distance of 449 ft. on the Gunnison tunnel 
was accomplished in January, 1908. The work was 
done by day labor under the bonus system. This 
tunnel much resembles the Elizabeth in size of 
cross-section and length. Both are about 12 x 
12 ft. in section and the Gunnison tunnel is 
30,000 ft. long. Both tunnels are in granite rock. 
The run of 449 ft. in the Gunnison, however, was 
made by driving the section one-half size, that 
is by a smaller heading 8 x 12 ft. 

Other tunneling records as published in the 
Mining and Scientific Press of June 6, 1908, are 
as tabulated below:f 

It is interesting to note that the Elizabeth tun- 
nel and the Gunnison tunnel were driven by day 
labor under the direct charge of engineers of 
the government and of the municipality. The 
Elizabeth tunnel was driven full size by the 
lower heading method with Model 6-A Water 
Leyner rock drills. The mucking was done by 
hand and transported by electric motors. The 
face, Oct. 31, was 2,508 ft. from the portal. 

The work is under the immediate charge of 
Mr. W. C. Aston, Tunnel Superintendent, who 
came to the aqueduct fram Colorado, where his 
superintendency of the Joker tunnel attracted 
attention both for progress and low cost of con- 
struction. Mr. Aston is assisted by Mr. J. W. 
Henderson as Master Mechanic. 
holland is Chief Engineer and the writer is As- 
sistant Chief Engineer. 

The base rate in the bonus system employed is 
8 ft. per day, or 248 ft. for a 31-day month. For 
each foot in excess of this amount each man 
working in the tunnel continuously during the 
month is paid 40 cts. As the cost per day for 
driving the tunnel is practically a fixed amount, 
the faster the work is driven the less the cost 
per foot becomes. The saving to the city in fast 
work is shared with the men by this means. 


Angeles, Cal. 
+A fuller list of fast tunnel records was published in 
Engineering News of April 2, 1908, p. 377. 
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PROJECTS OF THE U. S. RECLAMATION SERVICE. 


Location. ` Project. 
Arizona ..sscsssosse eee Salt River See eens ieee 
Arizona-California ......-YUMQ cecccecccsccecccccnsces 
California ......... , / «eee ae 
California-Oregon .......Klamath ng. 7 
Colorado ...... e Grand n, èͤ ianaew ees 
Colorado ....... verre «Uncompahgre ...essssvesseseo 
Id ago o Minidoka (Gravity) Swart 
Mans . . Minidoka (Pumping) 
Ga Beaeae 8 .. . Payette- Boise, So. Side Division 
Kansas e oe ee Garden City.......... cee eas 
Montana ; Lower Milk River. 1 5 
Montana. seic nnr, nae Orewa ots 
Montana ......essesesse. Sun River, Fort Shaw Unit... 
Nebraska-Wyoming ..... North Platte ....... 8 
Nevada i Truckee- Carson ee ere 
New Mexico AIS halal» . 
New Mexico Hon, e ETE 
New Mexico .. Rio Grande ....... ; 8 
New Mexico Leasburg Unit® ........ wid 
North Dakota............ Buford- Trenton 
North DakotkKa a.. hh ee ae ES 
North Dakota............ Wihiston ......essessesses Kea 
North Dakota-Montana...Lower Yellowstone. ..... 8 
Oregon es Una . gre ae 
South Dakota ........... Belle Fourche .......ccecee08 
UARN espe Gow ade eae a .. . Strawberry Valley ......... as 
Washington EREE Okanogan ...ssesssosooso 9 2 
Wee Sunn ySidlPquuee Pree 
Washington e y eee ahs 
Washington TTC š 
Wyoming Shosh one . 
Total otha, ²˙¹“iꝗd a tl one are Be we ĩx ß ĩðͤ SRESs ; 


Estimates Dec. 31, 1908.~ 


Area, Per cent of 
acres. Estimated cost. Expenditure. completion. 
240,000 $7,900,000 $5,850,000 61.6 
. 150 5,630,000 2,875,000 51 
30,000 1.500, 000 68,000 11.2 
165,000 5,950,000 1,693,000 28.5 
50,000 2,500,000 50,000 2 
146.000 5,500,000 3,515,000 64 
84,200 1,780,800 1,780,800 100 
49,900 ,000 211,000 35.2 
132,000 4,765,000 2,250,000 47.2 
10,6568 355, 000 5, 000 100 
160.000 6,250,000 250,000 4 
33.000 840,000 000 100 
16.000 480,000 480,000 100 
96,000 4,200,000 3,940,000 93.3 
100,000 4,390,000 3,951,000 90 
20,000 640,000 640,000 100 
10,000 370.000 370,000 100 
160, 000 8,000,000 5,000 8 
. 210.000 210,000 100 
12.500 316,000 316,000 100 
18,500 740,000 18,000 4.5 
12,000 474,000 474,000 100 
66,000 2,754,300 2,570,000 82.5 
20,440) 1,208,400 1, 000 82 
100.000 3,400,000 2, ,000 58.8 
60,000 2,880,000 630,000 21.9 
9.000 585.000 455,000 77. 8 
99.000 2, 253.000 881.000 39.1 
30,000 1,800,000 987,000 54.8 
120,000 3,600,000 9,000 5.6 
150,000 7,560, 3,175,000 42 
2,292,346 $89,431,500 $42,083,800 ee" 


*The Leasburg diversion dam will furnish a temporary, Intermittent supply to about 20,000 acres, which will 
be a portion of the Rio Grande Project, and share in the benefits of the Engle Dam. 


nel is materially less than the cost of driving the 
Gunnison tunnel and is considerably beneath 
the estimate made by the Board of Consulting 
Enginers. The rate to complete the tunnel in 
five years was set by the Board at 8 ft. per day 
from each portal and the cost of boring at ap- 
proximately $66 per foot. Including the pay- 
ment of the bonus the month’s run was made at 
a cost of $35.81 per foot and at the rate of 15 ft. 
per day. 

In this connection it may be stated that 2,819 
ft. of tunnel in hard and soft rock in the Jaw- 
bone division of the aqueduct have been driven 
at a cost of $11 per foot, whereas the lowest bid 
submitted for the work was more than twice this 
amount. The construction on this division is 
also in the hands of city forces. 

The run of 466 ft. was made with modern tun- 
nel equipment consisting of two 520 cu. ft. 
Franklin two-stage air compressors, each belt 
driven by a 100-HP., 440-volt A. C. induction 
motor which supplies air for the rock drills, etc., 
etc.; one Fairbanks-Morse 100-KW. motor-gen- 
erator set, supplying direct current at 220 volts 
for operation of one six-ton electric locomotive, 
used in tunnel traction, and one No. 7 Root 
blower. This equipment is duplicated at the 
north portal. | 

The power is supplied from the Castiac sub- 
station of the Edison Co.'s Kern River trans- 
mission line and is carried to the tunnel over a 
single pole line of No. 4 bare copper wire under 
a pressure of 30,000 volts. This line was built 
during February and March, 1908, and was 
placed in service May 1. 

Operations at the south portal were begun 
Oct. 15, 1907. Progress was necessarily slow, 
owing to a lack of power and machinery. Since 
the installation of equipment, the set rate of 
8 ft. per day has been exceeded each month 
with the exception of June, when a run of 237 
ft. was made. 

— — A 


A MONORAIL STREET RAILWAY has been author- 
ized by the Public Service Commission of New York City 
for construction in place of an old horse-car line about 
3 mi. long betwcen Bartow Station and City Island. This 
line was bought by a company which is preparing to ex- 
ploit the Tunis monorail system, an experimental in- 
stallation of which was at the Jamestown (Va.) exposi- 
tion in 1907. Application for a permit to convert the 
line was made some months ago, and now, on a favorable 
engineering report, the application has been granted by 
the Commission. Mr. Bion L. Burrows is president of 
the company. 


Maximum progress of Method of 
a single heading, Drilling. Remarks. 

Name Place Date. ft. per month: Machine. 
Hoosau ... . . Mass 9 . 1865-18723 1 ene ane 
Sutro o „„ Nevada. ss 1869-1877 417 Machine. 
Nesquehoning ...... CC 1871 J653 j.§  -dectaidaacs (Northern Pacifice R. R. 
Stampede ....... cc Washo soseer ii 1897-1! 301 Machine. (Bunker Hill and Sullivan Mine.) 
Kellogg Idaho e 1898 ort Pneumatic 
Ratorn sce Colo ~Gaxgans cane 1907 412 Augers, (A. T. & S. F. Ry.) 
Gunnison ETNA Colo. . pasiek 1908 449 Machine. 


ROCK TUNNELING RECORDS IN THE UNITED STATES. 


A SUMMARY OP WORK OF THE U. S. RECLAMATION 
SERVICE. 


We take from the ‘Reclamation Record” for 
November the accompanying summary of the 
work which the Reclamation Service has under- 
taken since its inception. It will be noted that 
nine of the projects have been completed or will 
be by the end of the current year. 


— Oe 


A LARGE OIL STILL EXPLODED in the yards of the 
Tidewater Oil Co., at Bayonne, N. J., Nov. 10. One man 
was killed and three others injured. 

s 

TWO BOILER EXPLOSIONS occurred in lumber mills 
Nov. 13. At the Millen Lumber Co., near Pound Gap, 
Ky., four men were killed and as many others injured. 
The second accident took place at a sawmill in Wise Co., 
Va. Three men were killed and four injured. 

— 9 — 


A POWDER MILL EXPLOSION at the Excelsior 
Powder Co., of Dodson, Mo., Nov. 12, wrecked the glaz- 
ing room and instantly killed the only employee in that 
part of the mill. A passenger truin was standing on the 
tracks of the Kansas City Southern Ry. beside the fac- 
tory, and several coach windows were broken, 35 pas- 
sengers being slightly injured. 


— 


A GRAIN DUST EXPLOSION occurred Nov. 14 in the 
oat rooms of the main building. of the American Milling 
Co.’s stock food factory, at Linden, Ind. The building 
at once caught fire and the entire factory was burned. 
Four men were badly injured. The force of the ex- 
plosion wrecked the fire-fighting apparatus of the mill 
and, as the town has no adequate fire protection, little 
could be done to stop the flames. The room in which the 
accident occurred was that in which the grain was being 
manufactured into a special food product. 


— i322 


THREE SERIOUS MINE ACCIDENTS have been re- 
ported this week. The most serious was the explosion in 
the Radbod mine, three miles from Hamm, Westphalia, 
Germany, Nov. 12, at about 4 a. m. At the time of the 
explosion, 380 miners were working underground. Of 
the 72 who were brought to the surface, 37 were dead 
and the rest badly injured. The explosion wrecked one 
of the shafts and this, together with the rapid spread of 
the resulting fire in the mine, delayed the rescue parties. 
Efforts to check the fire were unsuccessful and in the 
afternoon it was decided that further efforts to save the 
300 entombed men were useless and an order was issued 
to flood the mine. 

A mine cage at Ellsworth Mine No. 1, in Washington 
Co., Pa., dropped a distance of 285 ft. to the bottom of 
the shaft, Nov. 16. There were ten men in the cage, 
six of whom were killed and one seriously injured. 

An explosion of gas Nov. 10 at No. 20 colliery of the 
Lehigh & Wilkes-Barre Coal Co., near Wilkes-Barre, Pa., 
injured five men, three of whom are not -expected to live. 


o eg — 


about $1.50 from that of 1906. 


THE PRODUCTION OF PLATINUM from domestic 
ores in 1907 is given in a summary of the mineral pro- 
duction of the United States, 
Geological Survey, as 357 oz., valued at $10,589, as com- 
pared with 1,439 oz., valued at $45,189, in 1008. 
average price per oz. in 1907 was $29.66, a decrease of 
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RAILWAY ACCIDENTS during the second week of 
November have been unusually numerous and severe. 
la the accidents reported occurring on Nov. 9 to 1%, a 
total of 25 people have been killed and 75 injured. 

A New Orleans Great Northern R. R. express train 
struck the rear of a local passenger train on the New 
Orleans & Northeastern R. R. at Little Woods, twelve 
miles north of New Orleans, La., Nov. 11. Every car of 
the local was derailed and four coaches were telescoped, 
killing eight passengers and injuring about 20 others. A 
coroner's jury brought in a verdict Nov. 14 placing the 
blame upon the engineer and conductor of the exprass 
train, who are said to have disregardcd a Warning given 
by a bridge tender that the local was just ahead of thom. 

A collision between two freight trains on the Union 
Pacifie R. R. at Borie, Wyo., Nov. 10, wrecked 51 care 
and killed six trainmen and three Japancse laborers. 
Three others were seriously injured. One of the trains 
had gotten beyond control of its brakes on a long down 
grade and was said to be running 70 mi. per hr. when 
the collision occurred. The wreckage caught fire, com- 
pleting the destruction of the cars. 

A head-on collision occurred on the Wabash R. R., be- 
tween a switch engine and a double-headed' fast 
freight, at Iles Junction, a few miles south of Spring- 
field, III.. Nov. 13. Two trainmen were killed and one 
fatally injured. An investigation will be made by the 
Railroad and Warehouse Commission, it being claimed 
that the accident was due to a violation of th> state 
Statute regarding railway crossings. 

A work train struck the rear of a stalled freight train 
on the New York, New Haven & Hartford R. R. at Deep 
River, Conn., Nov. 10. A sharp curve prevented the 
engineer of the work train from seeing the train ahead in 
time tO prevent a collision and it is claimed that the 
flagman sent back from the freight was too near it to be 
of any use. The caboose and the two rear cars of the 
freight were telescoped. Two men were killed and 24 
injured. 

The boiler of the locomotive of a fast freight on the 
Delaware & Hudson Ry. exploded Nov. 13 about half a 
mile south of East Windsor, N. Y. The brakeman was 
killed and the freman fatally injured. 

A freight train on the Boston & Albany R. R. struck 
a string of loaded cattle cars left standing on the main 
line in Cambridge, Mass., Nov. 10. One man was killed 
and two others injured. The accident occurred early in 
the morning during a heavy fog. 

Tbe 20th Century Limited’ of the New York Central 
Lines was partially derailed Nov. 12 two miles east of 
the station at Rochester, N. Y. The accident is ascribed 
to a broken rail. The train had attained a speed of about 
25 mi. per hr, after leaving the station when it struck 
the rail. The first three of the six Pullman coaches 
passed over it safely, but the fourth left the track and 
was followed by the two behind it. The train was 
quickly brought to a stop and none of the cars over- 
turned. 

A trolley car of the Third and Dock St. line in Phila- 
delphia became unmanageable on a hill and collidcd with 
a Darby subway car locked in a safety block at the 73d 
St. crossing. Both cars were wrecked and 16 people 
injured, two fatally. 

A head-on collision took place between two trolley cars 
on the line of the Public Service Ry. Co., between Bound- 
brook and Somerville, N. J., Nov. 11. One motorman was 
killed and six persons injured. The accident occurred 
on a hill where there is a single track. The road is 
equipped with a system of signal lights at the switches 
which are turned on by the motorman as he passes the 
switch. The motorman of one car and the conductor of 
the other both claim to have found clear signals at the 
last switch passed and to have turned on the danger 
signal, 
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GALVANIZING STEEL BEAMS FOR FOUNDATION 
grillages has been tried experimentally at the works of 
Milliken Bres. It was desired to devise a highly re- 
lable protection against corrosion, because grillage 
beams are concealed from examination, are situated in a 
region where water is present, and are fundamental to 
the integrity of the structure rc<sting on them. It was 
found to be perfectly practicable to galvanize such beams 
by the hot process after all shop work on them had 
been done. In fact, it was possible to galvanize an en- 
tire riveted steel column; a very large bath was used, 
of course. Concrete was found to adhere satisfactorily 
in respect to lying close against the metal without pro- 
duction of voids. As Mr. Foster Milliken, Assistant to 
the Receivers of the firm, writes: 

Concrete will adhere to galvanized steel beams as firmly 
as to unpainted beams Which are largely used for gril- 
lage work and much better than to unpainted beams. 

Experimental grillagcs were made of the several kinds 
of beam and surrounded with concrete. Placed in the 
ground for six months and then broken open they showed 
perfectly close and firm contact in the case of the gal- 
vanized and unpainted beams. The efficiency of galvan- 
izcd ashlar-anchors and galvanized. pipes in concrete is 
also referred to as demonstrating the adhesion between 
concrete and galvanized metal. That the zine coating 


does prove highly protective against corrosion is a mat- 
ter of common knowledge. The firm is now prepared to 
furnish galvanized grillage beams or indecd galvanized 
structural work generally, as may be required. 

— ee 

PRIZES FOR SENIOR THESES on the design of an 
electric railway car for city service are offered by the 
J. G. Brill Co., of Philadelphia, to students of techni- 
cal schools in the United States who will graduate in 
linn), The following particulars are given in a circular 
announcing the offer: 

The authors of the three thescs which in the estima- 
tion of a jury shall be considered most meritorious of 
those submitted, shall receive respectively in order of 
merit of thajr work 

1. The sum of S250. 

2. The sum of 5150. 

3. The sum of 5100. 

The subject may be considered from any standpoint 
the student may elect or from all, i. e., from the stand- 
point of the construction of the car body, the standpoint 
of the truck, the standpoint of the electrical equipment 
and its arrangement, cte. 

Each thesis will be judged: 

1. On its technical merit. 

2. On the manner in which the subject is presented. 

A jury of three whose decision shall determine the 
winners of the respective prizes will be appointed to 
consider the relative merits of the theses submitted. 
The jury will include an electric railway official of 
prominence who is thoroughly conversant with the fea- 
tures and requirements of electrice railway car construc- 
tion; a member of the editorial staff of one of the tech- 
nical journals in the electric railway field; an expert in 
car construction. 

A thesis to be eligible for any one of the prizes need 
not be prepared especially for this contest. It may be 
the same thesis which is submitted in connection with 
senior graduating work; but it shall be the work of a 
student during his senior year and shall conform to the 
requirements of the competition. 

All theses, to be considered, must be in the hands of 
the J. G. Brill Co. on or before June 15, 1900. 
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A LAKE-FRONT HARBOR PROJECT FOR CHICAGO 
has been submitted to the mayor by a company which 
propcses to apply to the legislature for the power to 
carry out the work as a private enterprise. It is pro- 
vided that the docks would become the property of the 
city after 20 years of operation. The water front would 
extend north from the mouth of the river to Indiana St., 
950 ft., the riparlan rights of which are owned by the 
Furniture Exhibition Co.; this company has a large ware- 
house at that point and is backing the nəw project. 
Three piers would extend out into the lake; and would be 
separated by two slips 20) ft. wide. The pier fronting 
on the river would be 150 ft. wide, and the others 200 
ft. wide. The harbor would be protected by the govern- 
ment breakwater on the north (extending from Huron 
St.) and by an additional breakwater, with an entrance 
from the southeast. The northern pier would be for 
both freight and passenger service, having an upper 
floor for passengers, with gangways to the steamer's 
decks. Plans for the building have been prepared by 
Mr. C. A. Eckstrom, architect, of Chicago. The total 
cost Is estimated at from 56,000, 0 0 to 8,000,000, and it 
is claimed that the harbor could be ready for use by 
January, 1910. The company has already in service 
a number of steam lighters which run between its lake- 
front warehouse and points on the river, and a similar 
service would provide for transferring freight between 
the new harbor and points on the river. Mr. James A. 
Pugh is President of the Furniture Exhibition Co. The 
project is somewhat similar to that of Mr. Telford Burn- 
ham, which was described in our issue of June 20, 1907. 
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WORK ON THE BARGE CANAL OF NEW YORK 
State during September, 1008, according to the “Barge 
Canal Bulletin,’ totaled $574,023, exceeding that done 
for August by $174,000, although the record for August 
had exceeded the amount done in any preceding month 
by over $150,000. The total amount of excavation dur- 
ing September was 1,195, 606 cu. yds. and tbere was also 
laid 33,208 cu. yds. of concrete. Although there is 
small basis for comparison between the Panama and 
New York State canals, mainly on account of differences 
in personnel, climate, size of werk and methods of 
administration and construction, the State Engineer each 
month arswers adverse criticisms on the progress of his 
work by comparing the progress figures of the two 
canals, generally to the advantage of the Barge Canal 
work. In this last report the following statement is 
made: 


The total of excavation for September amounts to 
1,395,606 cu. yds.—the largest monthly record thus far. 
This is 79% of the amount excavated at Panama in 
September, 19U7 (the corresponding month from the 
commencement of that project under American control) 
which was likewise the best record there up to that 
time. 

During the month there were laid 53.268 cu. yds. of 
concrete on the several contracts. For purposes of com- 
paring, it becomcs interesting to consider what amount 
of excavated material this would equal. Using the only 
common basis of comparison—the cost of each at the 
average prices on the contracts let —this amount of 
concrete equals nearly a million yards of excavation, 
In like manner the whole amount of all work done 
during last month is equivalent to two and a half mil- 
lion yards of excavation. Continuing the comparison 
with the Panama Canal, we see that, although the sum- 
mary of excavation on the Isthmus up to Oct. 1, 1907, 
was 16,825,545 cu. yds., while the total on the Barge 


‘this is said advisedly, 


Canal to Oct. 1, 1908, equals 12,654,216 cu. yds., the 
Whole of all work done thus far on the Barge project 
if considered as excavation, would amount to nearly 
twenty million cubic yards. It will be recalled that at 
Panama, even to the present time, little has been done 
toward the actual construction of the canal except in 
the way of excavating. Accordingly there can be no 
fair comparison between these two great engineering 
schemes that does not take into account all that has 
been done on cach, reducing it to a common unit in 
some such way as given here. It should be remembered 
also that at some places large amounts of excavating 
have been done for which the contractors get no pay, and 
consequently this additional yardage is not included in 
the totals shown above. 
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MORE STEEL PASSENGER CARS have been ordered 
by the Pennsylvania R. R. Co., the order being divided 
among the principal car- building companics as follows: 
Pressed Steel Car Co., 24 70-ft. combination passenger 
and baggage cars, 4 (O-ft. baggage cars and 3 70-ft. bag- 
gage and mail cars; American Car & Foundry Co., 23 
70-ft. passenger coaches and 6 60-ft. baggage cars; Stand- 
ard Steel Car Co., 17 70-ft. passenger coaches. The 
total number of cars ordered is 77. The passenger 
coaches are each provided with seats for 83 passengers. 
A number of minor alterations have been made in the 
design which was used for the 200 steel cars previously 
ordered by the Pennsylvania R. R. and which was de- 
scribed in Eng. News, June 20, 1907, p. 671. Informa- 
tion sent out by the publicity department of the rail- 
road company states that aside from the mahogany sash 
and seat frames there is to be no wood whatever in the 
cars and that out of a gross weight of about 116,000 lbs. 
for the entire car, the wood in it will weigh only about 
300 Ibs. A central box girder 24 Ins. wide and 19 ins. 
deep will extend throughout the length of the coach to 
secure ft against the dangers of collision. To further 
insure the car against collapsing, its frame structure is 
designed upon the principle of the cantilever bridge with 
the trucks as piers. A coupler of a new type, said to be 
stronger than any used before, has been designed for 
these cars. The floors are of magnesium cement latd on 
corrugated fron. The coaches will be lighted by elec- 
tricity derived from train generators or storage batteries. 

——_____ @_—_________.. 

THE) COLORADO RIVER BREAK OF 1905.—For years 
Mr. Rockwood’s efforts to intcrest capital were fruitless, 
but he kept on trying, discouraged but not dismayed by 
repeated failures. In his dreams, he saw a colony of 
presperous homes and fertile farms irrigated by the 
Colorado's waters, rich with its fertile silt, and he 
named it the Imperial Valley. How many laughed at 
him and ridiculed his pretentious name, he alone knows. 
At last, after many disappointments, he formed, with 
some associates, the California Development Company, 
and conducted water to the desert in the spring of 1901, 
and his Imperial Valley sprang from the arid waste un- 
der its magic touch. So quickly did settlers come, and 
so rapidly was land brought into cultivation, that the 
canal people were at their wits’ end to keep up the 
supply of water. The permanent Hanlon’s gate had not 
been built, only a temporary heading existed, and the 
canal lacked several feet of being down to the proposed 
grade. In October. 1004, with more than 90,000 acres 
of land under cultivation and with 10.000 inhabitants in 
the valley, the heading of the canal began to silt up, 
and a water famine was imminent. An open cut was 
made from the river to the canal 4 miles below Han- 
lon's, and the world-famous Colorado crevasse resulted. 
It is not intended to go into the details of this crevasse, 
but, placed in Mr. Rockwood's position, nine out of ten 
engineers would have opened this cut just as he did— 
the speaker having an intimate 
knowledge of all the facts in the case.—W. W. Follett 


in discussion of ‘‘Irrigation,’’ Proc. Am. Soc. C. B., 
Sept., 1908, p. 1018. 
mes, g ee E AAA 
PERSONALS. 


Mr. J. D. Harris has been appointed General Superin- 
tendent of Motive Power of the Baltimore & Ohio R. R., 
succeeding Mr. J. E. Muhifeld, resigned. 


Mr. Walter B. Snow, M. Am. Soc. M. E., publicity en- 
gineer, of Boston, Mass., has been appointed a member 
of the Massachusetts Commission for the Blind. 


Mr. E. A. Ennis and Mr. E. J. Nelson, formerly with 
the Mergenthaler Linotype Co., have opened an office as 
factory systematizers and cost men, at 173 York St., Jer- 
sey City, N. J. 

Mr. John B. Marston has been elected County Surveyor 
of Lucas, Co., O. He is 82 years old and was employed as 
an engineer in the survey of military roads during the 
Civil War. 

Mr. Ellgood C. Lufkin, Vice-President and General Man- 
ager of the Snow Steam Pump Works and the Holly Mfg. 
Co., of Buffalo, N. Y., has resignid to accept a position 
with the Texas Co., an independent oil company. His 
resignition is to take effect Jan. 1. 


Mr. Richard C. Maclaurin, Professor of Mathematical 
Physies at Columbia University, has been elected Presi- 
dent of the Massachusetts Institute of Technology. He 
was born in Edinburgh, Scotland, in 1870 and r.ceived 
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the degree of B. A. at the University of Cambridge in 
1892, and in 1806 the degree of M. A. Before coming 
to Columbia University, he had taught for nine years 
at the University of New Zealand. 


Mr. Emil Swensson, M. Am. Soc. C. E., consulting and 
constructing engineer of Pittsburg, Pa., returned home 
with his family on the ‘‘Kronzprinzessin Cecilic’’ Nov. 
17, after five months spent in European travel. Mr. 
Swensson was commissioned by the city and Chamber of 
Commerce of Pittsburg to make special studies of Euro- 
pean practice in flood prevention and protection, and he 
visited Germany, Australia, Sweden, Norway, Denmark 
and England in this investigation. He also made studies 
of passenger transportation methods abroad, with espe- 
cial refereuce to Pittsburg's problems. 


Obituary. 


Edgar K. Betts, a trustee of the Rensselaer Polytechnic 
Institute, died Nov. 15 in Seattle, Wash., at the age of 
66 years. 


I. Y. Sage, formerly General Superintendent of the 
Atlanta & Charlotte Air Line and Georgia Pacific Rys., 
which are now a part of the Southern Ry. system, died 
Nov. 14 in Atlanta, Ga., from pneumonia. 


Henry Gustave Joly de Lotbiniére, formerly Lieut.- 
Governor of British Columbia, died Noy. 16 at his home 
in Quebec. He was much interested in forestry and was 
Vice-President of the American Forestry Congress in 
1885. 


James Ferguson, Superintendent of the Safety Insulated 
Wire & Cable Co., of Bayonne, N. J., died Nov. 15 at his 
home in Bayonne of kidney trouble. Mr. Ferguson was 
born in Nova Scotia in 1860. He was formerly Superin- 
tendent of the municipal electric lighting plant in 
Brooklyn, N. Y. 


Edward V. Skinner, Assistant Traffic Manager of the 
Canadian Pacific Ry., died suddenly Nov. 8 at his home 
in Yonkers, N. Y. Mr. Skinner was a bridge commis- 
sioncr of New York City in 1889 and 1891 and was Vice- 
President of the Brooklyn Bridge Trustees in 1894 and 
95. He was born in London, England, in 1849 and was 
brought to this country when a child. 


John A. Cruikshank, Vice-President of the Continental 
Cement Co., of St. Louis, Mo., died at his home in Water- 
loo, Iowa, Oct. 29. Mr. Cruikshank was born in Delaware 
Co., Iowa. Before organizing the Continental Cement Co., 
he had been successively President of the Union Portland 
Cement Co., Rushsylvania, Ohio, and Vice-President of 
the Indian Portland Cement Co., Neodesha, Kan. 


Henry W. Hovey, Major, U. S. A. (retired), died sud- 
denly at Northfield, Vt., Nov. 14. Though not an engi- 
neer himself, he had a large acquaintance among engi- 
neers, largely through his eight years’ service as Com- 
mandant of Norwich University, the old military and en- 
gineering school at Northfield, Vt. He was appointed 
second lieutenant from New York in 1880 and was retired 
in 1907. His last field service was in the Philippines. 


Richard W. Gorrill, a contractor of Oakland, Cal., died 
Nov. 9 at Rhyolite, Nev., where he had gone for his 
health. Mr. Gorrill was born in Ohio in 1848, but 
about half his life was spent in California. For several 
years he was President of the Pacific Bridge Co. He 
erected the Ferry Building in San Francisco and the 
Modesto and Turlock Irrigation Project dam at La 
Grange. He retired from the construction business In 
1898. i 

William E. Ayrton, M. I. E. E., died in London, Eng- 
land, Nov. 8. Mr. Ayrton was born in 1847 and edu- 
cated at University College, London. In 1867 he entered 
the Indian Government Telegraph Service and from 1873 
to 78 was Professor of Natural Phhosophy and Tel- 
egraphy at the Imperial College of Engineering in Japan. 
In 1884 he became Professor of Electrical Engineering at 
the Central Technical College, South Kensington, Eng- 
land, and was made Dean of that institution in 1904. 
He was President of the Institution of Electrical Engi- 
neers in 1892. Mr. Ayrton was the author of a book on 
‘Practical Electricity.“ 


Oliver W. Barncs, M. Am. Soc. C. E., died at his home 
on 94th St., in New York City, Nov. 14. Mr. Barnes 
was born at Berlin, Hartford Co., Conn., in 1823. His 
education was received at the Burlington, N. J., high 
school and at a private school of engineering in Phila- 
delphia. He also studied in Europe in 1846. In 1847 he 
was appolnted Assistant Engineer in the first corps as- 
sembled at Pittsburg on the Pennsylvania R. R. The 
following year he became Principal Assistant Engineer 
and made the final location for the line of the Penn- 
sylvania R. R., from the Allegheny Mts. to Pittsburg, re- 
maining in charge of its construction during the next 
five years. From 1853 to ’57 he was Chief Engineer of 
the Pittsburg & Connellsville R. R. Co., and was after- 
ward connected in a similar capacity with several other 
railways. In 1892, he became Chief Engineer and Presi- 
dent of the New York Connecting R. R. Co. Mr. Barnes 
is survived by his wife, who is a daughter of Maj. Ed- 
ward Harding, U. S. A., and three children. His son is 
Mr. E. H. Barnes, M. Am. Soc. C. E., Chief Engineer of 
the Grand Rapids & Indiana Ry. 


ENGINEERING SOCIETIES. 


— 


COMING MEETINGS. 
SOCIETY OF NAVAL ARCHITECTS AND MARINE EN- 
GINEERS. 


Nov. 19-20. Annual meeting at New York City. Secy., 
W. J. Baxter, 29 West 39th St., New York City. 
AMERICAN: SOCIETY OF REFRIGERATING ENGI- 
Nov. 30-Dec. 1. Annual meeting at New York City. 
Secy., W. H. Ross, 154 Nassau St., New York City. 
AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 
Dec. 1-4. Annual meeting at New York City. Secy., 
Calvin W. Rice, 29 West 39th St., New York City. 
AMERICAN INSTITUTE OF ARCHITECTS. 


Dec. 15-17. Annual convention at Washington, D. C. 
9 a Glenn Brown, “The Octagon,” Washington, 


NATIONAL ASSOCIATION OF CEMENT USERS. 
Jan. 11-16. Annual convention at Cleveland, Ohio. 
Secy., Geo. C. Wright, Harrison Bldg., Philadelphia, 


Pa. 
AMERICAN SOCIETY OF HEATING AND VENTILAT- 
ING ENGINEERS. 
Jan, 19. Annual meeting at New York City. Secy., 
W. M. Mackay, P. O. Box 1818, New York City. 


SOCIETY OF RAILWAY CLUB SECRETARIES.—An 
index of papers and subjects discussed by railway clubs 
from May 31, 1907 to May 31, 1908, has been published 
by this society. 


ENGINEERS’ SOCIETY OF WESTERN PENNSYL- 
VANIA.—More than 400 members took part in a tour of 
inspection to the Universal Portland Cement Co., at 
Universal, Pa., Nov. 7. 


CANADIAN SOCIETY OF CIVIL ENGINEERS.—At the 
meeting of the Mining Section, held at Montreal, Noy. 12, 
Mr. C. L. Cantley presented a paper on ‘‘Modern Retort 
Coke Ovens, with Special Reference to the Practice of the 
N. S. Steel & Coal Co.” A General Section meeting will 
be held Nov. 19 at Montreal. 


APPALACHIAN ENGINEERING ASSOCIATION.—The 
regular December meeting has been postponed on account 
of the large number of mining and engineering society 
meetings to be held in that month. The next meeting will 
be the annual session in February, at Frostburg, Md. 


WESTERN RAILWAY CLUB.—At the November meet- 
ing, held at Chicago, Nov. 17, a paper was discussed, 
entitled Flat Spots on Car Wheels,” by Prof. Chas. H. 
Benjamin, Dean of the School of Engineering and Di- 
rector of the Engineering Laboratory of Purdue Uni- 
versity. 

ENGINEERS’ SOCIETY OF MILWAUKEE.—At the 
meeting held Nov. 11, in Milwaukee, a lecture on The 
Close Relation between the Forest Reserves and the 
Water Powers of Wisconsin,” was delivered by Mr. 
C. M. Griffith, State Forester. After discussing the gen- 
eral subject of forestry and reforestation, Mr. Griffith 
took up particularly the influence of forests in the regu- 
lation of stream flow, storage reservoirs and water pow- 
ers of Wisconsin. Mr. W. Fay Martin, 456 Broadway, 
Milwaukee, Wis., is Secretary of this society. 


AMERICAN INSTITUTE OF ARCHITECTS.—At the 
annual convention in Washington, D. C., Dec. 15-17, a 
committee will present a report on “The Relation of 
the National Government to Art.” It is understood that 
the committee will recommend the establishment of a 
Bureau of Fine Arts under one of the Government de- 
partments. Formal addresses on the same subject will 
be delivered by James R. Garfield, Secretary of the In- 
terior; Nicholas Murray Butler, President of Columbia 
University; Henry M. Prichett, President of the Carnegie 


Educational Trust, and others. 


BROOKLYN ENGINEERS’ CLUB.—At the meeting 
held at 197 Montague St., Brooklyn, Nov. 12, Mr. 
Lawrence A. Ball, Assoc. M. Am. Soc. C. E., pre- 
sented a paper entitled ‘‘The Constructional Features of 
the St. Paul Auditorium, of St. Paul, Minn.” This 
paper will take up the multiple purposes of the build- 
ing, the long span roof trusses, the cellular fireproof 
wall supports, the pivoted boxes, the suspended proscen- 
{um wings and the composite concrete and steel balcony 
construction. There will be a short reference to the 


method of financing the project. The paper will be il- 


lustrated by numerous lantern slides. A general de- 
scription of the St. Paul Auditorium was published in 
Eng. News, June 6, 1907, p. 633. 

THE AMERICAN RAILWAY ASSOCIATION.—The fall 
session will be held at the Auditorium Hotel, Chicago, 
III., Nov. 18. Reports will be presented by the follow- 
ing committees: Executive Committee; Committee on 
Train Rules: Committee on Car Service; Committee on 
Safety Appliances; Joint Committee on Interlocking and 
Block Signals; Committee on Accounting and Statistical 
Inquiry; Committee on Transportation of Explosives; 
Committee on Standard Location for Third Rail Work- 
ing Conductors; Committee on Car Efficiency; Committee 
on Nominations. Tho election of a First Vice-President, 
three members of the Committee on Car Service, three 
members of the Committee on Safety Appliances and two 
members of the Committee on Nominations will take 
place at this meeting. 


AMERICAN SOCIETY OF MECHANICAL ENGI- 
NEERS.—At the annual meeting in New York City, Dec. 


1-4, the following papers will be presented: Dec. 1, 
“The Conservation Idea as Applied to the American 
Society of Mechanical Engineers” (president’s address), 


M. L. Holman. Dec. 2, ‘‘The Engineer and the Peo- 
ple, Morris L. Cooke; ‘‘Aeronautics,’?’ Maj. Geo. O. 
Squier, Acting Chief Signal Officer, U. S. A.; ‘‘A Method 


of Obtaining Ratios of Specific Heat of Vapors,’’ A. R. 
Dodge; The Total Heat of Saturated Steam, Harvey 
N. Davis; “Fuel Economy Tests,“ C. R. Weymouth; 
“An Automatic System for Firing Fuel Oil,” C. R. Wey- 
mouth. Dec. 3, “Efficiency Tests of Milling Machines 
and Milling Cutters,” A. L. Deleeuw; ‘‘Metal Cutting 
Tools Without Clearance,” James Hartness: Inter- 
changeable Involute Gear Tooth Systems,” R. E. Flan- 
ders; “Durability of Gears in Electric Railway Service,” 
Norman Litchfield; ‘‘Industrial Photography,’’ S. Ashton 
Hand; ‘‘Articulated Compound Locomotives,” C. J. 
Mellin; “Liquid Tachometers,’’ Amasa Trobridge; ‘‘Train- 
ing Workmen,’’ H. L. Gantt; “An Averaging Instrument 
for Polar Diagrams,” W. F. Durand; ‘‘Salt Manufacture,” 
Geo. B. Wilcox; “Reminiscences of a Gas Engine De- 
signer,” L. H. Nash; ‘‘Possibilities of the Gasoline Tur- 
bine,” F. C. Wagner. Dec. 4, ‘‘Physical Properties of 
Carbonic Acid and the Conditions of Its Economic Storage 
for Transportation, R. T. Stewart; The Slipping Point 
of Rolled Boiler Tube Joints,” O. P. Hood and G. L. 
Christensen; ‘‘Tests on Friction Clutches for Power 
Transmission,” Richard G. Dukes. 


WESTERN SOCIETY OF ENGINEERS.—At the meet- 
ing held at the Soclety’s room in Chicago on Nov. 4, a 
paper on The Improvement of the Upper Mississippi 
River’’ was presented by Col. C. McD. Townsend, Corps 
of Engineers, U. S. A. The paper dealt with the im- 
provement of that part of the river between St. Paul 
and St. Louis, about 660 miles. The project was first 
to obtain a minimum depth of 4% ft. in the channel at 
low water, but this has been changed to provide for a 
depth of 6 ft. The open river work includes bank re- 
vetment and wing dams. Two rapids are encountered, 
one of which is avoided by a canal, while at the other 
the channel has been improved. Harbors of refuge, ice 
harbors, breakwaters, levees and other incidental works 
are required in the general improvement scheme, and 
their construction was described in the paper. 

In opening the discussion, the President, Mr. C. F. 
Loweth (C., M. & St. P. Ry.), remarked that the en- 
gineer in charge of river improvement is at a certain 
disadvantage, that much of his work Hes hidden and 
unknown to anyone but himself and his associates. Thus 
the deepening of a channel for navigation may involve 
very difficult and important work, but shows no visible 
results. 

Major W. V. Judson (Corps of Engineers, U. S. A.) 
expressed the opinion that river traffic on the Mississipp! 
is decreasing, in spite of the greater channel depth that 
has been obtained by the improvement works. He 
thought this condition due to the great economies ef- 
fected in railway transportation before navigable water- 
ways were commercially available. In Europe, on the 
other hand, much of the waterway work was done be- 
fore the days of railways, while in those countries the 
economies in railway transportation have not been car- 
ried out to the same extent as in this country. Conse- 
quently, the inland navigation systems are well estab- 
lished and are on a better footing as far as commerce 
is concerned, than are the similar systems in this coun- 
try. As far as inland waterways for modern transpor- 
tation in the United States are concerned, he considered 
that they were simply on an experimental basis as far 
as any commercial value is concerned. Great systems of 
river improvement were projected 50 years ago, but it 
was shown that they would not be profitable and they 
were abandoned, and wisely so, in his opinion. With 
the present system of railways the chance of profitable 
operation is less, but there is some danger that the 
lesson will have to be learned over again. He also dis- 
cussed some features of the reservoirs at the headwaters 
of the Mississippi, forming the greatest artificial reser- 
voir system in the world. 

Col. Townsend stated that the records showed an in- 
crease in traffic on the upper Mississippi in the past 
two years, but thought this due to greater care in col- 
lecting statistics rather than to an actual increase. Much 
of the traffic is lumber, and this is falling off in conse- 
quence of the destruction of the forests. There is, how- 
ever, an increase in the number of small or local steam- 
boat lines. Major T. H. Rees (Corps of Engineers, U. 
S. A.), spoke as to the reduction in Jumber traffic on 
southern rivers due to forest destruction. 

Mr. C. L. Strobel (Chicago) referred to the very slight 
commercial value of the Hennepin boat canal, built at 
great expense and completed after many years had been 
spent in construction. He expressed the opinion that 
the state governments should help the national govern- 
ment in harbor improvement work, as this is of benefit 
to the states themselves. Mr. Isham Randolph (Chicago) 
took up the cudgels in behalf of the waterway system, 
which seemed to receive considerable discouragement from 
most of the speakers. A large part of the discussion 
related to questions of comparative freight rates on rail 
and water lines. 
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TEST OF FOUR 35,000, 000- CAL. CENTRIFUGAL 
PUMPING UNITS AT PITTSBURG. 


The following extracts from a report sub- 
mitted by A. B. Bellows, of the Pittsburg Test- 
ing Laboratories, and C. C. Pascheday, District 
Engineer of the Allis-Chalmers Co., to Mr. Mor- 
ris Knowles, M. Am. Soc. C. E., Chief Engineer 
of the Bureau of Filtration, Pittsburg, show the 
results of duty tests on the new pumping units 


24 hrs., with a total head of 46 ft., and shall develop 70. 
000,000 foot-pounds of work done for each thousand 
pounds of commercially dry steam used by the pumping 
engine and for all purposes. The average 
speed of steam pistons shall not be more than 800 ft. 
per min. while each engine is pumping 35,000,000 gals. 
per day of 24 hrs., when running at maximum speed. 
The determination of the quantity of water pumped 
during the trial shall be by a Venturi meter. The lift 
shall be computed by adding the head indicated by a 
mercury gage attached to the discharge main to the suc- 


accessories 


nected to a vertical compound condensing engine of the 
crank and fly-wheel type, with a receiver between the 
high and low pressure cylinders. 

There is one fly-wheel located on the main shaft be- 
tween the high and low pressure cylinders. The cranks 
are set at an angle of 90° apart. The condenser is of 
the surface type. The air pump is of the Edwards 
type (chain connected to shaft of main pumps.—Ed.). 
The steam valves are of the Corliss type, and are placed 
in the cylinder heads. A ball-governor is provided to 
regulate the specd of the engine by varying the point of 


TWO VIEWS OF 36,000,000-GAL. CENTRIFUGAL PUMP BUILT FOR ROSS PUMPING STATION, PITTSBURG, PA., BY THE ALLIS- 
CHALMERS CO., MILWAUKEE, WIS. 


of the Ross Pumping Station furnished by the 
Allis-Chalmers Co., of Milwaukee: 


REQUIREMENTS OF THE CONTRACT.—The contract 
requires that the pumping units shall each consist of a 
horizontal shaft, single stage, double suction, centrifugal 
pump, direct connected to a vertical compound condens- 
ing engine with condenser, air pump and all accessories 
and appurtenances. . 

Each unit shall have a capacity of at least 35,000,000 
gals. in 24 hrs. against a total head of 60 ft. and a pro- 
portional amount at intermediate heads. 

The requirements of the trial shall be that each unit 
shall pump at the rate of 35,000,000 gals. of water in 


tion head indicated by a mercury gage on the suction, 
and adding the difference between the zero planes of the 
two gages. No allowance shall be made for the loss of 
head due to friction in the pump. 

In computing the duty, the total steam used by the en- 
gine in any way, shall be weighed and charged to the 
engine, and steam containing 1%% or less of moisture as 
determined by an approved form of throttling calorimeter, 
shall be considered as commercially dry steam. 

DESCRIPTION OF THE CENTRIFUGAL PUMPING 
UNITS.—The centrifugal pumping engines are four in 
number, exactly alike, and are designated as No. 1, No. 2, 
No. 3 and No. 4, and are of the horizontal-shaft, single- 
stage, doublc-action, centrifugal type, each direct- con- 


the cut-off in the high-pressure cylinder, while the cut- 
off in the low-pressure cylinder is adjustable by hand. 

The water is taken from the Allegheny River. 

The principal dimensions are given in Table I. 
The first trial was made on Engine No. 1 from 8 a. m. 
to 6 p. m., Aug. 12, 1908; the second trial was made on 
Engine No. 2 from 8 a. m. to 6 p. m., Aug. 17, 1908; the 
third trial was made on Engine No. 4 from 8 a. m. to 6 
p. m., Aug. 24, 1808; the fourth trial was made on En- 
gine No. 3 from 8 a. m. to 6 p. m.. Aug. 26, 1908. The 
durations of test in each case was ten hours. 

FEED WATER.—On account of the general arrangement 
of the steam piping and the boilers, it was not feasible 
to weigh the water before it was pumped into the boilers, 
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TABLE I.—PRINCIPAL DIMENSIONS OF CENTRIF- 
UGAL PUMPING UNITS, ROSS PUMPING STATION, 
PITTSBURG, PA. 


Number of steam cylinderS........cescevcsecvce 2 
Diameter of high pressure cylinder, ISS 16 
Diameter of low pressure cylinder, ins.......... 34 
Diameter of piston rod H. P. cylinder, ins....... 218/16 
Diameter of piston rod L. P. cylinder, ins...... 3% 
Length of stroke, ins q 36 
Diameter of crank pin H. P., ins 8.5 
Diameter of crank pin L. P., innnes. 8.5 
Length of crank pin H. P., inn 4 
Length of crank pin L. P., ins 4 
Main shaft, length at bearings, inS............- 15 
Main shaft, diameter at bearings, inn 9 
Main shaft, diameter at fiy-wheel, ins.......... 13 
Fly-wheel, diameter, fte... 8 
Fly-wheel, weight, looo... 8,000 
CONDENSER AND AIR PUMP. 
Condenser, style, surface. 
Condenser surface, sq. ft...... ccc cece eee . . 1.000 
Air pump, style, Edwards, single acting. 
Air pump, number plun gers 3 
Air pump, diameter plungers, ins 6 
Air pump, stroke, Iligns s. e 6 
Diameter of suction nozzles, ines. 28 
Diameter of discharge, ins 36 
Diameter of impeller, ft.......... cc ce seco eenee 11 
Diameter of shaft at impeller, ins 13 


Therefore, the condensed steam was carefully weighed, 
care being taken that all connections of the condenser 
were broken and blank flanges applied, except the one 
connection delivering to the condensed steam. 

CALORIMETER TEST.—A Carpenter throttling calori- 
meter was attached close to the throttle in each test, and 
calorimeter tests made each hour. The average of these 
tests on Engine No. 1 and Engine No. 2 showed that the 
steam contained less than 14% of moisture. In tests on 
Engines 3 and 4 the connections were not properly 
made to the steam pipe, and there were leaks around these 
connections which could not be remedied, which re- 
duced the pressure on the calorimeter to such an extent 
as to make the results of the calorimeter erroneous. 
However, it was agreed to accept the results shown by 
the first two tests, where the steam contained less than 
144% moisture and therefore no allowance for the 
moisture of the steam was made to the engines, and 
the steam in each of the four tests was taken as being 
commercially dry. 

INDICATOR CARDS.—On account of the contract of 
these engines not calling for any definite requirements 
for indicated horse-power and friction horse-power, indi- 
cator cards were not taken at as close intervals through- 
out the test as would have been the case had it been 
necessary to determine accurately the indicated working 
of the engines. Sufficient indicator cards, however were 
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H.p. Cylinder, Top. 


150 i 


H.p. Cylinder, Bottom. 


TABLE II.—RESULTS OF TRIALS, nn SUMPING UNITS, ROSS PUMPING STATION, PITTS- 


Date. ot i ill!!! 8 
Station number of centrifugal pumping unit. 
Duration of trials, hou rns 
Average temperatures, F.: 
Water: php, x es 
Condensed steam 
Exhaust d e remani s 4 EE soe SONS ee ewe ee 
Cooling water to condenser 
Cooling water from condens err 
Engine room 
Galt ?ʃ•à 
Average pressures: 
Barometer, i; A SAO e 
Barometer (corrected for sea level), 
Barometer (corrected for sea level), 
Steam at throttle (corrected reading), 
Absolute steam at throttle, Ibs. 
Vacuüm, i SSAA NSE w hee DOR RRS 
Vacuum (corrected for sea level), 
Vacuum (corrected for sea level), 
Rester, we sees tb cs oe OR awa OR SS 
Discharge head, mercury column, 
Discharge head, k...... eee eee ese 4 eo R8 
Suction head, mercury column, 
Suction head, plus distance between gage (22 ins.), ft. 
Total head, ft n... E A E See E A EE 
Total head, 
Revolutions: 
Total number of revolutiols sg Wieser 
Number of revolutions per minute 
Piston speed, ft. per MMe ccc ee cases Gas ee ĩ · cee es 
Steam: 
Quality of steam, moisture, per enen. 
Steam used by engine, condenser, Ibu “nun 
Steam per hour, uncorrected for moisture, Ibs 
Horse-power: 
Average I. HP. high pressure cylinder 
Average I. HP. low pressure cylinder 
Total I. HP 
Pump horse power d / Gee ease © 
Friction horse-power and SII˖ dne 
Friction horse-power and slip, per cent. of I. HP........ 
Steam per I. HP. per hour, Ib. 
Steam per P. HP. per hour, b ub ue k.. q 
Capacity: 5 
U. S. gallons, pumped, 10 hrs., by Venturi meter 
U. S. gallons, proportional rate 24 hrs 
U. S. gallons per bonn. 
U. S. gallons per revolutilſũonininiiiniMMMMMa«kœ́ʒI 
Capacity requirement of contract, galSs..........sessss.o 
Duty: 
Total foot- pounds of work during tesꝶ e 
Duty—ft.-lbs. per 100 Ibs. of steeaũ mim 
Puty requirement Of CONUPACU ia a5 revs csini agentas awe Were 


e 2 6 2 2 6 „ „ „„ „%%% % Pees „%% eer „ „ „„ „„ „„ teres ee ese 


taken during the forenoon and afternoon to give a close 
approximation of the indicated working of the engines. 
Sample indicator cards are attached to this report. 
These indicator cards do not show in all cases, an equal 
division of the work between the top and bottom of 
each cylinder, or between the low pressure and high 
pressure cylinders. The contractor did not see fit to 
nicely adjust the valves prior to the test, so as to give 
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FIG. 1. 
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H. P. Cylinder, Top. 


H. p. Cylinder. Bottom. 


H. p. Cylinder, Bottom. 


Aug. 12, 1 Aug. an 1009: Aug. 26, 1908. Aug. 24, 1908. 
No. No. 3 No. 


4. 
10 10 10 
78.5 80.1 73.5 75.0 
88.9 90.7 82.4 82.7 
110.5 116.5 131.3 127.1 
77.9 79.3 73.2 75.5 
84.9 86.1 84.0 83.9 
93.6 93.3 85.5 85.5 
86.0 85.1 69.8 72.3 
29.07 29.05 29.21 29.17 
29.92 29.90 30.06 30.02 
14.69 14.67 14.76 14.74 
148.1 151.4 150.0 151.2 
162.79 166.07 164.76 165.94 
26.94 26.4 25.25 26.44 
27.79 27.25 26.10 27.29 
13.64 13.38 12.82 13.40 
25.0 11.2 10.0 10.8 
33.13 32.84 33.39 32.11 
37.50 37.18 37.70 36.35 
12.05 12.53 12.63 12.22 
16.47 16.01 16.13 15.66 
52.97 53.19 53.83 52.01 
22.93 23.03 23.30 22.52 
65,946 66,941 66, 767 66,524 
109.91 111.57 111.28 110.87 
659.5 669.4 667.7 665. 
1 1.24 not over 1.50 not over 1.50 
79,920 90,013 79.704 i 
7,992 9,004 7,970 ; 
278.89 290.73 311.67 323.75 
318.51 250. 244.01 280.02 
597.40 541.59 555.68 583.77 
357.34 398.91 362.22 368. 
240.08 142.68 193.46 214.82 
40.19 26.34 34.82 36.80 
13.38 16.62 14.34 14.46 
22.37 22.57 22.00 22.88 
16,050,000 17,850,000 16,000,000 18,870,000 
38,520,000- 42,840,000 38,400,000 40,488,000 
1,605,000 1,785,000 1,600,000 1,687,000 
243.4 7 239.7 253.6 
35,000,000 35,000,000 35,000,000 35,000,000 
7 7,898, 353.280 7, 171. 878,560 7, 305, 304, 888 
88,529,200 87,717,600 89,981,420 86,540,370 


70,000,000 T0009; 


000 70,000 


000 70,000,000 


more equal distribution of the work. However, the dif- 
ference does not effect the results, as the pumps were run 
well within their maximum power and it was not pos- 
sible to make the adjustments without shutting down the 
engine. It is possible to easily make the necessary ad- 
justments so that the division of the work is fairly equal 
between the top and bottom of cach cylinder, and be- 
tween the high and low pressure cylinders. 


L.p. Cylinder, Bottom , 
From Unit No. 2. 
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From Unit No. 4. 


INDICATOR CARDS OF COMPOUND ENGINES DIRECT CONNECTED TO 35,000,000-GAL. CENTRIFUGAL PUMPS. 
(Obtained During Acceptance Trials.) 


November 26, 1908. 


SUCTION AND DISCHARGE HEADS.—The contract 
calls for a maximum of 14 ft. suction. On account of the 
river being very low, it was not possible to have this 
condition. The pumps, therefore, were tested under a 
suction of from 15.66 to 16.47 ft. and in each of the four 
tests exceeded the maximum suction. This, of course, 
was unfavorable to the performance of the pumps. The 
discharge head, also, varied several feet during the 
test, because the water was drawn from the basins at a 
faster rate than delivered by the one pump under test. 
The conditions, therefore, under which each of these tests 
was made, were an excessive suction with a variable 
discharge, which made it necessary to run engines at a 
higher rate of speed than would have been required had 
the suction been normal, and the discharge constant. 


Fig. 1. L. L. Scott’s Gasoline Rock Drill, Air-Cooled 
Style, Mounted on Tripod. 


The speed, also, had to be slowly reduced as the head in 
the basins decreased. 

OBSERVERS.—During each test there were present two 
sets of observers, one representing the contractor, and 
one representing the Bureau of Filtration. The latter 
were professors and students of the Carnegie Technical 
Schools, and several students from Cornell University. 

Observations were taken every 20 minutes throughout 
the test, each observation being checked by the two 
observers. 
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MUNICIPAL OWNERSHIP IN VIENNA, AUSTRIA.— 
First among the enterprises carried on by the municipal- 
ity is the city grain elevator and storage warehouse, built 
in 1876. Then come the central cattle market (1885); cem- 
eterles (1889); Rathauskeller, a very fine restaurant in 
the basement of the Town Hall (1898); gasworks (1899); 
electric lighting works (1902); tramways (1902); brew- 
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A DIRECT-ACTING GASOLINE ROCK-DRILL. 


A novel rock-drill—one operated by gasoline 
and at the same time a direct-striking machine, 
the drill rod being a prolongation of the piston— 
has been built by Mr. L. L. Scott, of Joplin, Mo., 
and is to be put on the market in a short time. 
It has been designed in an air-cooled and in a 
water-cooled style. The two half-tone views 
herewith show the air-cooled machine on its 
tripod in partially dismantled condition (Fig. 1), 
and the piston-drillrod element removed from the 
cylinder (Fig. 2). The driving part of the ma- 
chine is a pair of two-stroke gasoline engines. 
A gasoline-operated rock-drill has already been 
described in these pages (Eng. News, April 13, 
1905, p. 385, the “Bull-Dog” rock-drill); in this, 
however, the engine was not a part of the drill, 
the latter being a crank-and-hammer mechanism 
driven from a separate engine by a flexible shaft. 

The arrangement of mechanism in the Scott 
drill is shown by the longitudinal section Fig. 8. 
The two cylinders are set end to end, one above 
the other, the lower one opening downward and 
the upper one upward. Their pistons are 
mounted on a common rod, which, where it passes 
through the septum between the working cham- 
bers of the two cylinders, is packed to prevent 
gases passing from one chamber to the other. 
The upper piston contains a spring-mounted 
Wrist-pin engaged by a connecting-rod which 
drives a short crank-shaft at the extreme upper 
end of the machine. The lower end of the pis- 
ton-rod has a swivel joint so that the pistons 
are not rotated when the drill-rod rotates. The 
rotation-device is fixed in the bottom cylinder- 
head, and the swivel in the rod is therefore in- 
side the cylinder. 

The cylinder body of the drill is arranged to 
Slide axially along the supporting frame, under 
control of a feed screw. The crank-shaft being 
seated in this frame, while the lower limit of 
travel of the pistons is fixed by the drill striking 
the rock, there can be no rigid connection be- 
tween piston-rod and crank. A yielding con- 
nection is therefore provided in the crank-pin 
end of the connecting-rod. 

The gas-engine element of the machine is ar- 
ranged as usual for compressing the charge in 
the crank-case on the working stroke, and forc- 
ing it into the cylinder at the end of this stroke, 
just after the exhaust port is uncovered by the 
piston. Valves and operating rods are not re- 
quired. Ignition is by jump-spark, controlled 
by a variable timer fixed on one end of the 
crankshaft. 

As the engine makes one explosion per stroke, 
twice as much heat must be radiated from the 
cylinder casting as in the ordinary two-stroke 
cycle engine, and it would seem that unusually 
ample cooling would be needed. In the air-cooled 
style, however, the builder has provided nothing 
more than a series of radiating ribs at the mid- 
dle of the cylinder casting, covering the com- 
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ery of the City of Vienna (1905); and municipal funeral 
undertaking (1907). Besides these, the City Council 


control and operate a life insurance society and five — 


savings banks. Altogether the city employs 8,950 offi- 
cials, whose salaries aggregate £640,000, an average of 
71 a head. Since the beginning of the year, for 
instance, a municipal funeral insurance association 
has been organized, with a branch department for 
insuring the cost of tombstones! And now the 
Council are seriously considering the purchasing of coal 
mines, chiefly for supplying their gas and electrical 
works.—‘The Engineer” (London). 


FIG. 3. 


bustion-chambers and a small part of the stroke. 
For additional cooling, Mr. Scott states, he uses 
a small fan, driven by a flexible shaft from the 
crankshaft, to direct a blast of air against the 
cylinders. While the cooling arrangements seem 
so extremely inadequate that the engine would 
be expected to give trouble from overheating if 
a run of any length were attempted, the builder 


r 


says he has no trouble 
from this source. As 
an actual instance: 


In one specific test the 
length of runs was 15 mins. 


before it was necessary to 
change steel, in another 
about 8 mins.; the holes 
drilled were 12 ft. deep; 
the time of actual drill- 
ing was 48 mins. I can 
run all day without 
trouble. 

The construction of 


the cylinder of the air- 
cooled machine seems 
ill adapted for high 
temperatures, as it is 
split longitudinally to 
admit the assembled 
pistons and rod. In 
the water-cooled ma- 
chine, the middle head 
only is split. 


The drill shown in 
our view is stated to 
weigh 174 lbs., and to 
be able to drill 3 ins. 
per min. in hard rock. 
Its fuel consumption is 
given as \ gal. gaso- 
line in 15 mins. when 
doing hard drilling. 

A very great economy 
of fuel is claimed over 
air drills. Besides, of 
course, there is the 
great advantage that 
boiler, engine, com- 
pressor and  pipe-line 
are eliminated. 

Mr. Scott is also 
building a double- 


acting drill of the 
hammer type, which 
differs from the 
above-described ma- 
chine in the chuck- 
ing and rotating 
ener: ERIE pE E Dall Rod and 
is a lighter ma- Piston of Scott's 
chine, and somewhat 


Gasoline Rock Drill. 
easier and cheaper to 


handle. He also has a small single-acting drill 
of hammer type, weighing but 90 lbs., which he 
expects to enter in the stope drill contest to be 
held next year by the Transvaal government. 
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A VIADUCT CONNECTION, in Cincinnati, Ohio, from 
the approach of the Louisville & Nashville Ry. bridge 
eastward to connect with new bulk freight yards, was 
commenced by the above railway some years ago. The 
yards are east of Vine St. and south of Water St. 
The connection with the railway company’s bridge in- 
volved an inclined viaduct, but the completion of this 
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LONGITUDINAL SECTION OF WATER-COOLED FORM OF GASOLINE ROCK DRILL. 


structure across the top of the public steamboat landing 
was fought by the river interests. The courts sus- 
tained their view that the city council had no power to 
grant the railway company the right across the public 
property. It is stated that at the next meeting of the 
Ohio legislature steps will be taken to secure the pas- 
sage of legislation which will permit the completion of 
the viaduct, which now ends at the boundary of the 
public property. 
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THE PRODUCTION OF IRON SHEETS AND TUBES FROM 
ORE IN ONE OPERATION.* 
By SHERARD COWPER-COWLES.} 


Hitherto it has been the universal custom to produce 
fron or steel sheets, tubes, and wire by a process of 
smelting the iron, refining, cementation, annealing, roll- 
ing, or drawing. The object of the present paper is to 
describe an electrolytic process for making tubes, cylin- 
drical vessels, sheets, and wire in one or two opcrations 
from crude or scrap iron, or direct from the ore, without 
the processes of smelting, rolling, or drawing, at a cost 
that has hitherto been thought impossible. It is gen- 
erally believed that iron and other metals refined by 
electrolysis are quite free from those impurities which 
are invariably associated with metals produced by a 


Leaching Tank 


Fig. 1. 
Cowles’ 
Iron Sheets and Tubes. 


Diagrammatic Arrangement of Cowper- 


smelting process. Electrolytic iron can be obtained al- 
most chemically pure when special precautions are 
taken, but even then, when the product is made to form 
the poles of an electric arc lamp and the spectrum is 
carefully examined, there is evidence of the presence of 
minute quantities of impurities. 

One of the first, if not the first, to mention iron pro- 
duced electrolytically, was Bockbushmann in 1846. He 
deposited on a copper matrix a plate of iron 150 mm. 


square (5.9 ins.) and 2mm. thick (0.079 in.) In 1857 
Feuquieres exhibited specimens of electrolyte iron 
at the Paris Exposition. ‘Up to the present time 
the process of electrodeposition of iron has been 


confined to the facing of engraved copper plates for 
fine printing, such as bank notes, as iron has the ad- 
vantage of being easily removed with acid when worn 
through, thus enabling the iron facing to be removed 
without damage to the copper plate. Klein introduced 
a process in Russia for the production of iron electro- 
types for bank-note printing—that is, the plates were 
made of solid electrolytic iron instead of being copper 
faced with iron. The electrolyte used was composed of 
ferrous and magnesium sulphates, a current density as 
low as 0.3 ump. per square decimeter being necessary, 
1½ months being required to give a thickn.ss of 2 mm. 
(0.079 in.) 

The author in the year 1898 made a number of ex- 
periments on the production of electrolytic iron plates, 
and produced plates of considerable thickness, but in 
such a rough condition that they required smelting and 
rolling; the rate of deposition, morcover, was go slow 
as to render the process impracticable, and it was not 
until the year 1900 that he succeeded in obtaining some 
small tubes. The results obtained were a great advance 
on what had hitherto been effected, but were not far 
enough advanced to be turned to practical account; it 
was not until the present year that sheets and tubes 
were obtained of a quality equal to stecl, and with a 
surface that requircd no after-treatment, such as rolling 
or drawing. 

An electrolytic iron production process, to be of com- 
mercial value, must fulfil the following conditions: The 
voltage between the terminals of the depositing cell must 
be low, the current density per sq. ft. of cathode sur- 
face must be high, and the iron or steel deposited must 
be in such a form that it can be used for industrial 
purposes without smelting. An electrolytic process that 
fulfils these conditions must revolutionize many branches 
of the iron trade, as it will enable thin iron tubes and 
sheets in particular to be produced at a very low cost, 
and without the neccssity of burning coal. 

The process briefly consists in placing crude iron 
(which may contain these clements which are at present 


*Extracts from a paper presented at the September 
meeting of the Iron and Steel Institute. 

Grosvenor Mansions, Victoria St., London, S. W., 
England, 


Plant for the Direct Production of 


so detrimental to the production of high-class iron or 
steel), or finely divided iron ore, in suitable containing 
vessels in which an acid solution is circulated using an 
insoluble anode material; or, further, the process may 
combine the use of soluble and insoluble anodes. The 
crude iron or iron ore beling in each case connected 
to the positive pole of a dynamo, the iron goes into so- 
lution, and is deposited on cylinders or plates which may 
be either rotated or stationary, depending upon the class 
of finished product required. 

Fig. 1 represents the general arrangement of the ap- 
paratus employed when depositing iron from crude iron 
or the ore. In the former case the tron is arranged 
around the cathode, and in the latter insoluble anodes, 
of graphite, for example, a small electric current being 
employed to assist the leaching process. It is conceiv- 
able that in some casss iron might be recovered without 
mining, acid liquor being circulated over the ore de- 
posits. The process lends itself to the recovery of iron 
more especially from carbonated ores, ‘‘blue billy,” Lake, 
and Bog ores. An electric process will no doubt prove 
to be a valuable adjunct where pig iron is used for 
precipitating copper, enabling the iron to be recovered 
instead of letting it run to waste. 

Good results have been obtained from an ore contain- 
ing: 


Ferrie idle Keees 50.7 % 
Rime eos ⁰ T OR 3.8 % 
Phosphoric acil ..........ce cee ees 1.51% 
/ steu n eed aoe oa 10.0 % 
Ses... Sea SRS ES Swe 16.0 % 


When it is desired to produce a highly finished sheet, 
a metal sheet of the dcsired surface is wrapped round 
the cathode, and held In position by means of grooves 
and wedges. In this way, sheets of large dimensions 
can be made; by employing a mandrel, say 8 ft. in diam- 
eter, a sheet 24 x 7 ft. can be produced. 

When it is desired to produce tubes, iron mandrels 
somewhat smaller than the internal diameter of the fin- 
ished tube are coated with lead by electro-deposition, or 
by having lead drawn over them. Thus prepared, the 
mandrels are rotated in such an apparatus as is shown 
in Fig. 2. When the desired thickness of iron has been 
deposited, the mandrel is heated to a temperature suffi- 
cicnt to melt out the lead, and thus admit of its easy 
withdrawal. 

The electrolyte employed consists of a 20% solution 
of sulpho-cresylic acid saturated with fron. (Sulpho- 
“resylic acid is a cresol-sulphonic acid containing ap- 
proximately 10S parts of cresol and 98 parts of sul- 
phuric acid. The cresol contains ortho, 35%: meta, 40%, 
and para 25%. This cresol is heated with sulphuric 
acid, yielding isomeric cresol-sulphonic acids.) 

In some cases it is advantageous to add small quan- 
tities of carbon-disulphide, the temperature of the solu- 
tlon being about 70° C., and the current density about 
100 amps. per sq. ft. The solution is kept charged with 
iron oxide, which is kept in suspension in the electro- 
lyte by means of stirrers, by moving one or both of the 
electrodes, or by circulating by means of a bucket pump, 
as shown in Fig. 1. The specific gravity of the electro- 
lyte having the iron oxide in suspension is about 1.32. 

Excellent results have also been obtained by depositing 
the iron in a closed cell with a vacuum of a few inches and 
also with a chloride solution and porous cells, bleaching 
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Fig. 3. Curves Showing Weight and Thickness of 


lron Deposited for Different Current Densities 
(Cowper-Cowles ). 


powder being produced as a by-product; or the chlorine 
utilized to form fresh iron chloride. 

The following are two typical analyses of electrolytic 
iron produced under the conditions described in this 
paper: 


SAMPLE I. 
Carbon (by combustion) 0. 060% 
II/ ⅛ͤù vd ͤ ͤÄ 8 0.011% 
SI /l/l/lnln eee Eee Re bees 0.016% 
Phosphorús- ooze 5 ewe d e ed. dew E 0.041% 
Manga esei obs aa EEN traces 
Are nle aaien - J. . 0.004% 


SAMPLE II. 
Combined carboaoae n under 0.05% 
SIe... ĩ ĩ³ði x 0.048 
Sulphür | sce oc dels sie edd 8 0.045% 
Phosphorus vice is bose ete O54 Noes ees 0.04% 
rr. a Shea's ARE ES - 0.01% 
Manganese ...... JJ .. . traces 


A peculiar feature of electro-deposited iron is that It 
creeps to an extraordinary degree with a rounded, smooth 
edge over any material; in fact it is difficult to stop its 
spreading. Under certain conditions, when employing a 
rotating cathode, long tentacles form, 6 ins. or more in 
length, in the directions of rotation with approximately 
the same curvature as the mandrel. 

Among other applications the process can be applied 
to the production of bimetallic tubing and plates; that 
is to say, to tubes or sheets coated on the one side with 
copper or other metals or alloys. 

The process can also be applied to the direct production 
of large sheets or strips representing the cutting surface 
of a file, and cut up into portions of the desired shapes, 
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Fig. 2. Arrangement of Vats and Mandrels for the 
Production of Iron Tubes; Cowper-Cowles’ 
Process. ö 


and secured to suitable backing, to form separate files. 
The prints are produced by making a continuous impres- 
sion or a number of impressions from a suitable die, re- 
volving roller, or reciprocating tool in a lead alloy. The 
matrix thus prepared is mounted on a revolving drum, 
and steel deposited by the process which has already been 
described. 

Electrolytic steel, with considerable variation in the 
percentage of carbon, can also be produced. Houllevigue 
observed that when iron is deposited from iron containing 
uncombined carbon, the product at the cathode was free 
from carbon; but when deposited from iron containing 
combined carbon, the cathode product also contained car- 
bon. The author's observations confirm this statement 
and at a future date he hopes to publish figures showing 
the results that can be obtained. The amount of silicon 
in the fron can also be considerably varied. 

An important feature of the electrolytic process will 
no doubt be the introduction of some new ferro-alloys, 
which cannot be made by fusion. Alloys of iron and 
nickel have already been produced electrolytically. Elec- 
trolytic iron sheets can be obtained with a highly fin- 
ished surface, can be readily welded, coated with tin and 
zinc by dipping in a molten bath of these metals, coated 
with zinc by the Sherardizing process, or electro-gal- 
vanized. The structure of electrolytic iron varies con- 
siderably; in some cases it is found to be amorphous, 
while in other instances it possesses a structure somewhat 
similar to that of wrought iron. 


PROPERTIES OF ELECTROLYTIC IRON.—The prop- 
erties of electrolytic fron appear to depend largely on 
the amount of hydrogen present, and therefore on the an- 
nealing, which reduces or eliminates the occluded hy- 
drogen. Samples tested have given a hysteresis loss of 
under 0.3 watt per Ib. The iron when charged with hy- 
drogen is magnetic; and when magnetized, becomes a 
very powerful magnet as compared with ordinary steel. 
Electrolytic iron always contains hydrogen in varying 
quantities, according to the conditions under which it 
is deposited, and the more hydrogen it contains the 
greater is its hardness. The hardest varieties will 
scratch glass. Longheber has found electrolytic iron to 
contain 0.2 to 0.001% of hydrogen. Although these fig- 
ures appear small when expressed as weight percentage, 
they represent volumes of hydrogen to iron of between 
12 and 110. When high current densities were employed, 
deposits were obtained containing 110 times their own 
volume of the gas. Other investigators have obtained 
even larger percentages of hydrogen. 

Electrolytic fron has a tendency, when deposited on a 
flat surface, to curve outwards—that is, it becomes con- 
cave relative to the anode surface when deposited on the 
cathode. There are two distinct varieties of electrolytic 
iron, with varying percentages of hydrogen; the softer 
kind of iron is silver-gray in color, while the other 
variety is very hard and brittle, breaking as readily as 
glass, and containing a higher percentage of hydrogen. 
The hardness varies between these two extremcs. A sur- 
face can be obtained on the latter of a silvery whiteness, 
and with a mirror finish without polishing, as will be ob- 
served by the specimens exhibited, Either quality can 
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be produced at will by increasing or decreasing the elec- 
tromotive force at the terminals of the cell. 

Iron highly charged with hydrogen is very inert, and 
not readily attacked by acids. The softer quality is also 
comparatively inert. Equal surfaces of wrought iron 
and electrolytic iron were immersed in pure hydrochloric 
acid (2° Twaddell) for 18 hours. The electrolytic iron 
lost 2.48% of its weight and the wrought iron 13.13%. 

The temperature required for annealing electrolytic 
iron is slightly in excess of that required for ordinary 
rolled sheets. Electrolytic iron, when heated in a closed 
annealing box, gives off large quantities of hydrogen; 
and if a pipe is fitted to the annealing box the hydro- 
gen flame can be kept burning during the whole process 
of annealing, and for a considerable time after the heat 
has been removed from the annealing box. This phe- 
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nomenon has been turned to account for removing scale 
from ordinary rolled sheets by placing some sheets of 
electrolytic iron in an ordinary annealing box with plates 
to be scaled. Electrolytic iron gives up considerable 
quantities of its hydrogen under 100° C. without losing 
its brittleness, and also when boiled in water or oil. 

When iron is deposited under magnetic conditions— 
that is, if a powerful magnet is placed behind the 
cathode—lines of magnetic force are obtained similar to 
those rendered visible with iron filings. 

CONCLUSION.—The electrolytic production of iron and 
steel has now emerged from-the laboratory or academic 
stage to a practical conception, enabling iron and steel to 
be produced in a highly finished form from iron ore or 
scrap iron, in a condition which realizes the highest mar- 
ket value, by a process which reduces labor to a mini- 
mum, and under conditions which can be compared to 
the working of a central electric light station for cleanli- 
hess and health. 

In conclusion, the advantages may be summarized as 
follows: 

(1) Finished products, such as tubes, sheets and wire 
can be produced at less cost than by the process of 
smelting, refining and rolling. (2) A product is obtained 
which does not corrode as readily as steel, at less cost. 
(3) The process can be worked economically when no coal 
is available. (4) Iron ore that is useless for ordinary 
smelting operations can be advantageously utilized by the 
electrical process. (5) The process is a power process, 
and utilizes but little labor. Small units can be worked 
economically. (6) The process is more cleanly and 
healthy than the operations of smeiting. (7) Little or no 
scrap is formed. 

[The author in an appendix gives the total cost 
of a 5,000-ton plant as about $528,500 and the 
cost of operation with current at 0.5 cts. per 
KW.-hr. is $26.30 per ton of sheet, tube or wire. 
With current at 0.2 ct. per KW.-hr., as in Sweden, 


the cost of the product was given as $18.80 per 
ton. The cost per ton for wages, management, 
interest, depreciation, etc., is given as $12.50. The 
author also gave a table and curve showing the 
deposition of iron per hour for different current 
densities. The curve is reproduced in Fig. 3.— 
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REINFORCED-CONCRETE BINS FOR THE STORAGE OF 
CRUSHED STONE. 


In the accompanying half-tone and 


Shown a novel combination bin and trestle con- 
struction recently completed by the city of 
Springfield, Mass., for the storage of crushed 
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FIG. 1. REINFORCED-CONCRETE STORAGE 

BINS FOR THE STORAGE OF PAVING 
CRUSHED STONE, SPRINGFIELD, MASS. 
(Built by the Turner Construction Co., New York.) 


stone used in the municipal paving work. The 
trestle is connected with the Boston & Albany 
R. R., so that stone cars can be directly run 
thereon and the material dumped into the bins, 
from under which carts can draw the stone 
whcnever needed. The structure is 182 ft. long 
and 15 ft. 6 ins. wide, consisting of a series of 
16 columns, in two rows, carrying beams in both 
directions, upon which rest the bin floors and 
sides. In the bottom of each panel is a hopper 
through which the stone is drawn. The wooden 
trestle, carrying the railroad tracks, consists of 
bents resting over each transverse row of col- 
umns. The details of the reinforced-concrete 
construction are evident from the drawing in 
. 

The footings are generally 8 x 6 ft. by 16 ins. 
thick, reinforced with a cross grillage of %4-in. 


cut is- 


A 1:2%:4 concrete, with cold-twisted bars as 
reinforcement, was used, placed according to 
the loose rod system of the Turner Construction 
Co., New York, who were the contractors on the 
work. The bins were built under the direction 
of Mr. A. A. Adams, Superintendent of the Street 
Department. The total cost was about $8,000. 
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SOME POSSIBILITIES OF THE GASOLENE TURBINE.* 
By FRANK C. WAGNER,} M. Am. Soc. M. E. 


In considering the possibilities of a gas turbine it has 
commonly been assumed that the gas should be burned 
With something near the theoretical quantity of air re- 
quired for complete combustion, as is done in the ex- 
plosion gas engine of the ordinary type. Under this 
condition the temperature of the gases when they strike 
the turbine wheel is so high that the metal of the wheel 
reaches a temperature at which its strength is seriously 
diminished. 

It may be possible to pass water through the turbine 
wheel and keep down the temperature of the body of 
the wheel. But the blades, being long and thin, would 
become much hotter than the body of the wheel, and to 
pass water through the blades themselves would com- 
plicate the construction of the wheel enormously. 

Two methods of reducing the temperature of the gases 
themselves are possible. One method is to use an excess 
of air in burning the gas or gasolene, sufficient to keep 
the temperature of the gases after expansion in the 
nozzles within safe limits. The other method is to 
inject a liquid, preferably water, into the gases. The 
liquid absorbs heat, becoming superheated vapor, and the 
vapor furnishes work during expansion. It is the pur- 
pose of this paper to compare the above methods of re- 
ducing the temperature of the gases, and especially to 
consider how such comparison is affected by variations 
in the efficiencies of the turbine and the air compressor. 
The cycle of the type of gasolene turbine here consid- 
ered is similar to that of the Diesel engine. The air is 
first compressed up to the maximum pressure. Fuel, 
either gas or oil, separately compressed, is then intro- 
duced and burned under pressure. The volume of the 
air is thereby expanded at constant pressure. After the 
burning is completed the hot gases expand adiabatically 
and the pressure drops. In the Diesel engine the ex- 
pansion is incomplete, while in the gas turbine the ex- 
pansion may be complete down to atmospheric pressure. 

The efficiency of the above cycle may be readily found 
if both compression and expansion be assumed to be 
adiabatic. Let T. be the absolute temperature of the 
air just before compression; Ji the temperature at the 
end of the compression; 7½ the temperature when the 
combustion is just completed; and 7’; the temperature 
at the end of the expansion. Assume the ex- 
pansion to be complete. Then the ratio of the 
pressures at the extremities of an adiabatic change, 
sometimes called the compression pressure ratio, is the 
same for the expansion line as for the compression line. 
Denote this ratio by p. Let Cp denote the specific heat 
of air at constant pressure, and ~y the ratio of the specific 
heats. 

Since the net mechanical work done equals the differ- 
ence between the heat absorbed and the heat rejected dur- 
ing a complete cycle, it follows that the efficiency can 
be expressed as shown in the formulas on the next page. 

The interesting feature of this expression for effi- 
ciency is that the theoretical efficiency depends only 


FIG. 2. VIEW OF THE SPRINGFIELD STONE STORAGE BINS. 


bars. Soft muck was encountered in the founda- 
tions, so that the footing work presented some 
difficulty, but in the six months which have 
elapsed since the completion of the structure no 
settlement has been observed. At one end, the 
columns had to be carried over an existing 
sewer on cross-girders resting on footings on 
either side. 


upon the ratio of compression. It does not depend on 
the maximum temperature reached. Consequently, from 
a theoretical standpoint it makes no difference whether 
the fuel is burned with the theoretical amount of air or 


*A paper published in the ‘‘Journal of the American 
Society of Mechanical Engineers” and to be presented 
at the New York meeting, Dec. 1-4, 1908. 

Professor of Steam Engineering, Rose Polytechnic 
Institute, Terre Haute, Ind. 
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From the adiabatic relation, 
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with a considerable excess. If a sufficient excess of air 
is used the temperature of the gases when they strike 
the turbine blades can be brought down to a value for 
which the strength of steel retains a high value. 

When practical efficiencies are considered, however, it 
is found that the proportion of air to fuel becomes im- 
portant. Of the thcoretical power that can be de- 
veloped, only a fraction is actually converted into me- 
chanical power. Consequently a much larger propor- 
tion of the available power must be consumed in com- 
pressing the air than is allowed in tbe theoretical ex- 
pression for efficiency. The greater the proportion of air 
to fuel, the more will the practical efficiency fall off from 
the theoretical. The question arises whether with prac- 
ticable mechanical efficieneles for the turbine and the 
compressor a sufficient excess of air can be used to bring 
down the temperature of the gases to a proper value and 
still give a reasonable efficiency for the complete opera- 
tion. 

The velocity stage type of turbine seems best suited 
for use as a gas turbine. The gases may be expanded 


The value of y taken was 1.4 for the air during com- 


pression. For the gases during expansion y has been 
taken as 1.39. The value of the specific heat at constant 
pressure is taken as 0.2375 for the air and 0.25 for the 
gases. 

The following is a sample calculation for a two-stage 
compressor with a pressure ratio of 3 in each stage: 


Maximum pressure = 14.7 x 9 = 132.3 Ibs. per sq. in. 


(a) 71 = T. x G = 531 x P7 = 995° abs. 
(c) 71 = 531 x Z7 = 727° abs. 
Ts; = 1,200° F. abs. 
.39 
72 = 1,200 x = 2225": 
91.39 
(a) Heat given to 1 Ib. of gases = .25 (2,225 — 995) 
= 307 B. T. U. 
Gasolene uscd per Ib. of air = 307/20,000 = 0.015 
Ib. 


Heat given to 1.105 lbs. of gases = 312 B. T. U. 
(c) Heat given to 1 lb. of gases = 0.25 (2,225 — 727) 
= 374 B. T. U. ö 
Gasolene used per Ib. of air = 0.019. 
Heat given to 1.019 lbs. of gases = 381 B. T. U. 
(a) Heat equivalent of work required to compress 
1 Ib. of air = 0.2375 (995 — 531) = 110 B. T. U. 
(c) Heat equivalent to compress 1 Ib. of air = 0.2375 
(727 — 531) x 2 = 93 B. T. U. 
(a) Heat equivalent of work derived during expan- 
sion of 1.015 lbs. of gases = 1.015 x 0.25 (2,225 
— 1,200) = 260 B. T. U. 
(c) Heat equivalent of work derived during expan- 
sion of 1.019 lbs. of gases 1.019 x 0.25 (2,225 
— 1,200) = 261 B. T. U. 
(a) Heat required to vaporize 0.015 lb. of gasolen3 
and heat it from 531° to 995° = [.5(995 — 531) 
+ 240] x 0.015 = 472 x 0.015 = 7 B. T. U. 
(c) Heat required to vaporize 0.019 Ib. of gasolene 
and heat it from 531° to 727° = 0.019 x [0.5 
(727 — 531) — 240) = 338 x 0.019 = 6 B. T. U. 


260 — 110 
completely in a nozzle of refractory material down to (a) Theoretical efficiency = — — = 0.47. 
their lowest temperature before striking the wheel. 312 +7 
The calculations which follow will be limited to this 261 — 93 
type of turbine. (c) Theoretical efficiency = — = 0.43. 
The formula for theoretical efficiency indicates that’ N 381 +6 
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DIAGRAMS SHOWING THEORETICAL EFFICIENCY OF GAS TURBINE UNDER 
VARIOUS CONDITIONS. 


high compressions are favorable to efficiency. To pro- 
duce high compressions it is practically necessary to 
use two-stage or three-stage compressors. It occurred 
to the writer that it might be an advantage to use inter- 
coolers between the stages of such compressors. Calcu- 
lations have accordingly been made for the purpose of 
comparing the efficiencies obtainable with intercoolers 
and without them, with the general result, as shown 
in the tables, that while theoretically the best efficiency 
is obtained by adiabatic compressions without inter- 
coolers, yet with such values as are practically obtain- 
able for the mechanical efficiencies of turbine and com- 
pressor the use of intercoolers is decidedly advantageous. 

Calculations have been made for a two-stage com- 
pressor having total compression pressure ratios of 9 
and 16, and for a three-stage compressor with a ratio 
of 27. The letter a is used when the compression is 
completely adiabatic, the letter c when the compression 
is adiabatic in each stage but the air is cooled between 
stages, and the letter w when water is injected. 

It is assumed that the temperature of the air enter- 
ing the compressors is 531° F. absolute, and also that 
each {intercooler reduces the air to 531° absolute. The 
pressure of the air at the beginning of the compression 
is assumed to be 14.7 Ibs. per sq. in. absolute, and the 
temperature of the gases leaving the expanding nozzle is 
assumed to be 1,200° F. absolute, at which temperature 
the tensile strength of steel is about 10% less than at 
ordinary temperatures. It is assumed that the fuel used 
is a gasolene containing 15% hydrogen and 85% car- 
bon, and that its calorific value is 20,000 B. T. U. per 
lb. The work required to force the gasolene into the 
compressed air is relatively small and has been neglected. 


Turbine Efficiencies 


Fia 2 3 = 16 Maximum Pressure - 235 


Turbine Efficiencies 


Fia. 3 8 27 Maximum PRESSURE = 397 


For a mechanical efficiency of the turbine of 0.63 and 
of the comprcssor of 0.85, the combined efficiencies will 
be: 

0.65 x 260 — 110 — 0.85 


(a) Eff. = = 0.13. 
319 
0.65 x 261 — 93 + 0.85 
(c) Ef. = —————— = 0.16. 
387 


The corresponding calculation for water cooling fol- 
lows. The heat absorbed by the injected water has been 
calculated from the values for the specific heat of super- 


heated steam given in a recent paper by Professor 
Thomas: 5 a 
Temperature at end of compression (a) = 995°. 
Temperature at end of compression (c) = 727°. 
Allow 19 Ibs. of air to 1 Ib. of gasolene. 
Theoretical temp. of gases after burning 
20,000 — 472 i 
(a) - + 995 = 4,900°. 
20 x 25 
Theoretical temp. of gases after burning 
20,000 — 338 
(c) = ———————— + 727 = 4,659°. 
20 x 25 
Temperature at beginning of expansion = 2,225°, 


B. T. U. required to convert 1 Ib. of water at 70° F. 
into superheated steam at 2.225% and 132.3 Iba. 
pressure = 1,188.2 — 38 + 142 + 0.47 (2,225 — 1,079) 
= 1,830. 

Water required per pound of gas 


(4,900 — 2,225) * 0.25 
1.830 


(a) = 0.37. 


Water required per pound of gas 
(4,659 — 2,225) x 0.25 


() = = 0.33. 
1,830 
Work done by 1 lb. of gas = 256 B. T. U. 
Temperature of steam at end of expansion = 2,225 


+ 0.9°:3/7:3 = 1,340°. 


Work done by superheated steam (a) = 0.37 x 0.47 
(2,225 — 1,840) = 154 B. T. U. 
Work done by superheated steam (c) = 0.33 x 0.47 


(2,225 — 1,340) = 138 B. T. U. 
Heat furnished by 1/g-lb. of gasolene = 1,000 B. T. U. 
Eff. (theoretical) 


256 + 154 — 19/20 x 110 410 — 105 
(a) = ———————— = —— = 0.308. 
1,000 1,000 
Eff. (theoretical) 
256 + 138 — 19/20 x 93 394 — 88 
(0) = —— = = 0.306. 
1,000 1,000 


A calculation of the total efficiencies for various effi- 
Ciencies of turbine and compressor shows that a com- 
bination of water injection and intercooling gives a 
slightly higher total efficiency than water {njection with- 
out intercooling. It is not probable that both would bo 
used in the same machine and consequently the calcula- 
tions have been limited to the case of water injection with 
true adiabatic compression. 

The results have been arranged in the form of tables 
and also plotted in the accompanying diagrams. If the 
turbine efficiencies be chosen as abscissas and the total 
efficiencies as ordinates, then for a fixed compressor effi- 
ciency the relation will be expressed by a straight line. 
Lines have been drawn representing compressor effi- 
clencies of 90, 80, 70 and 60%. Full lines represent cool- 
ing by excess of air and true adiabatic compression: 
dotted lines, cooling by excess of air and cooled com- 
pression; broken lines, cooling by water injection ani 
adiabatic compression. 

An inspection of these diagrams shows that for all 
values of the mechanical efficiencies that seem obtain- 
able at present, true adiabatic compression gives a lower 
total efficiency than either intercooling or water injec- 
tion. - 

It also appears that water injection gives a higher effi- 
ciency under some conditions than air dilution, while 
under other conditions the reverse is true. The diagrams 
show this very clearly. The slope of the total efficiency 
lines is such that the total efficiency line for water in- 
jection corresponding to a certain compressor efficiency 
may intersect the line for air dilution with intercooling 
corresponding to the same compressor efficiency. For 
instance, in the diagram for a compression ratio of 16, 
the total efficiency line for water injection corresponding 
to 70% compressor efficiency crosses the 70% line for 
air dilution with intercooling at 74. Consequently, when 
the compressor efficiency is 70%, the total efficiency for 
water injection is less than for air dilution with inter- 
cooling if the turbine efficiency is greater than 74%. If 
the turbine efficiency is less than 74%, water injection 
shows the greater efficiency. : 

Comparing the diagrams for different compression 
ratios, not only are the total efficiencies greater for the 
higher pressures, but the relative effects of the different 
methods employed for keeping down the temperature of 
the gases upon the total efficiencies change decidedly. 
For instance, in the diagram for p = 16, the 70% lines 
for water injection and for Intercooling intersect at a 
turbine efficiency of 74%, while in the diagram for p = 27, 
the corresponding lines do not intersect within the limits 
of the diagram, showing in the latter case that air dilu- 
tion with intercooling is the more efficient for all values 
of turbine efficiency included in the diagram. 

The air used per pound of gasolene in the different 


cases is as follows: — 
For p = 9 condition (a)) e 66 lbs. 
For p = 9 condition (c)........ C 
For p = 16 condition (a) ee e ss dos D2 1DE 
For p = 16 condition (c)................ Cees 43 lbs. 
For p = 27 condition (a)). meso ee 47 lbs. 
For p = 27 condition (c)....... ee ere . . . . 34 lbs. 
For all values of 0 (Gb . ee re 19 lbs. 


What can be expected of the gasolene turbine in prac- 
tice? 

Air compressors of the piston type have been con- 
structed which give a mechanical efficiency of 85%. The 
best mechanical efficiency obtained with steam turbines 
is in the neighborhood of 65%. Whether a velocity stage 
gas turbine of equal efficiency is possible can only be 
dctermined by actual trial. Some of the points of 
difference are as follows: 

In the steam turbine, the wheel revolves in gaseous 
mediums varying from a considerable density at the 
higher pressures to a very small density in the vacuum 
at the exhaust end. In the gas turbine, the gaseous 
medium is at atmospheric pressure, but on account of its 
high temperature the density will be only a little more 
than a third of that of air under ordinary atmospheric 
conditions. It is quite possible that the wheel friction 
will be no greater on the whole for a gas turbine than 
for the best steam turbine. 
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The velocity of the gases leaving the expansion nozzle 
for a compression ratio of 27 would be about 4,600 ft. 
per second, which is much higher than occurs in steam 
turbine practice. The effect of friction at such high 
velocities is yet to be determined. The experiments 
quoted by Professor Thomas in his book on Steam Tur- 
bines indicate that up to 220 Ibs. per sq. in. pressure the 
percentage of friction loss in a properly shaped nozzle 
diminishes with increase of pressure. If this law con- 
tinues, the use of high jet velocities may not detract 
from the efficiency. 

It seems, therefore, within the range of possibilities 
to construct a gas turbine giving an efficiency of 60%, 
and a three-stage air compressor of 85% efficiency. Re- 
ferring to Fig. 3, the combined efficiency for air dilution 
with intercooling is found to be 19.5%, and for water 
injection, 15%. 

In Bulletin 191 of the U. S. Department of Agriculture, 
Lucke and Woodward detail tests of engines using gaso- 


Fig. i 
PINE CREEK. 


FIG. 3. CONCRETE-LINED CANAL. 


[A reinforced-concrete cover is to be built over the canal later, to keep out debris 
and prevent vegetable growth.] 


lene and alcohol.* The smallest fuel consumption with 
gasolene was about 0.7-lb. of gasolene per brake-HP., 
obtained only with the most perfect adjustment in a very 
few tests. The average fuel consumption was nearer 1.25 
lbs., which probably represents more nearly the average 
practice. A fuel consumption of 0.7-lb. of gasolene per 
horse-power corresponds to an efficiency of about 18%, 
while a fuel consumption of 1.25 lbs. of gasolene per 
horse-power hour corresponds to a fuel efficiency of 
10%. š 

The gasolene turbine appears to offer advantages in 
reliability, comparative simplicity of adjustments, and 
freedom from annoying troubles as compared with the 
explosion engine. Whether it can compete with the lat- 
ter in power developed per unit of weight remains to 
be determined. A further advantage which the gasolene 
turbine has over the explosion engine is that the gaso- 
lene turbine can burn crude oil, which is a cheaper 
fuel. 


*See also Engineering News, March 12, 1908. 


DIVERSION DAM AT HEAD OF DULZURA CONDUIT ON 


THE DULZURA CONDUIT OF THE SOUTHERN CALI- 
FORNIA MOUNTAIN WATER CO.; EXTENSION OF 
SAN DIEGO WATER SUPPLY. 

By M. M. O’SHAUGHNESSY,* M. Am. Soc. C. E. 


The first portion of the extension of the South- 
ern California Mountain Water Company’s stor- 
age and conduit system, f for supplying the city 
of San Diego, Cal., is nearing completion. This 
is a 13-mile open conduit extending from the 
upper streams of the company’s supply area to 
the valley of the Lower Otay Reservoir, whence 
a wood-stave pressure pipe-line leads to the 


city. The new aqueduct, the Dulzura Conduit, 
augments the Otay supply by the normal flow 
of the headwaters of Cottonwood River, but 


when the projected storage works on these upper 


streams are built, equal- 
izing the variations of 
runoff, the conduit will 
bring their full flow 
down to the head of the 
pipe-line. The conduit 
as now built taps Pine 
Creek and Cottonwood 
Creek by low diversion 
weirs, as illustrated in 
Fig. 1 (Pine Creek in- 
take), whereas in the 
full development there 
will be a 175-ft. storage 
dam on the Cotton- 
wood, just below the 
junction of these two 
streams, supplemented 
by a 150-ft. dam on 
the upper course of the 
Morena. The Morena 
dam was built to a 
height of 100 ft. ten 
years ago, but has never been completed. The 
map Fig. 4 shows the entire territory cov- 
ered by the projected works, and the location of 
the Dulzura Conduit. The existing works com- 
prise the Upper Otay and Lower Otay Reser- 
voirs, a 30-in. wood-stave pipe 20 miles long 
from the Lower Otay to the Chollas Heights dis- 
tributing reservoir, and at the latter a 7,000,000- 
gal. New York pressure filter plant. Simul- 
taneous with the construction of these works, 
the construction of two storage reservoirs in the 
mountains was begun, the Morena Dam and the 
Barrett Dam, which would give the system a 


*Chief Engineer, Southern California Mountain Water 
Co., San Diego, Cal. 

+A full description of the system, with location map, 
drawings of the principal structures and numerous views, 
appeared in Engineering News April 7, 1904, pp. 335 et 
seq. The map shown as Fig. 4 of the present article 
is reproduced from that issue, with several additions. 


AND SECTION OF CONCRETE-LINED DITCH; 
OF SOUTHERN CALIFORNIA MOUNTAIN WATER CO. 
[Water Supply of San Diego, Cal.] 


capacity ample for a large future growth of 
San Diego, even through a period of several 
years of insufficient rainfall. Work was stopped, 
however, before the upper reservoirs were far 
advanced, and before anything had been done 
toward building a conduit to bring their storage 
to the city. In 1907 the project was again taken 
in hand actively, and as the first work the Dul- 
zura Conduit was started. This is an essential 
element of the complete system, but also has 
a partial usefulness at once, in bringing the 
unequalized stream flow from the Cottonwood 
valley over the Dulzura divide into the valley 
of Otay Creek. Further, it will prove useful in 
another way during the building of the Barrett 
Dam, by diverting the stream-flow around the 
dam site, which the conduit passes in tunnel. 


FIG. 2. TRESTLE APPROACH AND BRIDGE FOR FLUME, PINE CREEK 
CROSSING (PARTLY COMPLETED). 


FIGS. 1-3. PINE CREEK INTAKE, BRIDGE FOR FLUME OVER PINE CREEK, 


DULZURA CONDUIT 


The relation of the entire system to the water 
supply of San Diego will be referred to again, 
following a description of the Dulzura Conduit 
work. 

Work on the Dulzura Conduit was begun in 
August, 1907, and is to be completed by Jan. 
1, 1909. The conduit is 13 mi. long, of which 
length about 3 mi. is above Barrett and 10 mi. 
below. Its average slope is 4 ft. per mile, and 
its minimum section 4 ft. 6 ins. by 3 ft. 10 ins. 
The carrying capacity of the conduit is esti- 
mated to be 40,000,000 gals in 24 hrs., when flow- 
ing full. The upper two miles are of somewhat 
larger section, 6 ft. by 4 ft. 6 ins. minimum, 
the capacity of this portion being about 80,000,- 
000 gals. in 24 hrs. 

The intakes are each about half a mile above 
the junction of Cottonwood Creek and Pine Creek. 
The Pine Creek intake is a concrete dam which 
virtually continues the river wall of the con- 
duit upstream and across to the opposite bank. 
The Cottonwood intake is of simpler construc- 
tion. 

That part of the conduit which lies above the 
Barrett dam site is mostly canal, with a few 
short flume sections, and a flume carried on 
trestle and trusses across Pine Creek. At Bar- 
rett is the first tunnel, bypassing around the 
dam site. From the dam south, canal, flume 
and tunnel alternate as the topography makes 
necessary. The tunnels number 17, from 40 ft. 
to 2,060 ft. long, aggregating over 9,000 ft. Of 
the entire length of conduit, the following por- 
tions are canal, tunnel and flume respectively: 


Conerete-lined anl. ices aes 53,446 ft 
.. ²³˙¹¹¹mũꝛ··mꝗ-ͥ x OE 9, 154 ft. 
CCCP ͥg' ˙ Re hee . 5,000 ft. 

CCC c Wikemedawesduus 67.000 ft. 


The canal portions are designed with trape- 
zoidal section, 6 ft. wide at top, 4 ft. wide at 
bottom, and 4 ft. deep below top of coping. The 
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canal has a concrete lining throughout, of 
thickness depending on the character of exca- 
vation, with a maximum of 6 ins. The sketch 
Fig. 6 shows the typical canal section. The side 
walls in all cases are finished off. with a 6 x 8- 
in. concrete coping, in the top of which are cored 
holes for anchoring a future extension 6 ins. 
high to carry a reinforced-slab roof (see Fig. 3). 

The canal is replaced by timber flume only 
where the grade line crosses depressions. Fig. 
5 gives typical details of the flume and the 
supporting trestle. The trestle-work is of pine, 
on concrete footing blocks (except in a few places 
where wooden mud-sills are used). The flume it- 
self is of redwood. It is of rectangular section, + 
ft. 6 ins. x 3 ft. 10 ins. inside. The lining is 2-in. 
plank; the frames, spaced 4 ft. apart, have 3 x 
4-in. tie-timbers across the top, notched over 
the posts. The view, Fig. 2, of the bridge and 
trestle crossing over Pine Creek a mile above 
Barrett gives a good idea of the flume work 
(uncompleted flume), though in this part the 
section is larger than below Barrett, being 6 ft. 
x 4 ft. 6 ins. inside the lining. The trusses of 
the two spans over Pine Creek have clear spans 
each of 40 ft.; they are Howe trusses, 7 ft. 10 
ins. c. to c. chords, and differ from the or- 
dinary Howe detaiis in having the diagonals 
spiked to the sides of the chord beams instead 
of being butted against cast bevél-blocks. 


The tunnels of the conduit are generally in 
very hard rock, granite, syenite, porphyry, etc., 
and no seepage is expected, so that, as the sec- 
tion considerably exceeds the section of the 
open canal, no smooth lining is being placed for 
the present. Timbering is used at the entrances 
in many cases. This comprises roof and side 
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FIG. 4. MAP OF FULL DEVELOPMENT OF SOUTHERN CALIFORNIA MOUNTAIN WATER CO.’S 
SYSTEM, SHOWING LOCATION OF DULZURA CONDUIT. 


(Elevations given at reservoirs are for top of dam; elevations in parentheses are for bottom of outlet tunnel.) 


sheeting of 2-in. plank held by inside frames 3 ft. 
apart. The frames consist of a 4 x 6-in. cross 
sill and 6 x 6-in. posts and roof timbers. The 
roof timbers are a cap 3 ft. 6 ins. long and two 
inclined struts 2 ft. G ins. long. The clear 
section inside the frames is 6 ft. wide, 5 ft. high 
to base of inclined struts, and 6 ft. 6 ins. high 
to cap timber. 

For the construction of the conduit it was 
necessary to build a 
wagon-road 9 mi. long 
from the Dulzura di- 
vide to the Barrett dam 
site, as all transporta- 
tion had to be by team- 
ing from La Presa, and 


no suitable road ex- 
isted. Some $50.000 
was spent in building 


this road, grading it to 
5% maximum grades 
and providing a granite- 


macadam surface. Both 
the company. and 
the contractor have 
large numbers of 6 to 
10-horse teams con- 
stantly moving over this 
road hauling supplies. 


Even with the help of 
this road, however, the haulage makes up a 
very large item of the cost of work, as may be 
judged from the fact that it costs $3.75 a barrel 
to bring cement from San Diego to the Barrett 
dam. 

About 5 mi. of the conduit is being excavated 
by the company. The other 8 mi. were let to 
Robert Sherer & Co., of Los Angeles. The con- 
tract includes 11 tunnels, while six are driven 
bv the water company. In the canal portions, 
the contract includes only excavation, the con- 
crete lining work being all done by the company. 

The concrete lining of the canal is put in by 
day’s work with small concrete gangs in first- 
class manner. The cement is hauled from San 
Diego, costing about $7 per barrel delivered on 
the work. The sand is picked up from the river 
bed and washed, and hoisted by cables to dif- 
ferent distributing points along the ditch. The 
concrete lining of the ditch averages about 4 
ins. thick, the top curb being 8 x 6 Ins., on which 
the roof slab will afterwards rest. It takes 
about one barrel of cement to every 7 lin. ft. 
of ditch. The concrete is proportioned 1 of ce- 
ment to 3 of sand and 5 of crushed rock or 
gravel; this makes a very good mixture. The 
ditch cuttings, which are entirely in excava- 
tion, have developed many good beds of gran- 
ite, which makes a very good material for con- 
crete. 

To counteract temperature cracks expansion 
joints are made 12% ft. apart, as follows: Strips 
of deadening felt 2 lbs. per yd. are placed in 


the concrete between two guide slats which are 
gradually removed as the concrete is poured in 
and tamped from the top. Since adopting this 
method practically no cracks or deterioration is 
shown in the concrete. The temperature strains 
are very great, owing to a variation of prac- 
tically 70° a day in the thermometer in the 
Sun at some seasons in the year. 

For forms, arched braces of 2 x 4 ins. are 
used on 4-ft. centers and are joined and braced 
on top to leave clearance for mules to do the 
tramming. The lagging used is 1 x 6-in. sur- 
faced pine made into panels 2 ft. x 16 ft., which 
interlock and are movable. The forms are re- 
moved about two days after the concrete (which 
is poured quite liquid) is placed. 

The most economic means of handling the 
concrete has been found to shovel from the mix- 
ing platforms into boats on cars, tramming the 
material both ways from the central stations, and 
shoveling from the cars into the forms. 

Some data as to the cost of the tunneling 
operations on this conduit may be useful. 

Tunnel No. 1, 1,200 ft. long, passing through 
the ledge on the west side of the Barrett dam 
site and destined to form also the permanent 
outlet tunnel of the Barrett reservoir, was 
driven entirely by hand drilling. This is part 
of the Sherer contract, and has just been com- 
pleted. The location is isolated, on the side of 
a steep rock hill, so that bringing in water and 
supplies for a machine plant would be very diff- 
cult, and the contractors decided to drive by 
hand. o 

Some Arizona miners took the subcontract 
from Sherer & Co. at $15 per ft. for the labor: 
track, cars, powder, fuse, caps and candles were 
furnished ‘them free. The formation on the 
outside was rather mixed, but the inside, after 
100 ft. at each end was driven, proved to be 
the hardest kind of syenite and quartzite. I 
think those miners were the best hand drillers 
I ever saw. They worked in two Shr. shifts. 
allowing four hours after shooting for the powder 
smoke to go out. Two men in one Chr. shift 
usually drilled 10 ft. of hole: in other words, 
they made about ten holes a foot long. They 
drilled singlehandled with 4-lb. hammers, using 
per foot of tunnel about 4 lbs. of powder, 2 Ibs. 
of candles, 13°/10 caps and 30 ft. of fuse. They 
used %-in. drills and each shift dulled about 
100 drills. 

Their ammunition cost a little less than $2 
per foot of tunnel. Other hand drilling, done 
by the water company, in softer granite, showed 
the following results: 


COST OF AMMUNITION, PER FOOT OF TUNNEL. 


39 ft. fuse, $5 per 1.0000 $0.195 
13-3/10 caps, 60 cts. A bon. .080 
15-3/10 Ibs. powder, 14 cts. per Ilb............... 1.142 
1-4/10 lbs. candles, 12 cts. per lid. 0.168 


Total ammunition cost per ft.............06. 52.585 


Most of the other tunnels under contract were 
drilled with air drills. The contractors started 
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by installing a central power-plant in a valley 
about 600 ft. below the conduit and about 4,000 
ft. distant. They put in a 50-HP. gasoline-en- 
gine compressor and used a 2-in. pipe to carry 
the air. This plant was very expensive and in- 
efficient. Last February they supplemented this 
with a 75-HP. gasoline-engine and compressor, 
and since then have had an abundance of air. 
The miners drill in each 24 hrs. a round of 


12 to 14 holes about 4% ft. deep. They get $ a 
round per man, with a bonus if they make over 
Seventy-five pounds of No. 2 


100 ft. a month. 


Fig. 6. Typical Cross-Section of Ditch with Junc- 
tion Details of Timber Flume and Concrete- 
Lined Ditch, Dulzura Conduit. 


(40%) giant-powder is used for a round, aver- 
aging 18% lbs. per ft. The muckers get $1.50 
per ft. for mucking. Three barrels of gasoline 
distillate, 110 gals. each, are used per day to 
drive two compressors, a cost of $3 per ft. for 
power alone. 

The cost per foot to the contractors at the 
present would, therefore, be as follows: 


11 i ss ics balsas ⅛·˙ ¹:mʒʒ⁊ð . ͤ sae4 $0.400 
ERT TOR: DOW soca ceeded ᷣ anew en cs cheer 2.625 
%% ò ůͥ ³ A·nm . » 0.080 
6 A ¼½————˙ ES e VESON 0.300 
Aminen, cost per N.... 2 83.405 
T TTV ĩ ĩ˙—⁵ ⁴%Qͤ: 82.50 
T ; vss e ee e 1.50 
. ͤ ˙m—T»W»P— / W 3.00 
Engine labor and ineidenta ls. 2.00 
/’ W*ͥ ͤͥ⏑ę,⅙, a eo sseegeess 1.00 
aan ...... EE 10.000 
Total cost per foot of tunnel. $13.405 


Their contract price for all tunnels was $13 
per lin. ft., and for ditch excavation 75 cts. per 
cu. yd., which included all materials without 
classification. 

A peculiar kind of granite was experienced at 
some points, especially in the north end of Tun- 
nel 4, where the holes often had to be shot 
three times before the rock would break. The 
rock seemed to be of a peculiar soft and tough 
composition. In many months only 80 or 90 ft. 
were made at each end of the tunnels, working 
two shifts, with machine drilling. The rock has 
later gotten harder and more crystalline and 
breaks much better. 

The Southern California Mountain Water Com- 
pany’s extensive system, of which the Dulzura 
Conduit forms part, supplies an exceptionally 
pure water from unpolluted mountain sources at 


the phenomenally low rate of 4 cts. per 1,000 
gals.,* which eclipses in cheapness all other 
supplies in the United States, notwithstanding 
the fact that San Diego occupies the most arid 
position of the west-coast cities. The company 
controls 350 sq. mi. of mountain area lying in 
elevations from 400 to 6,009 ft. above sea-level 
and consisting mostly of granite rock from which 
the water flows pure and free from contaminat- 
ing salts. 

The Otay drainage-area, about 20 mi. south- 
east of San Diego, occupies 100 sq. mi. of this 
region, at elevations of 400 to 1,000 ft., while 
the Cottonwood and Pine Creek watersheds em- 
brace 250 sq. mi. at elevations from 1,600 to 
6.000 ft., entirely in granite and porphyry for- 
mation. 

The water supply system is designed solely to 
serve a city whose present population numbers 
only 43.000. But a large future increase is 
looked for. Three or four years ago San Diego 
had only 25,000 inhabitants, having thus nearly 
doubled in four years. If the same rate of in- 
crease is maintained, the 100,000 point may be 
reached well before ten 
zg- years from now. San 
Diego's popularity as a 
‘health resort, and its 
commercial importance 
after completion of the 
Panama Canal—it being 


the nearest American 
port, and having an 
excellent land- locked 


harbor 1 mi. wide by 12 
mi. long—will undoubt- 
edly cooperate to pro- 
duce a steady growth. 
The water system must be planned not only 
to provide for a population of at least 100,000, 
but also to be capable of equalizing considerable 
variations in the annual rainfall. Some idea of 
the irregularity of flow of the available water 
may be obtained from the following table giv- 
ing the total flow at Barrett Dam by months 
for the last three years: 
DISCHARGE OF r CREEK AT BARRETT 


Monthly Discharges in Acre-Feet. 
1906. it 


Month. 1907. 1908. 
ln ²ĩ˙-mĩ 953 8,321 2,029 
Fehn 60h ia pipaa 1,340 3,981 4,501 
aS T a. MEEA —t TT 36,500 8,725 3,018 
BT E A T wee bes 10,500 6,075 1,328 
Ma ‘Scns Unb ste anana a 3,380 3,257 777 
e 1.820 1.653 
VVV o 738 251 
C r 369 77 
Sentempel «a.sscsciesewnase oes 77 68 
oo ew ———WA. NEG 184 464 
F ˙²˙— ˙•» enos pal 1.210 528 
December ˙ ˙*o» A 4.970 

e 62.000 34,000 11,653 


Thus, the total flow of Cottonwood Creek at 
Barrett Dam in 1907 was only half as much as 
that in 1906, and the aggregate flow for 1908 


c 
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but also the annual variations. How the pro- 


jected works accomplish this may be seen 
from the following list of storage capacities: 
Capacity in 
Reservoir. gallons. 
CCC ↄ ᷣͥu»l Aa 653,000,000 
CCC ²˙ AAC ˙²˙¹·-⁊ͤ ¼ B 11,696,000, 
PPV ˙—»A—AÿÆLXIĩ C ˙ Dkstnseawiae ete 15,000, 000,000 
BaTrotE {kis bate wc Ra ˙ !. HESS Uke 15,000,000,000 
SOM: Hawes ²˙ . SL Les 42,350,000,000 


This would be sufficient to supply ten million 
gallons per day for over ten years, if the entire 
contents of all reservoirs could be utilized. The 
intention of the projectors was to provide suffi- 
cient storage to tide over dry periods of as much 
as 7 yrs. 

The Southern California Mountain Water Co. 
began the simultaneous development of the com- 
plete system about 12 yrs. ago, under the ad- 
ministration of Mr. E. S. Babcock as President, 
General Manager and Chief Engineer. After 
the Otay supply was developed and some $250,- 
000 spent on the Morena dam, work was sus- 
pended. In 1907 Mr. John D. Spreckels, of San 
Francisco, secured entire control of the com- 
pany, and since then an active policy of ex- 
pansion has been prosecuted, with Mr. Spreckels 
as President, Mr. Wm. Clayton as Vice-Presi- 
dent, and Mr. H. L. Titus as Attorney. The 
writer, as Chief Engineer of the company, is in 
charge of all the extension work. Mr. J. S. 
Molony, M. Inst. C. E., was Resident Engineer 
during the period of construction, and Mr. R. 
Wueste was Assistant Engineer. 

After the completion of the Dulzura Conduit, 
the Morena and Barrett dams will be taken in 
hand. The former is a rock-fill structure 150 
ft. high, the latter a masonry 175 ft. high. Ex- 
ploratory work on the foundations of the Barrett 
dam is now progressing, without regard to the 
existing work there, as it is desired to proceed 
on a basis of full knowledge and security as 
to the foundation. This dam is estimated to 
cost over $500,000 and will take at least two 
years to complete. 


THE WORCESTER TRADE SCHOOL PLAN. 
By E. H. FISH.* 


The Worcester plan for a trade school, which 
was proposed last June by a commission ap- 
pointed to investigate such matters, so im- 
pressed the writer that he has since spent much 
time studying the plan, the men who made it, 
and the people whom it is expected will profit 
by it. 

In setting down what impressed him, he can- 
not help following in some degree the line of 
the editorial at p. 308 of the present volume of 
Engineering News. 

The matter of the establishment of the school 
is, at the present writing, before the city gov- 
ernment. From personal acquaintance with that 
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FIG. 7. SAND TRAP IN CONCRETE-LINED DIT CH, DULZURA CONDUIT. 


promises to be less than half the smaller figure, 
or only one-fourth of the 1906 flow. 

The 1907 discharge is equal to a mean daily 
flow of 30,000,000 gals., which would supply a 
population of at least 200,000. It is thought 
that this will be ample for perhaps 20 years in 
San Diego. The capacity of the Dulzura Con- 
duit, it will be noted, is in excess of this figure. 

To make the entire mean flow available, how- 
ever, the storage capacity of the reservoirs must 
be sufficient to equalize not only the monthly 

*The city owns the distributing pipes within the city 


and distributes the water, the company selling the water 
wholesale to the city. 


body, the writer feels safe in saying that the 


plan will pass on its merits unless it is sacri- 


ficed to some unforeseen log-rolling scheme. If 
it does not pass, it still remains true that in the 
report of this commission we have a simple, 
rational and equitable plan for the education of 
boys to a useful purpose, and a plan which is 
large enough in its scope to be applicable to 
other trades besides that of the machinist, and 
to girls as well as boys. 

The plan provides for a school under the con- 
trol of a board of trustees, independent of any 


*Instructor in Mechanical Engineering, Worcester Poly- 
technic Institute, Worcester, Mass. 
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other school, and one which shall be largely 
shop. Not that the shop is everything, but that 
the best training for life is life, and to train a 
boy for shop life in anything but a shop is like 
asking him to learn to swim without water. 
The shop is to be the center from which all in- 
struction radiates. Mathematics is to be the 
strong point of the school room work. Arith- 
metic is to be reviewed with especial care to 
take problems from shop work which shall have 


inclined to detest the more scholastic studies, 
and who would probably not be attracted by 
the studies recommended except as they are 
made to appear necessary and closely related to 
their shop work. 

In the drafting room and shop it is the de- 
Sire of the commission that a commercial, shop 
atmosphere shall be approximated with a thor- 
ough teaching of the principles underlying the 
trade. So far as possible ‘‘exercises’’ are to be 
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a technical value in addition to their value in 
pure mathematics. The boys will be taught the 
computation of gear ratios, change gears, set- 
over for tapers, etc., and the arithmetic neces- 
sary for use in cost and bookkeeping, including 
percentage and interest. Algebra, geometry and 
simple triangles under trigonometry will be 
treated in the same way as subjects whose value 
for mental training is not belittled. Physics is 
scheduled to be carried through nearly the 
whole course, and, as I understand it, is to be 
begun in a very simple way, covering the whole 
range by picking out parts easily understand- 
able by a boy of 14 or 15, and working more 
and more into the mechanics of framework and 
machinery, nowhere approaching technical col- 
lege work in mechanics or mathematical phy- 
sics, but gradually impressing the student with 
the power of the laws of nature and with his 
own power if he will work in harmony with 
them. The practical side of physics will be illus- 
trated by the use of the shop instead of a 
laboratory, abundant opportunity being there 
found for examples of the application of such 
laws as are of use to the workman in his daily 
tasks and in his future development. 

The study of English accompanied by work in 
civics the first two years, history the second 
and political economy the third, is to consist of 
careful work in written and oral expression and 
the reading and study of the best of literature 
both technical and non-technical. This is the 
work which is to be depended on to broaden the 
student’s mind both from a scholastic point of 
view by reading the fiction of the masters and 
from a technical viewpoint by reading such 
technical literature as the student may be able 
to comprehend, to the end that he may thereby 
realize the broad value of his trade and not 
narrowly imagine that all outsiders are bar- 
barians. This course will comprise practically 
all that is included in the plan that will be purely 
scholastic, all the other class-room work being 
so closely interwoven with the shop work as to 
be more purely technical than the names may 
imply. To the writer’s mind the fact that these 
subjects are to be so interwoven does not in 
any way decrease their value from the edu- 
cational point of view. He believes that a young 
man may learn to think just as well over a prob- 
lem in mechanics or physics as over Latin or 
Greek, and in fact better, because the students 
who would be attracted by a trade school neces- 
sarily will belong largely to the class who are 
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avoided as such, and for them will be substituted 
the making of commercial products or parts of 
machines which may be made to involve as 
close, careful work as it is wise for the student 
to attempt and which may, at the same time, 
be of such nature that even the unsuccessful 
work of the student is of practical use. For 
example, we will suppose that a student is 
given fifty collar screws of a given size to make. 
He will be told how such screws can be made 
economically and then told that he is to make 
this lot by job-shop methods for the sake of 
the skill which he may acquire. He will then 
pick out the right size stock, cut it off, center 
and square it up and turn the body to size to 
limit gages or to the micrometer, cut the thread 
to gages having much less than commercial 
limits and thus do all the work involved in 
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Barrett Dam Site from Below, 
1907, Showing Winter Flow of Cottonwood 
Creek, San Diego Water Supply. 


Fig. 10. 


making the screws under conditions which de- 
mand much better work than is necessary to 
make the product commercially usable. In this 
way he will gain skill and at the same time will 
not spoil a large amount of work. After a long 
enough period spent in doing such work to give 
him a degree of reliability and confidence he 
will be put upon the repair of used machinery 
and the making of new machines, thus learning 


the relation of parts and acquiring judgment 
as to the necessity of polishing this part or an- 
other and of the degree of nicety of fits re- 
quired. Under the head of shop lectures, for 
which from two to five hours per week is allowed 
in the report of the commission, there is oppor- 
tunity for instruction in such things as can be 
told by word of mouth better than by shop 
operation sheets or by individual help, and also 
for shop inspection about the city. The work in 


THE OPEN CANAL DURING CONSTRUCTION. 


[Excavation completed ; 


track being laid for concreting.] 


the blacksmith shop, pattern shop and molding 
room will follow the same general line. 

If we grant the principle referred to in the 
editorial of Sept. 17 that “there should be 
taught in school first those things which can be 
secured elsewhere, or afterwards, not at all or 
only imperfectly,” the question now arises 
whether the Worcester plan agrees with this 
principle. 

In the school room work it may be suggested 
that the practical use of arithmetic has al- 
ways been left to the pupil to pick up by ex- 
perience. The same may be said of the other 
work in mathematics. Granted that this has 
been the case, why not ask how many have 
picked up the practical part compared with the 
number who are mentally able to do it? The 
one great arraignment against the Massachu- 
setts public school system to-day is that it does 
not teach the useful application of the studies 
which it professes to offer. 

In the shop course it may be said that it would 
be better to leave the final acquirement of skill, 
the habit of using tools carefully, till the stu- 
dent became employed on commercial work; 
to which the writer would reply that in his 
opinion the boy who is sent out of a school pro- 
vided only with a training which has taught 
him how a job ought to be gone at, but not to 
do it well himself, could not get into the good 
graces of an employer and get the opportunity 
of acquiring skill without going through a pro- 
bationary period quite equal to an ordinary ap- 
prenticeship. In modern shop organization there 
is left no room for the learner except as it is 
provided for by a training school within the 
shop. If the shop is small this provision is so 
expensive as to be out of the question. A city 
like Worcester, having no great shops can only 
expect to have trade schools at the public ex- 
pense. Once beginning, they must follow the 
line to its logical conclusion and carry the stu- 
dent to the point where he will be acceptable 
to an employer in a position where what he has 
learned at the public expense will enable him 
to work higher without unlearning in the large 
works what has been taught him in the trade 
school. Another matter: does the Worcester 
plan leave out that which might better be a 
part of the school curriculum? Does it plan to 
teach all that a young man who expects to be a 
machinist may reasonably be expected to know? 
To this last question I would say yes, and more. 
For the boy who has higher aspirations or who 
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finds that his mental caliber is greater than he 
expected, there is always the technical college. 


The trade school ought not to be used 
as a fitting school for these colleges, but 
it ought to serve as a weeding-out school 


in the reverse sense to that usually used. 
That is, out of the large number of ap- 
plicants which such a school will be sure to 
have, it should be possible to find a reasonable 
number capable of making good machinists, 
many capable of becoming exceptionally fine 
workmen and a few capable of developing into 
foremen, superintendents and engineers. Leav- 
ing aside all question of whether the best en- 
gineer is shop made or school made, it would 
seem to be the province of a trade school to 
keep itself clear of all technical school leanings 
and affiliations since otherwise there is danger 
of trying two experiments at once, and hence 
not being able to tell which is the success. | 

It is to be hoped that if this school is started 


in Worcester it may expand until it offers 
courses in many other trades. For unless a 
municipality intends to offer equal advantages 
to young people for all the trades that are 
largely practiced therein, it has no logical 
basis for offering advantages to any; and unless 
equal facilities are offered in many trades, there 
must necessarily result an overcrowding of the 
few for the reason that many boys will become 
students merely because they consider that it 
will pay and not because they themselves have 
any special liking or fitness for those particular 
trades. The plan of the school is broad enough 
to cover all the trades which are fully prac- 
ticed in Worcester, and if the results of the 
canvass of the city made by the State Com- 
mission are dependable, there are some 2,500 or 
more children whose parents would prefer to 
send them to some school of the kind suggested 
by the commission rather than to the regular 
high school. This number is in excess of the 
number now enrolled in the high schools of the 
city. The plan proposed in Fitchburg would 
not be applicable to many trades, particularly 
those whose practice is dependent on the 
weather, and in many others it would not be 
easy of application. 

As to the putting of boys to work steadily, the 
Worcester plan involves the securing of the 
boy’s time for eight hours per day for eleven 
months in the year. The schedule of shop and 
studies, however, shows that of this time only 
about half is to be devoted to shop work, and 
of the balance a considerable part is allowed 
for study which may be done evenings, thus 
leaving a considerable amount of time for play 
by daylight. By calling for a definite amount 
of time it will be possible to better regulate 
sports than can be done in college, where facul- 
ties usually claim that they are not responsible 
for the acts of students out of school hours. I 
understand that during the heated term it is 
proposed to reduce the class room studies in 
favor of recreation. The control of the stu- 
dent’s time will not be in the hands of men in- 
terested in them from a profit-making stand- 
point, which makes it more certain that their 
general health and mental condition will be 
carefully watched. 


Fig. 2. Foundation Pit. R 
(Frames for concrete forms in position.) 


THE WORLD’S LARGEST CHIMNEY: 50 Xx 506-FT. 
BRICK STACK FOR THE BOSTON & MONTANA 
SMELTER AT GREAT FALLS, MONT. 


On Oct. 23, 1908, a chimney of unprecedented 
size was topped out. This is a stack 506 ft. high 
above top of foundation ring and 50 ft. in interior 
diameter at top, at the smelter plant of the Bos- 
ton & Montana Consolidated Copper & Silver 
about three miles from Great Falls, 


Mining Co., 


e 


on the finished concrete foundation on April 7, 
1908, and on Oct. 23 the shell was completed. 
Work is now in progress on the interior heat- 
protective lining and the large flue, 2,000 ft. long, 
for conducting the gases from the smelter to the 
chimney. 

REQUIREMENTS.—The existing stack, 186 ft. 
high, has insufficient capacity for the needs of 
the smelter. The plant, with its most recent 
extensions, when working at its maximum ca- 
pacity, may produce as 
much as 2,000,000 cu. ft. 
of gas per min. (about 
three times the discharg- 
ing power of the old 
stack), and with a view 
to growth a chimney of 
double this capacity was 
desired. 


a 


The old chimney had 
suffered severely from 
i 1 the corrosive action of 
3 a * the acid gases, and the 
l new chimney was there- 
fore required to be proof 
against the action of 
acids. The smelter gases 
contain much sulphur 
dioxide, and while when 
dry the gases do not act 
even on exposed steel, 
when moisture is pres- 
ent sulphurous and sul- 
phuric acid form, which 
attack even the ordi- 
nary brick. Careful se- 
lection of materials, how- 
ever, makes possible the 
production of bricks 
proof against acid cor- 
rosion. 


A height of 500 ft. above 
the general level of 
the upland on which the 
old chimney stands was 
selected as the desired 
height of the new stack; 
this was equivalent to 
506 ft. above base of 
brickwork, at the particu- 
lar point chosen for the 
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structure. The height 

was governed solely by 

the draft requirements, 

FIG. 1. THE GREAT FALLS SMELTER PLANT, AND THE OLD AND and not by tħe desid- 
NEW CHIMNEYS. eratum of discharging 

(By telephoto view across the Missouri River Valley.) high enough in the air to 

Mont. It is not only the highest in the world by prevent creation of a nuisance; for, the valley 


some 40 ft., and the highest in America by 140 
ft. (Eastman Kodak Co. chimney 366 ft., Or- 
ford Copper Co. chimney 365 ft.), but also by 
far the largest in capacity. With a draft of 
34 ins. water (expected with gases at 600° F. 
average) its great diameter will give a discharge 
capacity of 4,000,000 cu. ft. of gases per min. 


This chimney stands at a base elevation 
of 3,549 ft. above sea-level, so that its top is 
4.055 ft. in elevation. The Alphons Custodis 


Chimney Construction Co., of New York City, 
designed and built it. The first brick was laid 


Fig. 8. 


FIGS. 2 TO 4. THE FOUNDATION OF THE 506-FT. GREAT FALLS CHIMNEY. 


Top of Completed Concrete Foundation. 


(Inside diameter of concrete at top, Pie ft. Outside octa- 
gonal, 81 ft. across flats.) 


bottom being 250 to 300 ft. lower and the city 
of Great Falls some 500 ft. lower than the table- 
land, even the old stack had discharged at a 
height sufficient for this purpose. The new stack 
was to be designed for a future increase of 
height of 60 ft. above the initial 506 ft., so that 
a still stronger draft may be secured if found 
necessary later on. 

Very high winds occur frequently at the site 
of this chimney. Their possible effect on the 
structure is augmented by its exposed location 
and its height above ground. The owners there- 


Fig. 4. Gutter and Drain-Spout Outside 
of Chimney Foundation. 


(A 30-in. gutter, 12 ins. deep, is molded in 
the concrete along the outer edge of the foun- 
dation to garry off the large quantities of 

. — which may run SCF | the face of the 


1 a driving rain,) 
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fore specified that provision was to be made for 
gales up to 125 mi. per hr., and in the course 
of the design this clause was translated into the 
following terms: Effective pressure against cyl- 
indrical (really conical) surfaces of barrel, 3314 
lbs. per sq. ft. diametral projection; effective 
pressure against octagonal base portion, 35% Ibs. 
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clay brought in by railway from a point 12 mi. 
away, it formed the material for the entire stack. 
Selected portions of the shale made the special 
heat-resisting and acid-proof brick of the 4 in. 
inner lining. 

As concerns a foundation, no hesitancy was 
felt in deciding that the shale would be quite 
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THE BRICK-MAKING PLANT. 


(This plant was built specially for supplying the hard -burned radial perforated blocks of which the chimney is 


built. 


It is only a few hundred feet from the site of the 


stack, and uses shale excavated near-by. It comprises 


a steam drying kiln, a large air drying kiln, and eight down-draft burning kilns. 


per sq. ft. diametral 
parallel sides. 

The contract made with the chimney construc- 
tion company was contingent on the possibility 
of producing satisfactory brick from the ma- 
terial found at the site. A strong and fairly 
uniform shale forms the body of the plateau, 
hard rock occurring only at a considerable depth, 
near the level of the valley bottom. This shale 
was thoroughly studied, chemically and by mak- 
ing test bricks of it, with the final conclusion 
that it was entirely suitable for the purpose. 
Thereupon a brickmaking plant was built on 
the ground, near the chimney site. Shale was 
excavated by steam-shovel from a pit not far 
away, and except for a small admixture of fire- 
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sufficient for carrying the 17,000 to 18,000 tons 
weight of the stack. The first plans were for 
carrying an excavation down 30 ft. and building 
a concrete spread footing- up from this level, 
with a maximum pressure (at lee edge, from 
load plus wind) not exceeding 5 tons per sq. ft. 
But as the excavation went on the shale showed 
up so uniform that no particular advantage was 
to be expected by going to 30 ft., and at 20 ft., 
therefore, a load test was made to determine 
whether the bearing power at that level was 
sufficient. Four cast-iron bed-plates, each 2 ft. 
square, were loaded with rails to the total 
amount of 208,935 lbs., which load was left on 
for about a month. The slight initial depression 
under this load did not increase throughout the 
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FIG. 7. DETAILS OF CONCRETE FOUNDATION, GREAT FALLS CHIMNEY. 
(The pavement, resting on the earth core inside the foundation ring, is made of acid-proof brick.) 
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Fig. 6. General Drawing of 50-Ft. x 506-Ft. Chim- 
ney for Boston & Montana Consolidated Cop- 
per & Silver Mining Co., at Great Falls, Mont. 


test period, from which it was concluded that 
the load was well within the limit of stability. 
This loading amounted to 6% tons per sq. ft., 


whereas the maximum pressure at lee edge, if 


the, foundation were terminated at about this 

level, would be slightly below 5 tons per sq. ft. 
The excavation was therefore terminated at 

22% ft. below ground surface, and the concrete 
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foundation block begun. Fig. 7 gives its dimen- 
sions. As will be seen it is an annular mass, 
with circular inner edge 47 ft. in diameter at 


the bottom and octagonal outer boundary 103 
tapering to 


ft. across flats at the footing level, 
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FIG. 8. TERRA COTTA CAP OF CHIMNEY, AND 
LIGHTNING PROTECTION DETAILS. 


diameters of 64 ft. and 81 ft. at the top of the 
concrete. 
THE DESIGN OF THE CHIMNEY. 

The barrel of the chimney has a circular ring 
section. The lower 46-ft. portion, forming the 
base, which contains four huge flue-openings. is 
of octagonal exterior outline, the inside however 
being circular. The octagonal form gives the 
increase of section needed to make up for the 
flue openings, and also provides straight outer 
faces for joining the flues. The profile of the 
stack presents four separate tapers, as follows: 
the upper 180 ft. 1% batter (or a taper of 2% 
measured on the diameters); the 100 ft. next be- 
low, 2% batter (4% taper); the next 180 ft., 3%% 
batter (7% taper); and the octagonal base, 4% 
batter (8% taper). These tapers, in conjunction 
with increasing thickness of wall in steps of 2 
ins., gave the required increase of strength from 
top to bottom in due proportion to maintain the 
maximum compression below a fixed limit. 

The height of section having constant wall- 
thickness is of course variable, the lowest being 


Outside diameter: at base, 78 ft. 6 ins.; at top, 53 ft. 9 


(excl. lining and air space): 


RESULTS OF CALCULATIONS FOR 506 FT. 


10 ft., except in the octagonal base, and the 
greatest 50 ft., as shown by Fig. 6 and in the 
table of loads and stresses, below. 

A heat protecting lining 4 ins. thick extends 


from bottom to top of the stack. It is of the 
D 
T 
8 N 
So Pogue ih 
1G < ' Poit “ 
oft 
ae 
i : 
v 8 
G 
9 h > 
8 
- — D 
. 3 ~ 
S > 8 
°> RIS 
: i 1y 
8 18 
nie 
Š|| g 
8 
Cc 
Sil £ 
of Chimne S 
8 . . 8 
N z x x= 
M DNN ‘ 2 


yy 


, 
-| 
sdp 


tii 
Z 
7 e. 
* 


2 


2 
A f 
Aho if 
YA o 


— 


, 


. 


\ k 
NS 
N 8 
RS 
Ñ SS D 
N S 
NY 2 
NS — 
ES * 
S 15 
N 4 
J N 7 
NS a j 
RSS 1 
N r SS 
N * N 
NY N 
NS SW 2 Conductors 
SS N 
N N 
RY NN 

‘© 

a, | 

— FON. D 
E... ES >| Coat 


Plan of Braces 
A “B”. 


Lightning Protection Details. 


now well-known sectional construction, in which 
the chimney wall is corbeled inward at intervals 
not exceeding about 20 ft. and the lining is sec- 
tionalized correspondingly, each section, resting 
on its corbel, being independent of the remain- 
der of the lining. This lining increases the mo- 
ment of stability against wind-pressure at every 
section (which would not be the case if it were 
supported only at the bottom), though, of course, 


MONTANA. 


CHIMNEY AT GREAT FALLS, 


ins. (end of corbeled cap enlargement). Inside diameter 


at base, 66 ft. 6 ins.; at top, 50 ft. 9 ins. (50 inside terra-cotta cap). 


Wind Wind = Cross-sec- 
Thick- Height Total Weight pressure moment tion area 

Nuuber nesso? of from above above at of brick- Section ——— Total bearing pressure — 
of wall, section, top, section, section, section, work, modulus — Lee — — Windward— 
section. ins. ft. ft. tons. Ibs. ft. tons. sq. ft. ft.3 tons/ft.* lbs. /in.? tons/ft * Ibs jin. 

4 1 50 50 725 90,450 1,127 252.66 3274.83 3.21 45 2.53 35 

2 205 50 100 1,693 182,575 4,536 284.72 3740.03 7.16 99 4.74 66 

3 22 40 140 2.574 257.475 8,936 315.54 4183.48 10.30 143 6.02 84 

4 24 40 180 3,499 333,435 14,843 347.90 4655.18 13.25 184 6.87 95 

5 26 35 215 4,396 401,183 21,268 385.0 5256.74 15.49 215 7.39 103 

6 28 35 250 5,356 470,565 28, 893 424.26 5907.32 17.51 243 7.78 107 

wd 30 30 280 6,263 531,335 36, 405 462.36 6541.10 19.11 266 7.99 111 

8 32 30 310 7,229 593,755 44,840 509.08 7432.63 20.23 281 8.17 113 

9 34 20 330 7,961 636,535 50, 990 552.51 8213.94 20.61 286 8.21 114 

10 36 20 350 8,711 680,248 57,567 596.31 9028.47 20.99 292 8.23 114 

11 38 15 365 9,329 713,645 62, 794 637.8 9776.42 21.04 292 8.20 114 

12 40 15 380 9.966 747,567 68.273 681.39 568.55 21.08 293 8.16 113 

13 42 18 393 10,558 777,391 73,229 723.29 11328.48 21.05 292 8.13 113 

14 44 13 406 11,175 807, 78,380 765.96 12113.55 21.06 293 8.12 113 

15 46 13 419 11,825 838, - 83,728 810.40 12938.26 21.06 293 8.12 113 

16 48 11 430 12,410 864,433 88.410 852.88 13716. 82 20.99 292 8.11 113 

17 50 10 440 12,964 888. 92,792 895.06 14485.40 20.89 290 8.07 112 

18 52 10 450 13,539 912,813 97,296 938.82 15286.18 20.78 288 8.06 112 

19 54 10 460 14,140 937, 101,921 982.11 16090.52 20.83 289 8.17 113 

20 60* 16 476 15,304 980,214 109,591 1065.87 17398.99 20.66 287 8.06 142 

PAN 62% 15 491 16,312 1,021,057 117,095 1117.23 18480.58 20.94 291 8.26 115 

22 64* 8 499 16,884 1,043,101 121, 223 1158.30 19257.38 20.87 290 8.29 115 

23 66* 7 506 17,4 p i 124,908 . 1196.34 19962.12 20.81 289 8.29 115 

ooting: 
R 24 = 336* 2214 528% 24,964 0 136,862 7053.56 106173.0 4.83 67 2.25 31 


»In octagonal part; thickness given is at flats. 


it does not add to the effective cross-section in 
the matter of strength. 

The determination of the wall-thicknesses pro- 
ceeded by analysis of siresses from the top 
downward, exactly as in the case of a dam, for 
example. The thickness at top (18 ins.) was 
fixed arbitrarily, except in so far as it was de- 
termined by the requirement of supporting a 
future addition of 60 ft. At a section a given 
distance below the top, assuming the wall thick- 
ness constant, and the external profile being se- 
lected beforehand, the weight of brickwork above 
this level is computed, and the pressure per 
Square foot due to this weight is then found by 
dividing by the area of section. The total wind 
pressure above the section and its overturning 
moment are next computed, and the moment di- 
vided by the section modulus of the cross-section 
under consideration gives the unit-stress due to 
wind. If this wind stress is less than the pressure 
from weight the maximum pressure (leeward 
edge) is obtained by adding the wind stress to the 
weight stress, and the minimum pressure (wind- 
ward edge) by subtracting the wind stress from 
the weight stress. If the maximum pressure ex- 
ceeds the limiting safe stress allowed in the 
brickwork, the thickness must be increased at a 
point above this section, the height of this-point 
being such that the allowed limit of pressure is 
just reached at its windward edge. This point 
of change of section may be determined either 
by several trial computations, as by calculating 
stresses at short intervals from the top down- 
ward, say 5 ft. or 1 ft., depending upon the 
rapidity of increase of stress, or it may be de- 
termined by putting the stress calculation into 
algebraic form, with the height below the top as 
unknown quantity, and solving the resulting 
quadratic equation. In either case the details of 
the method will be self-evident, and the preceding 
explanation is given only to explain the table 
below, in which are entered the essential quanti- 
ties of the calculation for each of the 23 sec- 
tions of change of thickness in the barrel of the 
chimney, and for the footing level (section 24). 

The limit of pressure in the brickwork was 
fixed beforehand at 21 tons per sq. ft. (290 Ibs. 
per sq. in.) for the present height, and 22 tons 
per sq. ft. (305 lbs. per sq. in.) for the contem- 
plated future increase of height by 60 ft. Bricks 


of the kind used here (hard-burned perforated 
brick for chimney work have previously given 
ultimate crushing strengths in laboratory tests 
(by Prof. I. A. Woolson) up to 6,000 Ibs. per sq. 
As 


in. gross section, or about 400 tons per sq. ft. 


Fig. 9. Bricklayers’ Scaffold in Interior of Chimney. 


will be seen from the table, the actual stresses, 
for the wall thicknesses shown in Fig. 6, exceed 
the limit of 21 tons by less than %.. At the 
Same time the stress on the windward side is 
never reduced to the point of incipient tension, 
and in fact the wind stress in the worst case is 
less than one-half the dead-load. 
DETAILS OF CONSTRUCTION. 

BRICK WALL CONSTRUCTION.—The brick 
used for the main chimney wall is the ver- 
tically perforated radial style of brick widely 
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Fig. 12. About 240 Ft. Above Ground, July 23, 


1908. 


About 50 Ft. Above Ground, May 14, 
1908. 


Fig. 10. The Octagonal Base Started, April 10, 


1908. 


Figs. 10-12. Three Views During the Construction 
of the 506-Ft. Chimney, Boston & Montana 
Consolidated Copper & Silver Mining Co., at 
Great Falls, Mont. 


used for chimney construction. (See Eng. News, 
Nov. 21, 1901, p. 398.) Five sizes were used, all 
being 454 ins. thick and 61⁄4 to 6½ ins. wide at 
butt, with the following lengths: 4 ins., 5 ins., 
7 ins., 8% ins., and 10% ins., which permit 
thorough bonding in radial direction. 

The mortar was 1:2:5 cement-lime-sand mor- 
tar. For a distance of 50 ft. below the top, the 
outer surfaces of the brickwork were pointed up 
with acid-proof mortar. 

At the junction of the octagonal base with the 
circular barrel, the horizontal ledge of the brick- 
work of the base is capped with a steeply sloped 
filling of concrete, as rain protection. This is 
the more necessary as the large quantities ‘of 
rain water which may drain down along the 
outer surface of the chimney must be turned 
here, without the possibility of water percolat- 
ing down into the brickwork of the base. 

LINING.—The lining is simply a 4in wall 
of acid-proof brick, with vertical perfor- 
ations like the brick of the chimney body, 
resting on corbel rings on the inner face of the 
chimney wall as already described, and laid up 
so as to leave a 2-in. air-space between wall and 
lining. It is laid in ‘‘acid-proof mortar,” a white 
composition of silicate of soda, asbestos wool 
and other ingredients, which is said to be proof 
against the attack of any acid and against tem- 
peratures of 2,000° F. The heights of the sec- 
tions of lining are kept down to 20 ft. A new 
section of lining is started at the base of each 
section of chimney wall, and where the latter 
is more than 20 ft. high an intermediate corbel 
is also provided, making two (in some cases 
three) lining sections for the one wall section. 

The joint between the top of one lining section 
and the bottom of the next is detailed as shown 
by sketch in Fig. 6, the entire interior face be- 
ing acid-proof brick. The aim was to get as 
nearly tight a joint as possible, to prevent access 
of gases, dust, etc., behind the lining. To this 
end, also, a packing of mineral wool was put the 
into the space at the top of the lining. 

There are no vent-holes through the outside 
wall to the air-space. 


CAP AND OTHER TOP PROTECTION.—The 
top of the chimney is corbeled out, in steps of 
J -in., to a thickness of 42 ins., from the 18-in. 
wall thickness of the top section. The upper 
surface is sloped down from the inner edge to 
outer edge 4 ins. to the foot. It is covered with 
specially shaped radial interlocking terra-cotta 
tiles laid solid in acid-proof cement and pointed 
up with the same material (see Fig. 8). These 
have separate T-shaped joint-capping tile. The 
upper 3 ft. part of the brickwork of the chimney 
wall is also laid in acid-proof mortar. 


LIGHTNING PROTECTION.—Sixteen light- 
ning-rods project 5 ft. above the chimney top. 
They are of 1l-in. round copper rod, lead coated 
for protection against acid and tipped with a 
platinum point 14 ins. high. They are all con- 
nected to a horizontal copper ring encircling the 
stack a few feet below the top, and from this ring 
two %-in. copper cables lead to the ground. All 
of this metal-work, down to a point 100 ft. below 
the top, is coated with an in. thickness of 
lead for protection against acid, and where two 
pieces cross or connect their coatings are sweated 
together to make a continuous covering. The 
bottom ends of the two leader cables terminate 
at copper ground-plates 3 ft. square, buried some 
distance away from the chimney foundation. 

LADDER.— An outside ladder extending from 
the base to cap was built in the brickwork. It 
consists of one-piece rungs of %4-in. round iron, 
12 ins. wire, and one-piece guard loops of the 
same material, 30 ins. wide. The rungs are 6 ins. 
clear from the wall, and the guard loops are 18 
ins. out from the rungs. Guard loops are at 
alternate rungs. Both guards and rungs are 
lead-coated for the upper 100 ft., and painted 
below this. 

DRAINAGE.—To take care of the drainage 
from the outer surface of the stack required spe- 
cial attention in this chimney because of its 
enormous exposed surface, and the large volume 
of water which might run off from it in a heavy 
driving rain. Rainfall and condensation inside 
the chimney also required suitable provision. 


The outer drainage was provided for by a large 
gutter molded in the top of the concrete founda- 
tion, extending all the way around the stack and 
discharging by two concrete spouts. This gutter 
is semicircular, 30 ins. wide by 12 ins. deep near 
the gutter, sloping down toward this point in. 
per ft. The photograph Fig. 4 and the drawing 
Fig. 6 show it completely. 

Inside an acid-proof pavement pitched to a 
drain-pipe was provided. The pavement com- 
prises a 6-in. concrete foundation, 4 ins. of sand, 
and a layer of acid-proof brick laid in acid—proof 
mortar. It is pitched %-in. per ft. toward the 
center, where the bricks are laid to form an Sin. 
drainage opening leading to a 6-in. vitrified tile 
duct. The opening in the floor is covered with a 
lead screen. 

REINFORCEMENT OF FLUE OPENINGS.— 
The octagonal base contains four openings 15 ft. 


Enc.NEws. 


Fig. 13. The Completed Chimney. 


(The white appearance of the upper 50 ft. is due to the 
pointing with special acid-proof mortar.) 


wide by 36 ft. high for connecting the flues lead- 
ing from the smelter plant. An I-beam lintel 
carries the brickwork over each of these; it con- 
sists of seven Yin. 21-lb. I-beams 19 ft. long, 
resting at either end on a 24 x 1-in. steel bearing 
plate 7 ft. long. Specially shaped bricks set in 
acid-proof mortar enclose the lower flanges of 
the beams as protection from the heat and the 
corrosive action of the flue gases. 

Arches in such a location as the top of the flue 
opening do not prove satisfactory, in the experi- 
ence of designers of this chimney, at least when 
over 6 to 8 ft. in span. Even though they are 
only false or fascia arches, cracking outward 
from the skew-back is bound to develop sooner 
or later. 

For the first, only two of the flue openings are 
to be used (see plan of flue, Fig. 14), and the idle 
openings are bricked up with 15-in. walls con- 
taining 2 x 3-ft. cleanout doors through which 
the metalliferous dust accumulating in the stack 
may be removed. 
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To distribute the load of the piers either side of 
the openings to the entire foundation, steel sills 
have been put under the openings. They com- 
prise at each opening seven 10-in. 20-lb. I-beams 
21 ft. long, embedded 12 ins. below the top of 
concrete. 

The sides of the flue openings are protected by 
an extension of the lining. 

ERECTION. 

FOUNDATION.—The foundation was built by 
the owners themselves, with the supervision of 
an engineer of the contractor for the chimney. 
It consists of 1:3:5 slag concrete. Both sand 
and stone were obtained from the smelter fur- 
naces. They were brought to a group of tem- 
porary bins by the side of the foundation pit, 
and a mixer mounted directly under the bins 
discharged the concrete through a chute down 
to the work, or into skips. <A derrick with 50- 


ft. boom was set in the center of the foundation, 
on the unexcavated core, and handled the con- 
crete from the mixer to all parts of the circle. 


The foundation consumed 5,200 bbls. cement, 
2,000 cu. yds. sand and 4,000 cu. yds. smelter 
slag. Its total cost was not far from $50,000. 
It was constructed during 1907, the contract for 
the entire stack having been signed late in 1906. 

BRICKMAKING PLANT.—During 1907 also 
the chimney contractor was engaged in putting 
up a brickmaking plant on the ground and pro- 
ducing bricks In preparation for erection. Some 
23,000 tons of brick were required. A plant of 
capacity of 100 tons per day was installed (see 
Fig. 5). The company describes it as follows: 


The plant was installed to operate with the semi-wet or 
stiff clay process involving a drying pan crusher, a pug 
mill, both steam and hot air dryers and nine down-draft 
kilns. The shale is excavated from the pit at the rear 
of the plant, by a steam shovel with a l-yd. dipper and 
delivered to the latter by dump cars on a narrow gage 
track which dumps from a trestle on to a pile at the rear 
of the crusher house. The material is then shoveled to 
a Freese dry-pan crusher from which it is elevated by a 
bucket conveyor to a storage bin above the pug mill in 
the machine room. The pug mill is also a Freese mill 
in which sufficient water is added to the material for 
the formation of a stiff clay mixture and from which it 
is forced through forming dies for shaping the blocks, 
to the wire cutters. From the latter the green blocks are 
removed on a conveyor belt and thence transferred by 
hand to four-wheel steel-frame trucks running on nar- 
row-gage tracks. They are first run into the steam drier 
in which the special treatment is given to counteract the 
alkali im the material and thence after partial drying, 
they are transferred to the hot-air drier for final drying 
before burning. This mode of treatment was found 
necessary to prevent checking of the blocks which would 
otherwise have injured their quality. The kilns are cir- 
cular domed-roof kilns of the down-draft type and are 
fred with Montana coal. 


The bricks were carried from brick-plant to 


chimney site by a standard-gage railway spur - 


half a mile long, including a switchback to over- 
come the considerable difference of elevation. 
They were piled around the base of the chimney 
ready to be hoisted up to the work as required. 

The erection scaffolding, carried up inside the 
chimney as the brickwork rose, is shown in plan 
by Fig. 9. Twelve main posts, 10 x 10-in., braced 
together and to the brickwork, support working 
platforms and contain guides for four 6 x Gft. 
elevators. The main posts were made in 16-ft. 
lengths, doweled together and spliced with cover 
straps of 2 x 10 plank bolted through. Over 200 
M-ft. lumber were used in the scaffolding. Three 
electrically operated drum hoists and one steam- 
driven hoist worked the elevators. 

The progress of the masonry is exhibited typi- 
cally by Figs. 10-12, three views of the stack in 
different stages. The dates of commencement 


Elevation 


and completion, April 7 and Oct. 23, 1908, show 
that the whole work was done in a period of 200 
days, or 169 working days, making an average of 
practically 3 ft. of height laid per day. This 
does not include the lining, which is being put in 
at present, being started at three or four levels 
simultaneously. 

The stack above foundation required 13,000 
tons radial blocks, 3,075 bbls. cement, 5,225 bbis. 
lime, 4,180 cu. yds. sand and 200 tons acid-proof 
mortar. It cost about $200,000; in this sum, how- 
ever, the entire first cost of the brickmaking 
plant is Included, which plant will be left there 
and operated to supply material for the great 
dust-chamber and flue and for other construction 
work around the smelter plant. 


DUST-CHAMBER AND FLUE. 

The flue gases carry considerable quantities of 
metalliferous dust, which is valuable and must 
be collected for recovery. A dust settling cham- 
ber is provided in the flue for this purpose. The 
chamber of the old flues, as also these flues 
themselves, had been far outgrown by the exten- 
sion of the smelter. The new chimney will be 
fed by a new flue, and in this is a dust-chamber 
many times greater than the old one, as an in- 
spection of Fig. 14 demonstrates. This chamber 
is a widened part of the flue in which is hung 
a close array of iron straps to catch the dust in 
the gases. It is fitted with a continuous series 
of floor-hoppers, beneath which is a basement 
with tracks, in which cars are to be run along 
underneath the hoppers so that the accumulated 
dust may be discharged directly into the cars. 
The dust chamber is 176 ft. wide by 478 ft. long, 
with a clear height of 21 ft. (the same as the 
height of the flue). The basement story is 12 ft. 
high. 

The flue has rectangular cross-section, 33 x 21 
ft. in the part between smelter and chamber, 


and 48 x 21 ft. between chamber and stack. 
Near the stack it divides into two branches which 
curve around and join the flue-openings in the 
base of the stack. Its profile is fully shown in 
Fig. 14. 

Both flue and chamber are framed in steel, 
with steel columns (interior and wall) and cross- 
beams, and walla and roof of perforated brick. 
In the walls the flanges of the columns are ex- 
posed both inside and outside. The roof beams 
are also exposed on the inside, but on the out- 
side they are protected by a thick covering of 
concrete laid over the brick arches. The purpose 
of this covering is to make the roof weather- 
proof, so that no moisture can get into the flue. 
The dry gases are not corrosive to the metal. 

The steel frame has transverse expansion joints 
about every 90 ft., formed by a bulged plate 
covering an expansion space between the frame 
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FIG. 14. LOCATION PLAN AND PROFILE OF FLUE AND DUST-SETTLING CHAMBER BETWEEN SMELTER AND CHIMNEY. 


pieces of adjoining sections. The outer surface 
of these expansion membranes is left exposed. 
Expansion is provided for in the walls by a 
grooved joint in the brickwork. 

The flue and dust-chamber were designed by 
the Boston & Montana Consolidated Copper & 
Silver Mining Co. The steel was built by the 
Jones & Laughlin Steel Co., of Pittsburg, and the 
brickwork is to be built by the Alphons Custodis 
Chimney Construction Co., of New York. 


a o 


AN ELECTRIC FERRY BOAT on the Rhine ig de- 
scribed with illustrations in the London “Electrical En- 
gineering,” Oct. 8. This boat provides regular service 
between Godesberg and Niederdollendorf and {s licensed 
to carry 645 persons. There is free space on a wooden 
fore-deck to accommodate four harnessed vehicles. The 
hull is of steel with these compartments between bow 
and stern: collision space, cabin with bunks for crew, 
battery room and machine and store room. The bow 
and low fore decks occupy about two-thirds of the 
upperworks and on the rear third is the deck house. 
The back part of this is fitted as a saloon and the front 
as a navigating cabin. From this latter division which 
is higher than the saloon and somewhat like a pilot house 
a free outlook is obtained in all directions. The helm, 
the motor controls and the electricity-measuring instru- 
ments are, of course, in the navigating cabin. 

The boat is propelled by two screws each driven by an 
open frame, interpole, 300-volt, 50-HP. motor at 300 
r. p m. The screws may be controlled separately or 
together. The battery, located below deck, consists of 
160 storage cells in vulcanite cases and has a capacity 
of 335 amp.-hrs. on a 1-hr. discharge rate, the pressure 
being about 290 to 300 volts. The battery room is ven- 
tilated by porthulcs and outlet pipes. Two 3-HP. mo- 
tors operate landing gangways. The batteries are charged 
on the Godesburg side of the river through a flexible 
cable which is carried aboard to a plug contact. The 
landing stage consists of a pontoon, 52 ft. 6 ins. by 16 ft. 
5 ins., connecting to the shore by a bridge 82 ft. long. 
The boat evidently makes fast along side the pontoon and 
vehicles drive across the decks, 
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THE CONVENTION OF THE INTERNATIONAL ELECTR O 
TECHNICAL COMMISSION AND THE RECENT INTER- 
NATIONAL CONFERENCE UPON ELECTRICAL UNITS 
AND STANDARDS. 


ELECTROTECHNICAL COMMISSION, — The 
International Electrotechnical Commission which 
met in London, England, during the week of 
Oct. 19, had its inception due to a paper on 
standardization read by Col. R. E. B. Crompton 
before a meeting of the government delegates 
to the International Electrical Congress at St. 
Louis in 1904. At that meeting it was resolved 
that steps should be taken to secure the coop- 
eration of the technical societies of the world 
for the appointment of a representative com- 
mission to consider the standardization of elec- 
trical machinery and apparatus. A preliminary 
meeting was held in London, in June, 1906, when 
Lord Kelvin was elected President and Col. 
Crompton as Honorary Secretary. Rules for 
standardization were provisionally adopted and 
the secretary was authorized to continue a 
further organization of the movement. 

The first business of the recent mecting was 
to elect a new president. Prof. Elihu Thomson, 
of Lynn, Mass., U. S. A., was elected by accla- 
mation. Col. Crompton was re-elected Honor- 
ary Secretary. 

In the report of the Honorary Secretary it was 
stated that the council of the Institution of 
Electrical Engineers had given $1,000 and had 
loaned $1,000 to assist in the formation of the 
central office of the commission. It was also 
reported that there were ten electrotechnical 
committees organized in good working shape in 
as many countries. Six more were about to be 
started and still another six were under con- 
sideration. 

The ratification of the 1906 rules came up for 
debate Lut the records do not show that de- 
cisive action was taken. The location of the 
central office of the Commission and the change 
of the nime of local committees, serving for the 
various countries, to electrotechnical com:nittces 
were adpoted without discussion. The French 
delegation proposed a radical modification of the 
way in which the recommendations of the Com- 
mission should be promulgated. After much de- 
bate a compromise measure was accepted and is 
expressed in the following rule: 


Each country shall be entitled to one vote only, either 
by person, by proxy or by correspondence, whatever 
number of delcgat:s it may appoint. Only such de- 
cisions may be published as those of the International 
Electrotechnical Commission which have been passed by 
a majority of at least four-fifths of the votes registercd. 


There were several proposals as to the system 
on which the rules and nomenclature should be 
drawn up for publication. The German dele- 
gates proposed a cooperative scheme with the 
publishers of a technical dictionary. Such a 
move, however, was not approved as it was the 
general sentiment that the function of the Com- 
mission was not to prepare a complete diction- 
ary but rather to define and explain certain 
terms for international use. The following basis 


for the intercommunication of work was 
adopted: 
Each Electrotechnical Committee should forthwith 


commence its work in nomenclature by preparing an 
electrotechnical glossary, arranged in alphabetical order, 
in its own language. These terms, together with their 
explanations translated into the official languages of 
the Commission (English and French), shall, as soon 
as the list for the first five letters (A—E) is completed, 
be forwarded to the central office for communication to 
the other Electrotechnical Committces. The same pro- 
cedure shall be followed for the next five letters, and 
so on until the alphabet is completed. In carrying out 
this work each Electrotechnical Committee should, as 
far as practicable, utilize the work already done by 
others, to whom due credit should be given in each case. 

The subjects of a provisional standard of light 
and the metric system were discussed. The first 
subject was passed over to enable the committees 
to become more fully informed and to attempt to 
hurmonize the interests of gas and electric in- 
dustries in such a work. It was agreed that 
such figures as were necessary in the recom- 
mendations of the Commission should be ex- 
pressed in the metric system. It was conceded, 
however, that for countries which did not gen- 
erally employ the metric system, there should 
be the right to express the equivalent value in 


brackets. 


CONFERENCE ON UNITS AND STAND- 
ARDS.—The International Conference Upon 
Electrical Units, which was called together by 
the British Government, held several sessions in 
London during the two weeks following Oct. 12. 
The main object of this conference is to obtain 
international agreement on the three funda- 
mental electrical units, the volt, the ohm and 
the ampere. 


Lord Rayleigh acted as President of the con- 
ference. 


The conference adopted the following resolu- 
tions and specifications, officially known as 
“Schedule B,” and requested the delegates to lay 
them before their respective governments for 
adoption: 


1. The Conference agrees that as heretofore the mag- 
nitudes of the fundamental electric units shall be de- 
termined on the electromagnetic system of measure- 
ment with reference to the centimeter as the unit of 
length, the gramme as the unit of mass, and the second 
as the unit of time. These fundamental units are (1) 
the ohm, the unit of electric resistance which has the 
value of 1,000,000,000 in terms of the centimeter and 
second; (2) the ampere, the unit of electric current 
which has the value of one-tenth (0.1) in terms of the 
centimeter, gramme, and second; (3) the volt, the unit 
of electromotive force which has the value 100,000,000 
in terms of the centimeter, the gramme, and the second; 
(4) the watt, the unit of power which has the value 
10,000,000 in terms of the centimeter, the gramme and 
the second. 

2. As a system of units representing the above and 
sufficiently near to them to be adopted for the purpose 
of electrical measurements and as a basis for legislation, 
the Conference recommends the adoption of the interna- 
tional ohm, the international ampere, and the interna- 
tional volt defined according to the following defini- 
tions. 

3. The ohm is the first primary unit. 

4. The international ohm is defined as the resistance 
of a specified column of mercury. 

5. The international ohm 
an unvarying electric current by a column of mercury 
at the temperature of melting ice, 14.4521 grammes in 
mass, of a constant cross sectional area, and of a length 
of 108.309 centimeters. To determine the resistance of 
a column of mercury in terms of the international ohm, 
the procedure to be followed shall be that set out in 
Specification 1, attached to these resolutions. 

6. The ampere is the second primary unit. 

7. The international ampere is the unvarying electric 
current which, when passed through a solution of nitrate 
of silver in water, in accordance with the Specification 
II. attached to these resolutions, deposits silver at the 
rate of 0.00111500 of a gramme per second. 

8. The international volt is the electrical pressure 
which, when steadily applied to a conductor whose re- 
sistance is one international ohm, will produce 'a cur- 
rent of one international ampere. 


9. The international watt is the energy expended 
per second by an unvarying electric current of one in- 
ternational ampere under an electric pressure of on? 
international volt. 

Specification I.—(Spccification Relating to Mercury 
Standards of Resistance)—The glass tubes used for mer- 
cury standards of resistance must be made of a glass 
such that the dimensions may remain as constant as 
possible. The tubes must be well annealed and straight. 
The bore must be as nearly as possible uniform and 
circular, and the area of cross-section of the bore must 
be approximately one square millimeter. The mercury 
must have a resistance of approximately one ohm. Each 
of the tubes must be accurately calibrated. The correc- 
tion to be applied to allow for the area of the cross- 
section of the bore not being exactly the same at all parts 
of the tube must not exceed five parts in 10,000. The 
mercury filling the tube must be considered as bounded by 
plane surfaces placed in contact with the ends of ths 
tube. The length of the axis of the tube, the mass of 
mercury the tube contains, and the electrical resistance 
of the mercury are to be determined at a temperature 
as near to Oe C. as possible. The measurements are to 
be corrected to 0° C. For the purpose of the electrical 
measurements, end vessels carrying connections for _the 
current and potential terminals are to be fitted on to the 
tube. These end vesscls are to be spherical in shape 
(of a diameter of approximately four centimeters) and 
should have cylindrical pieces attached to make con- 
nections with the tubes. The outside edge of each end 
of the tube is to be coincident with the Inner surface 
of the corresponding spherical enċ vessel. The leads 
which make contact with the mercury are to be of thin 
platinum wire fused into glass. The point of entry of 
the current lead and the end of tne tube are to be at 
opposite ends of a diameter of the bulb; the potential 
lead is to be midway between these two points. All 
the leads must he 30 thin that no error in the resist- 


is the resistance offercd to 


ance is introduced through conduction of heat to the 
mercury. The filling of the tube with mercury for the 
purpose of the resistance measurements must be carried 
out under the same conditions as the filling for the 
determination of the mass. The resistance which has to 
be added to the resistance of the tube to allow for the 
effect of the end vessels is to be calculated by the 
formula, 


ca area s 
1 „05877 


where ri and rg are the radii in millimeters of the end 
sections of the bore of the tube. The mean of the cal- 
culated resistances of at least five tubes shall be taken 
to determine the value of the unit of resistance. For 
the purpose of the comparison of resistance with a mer- 
cury tube the measurements shall be made with at least 
three separate fillings of the tube. 

Specification II.—(Specification Relating to the Depo- 
sition of Silver).—The electrolyte shall consist of a so- 
lution of from 15 to 20 parts by weight of silver nitrate 
in 100 parts of distilled water. The solution must only 
be used once, and only for so long that not more than 
30% of the silver in the solution is deposited. The 
anode shall be of silver, and the cathode of platinum. 
The current density at the anode shall not exceed 1/5 
ampere per sq. cm. and at the cathode 1/50 ampere per 
sq. cm. Not less than 100 cu. cm. of electrolyte shall 
be used in a voltameter. Care must be taken that no 
particles which may become mechanically detached from 
the anode shall reach the cathode. Before weighing, 
any traces of solution adhering to the cathode must be 
removed, and the cathode dried. 


The Conference recommended the use of the 
Weston cell, as a convenient method of measur- 
ing E.M.F. for voltage and current determina- 


tions, when set up in accordance with the fol- 
lowing specification officially known as Sched- 
ule C. 


The Weston normal cell may be conveniently employed 
as a standard of electric pressure for the measurement 
both of E.M.F. and of current, and when set up in ac- 
cordance with the following specification, may be taken. 
provisionglly, as having, at a temperature of 20° C., 
an E.M.F. of 1.0184 volts. 

Specification Relating to the Weston Normal Cell.— 
The Weston normal cell is a voltaic cell which has a 
saturated, aqueous solution of cadmium sulphit? 
(CdSO,8/3H.O) as its electrolyte. The electrolyte must 
be neutral to Congo red. The positive electrode of the 
cell is mercury. The negative electrode of the cell is 
cadmium amalgam consisting of 12.5 parts by weight of 
cadmium in 100 parts of amalgam. The depolariser, 
which is placed in contact with the positive electrode, 
is a paste made by mixing mercurous sulphate with 
powdered crystals of cadmium sulphate and a saturated 
aqueous solution of cadmium sulphate. The different 
methods of preparing the mercurous sulphate paste will 
be described in notes. One of the methods there speci- 
ficd must be carried out. For setting up the cell, the 
71 form is the most suitable. The leads passing through 
glass to the electrodes must be of platinum wire, which 
must not be allowed to come into contact with the 
electrolyte. The amalgam is placed in one limb, the 
mercury in the other. The depolariser is placed above 
the mercury and a laycr of cadmium sulphate crystals 
is introduced into each limb. The entire cell is filled 
with a saturated solution of cadmium sulphate and then 
hermetically scaled. The following formula is r-com- 
mended for the E. M. F. of the cell in terms of the t:m- 
perature between the limits 0° C. and 4° C. 


E, = Ep — 0.0000406 (t — 20°) — 0.000005 (t — 20°)° 
+ 0.00000001 (t — 20)? 


The Conference recommended that the various 
governments interested should establish a per- 
manent International Commission for Electrical 
Standards. A Committee of 15 was appointed to 
serve as advisors on the organization of a per- 
manent commission, and, pending such organiza- 
tion, to formulate plans for such work as may 
be necessary in maintaining and comparing 
standards, fixing values and completing the work 
of this Conference. It was recommended that 
laboratories properly equipped for precise work 
should be asked to cooperate with this commit- 
tee. The committee was also directed to con- 
sider the question of enlarging the Internationa! 
Conference of Weights and Measures to include 
the Conference of Electrical Units and Stand- 
ards. 

We are indebted, in preparing this brief sum- 
mary of the work of these two international 
bodies, to the much longer accounts in (London) 
“Electrical Engineering” of Oct. 15 and 29 and 
“Blectrician” of Oct. 23 and 30. 
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The State of Illinois having voted $20,000,000 
for the construction of a deep waterway from 
the drainage canal terminus down the Illinois 
River, the question arises under what direction 
the work should be done. We pointed out, in our 
issue of Nov. 5, the great advantage of having 
the public officials in charge of work requiring 
expert knowledge appointed rather than elected 
to office. In Illinois, however, agitation is on 
foot to have the Legislature make the canal 
board, which must be created to have charge of 
the canal work, an elective body. It can readily 
be seen that if this movement is successful, the 
positions on the canal board will be subject to 
the vicissitudes of partisan politics, and the 
party boss on each side will be the real arbiter 
in controlling the expenditure of the people’s 
money. If Illinois desires to see its $20,000,000 
honestly and efficiently expended, it will leave 
the appointment of the canal board in the hands 
of the Governor, subject if desired to confirma- 
tion by one or oth branches of the State 
Legislature. 

— r 

The annual convention of the Atlantic Deep 
Waterways Association, which has for its object 
the construction by the Government of a line of 
inland waterway channels parallel with the At- 
lantic coast, was held at Baltimore last week. 
The report of the Committee on Resolutions, 
adopted at the close of the convention, contains 
the following recommendations: 


The purchase of. the present Chesapeake & Delaware 
Canal and the construction of a new one. 

Deepening the Hudson River to the point where it 
connects by canal with the lakes. 

Selecting a route through Massachusetts from Narra- 
gansett Bay to Boston. 

Deepening the present waterways from the North Car- 
olina sounds to Norfolk. 

Surveying New Jersey and New York along the Flor- 
ida coast preliminary to further development. 


Regarding these various schemes, the Chesa- 
peake & Delaware Canal enterprise has almost 
certainly merit enough to justify favorable action 
by the Government, and the same may be said 
concerning the improvement of the Hudson 
River. Concerning the third project recom- 
mended, however, it is certainly open to ques- 
tion, whether an inland waterway route to cut 


off the detour around Cape Cod should start on 
the south from Narragansett Bay or Buzzards 
Bay. As many of our readers will remember, 
these two routes are being promoted by two rival 
corporations: the one from Narragansett Bay by 
the New York, Brockton & Boston Canal and 
Transportation Co., incorporated in 1906, and 
the route from Buzzards Bay by the Cape Cod 
Canal Co., which last year secured the backing 
of the banking firm of August Belmont & Co. 
and is expected to proceed with active work on 
construction whenever bonds on the enterprise 
can be sold. 

The difficulty with either of these schemes, if 
carried out as a private enterprise and with re- 
liance upon income from tolls on the traffic to 
pay a return to the investors, is that vessels 
would not be obliged to use them except in 
stormy weather. It must be remembered that 
both these canals would be put out of service 
by ice during the winter months, when navi- 
gation around Cape Cod is most hazardous. 
During the rest of the year, most vessels would 
make the journey around Cape Cod in fair 
weather, which prevails for probably three- 
fourths of the time, rather than pay any con- 
siderable tolls to pass through a canal. If, how- 
ever, the Government were to build the water- 
way and open it to all traffic free of tolls, it 
would undoubtedly serve a much larger volume 
of commerce. 

As to the comparative merits of the two routes 
for Government construction, all the present in- 
formation points to the route from Buzzards 
Bay as being the most advantageous. The cost 
is roughly estimated at not more than one-third 
that of the canal from Fall River to Boston, and 
when rights-of-way and land damages were in- 
cluded for the latter project, it is probable that 
the disparity would be even greater. 


— 


A very pertinent suggestion regarding the 
Sanitary control of watersheds was made at the 
last meeting of the New England Water Works 
Association by Mr. E. E. Lochridge. It is well 
known that the drought of the past summer and 
fall has lowered the storage reservoirs of water- 
supply systems throughout the East to a very 
low point. Recent rains have served to pre- 
vent total exhaustion in many cases, but have 
not filled the reservoirs, and in many cases the 
surface run-off is being taken almost directly 
into the supply mains. Under these conditions, 
any chance pollution is far more apt to cause 
harm than if it were distributed in a reservoir, 
where it would be disseminated in a large body 
of water and the normal processes of oxidation, 
etc., could take place. It is therefore par- 
ticularly necessary that vigilance should be 
used in the sanitary policing of watersheds at 
this season. 

A further feature concerning this matter is 
that, while large storage is undoubtedly a great 
safeguard against the spread of disease from a 
polluted water-supply, it fails to become effective 
at times like the present. It cannot therefore 
be claimed, as is sometimes done, that storage 
reservoirs can wholly take the place of other 
purification systems as a protection to the 
health of a community. 

— 


In another part of this issue we have reprinted 
extracts from an interesting paper by Mr. 
Sherard Cowper-Cowles, whose name has become 
familiar in connection with certain metallur- 
gical developments such as the “dry-galvanizing” 
process using zinc dust in a heated chamber 
instead of a bath of molten metal and the 
process for electroplating copper upon a mandrel 
in such a way that its crystallization can be 
controlled and so that the copper may be imme- 
diately stripped from a mandrel as a wire, sheet 
or cylinder.* 

The paper by Mr. Cowper-Cowles describes a 
process for producing fron tubes and sheets from 
ore or scrap by a single process. The method 
consists essentially in the electrolytic disposi- 
tion of fron from such a solution and at such 
current densities as will give a dense, smooth 


*Engineering News, April 11, 1907. 


any failure of the overhead structure. 


and strong deposit in the form of a sheet or 
tube which requires no further metallurgical 
treatment. The solution is made by leaching 
from scrap or ore, and the inventor even sug- 
gests the possibility of underground leaching as 
a substitute for mining ore. 

After considering all that the inventor has 
seen fit to disclose in his paper, it will doubtless 
be felt by many that his process can never be- 
come practical on a commercial scale. It is 
difficult, however, to set limits to the possibili- 
ties of electro-chemical processes when we con- 
sider what revolutions have been wrought in 
many industries already through electro-chem- 
istry. It would seem that the new process might 
be immediately applied in the manufacture of 
special electrical and chemical apparatus where 
proper composition and strength have been at- 
tained only at high cost. 

It is interesting to note, in Mr. Cowper-Cowles’ 
paper, the part played by hydrogen in determin- 
ing the physical characteristics of the iron 
articles produced. It seems analogous to the in- 
fluence of carbon as introduced in the prevalent 
common metallurgical processes. 

a 

As noted in our last week’s issue, the pro- 
moters of the Tunis monorail transportation sys- 
tem have obtained a franchise permitting them 
to install a short line in the outskirts of New 
York City, extending from Bartow Station, on 
the New York, New Haven & Hartford R. R., to 
Belden Point, City Island, a distance of about 
three miles. The line will replace a dilapidated 
horse-car line and can hardly fail to be an im- 
provement over that system of transportation. 

The Tunis system is very similar to the old 
Boynton system, which was extensively ex- 
ploited by E. Moody Boynton, of Newburyport, 
Mass., nearly 20 years ago. The cars are bal- 
anced over a single rail and are kept from tip- 
ping over by a light overhead structure sup- 
ported by posts at intervals. There is no reason: 
why the system should not operate with good 
satisfaction from a mechanical point of view. 
There is nothing experimental in the use of the 
monorail; in fact, its use with suspended loads, 
in the telpherage system, in traveling cranes, 
etc., is very large, and there is besides that the 
well-known Elberfeld-Barmen passenger rail- 
way in Germany, in operation now for nearly ten 
years, where the cars are suspended from an 
overhead structure and a single rail is used. 

The really important question regarding the 
Tunis system is whether it possesses any actual 
advantages over an ordinary two-rail road, and 
no satisfactory proof of this has ever been given. 
The usual claim for the monorail system is the 
possibility of attaining higher speeds; but, as a 
matter of practical engineering, the ordinary two- 
rail railway is capable of as high speeds as the 
public is willing to pay for. Furthermore, in 
any railway for city passenger traffic, the speed 
limit is fixed not by the roadway but by the 
possibility of keeping the line clear. 

It has been claimed that the single-rail sys- 
tem is safer than the two-rail system. This 
was the argument especially used by the Eng- 
lish inventor Behr, the promoter of the proposed 
single-rail high-speed line between Manchester 
and Liverpool. Mr. Behr had a working ex- 
hibit of his system in New York City two years 
ago, and made strong efforts to secure the con- 
struction of a line to Coney Island, but without 
ultimate success. 

In the Tunis system, even if there were some 
slight advantage as respects liability to derail- 
ment (which would be hard to prove), there 
would still remain the Hability to danger from 
It may 
be taken as almost an axiom in engineering that 
a railway train is safer when on track laid on a 
solid roadbed than when it is on a bridge or 
other structure where safety is dependent upon 
the condition of an artificial erection, which must 
be properly built and properly maintained. 

It has been argued for the single-rail system 
that it involves the placing of only one rail in 
the street pavement instead of two. This would 
be in some locations an important advantage, but 
it seems to be more than offset by the obstruc- 


590 


ENGINEERING NEWS. 


Vol. 60. No. 22. 


2 = 2 ae — 


tlon presented by the posts carrying the overhead 
structure. 

There is a possibility that something advan- 
tageous may be worked out in monorail con- 
struction in connection with an elevated railway 
system, where the elevated structure could carry 
at once trains running on ordinary tracks for 
express traflic, and trains or cars suspended 
from the structure and running on a single rail, 
as in the Elberfeld-Barmen system. No line of 
this sort has ever been built, but its feasibility 
has been given careful consideration for the 
streets of Berlin. 

— . _—___—__. 

The inefficiency of municipal administration in 
Chicago is dealt with severely by Mayor Busse 
of that city in an interview recently published. 
The city now has its own stations for generating 
electricity for the electric street lighting system, 
but a report made by Mr. Bion J. Arnold shows 
that a large saving may be effected by purchas- 
ing current generated at the power plant of the 
Chicago Drainage Canal. A somewhat smaller 
(but still important) saving could be made by 
purchasing current from the electrical compa- 
nies. 

The principal reason for the higher cost of the 
city’s operation appears to be the great waste 
of material and time on the part of its employ- 
ees. 

We quote the following remarks from the in- 
terview mentioned above: 


A city employee seems to think that he is required 
to do only about one-fifth of a day's work. Go out in 
the street any day and watch the employees of an 
electric light and power company putting up wires and 
other equipment. Then go over to the next street and 
watch the city electricians doing similar work. You 
will see the difference in the amount of work the com- 
pany is getting and the amount the city is getting. The 
company's employees are required to do so much work 
each day and if they don’t they lose their jobs and the 
company gets other employees who will do better. But 
with the city it's different, the employees loaf long and 
waste time and supplies at the expense of the taxpay- 
ers. 

A private company can discharge inefficient employees, 
but the city can't. To get rid of inefficient city em- 
ployees I have to file charges minutely specifying their 
shortcomings and then the civil service commission puts 
me on trial instead of the employees. I am a strong ad- 
vocate of civil service—I think it is absolutely neces- 
sary in the administration of government—but there are 
some defects that must be remedied before the execu- 
tive will have it in his power to run the government 
so as to give the people their money 3 worth. 


We do not see that blame can be thus laid on 
the shoulders of city employees without in some 
degree affecting those who are over them. If 
the superintendents and heads of departments in 
city employ were. really held responsible for re- 
Sults, as would be the case in a proper business 
administration of the city’s affairs, it is reason- 
able to expect that they would find some way of 
controlling the work of their subordinates. 

It is sometimes claimed that municipal man- 
agement is necessarily inefficient, if not actually 
corrupt. An illustration showing a contrary 
state of affairs was shown in an article in our 
issue of Dec. 5, 1907, describing the results of 
organizing a Chicago city department on a busi- 
ness basis. The efficiency and economy were 
proved conclusively, yet the organization has 
since been abandoned. The general impression 
(and the natural inference) is that this was due, 
in part at least, to the influences which had 
dominated the department in the past, and 
which would not submit to the loss of certain 
prerogatives as to the employment of labor and 
the purchase or use of materials. It is unfor- 
tunate that such a retrograde step should have 
been made by the administration. 

In this connection it may be noted that not 
very long ago the actual theft of city property 
by employees in the shops of one of the city’s 
departments became to great as to lead to a 
public investigation. At about the same time 
the office forces of the same department were 
investigated and reorganized as the result of the 
lack of discipline and supervision of the em- 
ployees. As one result of the investigation, a 
clock-register system was installed as a check 
upon the unrestricted comings and goings of the 
employees, and to require them to spend a proper 
amount of time in the office. It was received, of 
course, With much objection, but seems to have 
effected an improvement. Yet, according to the 
local papers, the system has been abandoned at 
the suggestion of the Mayor, who thought it un- 


dignified to thus indicate that it was necessary 
to compel the city’s employees to attend to their 
work. The cause of the neglect and carelessness 
undoubtedly lies in the lax discipline and the 
political affiliations which too frequently prevail 
In municipal Offices. It is evident that the pri- 
mary responsibility for waste of material and 
time and neglect of duty on the part of mu- 
nicipal employees must lie with the higher 
Officers of the administration and cannot be 
transferred by them wholly to the shoulders of 
the employees whom they direct. 
— a a — 


THE MOVEMENT TOWARD MUNICIPAL OWNERSHIP OF 
PUBLIC WATER SUPPLIES. 


The vote in the city of San Francisco on Nov. 
12, by which the citizens expressed themselves 
six to one in favor of municipal ownership of 
the water-supply system, is an event deserving 
more than passing notice. For many years the 
cities of New Orleans and San Francisco have 
been the only ones among the great cities of the 
United States to rely upon private companies 
for their water-supply. New Orleans, however, 
has been for some years at work upon its mu- 
nicipal water-supply system, and it is expected 
to be in full operation by the close of this year, 
the system including a complete filtration plant 
so that the quality as well as the quantity of 
the supply will be assured. The movement for 
a municipal water-supply for San Francisco 
dates back at least eight years, but naturally 
made little progress during the era of corruption 
in municipal affairs. 

Compared with private water companies gen- 
erally, the Spring Valley Water Co., which has 
furnished San Francisco’s supply, has been con- 
ducted on lines in many respects commendable. 
Its works are without doubt the largest and 
most important of any private water company 
in the United States, and it made as much pro- 
vision for the city’s growth and for storage of 
Supply against contingencies of drought as 
could well be expected. Since the movement for 
a municipal supply gathered force, however, the 
company has naturally refrained from increas- 
ing its investment more than was absolutely 
necessary. It was subjected to heavy burdens, 
of course, in common with every other industry 
of San Francisco, by the earthquake and fire. 
While it could not justly be held responsible for 
the conflagration, since its mains were broken 
by the earth shock, there is no doubt that the 
public opposition to the company was increused 
by the calamity which the city suffered because 
of the failure of the supply. Furthermore, it 
is the general feeling in San Francisco that for 
the future fire protection of the city the best 
that money and skill can furnish is none too 
good. It was hardly to be expected that the 
company would undertake the large outlay that 
would be necessary to rebuild its plant on these 
lines. 

The question of rates has long been a bone of 
contention between the company and the water 
users. Under the California law, the rate to 
be paid by water consumers in San Francisco is 
determined annually by the Board of Super- 
visors of the city. This action of the public 
authorities, however, has been nullified by court 
proceedings on the part of the water company. 
Each year a temporary injunction has been ob- 
tained from the United States Court, on the 
plea that the rates fixed would deprive the com- 
pany of its property without due process of law, 
and the court proceedings consequent upon this 
injunction have never reached the point of final 
adjudication. Whether the rates fixed by the 
Supervisors have been unreasonably low or not, 
the fact remains that the controversy bred 
enmity toward the water company and was un- 
doubtedly a large factor in bringing about the 
overwhelming vote for the new municipal supply. 

Of course the question of quality entered in, 
also, as an important factor. The new supply 
is to be taken from drainage areas in the high 
Sierra Nevada Mountains so elevated that little 
or no pollution from habitations is ever likely to 
take place. Undoubtedly a much better supply 


will be secured than could possibly be expected 


from the gathering grounds of the Spring Val- 


ley Water Co. located on the San Francisco 
peninsula. 

It is worth noting that the original steps for 
a better water supply for the city were directed 
toward obtaining bids from private companies, 
and these, in fact, were actually secured some 
eight years ago. The growth of sentiment to- 
ward municipal ownership, however, was so 
Strong that further dealings with private com- 
panies became out of the question. Much credit 
is due to the faithful work of the engineers who 
have assisted the city authorities in carrying 
out the plans for the new supply. The original 
recommendation of these elevated Sierra Nevada 
Sources was made by Mr. C. E. Grunsky, M. 
Am. Soc. C. E., when City Engineer of San 
Francisco, and very recently expert reports 
favoring these sources have been made by Mr. 
Desmond FitzGerald and Professor Marx, of 
Stanford University. N 

Of course the vote on Nov. 12 represents only 
the first step in the acquisition of a municipal 
supply. It empowers the city authorities to take 
advantage of the favorable action of the Federal 
Government authorities with respect to securing 
rights to the waters referred to. It will have to 
be followed up, of course, by suitable action for 
the construction of dams and conduits to convey 
the water to the city, a distance of over 200 
miles. 

The change of San Francisco and New Orleans 
to municipal ownership of their water-supplies 
leaves no city in the United States of more than 
110,000 population in the position of relying upon 
a private company for its water-supply, with ihe 
sole exception of Denver and Indianapolis; and 
in the former city, work for a municipal water- 
supply is already far advanced. Of the 33 cities 
having less than 110,000 and more than 60,000 
population, the only ones still relying on private 
companies are Des Moines, Ia., Bridgeport, 
Conn., Grand Rapids, Mich., Scranton, Pa., Mem- 
phis, Tenn., Omaha, Neb., St. Joseph, Mo. New 
Haven, Conn., Oakland, Cal., and Paterson, N. J. 
In a number of these cities public, dissatisfaction 
with the company supply is very serious, and a 
change to municipal ownership is bound to come 
in no long time. 

— 2 


A PROPOSED INCREASE IN THE CORPS OF ENGINEERS. 


All signs point toward a radical enlargement 
of government work in the improvement of 
waterways. A national convention is to assem- 
ble at Washington early next month and is ex- 
pected to make a strong appeal for a regular 
annual appropriation of $50,000,000 by the 
Federal Government for waterway improvements. 

This agitation for improved waterways, as our 
readers Know, has been gathering force for many 
years. It has secured the approval of the 
President-elect and of a large proportion of the 
members of Congress. But in all the discussion 
little attention has been paid to the question 
under whose direction this work is to be carried 
out. Upon the answer to this question the 
whole success or failure of*the movement for 
improved waterways depends. There are plenty 
of sloughs and creeks and shallows where fifty 
million dollars a year can be sunk with no re- 
sulting benefit to the country’s transportation in- 
terests worth talking about. The only practical 
step toward placing the improvement of national 
waterways on a sound business basis was the 
appointment by President Roosevelt of the In- 
land Waterways Commission; but, as our read- 
ers know, the ability of the Commission to do the 
work for which it was commissioned has been 
almost nullified by the refusal of Congress to 
establish the Commission on an official basis and 
provide it with funds necessary for the work. 

As matters stand at the present time, all work 
which the Federal Government may undertake 
for waterway improvement must be carried on 
under the direction of the Corps of Engineers. 
The annual report of Gen. Wm. L. Marshall, the 
present Chief of Engineers, has just been made 
public, and it is of much interest to find that 
it opens with a strong plea for a radical increase 
in the membership of this Corps. It may be of 
interest to our readers to know how the Corps 
is now constituted. Examination of the directory 
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of the Corps, issued on Oct. 1 of this year, shows 
that it is made up of 170 officers, who are di- 
vided in rank as follows: One General (the Chief 
of Engineers), 10 Colonels, 16 Lieutgnant-Col- 
onels, 32 Majors, 43 Captains, 43 First Lieuten- 
ants und 25 Second Lieutenants. The 27 officers 
above the rank of major are all, of course, men 
of mature years. The average age of the 32 
majors appears to be about 46 years. The cap- 
tains may be averaged at about 34 years, and the 
first lieutenants about 28. If we assume that 
half of the captains have reached an age and ex- 
perience at which large responsibilities may be 
Placed upon them, we find that roughly the 
Corps may be divided into two parts, of which 
about half are fit for positions of large respon- 
sibility and the other half are still at an age 
when they should be adding to their experience 
in subordinate positions. 

It hardly needs demonstration to prove that 
the 80 or so older officers of the Engineer Corps 
would have their hands full if they had nothing 
but the river and harbor improvements to look 
after. Gen. Marshall's report, however, shows 
that a large part of the Corps are required to 
give their time to other work, and only a com- 
paratively small portion of the whole are en- 
gaged on the important work of waterway im- 
provement. Eighty-six officers, or exactly half 
of the Corps, are engaged on military duty ex- 
clusively, and 33 officers in addition have to give 
part of their time to military work. This leaves 
only 52 officers of all ranks, from General to 
Second Lieutenant, to conduct the Federal Gov- 
ernment’s engineering work. Upon this small 
band of officers there is now placed by statute 
responsibilities for the construction of all the 
coast fortifications, the superintendence and ex- 
ecution of all works for river and harbor im- 
provement, as well as surveys for and reports 
upon future projected works of this class, the 
construction and repair of lighthouses both on 
United States waters and in the island posses- 
sions, the municipal engineering of Washington, 
D. C., the improvement of the Yellowstone Nat- 
ional Park, the survey of the Great Lakes and 
the charting of canals therein, the control of 
California rivers affected by the debris from 
hydraulic mining, the construction of the Panama 
Canal, and a considerable amount of work in 
connection with the conduct of the various 
schools maintained by the army. 

The condition of overwork in the department is 
well summarized by Gen. Marshall as follows: 

At present only 44 officers, or about one-fourth of the 
Corps. are left under full control of the department to 
attend to the important construction works, fortification, 
river and harbor, and other, devolving by law upon the 
Corps of Engineers. Deducting from this number the 
Chief of Engineers himself, the assistants in his office, 
and a small allowance for officers sick, on leave, or 
changing stations, there remains only about one officer 
for every two engineering districts. whereas there should 
be in each district at least one officer and in many dis- 
tricts two or more. 

e 0 0 0 0 * LJ e 9 

Owing to the total inadequacy of the number of avail- 
able officers it has been frequently necessary to combine 
works and districts and to thus throw upon many officers 
such a number and variety of duties as to make it diffi- 
cult, if not impossible, for them to devote to the various 
items of work the proper amount of detailed considera- 
tion. Furthermore, it has become necessary to almost 
stop the extremely desirable custom, formerly in vogue, 
of assigning as assistants in construction districts young 
officers, in order that they may, by actual observation 
and practice, become fitted to assume charge of con- 
struction work, and in several cases recently it has been 
necessary to assign to the charge of important construc- 
tion work an officer who has had no previous experience 
ag an assistant on such work.—([Italics ours.— Ed.] 


Having thus established the absolute necessity 
of an increase in the number of the men called 
to bear these large responsibilities, Gen. Marshall 
makes his recommendation for an increase as 
follows: 


Under the circumstances, it is evident that if the work 
of the Corpse of Engineers is to be carried on with the 
same high standard of efficiency that has previously 
characterized it, there must be an increase in the num- 
ber of officers in the Corps in order that a greater 
number may be available for construction work. This 
matter has been given careful consideration, and a care- 
ful canvass has been made of the work to be done and 


of the number of officers in the Corps available for this 
work, and. as a result of this study I have decided that 
with the same enlisted strength as at present an increase 
of % in the authorized number of engineer officers is 
absolutely necessary to provide a sufficient number of 
officers for the work now devolving on the Corps. Fur- 
thermore, the increase on this account should be only 
in the grades above that of second licutenant, as officers 
of that grade are not available for and should not be 
assigned either to the charge of construction work or as 
assistants thereon. 

By an increase of 60 officers, affecting only the grades 
above that of second lieutenant, and distributed among 
those grades in proportion to the number of officers at 
prcsent in each grade, there would be added to the au- 
thorized strength of the Corps of Engineers 4 colonels, 7 
lieutenant-colonels, 13 majors, 18 captains, and 18 first 
lieutenants, which is the additional strength estimated 
on account of the large increase in civil work of the 
Corps. 

yen, Marshall then turns to the need of addi- 
tional engineer officers for purely military duties. 
He shows that the demand for engineer troops 
is very rapidly increasing. It is stated that the 
General Staff is about to recommend an increase 
in the number of engineer battalions of enlisted 
men from three to six, and to officer these bat- 
talions 57 additional officers will be required. He 
also recommends that the battalions be organized 
into regiments requiring 15 additional officers, 
or a total increase of 132 in the personnel of the 
Corps of Engineers. 

We are sure that no one will be found among 
those familiar with the duties laid upon the En- 
gineer Corps, who will in any way deny the 
necessity. for the increase in the number of offi- 
cers recommended by Gen. Marshall. But the 
point on which division of opinion is certain to 
arise is the question, how shall this increase be 
made? The widely published newspaper ab- 
stracts of Gen. Marshall's report left no hint as 
to his recommendations on this point, and we 
therefore print in full his solution of this prob- 
lem. 

This increase, though apparently large, I believe to be 
essential to equip the Engineer Corps with officers suffi- 
cient to enable it to perform properly the numerous and 
important duties devolving upon it. It is, however, 
evident that this increase cannot, without causing con- 
fusion, be made at once, and if made by permanent 
transfers without trial, it is probable that it cannot be 
made at all without getting {n some undesirable ma- 
terial. I would, therefore, recommend that the increase 
be made to extend over a period of about five years, 
and in the higher grades by promotion of officers now in 
the Corps and in the other grades by assignment of 
graduates of the Military Academy and by detail, for a 
term of years, of officers who have graduated from the 
academy and are selected from the army at large, officers 
thus detailed who may prove to be satisfactory to be 
permanently commissioned in the Corps of Engineers 
under such regulations as to grades and dates of com- 
mission as will equitably preserve their rights and those 
of officers previously in the Corps. 

Gen. Marshall is by his professional achieve- 
ments entitled to rank as an engineer of ability 
and distinction; but his plan for increasing the 
membership of the Corps of which he is at the 
head indicates that military traditions had 
greater weight with him than the need for the 
solution of engineering problems by men of 
professional ability. Referring to his recom- 
mendations above, we presume that Gen. Mar- 
shall would place the officers from the other 
departments of the army in charge of the purely 
military duties in the Corps. It is simply un- 
thinkable that an officer of infantry or of 
cavalry, with no other knowledge of engineer- 
ing than what he gained as a boy at West 
Point and the little he may have picked up 
since, should be placed in charge of important 
works of river and harbor improvement. If we 
are correct În this assumption, then Gen. Mar- 
shall's proposition is to make the needed in- 
crease in the Corps of Engineers for purely 
civil engineering work by simply shoving up the 
young lieutenants and young captains and plac- 
ing them over work which ought to be, as Gen. 
Marshall himself says in substance, in the charge 
of men of large ability and long experience. In 
the interest of sound engineering, in the interest 
of the nation, which should have its appropri- 
ation for waterway work efficiently expended, 
we protest against such a plan. 

Engineering News has fully recognized and 


-But if the Corps of Engineers persists 


often pointed out the very valuable services 
Which officers of the Corps of Engineers have 
rendered and are rendering in the efficient and 
honest conduct of great public works. Yet we 
have at the same time recognized the fact that 
a large part of the real engineering work is 
being done by subordinates, with inadequate 
pay and inadequate position. The character of 
the work done and its ultimate cost to the pub- 
lic has suffered in the past and is bound to suffer 
very much more in the future if a change is 
not made. 

We believe that Gen. Marshall has missed a 
great opportunity. If a radical increase is to 
be made in the membership of the Corps of En- 
gineers—and no one doubts its necessity, if that 
body is to continue in charge of Federal water- 
way work—then why not make that increase 
by selecting the men best competent to fill the 
positions? 

The United States selects its officers to re- 
plenish the Civil Engineer Corps of the navy 
from engineers in civilian life, and there is no 
question about the esprit de corps of this body 
of officers or its efficiency and ability. There is 
absolutely no reason why the proposed increase 
in the Corps of Engineers should not be made 
by the appointment of men who have served as 
Civilian assistant engineers in that work and 
who have thereby acquired an experience in that 
field of engineering possessed by no other set 
of men. Such appointments would come as a 
well-deserved promotion to many of these men; 
but we urge them not on their account but on 
account of the need for greater efficiency and 
economy in the work of waterway improvement. 

It may be said that the excellent traditions of 
the Corps of Engineers in the past ought to be 
maintained. There is one tradition, however, 
that ought not to be maintained, and that is 
the tradition of caste: The tradition that the 
West Point graduate, and the West Point gradu- 
ate alone, can aspire to a commission in the 
Corps of Engineers, while the civilian engineer, 
who has obtained his education at schools which 
are far superior of West Point in their engi- 
neering training, cannot possibly, no matter 
what his ability, be promoted to a position in 
the Corps. 

The absurdity of this tradition is still more 
evident when we reflect that it does not obtain 
in other departments of the army. There are 
not a few cases where enlisted men have, by 
Sheer ability, risen grade by grade until they 
have become officers in the infantry, cavalry or 
artillery. Besides these men, there are a num- 
ber of the present line officers who entered the 
army directly from civil life at the time of the 
Spanish War. 

We reveal no secrets when we say that there 
is a strong feeling among many influential men 
who are active in the present movement for in- 
creased waterway facilities, that the Govern- 
ment’s civil engineering work should be removed 
entirely from the jurisdiction of the Corps of 
Engineers. There are some reasons why such 
a change might be an unwise one, as has been 
fully pointed out in this journal at various times. 
in its 
policy of exclusiveness, and will take no steps 
looking to reorganization on a broader plane, it 
cannot complain if a radical revision is made in 
its duties. 


LETTERS TO THE EDITOR. 


Specifications for Macadam Road Construction. 


Sir: In your issue of Nov. 5 you publish a series of 
‘Specifications and Notes on Macadam Road Construc- 
tion” by Mr. A. N. Johnson, Assoc. M. Am. Soc. C. E. 
There are a number of points in this article which seem 
open to challenge, one or two of which I would like 
to mention. 

The slighting reference to ‘‘telford construction” seems 
unjustified, and Mr. Johnson entirely omits mentioning 
the chief reason for the use of the ‘‘telford construction” 
namely drainage.“ In 'the construction of macadam 
roads where subgrade is impervious material such as 
clay and where there is present more or less ground 
water due either to springs or run-off from neighboring 
high lands, the use of the telford base would seem to 
more than justify itself. This is simply one place among 
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many where a telford constructfon or else some adequate 
underdrainage is imperative and would in itself justify 
telford construction. 

In the specifications for telford, Mr. Johnson makes this 
statement: Should any unevenness or depressions oc- 
cur during or after the rolling of the first course, they 
are to be remedied immediately by broken stone and 
rolled firm.” 

This would seem to the writer to be very bad practice. 
If the sub-grade is properly rolled in the first place, 
there seems no reason at all 
why there should be any 
depressions in the telford if 
properly laid. If such de- 
pressions occur, they will, of 
course, be depressions in 
the sub-grade, in which case 
the telford should be taken 


out and the sub-grade 2,800 
brought up and properly com- 

pacted. If, as Mr. Johnson 2600 
specifies, the telford is al- g 


lowed to sink and is further 
depressed by being cov- 

ered with broken stone and 

rolled, there will develop a 

cup in the sub-grade which 

will hold water and will re- 0 

sult in a soft spot in the 0 

road. £ 
The requirement that each 0 

of the two main courses of £ 
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of screenings and would re- 
sult, in a comparatively short 
time, in the appearance 


stone which are specified 21. , 
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died that all the finer ma- 1400 : 2 A S: 
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represent the moduli of various flange areas. The curved 
lines below the zero axis represent the moduli of webs 
of different thickness. 

The notes below the diagtam explain how the moduli 
were computed. 

To determine the flange area of a girder, determine the 


M 
maximum bending-moment; then — = modulus. Now 
8 


select the depth of girder. 


Read from the diagram the 
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through the screening surface 
of the points of the large 
stones. 


A SECTION-MODULUS DIAGRAM FOR PLATE GIRDERS. 


Diagram computed from the following: 


Mr. Johnson seems to gen- If M = external bending-moment i 
erally discredit the idea of S = permissible fiber stress then Required Modulus = —— = A, di + Ag de 
grading the stone from the 8 


bottom up with the larger 
material on the bottom, but 
as the object is to obtain not 
only a good bearing surface 


where A, = section area of flange-angles tous flange). 


A; = sectional area of cover-plates (one flange). 
di = distance between centers of gravity of flange angles. 
da = depth of web plus \-in. - 


Deduction for rivet-holes: 


For flanges without covers, 1 hole for %-in. rivet out of each angle. 


but to keep that surface dry 
and well drained, it certainly plate. 
seems that such a construc- 
tion is reasonable. 

In the question of payment for macadam construc- 
tion, Mr. Johnson speaks of the difficulty of preventing 
scrimping by the contractor, when paid on the basis of 
the square yards of surface. In this connection I would 
say that there is another method which seems to have 
an advantage and that is: requiring the contractor to sub- 
mit his shipping bills for stone. As these give the weight 
of stone he has used, it is not difficult to arrive at a 
fairly accurate idea as to whether or not there has 
been any extensive slighting of the work. 

Yours very truly, 
. Norman E. Olds. 

103 Richmond St., West, Toronto, Ont., Nov. 12, 1908. 
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A Section -Modulas Diagram for Plate-Girders. 


While designing girders I compiled a diagram which 
saves considerable time and labor and at the same time 
secures uniformity of design. I noticed that in our 
construction the great majority of girder flanges were 
made up of 6 x 6-in. angles and covers, and thus hit 
upon the accompanying diagram, which has been found 
very useful in my office. 

A brief description will suffice. The moduli are re- 
corded above and below the zero axis, to a scale [in the 
original] of 400 = 1 in. The depth of the web, in 
inches, is measured from left to right [original scale 
10 ins. = 1 In. J. The inclined lines above the zero axis 


For flanges with covers, 2 holes for %-in. rivets out of each angle and each cover 


The curves below the sero axis give the section-modulus of the web, counting one- 
eighth the web area as flange area. 


section nearest to or just above the point where the 
vertical and horizontal ordinates intersect. For example 


M 
—— = 2,000 and depth of web is 60 ins. The line pass- 
8 


ing nearest the intersection of these two ordinates 
represents a flange composed of two 6 x 6 x 5-in. angles 
and three 14 x %-in. covers. 

If it is desired to include one-elghth of the web as 
flange area, find the modulus for the web below the 
zero axis, subtract it from the total required modulus, 
and determine the required flange section as above. 

Similar diagrams may. be made for other angles and 
suitable covers. 

The lengths of cover plates are determined in the usual 
way. . 

L. R. Shellenberger. 

21 West 45th St., Bayonne, N. J., Oct. 27, 1908. 


[The diagram is, of course, equally applicable 
to lattice-girders as to plate-girders.—Ed.] 
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GAS METERS TESTED by the Public Service Commis- 
sion of New York City during the month of October 
numbered 30,882, of which 6,594 were new, 28,739 re- 
paired, and 549 complaint meters. Of the 549 complaint 
meters tested, 56, about 10%, were correct; 828, or 60%, 
were fast, and 165, or 80%, were slow. 


A STUDY OF RAIL PRESSURES AND STRESSES IN 
TRACK PRODUCED BY DIFFERENT TYPES OF 
STEAM LOCOMOTIVES ON CURVES.* 

By EB. H. STETSON.t 


[Preface by W. C. Cushing, M. Am. Soc. C. E., Chief 
Engineer of Maintenance of Way of the Pennsylvania 
Lines (Southwest System), Pittsburg, Pa.] 

It is well known that the problem of calculating the 
stresses produced in track fastenings is practically in- 
determinate. But in order to compare the probable dif- 
ference in effect of different types of locomotives, it may 
not be a bad plan to endeavor to make as close an analy- 
sis as possible, with the hope of at least throwing some 
light on the different effects which may be produced. If 
this be not done, we must either resort to experiment, or 
determine the matter by watching the effects produced 
in actual service. 

Making accurate experiments has turned out to be a 
very difficult thing, and cannot always be resorted to, 
as the apparatus required is both costly and trouble- 
some to get, and the experiments require the most pains- 
taking care and great expenditure of time. It is un- 
doubtedly desirable, nevertheless, to have all the experi- 
mental data possible, and this source of information is 
of great value if the experiments are properly and scien- 
tifically conducted. š 

Waiting for results from actual service is the usual 
way the maintenance-of-way engineer has had to gain 
information for the design of track fastenings. The 
method is unsatisfactory, as it leads to more or less work 
in the dark. In spite of this unscientific method, it will! 
continue to be more or less used, because the solution by 
mathematics is indeterminate on account of the many 
assumptions which must be made. This is unfortunate, 
because we all realize how much more satisfactory it 
would be if we could calculate in advance the probable 
effect of a new type or weight of locomotive, without 
waiting for the results of exhaustive experiments or 
actual service. 

Nevertheless, with the hope that the uncertainties may 
be from time to time reduced to smaller limits, and a 
more correct analysis evolved, the subject is opened up 
for discussion by the members of the American Railway 
Engineering and Maintenance-of-Way Association 
through the following paper by H. EB. Stetson, of the 
engineering department of the Pennsylvania Lines. He 
has endeavored to work out a formula for determining 
the stresses in track fastenings as nearly as possible, 
and has then compared the probable effects of different 
types and weights of some heavy locomotives on them. 

A locomotive when rounding a curve exerts certain 
forces which produce stresses in track that do not exist 
on a tangent. These forces arise from two causes: cen- 
trifugal force, and forces arising from the tendency of 


- the locomotive trucks to continue in a straight line. 


They may be further classified into three fundamental 
forces : 

(1) Net effect of centrifugal force (superelevation of 
outer rail considered). 

(2) Lateral slipping or component of slipping in di- 
rection of radius due to curvature. 

(3) Longitudinal slipping or component of slipping in 
direction of tangent of track due to unequal rail lengths 
inside and outside. 

These forces are resisted by the pressure of the flange 
of the outer wheel against the rail, thereby producing a 
horizontal thrust against the outer rail. This thrust in 
turn is resisted by friction of base of rail on tles or tie- 
plates, and resistance of fastenings to shearing and resist- 
ance of wood to crushing behind spikes. It is therefore 
necessary to compute the magnitude of this flange press- 


Fig. 1. 


ure or horizontal thrust and then find the resultant hori- 
zontal force acting on heads of spikes at a tie. The 
method of computing this force, and upon which al] the 
calculations have been based, will now be outlined. 

The first step is to compute the wheel loads on the rail 
from the given axle load for a given degree of curve, 
speed and superelevation. In computing these wheel 
loads, the assumption has been made that the height of 
— — a er ame 


*From Bulletin No. 104 (October, 1908) of the American 
Railway Engineering and Malntenance-of-Way Associa- 


tion, Chicago. 
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the center of gravity of the tetal axle load above rail is 
equal to the height of the center of gravity of the whole 
Iccomotive above the rail. Starting with this assump- 
tion, the height of the center of gravity of the spring- 
supported portion of the load above the axle is computed 
{cr each axle. The centrifugal force is considered applied 
at this point and is combined with spring-supported 
load. The resultant is resolved into two components at 
the point where it intersects the axle, normal and tan- 
gential to the axle. The part of the normal component 
carried by each wheel is next computed, and the total 
wheel load then found by adding one-half the weight of 
axle and wheels to each. 

The mathematical computation of the portion of the 
spring-supported axle load carried by each wheel is 
shown below: 

Referring to the diagram in Fig. 1, 

W = spring-supported part of axle load. 

Wr? 


gr 
fect per second g = 32.16 and r = radius of curve. 


C = centrifugal force = where v = velocity in 


€ = superelevation of outer rail. 
L = distance between points of contact of wheel treads 
on rail. 


e 
Angle of superelevation a = tan—! —. 


Combining centrifugal force C and weight W, resultant 
R = VW? + G. 


Let 8 = angle R makes with vertical = angle boc 
= tan—1 antennas” 
wW 
Angle aOc = a (similar triangles). 


Angle aOb = 8 — a. 

Now resultant R intersects wheel axle at point b dis- 
tant ab = z from center. 

& = aO tan (8 — a) where aO = height of center of 
gravity of locomotive above rail minus distance between 
top of rail and axle. 


FIG. 2. DIAGRAM OF TRACK STRESSES UNDER PACIFIC TYPE 


LOCOMOTIVE. 


At point b, where R intersects axle, resolve R into two 
components, N and T, normal and tangential to axle, 
then N = R cos (8 — a) and T = R sin (8 — a). 

L 
— +T 
9 


W, the normal load on outer wheel = N, and 
F normal load on inner wheel = N — W.. 

To the values thus found for W, and Wa should be 
I cosa 


added where W! = weight of axle and wheels. 


Since a is always small, however, it will be sufficiently 


Wi 
accurate to take cos a = 1 and simply add ia In com- 
puting the wheel loads for the guiding and trailing 
trucks, the same method of procedure is followed. In 
their case, however, a greater proportion of the load 
goes to the outer wheel, due to displacement of bearing 
plates between the trucks and frame of locomotive. The 
emount of this displacement for any case can be obtained 


from the following formula: 2 = 2a sin % I where 

gz = displacement in inches, @ = distance from forward 

or rear driver to center of bearing plate in inchcs, and 
(a+b) D 

I = ———— where b = total rigid wheel base in 
200 x 12 


inches and D = degree of curve. 

The next step is to draw a diagram as In Fig. 2, show- 
ing the position the wheels of the locomotive are as- 
sumed to take and then analyze the forces acting. The 
forces acting and stresses produced will, of course, be 
different for different types of locomotives. For this 
discussion, a Class A (Pacific type) locomotive has been 
chosen, as shown in Fig. 2. 

The wheels of the locomotive in rounding a curve are 
assumed to take a position as shown in Fig. 2. The lo- 
comotive as a whole, that is, the driving-wheel base and 
frame, is assumed to revolve about the outer rear driving 
wheel B, as it requires less work to slide the inner wheels 
than the outer wheels, due to the fact that there is less 
load on them. A pressure must be applied through the 
wheel flanges against the rail sufficient to slide the rigid 
wheel base and cause the locomotive to follow the curve. 

In the case of the forward truck, the force necessary 
to turn the truck will be applied at the front outer 
wheel. In the caseeof the driving-wheel base, how- 
ever, there are two conditions: (1) where the flange 


of the second outer driving whéel cannot bear against 
the rail, the play of drivers in frame being less than 
departure of the curve at that point; (2) where play of 
sccond pair of drivers in frame is sufficient to allow 
flange of wheel to bear against rail. 

The first condition will, of course, give the worse 
case, as then all the thrust against the rail from th3 
driving-wherl base is applied at one point, viz., the 
outer wheel of front driver. 

Assuming condition (1) to exist, it is required to cal- 
culate what this thrust P on front outer driving wheel 
will be. 

ANALYSIS OF FORCES ACTING ON LOCOMOTIVE 
FRAME AND RIGID DRIVING-WHEEL BASE. — 
The locomotive is pivoting about B, and, to do this, 
inner wheels H, I and J must slip laterally in and lon- 
gitudinally backward, duc to smaller radius, since wheel 
base is rigid. Wheels C and D would also have to slip 
laterally, but the slip of wheel D would be self-contained, 
and would not produce outward thrust on the rail at D. 
“The force necessary to produce slippage of wheels on 
the rails is the product of the co<fficient of friction be- 
twecn wheel and rail and the actual whecl load, which 
latter is readily computed, as shown in Fig. 1. 

Designating the value of this coefficient by f, then 
th re are acting at If, I, J and C forces equal to pro- 
duct of actual wheel loads Wn, Wi, Wj, We, and f. 
These forces act in direction of arrows. There is also act- 
ing at C. G. of whole locomotive a force T acting outward 
equal to unbalanced centrifugal force computed in sama 
way as 7 in Fig. 1 was computed, using for W the total 
w:ight of locomotive less weight of guiding and trailing 
trucks. Then at the bearing plate of the forward truck 
where load is transmitted from body of locomotive to 
truck there is a horizontal force Q acting on body of 
locomotive. The nature and amount of this force de- 
pends upon radius of curve and amount of latcral play 
that the pin, connecting truck with body, has in truck. 
If, as is gencrally the case, the lateral play is greater 
than the displaccment of bearing plates betwern trucks 

and frame of locomotive as 


— > N computed from formula pre- 


B viously stated, then the 
truck will not bear against 
pin, and the only force act- 
ing on body of locomotive 
will be the frictional resist- 
ance of bearing plato 
agaipst shifting, or Q = 
SG product total weight on 
truck minus weight of truck 
itself and coefficient of fric- 
tion ft between bearing 
plates. 

The weight on the trailer is transmitted from the 
frame to the trailer through bearing plates directly over 
the axle. On entering and leaving the curve, and pos- 
sibly through central part of curve, these plates will 
slide on one another and produce a force Oi, acting on 
frame of locomotive at this point in the direction of ar- 
row, and equal to product weight on trailer minus weight 
of trailer itself, and coefficient of friction f! between 
bearing plates, 

At the pivot of the trailing truck there is a force 02 
acting on the frame transmitted from the truck through 
the pin. This force Q. in combination with an equal 
pressure of flange of wheel against rail prevents tha 
trailing truck from rolling in a straight line and causes 
it to follow the curve. To do this, wheel G has to be 
Slipped longitudinally, which requires a force of {Weg 
acting at G. To determine value of Qe take moments 

fWgh 
about A, then Qoa = fWel, or Q: = ——. 
a 

Now taking the summation of the moments about 
B of all the forces found acting and outlincd above and 
Placing equal to zero, the resulting equation, which 
can be solved for P, the pressure against the 
rail at D, is fWib + {Widi + [Wide + Tro — Plo + f[Weby 

+ Os — Obs — Q2b, = O, or 


5 Wal + {Widi + {Wide + fWebs + Tro + Q10s — Obs — Qoby 
SS) a ee 


ba 

This outward thrust P is resisted by friction between 
base of rail and tie plate and shearing stress in fasten- 
ings. 

Shearing stress in fastenings = P — fWa, and assum- 
ing this stress distributed over two ties, total shearing 
Stress in fastenings at one tie produced by forward outer 
driving wheel of Class A locomotive assuming flange 

P—fWa 
second drivers not to bear against rai] = ‘ 
2 

Assuming now that condition (2) exists, then the radial 
slippage of wheels C and I will uot cause pressure 
against rail at D, and the unbalanced centrifugal force 
will be distributed over three drivers instead of two. 

P will, therefore, be reduced by an amount = 


L 
fWeb, + Wi = bi 


L 


F 
bs 6 


The outer thrust against rail at outer front wheel of 
guiding trucks should next bo computed. 

Truck is assumed to pivot about E (Fig. 3), since it is 
easier to slip wheels Af and K than wheels E and F. 
Whecls M and K must then slip laterally inward and lon- 
gitudinally backward. Wheel F will slip laterally, but 
slippage will be self-contained and will not produce any 
outward thrust against the rail at F. l 

The forces neecssary to produce slipping of wheels are 
as before the product of actual wheel loads and coeffi- 
cient of friction f. They are fa and {Ws and act in 
direction of arrows. At the bearing plate there is a 
force Q acting in the direction of arrow, due to fric- 
tional resistance of bearing plates. This force equals 
product of weight on bearing plates and f! the coeffi- 


— wm 


Direction 
<— of Motion 


Fig. 3. Diagram of Track Stresses Under Guiding 
Truck. 


cient of friction between plates. There is also the un- 
balanced centrifugal force T = W sin (8 — a) acting at 
center of gravity of truck, W being the weight of truck, 

Now the moment of these forces about E must be oppo- 
site and equal to moment of P about E, or 


bi bT 
Pibi = {WiL + {Wmd + Q > 1 
9 


` b 


or P, = —— 


1 j 2 
This thrust P, is resisted by frictlon betwcen base of 
rail and tie plates and the shear on fastenings. 

Then shear on fastenings at F = Pı — {We and as- 
suming this shear distributed over two ties: : 
Shear on fastenings in one tie caused by guiding truck 

Pi - fe 


This analysis has necessarily been confined to one type 
of locomotive—Class A—but in the computed stresses 
produced by the Class B and C engincs, which will be 
given later, the same method of procedure has bzen fol- 
lowed. In all the cases considered the thrust exerted 
against the rall at both the guiding truck and driving- 
wheel base has been computed, and in a few cases the 
maximum shear on fastenings at one tie has been found 
to occur at the front wheel of guiding truck. 

In all calculations the value of 7. the coefficlent of 
friction between base of rail and the tie plates, has been 
taken as 0.25. The value of 5, the coefficient of fric- 
tion between bearing plates of guiding and trailing 
trucks and body of locomotive, has been assumed as 
0.16. Morin gives the value of f! for mctals on metals 
dry and perfectly smooth to be from 0.15 to 0.20, while 
Trautwine gives value of f for steel on steel dry and 
smooth to be 0.14. Since the smaller the valu2 as- 
sumed for fi the greater will be the computcd thrust 
against rafl at forward driver, the value 0.16 was 
taken for these calculations. 

Computations have been made for the three different 
classes of locomotives according to the mcthod just out- 
lined for sixteen different cases, and a tabulated state- 
ment of results is given in the accompanying print 
marked Table I. The results given for the Class A lo- 
comotive are those obtained under the assumption that 
the flange on the outer wheel of the middle driver does 
not bear against rail. For some of the cases consid- 
ered this is, undoubtedly, not true, for assuming the 
play of driver in hub to be \-in., which 1s the amount 
of play given them when first put in service, then for 
all curves of less degree than 2 degrees 30 minutes it is 
possible for flange of middle driver to bear against rail. 
Taking play in hub as %-in., it will be possible for 
flange of middle driver to bear against rail on all curves 
of lcss degree than 15 degrees 0 minutes. Owing to un- 
certainty of the amount of play, however, it was thought 
best to give here the results obtained from assuming. 
that in no case will the flange of middle driver bear 
against rail. 

In computing the maximum shear on fastenings, the 
horizontal thrust has been assumed to be distributed by 
the rail over two tics. This is a very conservative as- 
sumption, for {t seems very reasonable to suppose that 
the stiffness of the heavier weight rails will distribute 
the pressure over three or more ties. 

In comparing the effects of the tHree types of locomo- 
tlves it is seen from the table that with regard to thrust 
against rail at outer wheel of front driver, Class C gives 
results about 20% higher than Class A or Class B type, 
while the thrust produced by the Class A and Class B 
engines are approximately the same. It can be easily 
understood how the stress produced by the Class C 
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engine should be greater than that produced by the 
Class A or Class B, since it has a much longer rigid 
driving-wheel base and a greater number of wheels to 
be slipped than the other two. It is not so self-evident, 
however, why the forces exerted by the Class A locomo- 
tive are no greater or so little greater than those ex- 
erted by Class B, since the former has a longer rigid 
wheel base, a greater number of drivers and a greater 
total weight than the latter. This may be explained by 
the difference in amount of loading on, and arrangement 
of, the guiding and trailing trucks in the two types. 
The Class A engine has a much greater weight on its 
guiding trucks than the Class B. Also the distance from 
the rear driver to trailer in the Class A type is much 
less than the distance in the Class B. In short, the 
effect of the guiding and trailing trucks, which tends to 
reduce the thrust at the front driver, or what may be 
called the guiding effect in the Class A type of locomo- 
tive, is about double what it is in the Class B type. With 
regard to thrust against rail at outer front wheel of 
guiding truck, it is seen from the table that the Class 
A guiding truck produces results about 50% larger than 
Class B, and about 35% larger than Class C. 


The maximum shear on fastenings in one tie, in nearly 
is no unbalanced centrifugal 


every case where there 


Thrust Against Rail at Ouler 


Wheel of Forward Orivers Truck 


œ 
2 
2 


N 
ee 


EY 
N 
N 


5 1600] rasad 9370 


40 257 


force, is produced by a Class A locomotive, while in 
cases where there is unbalanced centrifugal force, Class 
C produces maximum shear. 

It will be noticed from the table that the maximum 
shear on the fastenings in one tie is 8,800 lbs., and is 
produced by a Class C locomotive rounding a 4-degree 
curve, the outer rail of which is elevated 8 ins., at a 
speed of 70 miles per hour, a speed which is not likely 
to be reached by this class on that degree of curve. 

It will be noticed in the preceding Table I. that in nearly 
every case the horizontal force exerted at outer front 
wheel of guiding truck decreases very slightly as the 
speed and curvature are increased. This is due to the 
fact that as speed and curvature are increased, weight 
on inner wheels decreases, and they are then more 
easily slipped. The resultant force acting on rail at outer 
wheels of guiding truck increases, however, in every 
case with increase in speed and curvature, as is shown 
in Tables II., III. and IV., which follow. 

The vertical, horizontal, and resultant forces acting 
on rail at outer wheel of forward driver and front 
wheel of guiding truck are given in Tables II., III. and 
IV., and also the distribution of the resultant pressure 
at base of rail for A. S. C. E. 100-lb. and 85-Ib. sections, 
and Pennsylvania System 100-Ib. and 85-Ib. sections. In 
computing the amount and position of the resultant 
force on the rail at outer wheel of front driver, the 
effect of the non-balancing of the counterweight on the 
driver was taken care of in the following manner: The 
“dynamic augment,” or the force produced by the un- 
balanced weight, was found in terms of the static wheel 
load and the speed for the three classes of locomotives; 
the static wheel load was decreased by an amount equal 
to this force when counterweight is up and increased by 
the same amount when counterweight is down. For 
the computations in these tables the counterweight was 
considered up, because the smaller the vertical force 


Thrust Agains! Rail at Outer 
Fron’ Wheel of Guiding 
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the less favorable the position of the resultant and the 
distribution of pressure at the base of rail. The dynamic 
augment was found to be equal to .007 F?W for Class 
A and Class B locomotives, and .013 FW for Class C, 
where V = speed in miles per hour and W= static wheel 
load. A study of these three tables discloses at once the 
fact that in many cases the resultant falls entirely outside 
the base of rail. At the guiding truck of the Class A 
and Class B locomotives this happens for every case. It 
also occurs at the outer wheel of front driver for all 
three locomotives in the cases of greatest curvature and 
speed. At first thought the question might naturally 
arise as to what keeps the rails from overturning, if 
the resultant passes entirely outside the base. If the 
rail were in sectlons only a few feet long, and these 
sections were not rigidly connected together, this un- 
doubtedly would happen. Actually, however, the rails 
are in 30-ft. or 33-ft. sections and are rigidly connected 
together. Now, in order to overturn a rail, it is neces- 
sary to fracture the rail in two placcs and pull out all 
the spikes on inner side of rail between the fractures, 
or twist the ra at some distance on each side of point 
of application of forces and pull out the intermediate 
spikes on inner side. It should also be noted in this 
connection that in case of both guiding trucks for Class 
A and B, and front wheel 
of drivers, there is acting at 
about 6 ft. back of the point 
of application of the re- 
sultant, a heavy vertical force 


Meximum Shear on Fastenings 
in One Tic, Assuming Thrust 


Disiribuled over Two Ties without any corresponding 
horizontal force, which will 
sccurely anchor the rail 


against overturning at that 
point. It will be scen, then, 
that in order to actually over- 
turn the rail, or a portion 
of it, a fracture or distortion 
must take place in the 
rail, which will require a very 
much larger force than any 
found in the table. 

All the forces exerted on 
the rail by these three types 
of locomotives having been 
found, the next step is to 
find out how they are resisted 


by the track fastenings; 
that is, by ties, tie plates, 
and spikes. In this connec- 
Df 6590) tion an investigation will 


first be made to determine 
whether wood back of spike 
will crush before spike will 
shear, or vice versa. A gen- 
eral equation will now be 
worked out between thecrush- 
ing stress per square inch, 
fe, in wood, and the horizon- 
tal force P, exerted in a spike 
by the rail. , 

In Fig. 4 it is seen that a 
G-in. spike, used with an 
A. S. C. E. section rail and 
a tie plate, will extend Into 
the wood about 4% Ins. Assume now that the horizontal 
force P transmitted from rail to spike is distributcd over 
wood back of spike, as indicated in figure; that is, as- 
sume that pressure is maximum where spike enters wood, 
and decreases uniformly to zero at end of spike, and that 
resultant pressure against wood equals P and acts at a 
distance below top of tie equal to one-third length of 
the portion of spike extending in the wood.* 


saoo] s020] 2720] 3070 


Let fe = the maximum crushing stress per sq. in. in 
fe X 4.75 5 16 P 

wood; then ——-—— x — = P, or fe = —-— = 0.674 P 
2 8 23.75 


(1). Assume now that the ultimate shearing strength 
of a %&-in. spike is 19,000 lbs., this being the average 
value of the same obtained by Robert W. Hunt & Co. 
in tests made by them recently for the New York Cen- 
tral & Hudson River Railroad. The value of P, then, 
which develops the full shearing strength of a spike, is 
19,000 Ibs. Substituting 19,000 lbs. for P in the equa- 
tion (1), fe = 0.674 x 19,000 = 12,800 lbs. This means 
that before a spike will shear off, a crushing stress of 
12,800 lbs. per sq. in. will be developed in wood back 
of spike at top of tie. 

Some values for the ultimate crushing strength per 
sq. in., endwise of grain, of the various woods used as 
ties, and the authority for the same, will now be given: 

Beech, 6,800 Ibs.— Average of tests made at Watertown 
Arsenal in 1883 on small and well seasoned pieces. 

Beech, 3,280 lbs.—Average of tests made at Watertown 
Arsenal in 1894 on larger and not well seasoned pleces. 


„This neglects the fact that a pressure on the inside 
of the spike near the bottom is also active; the forces 
shown in Fig. 4 are not balanced as to rotation. This 
additional force increases the outward pressure and de- 
creases the compressive area, both effects being to in- 
crease the strss fe at the top. Calculated in this way 
the real value of fc is just twice that given in the text, 
i. e., fe = 1.34 P.—Ed.] 
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Pacific Type Locomotive. swing 


laterally. Trailer has 2%” swing. Center of gravity 
taken as 76%” above the rail. 
CLASS B. 


* 
16,825” 


31190" 61,600°  56,750° e. bes 


Total Weight =183,130% 


Atlantic Type Locomotive. Front truck has 234 swing 


laterally. Trailer has 1½ swing. Center of gravity 
taken as 7014” above the rail. 
CLASS C 


52,500" 51,900" 6, 807 


58,333° 
Total Weaht = 238 200° 


Consolidation Type Locomotive. 
6” swing laterally. 
above the rail. 

Diagram of Standard Pennsylvania R. R. 
Locomotives. 
(Showing axle-loads and dimensions of wheel bases.) 


Guiding truck has 
Center of gravity is taken as 62” 


Beech, 7,733 Ibs.—According to Hodgkinson. 
test pieces and condition of wood not known.) 

Catalpa (common), 5,180 lbs.—Average of tests made 
at Watertown Arsenal in 1883 on very small and well 
seasoned picces. 

Catalpa (common), 2,303 lbs.—Tests made by Newhall 
on wood in green condition. 

Catalpa (hardy), 5,800 Ibs.—Average of tests made at 
Watertown Arsenal in 1883 on very small and well sea- 
soned pieces. 

Catalpa (hardy), 1,768 lbs.—Tısts made by Newhall on 
wood in green condition. 

Cedar, 3,500 Ibs.—Tests made by Forest Service. 

Cedar, 3,500 Ibs.—Values recommended by A. L. John- 
son, in Bulletin No. 12 of Division of Forestry. 

Chestnut, 3,500 Ibs.—Tests made by Forest Service. 

Chestnut, 4,000 Ibs.—Kidder's Handbook. 

White Oak, 4,000 lbs.—Average of six tests on full-size 
pieces made at Watertown Arsenal in 1896. 


(Size of 


hemes 


Fig. 4. 


White Oak, 4,000 lbs.—Value recommended by A. L. 
Johnson. 

White Oak, 3,470 lbs.—Average of tests of full-sized 
columns made at Watertown Arsenal under direction of 
Prof. Lanza. 

Yellow Pine (long leaf), 4,000 Ibs.—Tests oa full-size 
posts at Watertown Arsenal in 1904. 

Yellow Pine (long leaf), 4,544 Ibs.—Average of tests 
on full-size columns made at Watertown Arsenal under 
direction of Prof. Lanza. 
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TABLES SHOWING AMOUNT, POSITION AND DISTRIBU- 

3 for P.S. 100 Ib. Section = 2.500 TION FOR A. S. C. E. & P. S. SECTIONS, OF RESULTANT 

„ „ 35% „3 = 2.313 PRESSURE ON BASE OF RAIL FOR VARIOUS CURVES 
AND SPEEDS. 


5 for A.S.C.E. 100 Ib Section = 2.875 
mm „„ 85u „ = 2.549 


e$ — ER HEEL OF FRONT DRIVERS. 
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TABLE III. CLASS B LOCOMOTIVE. 
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TABLE IV.- CLASS C LOCOMOTIVE. 
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Yellow Pine (long leaf), 5,000 lbs.—Values recommended 
by A. L. Johnson. 

Ycllow Pine (long leaf), 4,800 Ibs.—Average of tests, 
Table 12, Circular 115, Forestry Service. 

If, now, the values obtaincd from the tests on very 
small and well-seasoned specimens are not considered, 
Since they are much higher than any occurring under 
the conditions in actual practice, 3,500 Ibs. per sq. in. 
may be taken as a fair value for the ultimate crushing 
strength of beech, cedar, chestnut and white oak, and 
4,500 lbs. as a fair value for yellow pine. 

It is difficult to arrive at a fair value to take for the 
crushing strength of catalpa, as but a very few tests 


secm to have been made, and no description of tests or 
data as to their reliability is available. Until more defi- 
nite information is obtained, 2,500 lbs. per sq. in. will 
be taken as the value for the ultimate crushing strength 
of catalpa. It has just been demonstrated that before 
a spike will fail by shearing, a crushing stress of 12,800 
lbs. per sq. in. is exerted on wood back of spike, and 
it has now been shown that the resistance of the wood 
to crushing, in the hardest wood ties, is only 4,500 lbs. 
It is, therefore, concluded that the wood in a tie back of 
spike will crush before the spike will shear off. 

It is now required to dctermine the number of spikes 
necessary to use in the vartous wood ties. Turning back 
to Table I., it is seen that the maximum horizontal 
force acting at one tie is 8,800 Ibs. This, however, is 
the force exerted by a Class C freight engine on a 4- 
degree curve, and running at a speed of 70 miles per 
hour. This speed would probably never be attained with 
this engine on a 4° curve. It ig thought that a horizon- 
tal force of 4,000 Ibs. at one tie will very nearly repre- 
sent what is likely to occur in actual practice, and this 
value has been used hcre in determining the number of 
spikes necessary to use. It is approximately the value 
given in Table I. for both Class A and B locomotives on 
a 3° curve, and at a specd of 70 miles per hour. The 
number of spikes required in the different wood tics, 
to resist crushing of wood back of spike and shearing 
off of spike, will now be given for the case where flat 
tie plates are used and for the case Where Goldie claw 
plates are used. [See footnote on p. 504. The numbers 
of spikcs given in the table should be doubled.—Ed.] 
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The results given in the above table are the total 
number of spikes necessary in each tie at the outer 
rail, for when tie plates with shoulders are used the 
spikcs on both outer and inner side of rail may be con- 
sidered as brought into action. At first the spikes en 
outer side of rail may get all the thrust, on account of 
holes in tie plates being slightly larger than spikes, but 
before this thrust is large enough to shear the outer 
spikes the wood will crush a little and allow spikes on 
outer side of rail, together with tie plate, to move out 
slightly until tle plate bears against spikes on inner 
side of rall. These spikcs will now be brought into 
action and relieve load on outer spikes. 

In computing the number cf spikcs necessary for the 
case where Goldie claw plates are used it was assumed 
that the four claws of the plate were entirely imbedded 
in sound wood and that their entire surface area of 3.5 
sq. ins, was bearing against wood. Whether this ac- 
tually occurs is questionable, for the fact that the claws 
must be driven into the wood may, by bruising the fibers, 
cause decay to take place around the claws much faster 
than elsewhere. Of course, driving spikes into the tie 
will also injure fibers of wood, but whether the injury 
done by spike is as harmful as injury done by claws is 
uncertain. In the case of a treated tie, the use of a 
Goldie claw plate or of a driven spike tends to defeat 
the purpose of treatment, on account of tearing the 
fibers of the wood and exposing them to action of 
weather. 


CONCLUSIONS. 


The conclusions arrived at from this study are: 

(1) The horizontal forces exerted upon rail 
and stresses produced in track fastenings by a 
Class A locomotive in rounding curves are but 
very little greater than those obtained by a 
Class B locomotive. 

(2) The horizontal forces exerted and stresses 
produced in track by a Class C locomotive are 
approximately 20% larger than those obtained 
from either a Class A or Class B locomotive. 

(3) At same speeds on same curve, at outer 
wheel of front drivers, the resultant is farthest 


beyond the center of base of rail in this order: 
Class C, Class B, Class A. 

At the outer wheel of guiding truck this order 
is exactly reversed: Class A, Class B, Class C. 
Class B and Class A are very nearly alike. 

(4) If Class B and Class A are run around 
curves up to 3° at 60 miles per hour, the Class 
C should not be run around any curve faster 
than 40 miles per hour, in order not to have the 
distance of the resultant force from center of 
base of rail exceed that given by the first two 
locomotives. 

(5) The maximum shear on the fastenings in 
a tie, in nearly every case, is produced by a 
Class A locomotive when the centrifugal force is 
balanced, and by a Class C when the speed ex- 
ceeds that for which the outer rail was super- 
elevated. 

(6) The horizontal forces at the head of the 
rail and the resultant of the horizontal and ver- 
tical forces at the same point are greater at the 
outer wheel of front driver than at the outer 
front wheel of the guiding truck for all three 
locomotives. 

(7) The horizontal forces exerted and stresses 
produced at the outer front wheel of the guiding 
truck of a Class A locomotive are about 30% 
larger than those produced by a Class B, and 
about 35% larger than for a Class C. 

(8) In nearly every case the horizontal force 
exerted at the outer front wheel of guiding truck 
decreases very slightly as the speed and curva- 
ture increase, but the opposite is true in the 
case of the outer wheel of the forward driver. 

(9) In every case the resultant force acting on 
the rail at the outer wheel of the guiding truck 
increases with increase of speed and curvature. 

(10) At outer wheel of front driver for Class 
A, Class B, and nearly for Class C, resultant 
force and position at base of rail are the same at 
60 miles per hour for 3° and under, centrifugal 
force balanced. 

Resultant force and position at base of rail are 
the same at 40 miles per hour for 4°, 5°, 6° and 
7°, centrifugal force balanced. 

The above two do not hold for unbalanced 
speeds. 

(11) In many cases on curves the resultant 
force acting on rail passes entirely outside of 
base of rail. At the guiding truck of Class A 
and Class B, this happens in nearly every case. 
It also occurs at the outer wheel of front driver 
for all three locomotives, in the cases of greatest 
curvature and speed. 

(12) At guiding truck for Class A and Class B 
the resultant falls outside of base of rail in all 
cases but two for A. S. C. E. rail and in all cases 
for Pennsylvania System rail; but for the Class 
C it falls inside In all cases. 

At the outer wheel of front driver for Class A 
and Class B the resultant falls within the base 
of rail for speeds up to about 60 miles per hour 
on curves up to 3°; up to about 50 miles per 
hour for 4° and 5° curves, and up to 40 miles 


HORIZONTAL PRESSURES EXERTED BY STEAM 
LOCOMOTIVES AGAINST RAIL ON CURVES. 


TABLE NO. 1.—Results of Tests Made in 1907 at Frank- 
linville, N. J., on West Jersey & Sea Shore R. R. on 
a 1% Curve. 


Speed Corre Type of Condition Maunmum Maximum 
apomting to Locumutve) of Rail. Depth of Pressure 

Per Hour Superele vation. Iniprersion. in Lbs 

70 O AH in. 0, 

70 QO 24% in. bono 

70 ) 722 thn 11500 

70 O 210% un 11.200 

70 GO 10 in 10.400 

70 0 193 cn 16.100 

70 O 16 uin SUN) 

70 0 217 in. 11.00 

70 D 27n, 110 

70 O 17% in, H N 

70 0 IS) in UANI 

70 0 ia KULGA 

70 N 190 un 10 wo 

70 0 IAS un . 70 

70 0 134 in. 7 0 


Clase R in an Atlantic type locomotive, total weight 176.600 Ibs. height center of 
gravity above base — 73 tn 

Class Dis nn Amencan type locomotive, total weight . 134.000 Ibs, height center 
ol gravity above base - 65 in 


TABLE NO. 2.— Results of Computations made by E. E. 
Stetson for a 1% Curve. 


Type of 
Locomoti ve, 


Npeed Corre- 
sponding to 
Buperelevation, 


Claas K i an Atlantic type. 
total wt = 183 100 lba, he, 
79 g- above rail taken aa 


nav A is Pacific type, total 


wt 270.100 Ibe, ht. e g. 
above rall - 76.25 

Jas Cos Consolidation type, 
total wt. 248. 200 Ibe, fe 
c. g. above rail — 62. 


per hour on 6° and T° curves. For Class C only 
for speeds up to 40 miles per hour. 

(13) In all kinds of wood ties the wood back of 
a spike will crush before a sufficient force can 
be exerted on an ordinary %-in. spike to shear 
it off. 

(14) The present practice of putting two spikes 
on inside and one on outside of the outer rail 
on curves, when flat tie plates are used, gives 
ample strength against shearing of spike and 
just sufficient strength against crushing of wood 
back of spikes, except when catalpa ties are 
used. With Goldie plates the mdrgin is much 
larger. 


* ENG. 
x NEWS. 
＋ 7 


Fig. 5. 


(15) The present method of fastening rails to 
wood ties is rather weak with regard to lability 
of crushing wood back of fastenings. 

It is suggested that an improvement might be made 
over our present method of fastening track by using 
a special tie plate under the outside rail on curves, this 
tie plate to have a lug or projection on the under side, 
1 in. wide, and from % to 1 in. in depth, as shown in 
Fig. 5. The slot in tie, which receives the lug, should 
be cut out by machine to insure an even bearing on 
sides, and in cases where treated tics are used should 
be made before tie is treated. The tie should be slotted 


for outer rail only, an ordinary flat plate being used un- 
der inner rail. 


In considering the results obtained from the computa- 
tions in this study, the fact must not be lost sight of 
that the same degree of accuracy cannot be expected 
here, as is obtained in most oth:r calculations of 
stresses. There are many assumptions which have to be 
made, and many other things, such as irrcgularitics in 
alinement and surface of track, sudden application and 
removal of load, etc., which may modify and chang: 
the results obtaincd by any computation from the actual 
results. Up to the present time, practically no experi- 
mental data of any value, with regard to the stress in 
track fastenings on curves, are available, and experi- 
ments along this line are needed. 

ADDENDA, BY W. C. CUSHING. 

In 1907, the Pennsylvania Railroad Company 
prepared a piece of track on the West Jersey & 
Seashore Railroad, on a one-degree curve, near 
Franklinville, N. J., with special cast steel ties 
and measuring apparatus for the purpose of com- 
paring the effects of lateral horizontal forces on 
the outer rail of the curve generated by different 
classes of electric locomotives and standard 
steam locomotives. 

The force exerted by the locomotive was com- 
municated to steel plates by means of hardened 
steel spheres of small diameter, and the effect 
of the force was to cause the spheres to make 
a more or less deep impression in the stcel plates. 

By means of laboratory tests, it was deter- 
mined what forces in pounds were required to 
Produce various known depths of the impression 
of the steel balls in the plates, and after this 
calibration had been made, it was possible to 
transform the depths of the impression of the 
balls in the plates into pounds of pressure. The 
accompanying Table No. 1 gives the results of 
some of these tests for steam locomotives, in 
order that they may be compared with the com- 
putations made by Mr. Stetson, which are shown 
in Table No. 2 for the same degree of curve, 
and for one locomotive of the same class as 
used in the tests on the Atlantic City line. Mr. 
Stetson’s calculations are for specds of GO miles 
per hour, which are from 20 to 30 miles an hour 
less than the actual tests, but the weights of the 
locomotives are heavier. The lower speeds 
should give smaller pressure, while, on the other 
hand, the heavier locomotives should give higher 
pressures. Taking these points into considera- 
tion, therefore, the difference between the two 
tables is not large, indicating that the formulas 
used by Mr. Stetson are fairly correct in these 
comparisons, 
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ANNUAL MEETING OF THE SOCIETY OF NAVAL 
ARCHITECTS AND MARINE ENGINEERS. 


The sixteentH? general meeting of the Society 
of Naval Architects and Marine Engineers was 
hela in New York City at the Engineering So- 
cieties Building on Nov. 19 and 20. On the 
evening of the second day the annual banquet 
was held at Delmonico’s. This was the single 
social event of the convention. Brief mention 
of the principal papers presented is given below. 

Mr. F. L. Fernald, Naval Constructor, U. S. 
N., Eliot, Me., Mr. Stevenson Taylor, Quintard 
Iron Works, New York City, Mr. W. M. Mc- 
Farland, Westinghouse Electric & Manufactur- 
ing Co., Pittsburg, were elected Vice-Presidents. 
Ten members of the Council of the Society were 
also elected. All other officers were retained by 
virtue of unexpired terms. 

HISTORICAL AND DESCRIPTIVE PAPERS. 
—The “War Eagle’ was the name of a famous 
fast sailing vessel of the Baltimore clipper” 
type designed by Mr. Wm. Cramp and his son, 
Mr. Charles H. Cramp. The latter was the 
author of a paper bearing this title. . He told, in 
Pleasing reminiscent style, the history of this 
craft—the fastest boat of its day, whose type 
has given the design of ‘‘cup-defenders.” 

In “The Oldest Iron Ship in the World,” Mr. 
Henry Penton, of Cleveland, O., described the 
only war vessel on the Great Lakes. This boat 
was built 66 years ago and is the veteran in 
active service of the navy. It is also the first 
iron warship ever built. 

“The British International Trophy Race of 
1908" was the title of a paper by Mr. W. P. 
Stevens, of Bayonne, N. J., editor of Lloyds 
Register of American Yachts. Mr. Stevens 
traced the history of the Harmsworth Trophy 
and described the designing and the trials of 
the “Dixie II., the winner of the 1908 race. 
This boat is 39 ft. 3 ins. long over all, has a 
displacement, in racing trim, of 4,500 Ibs. and is 
equipped with a single-200-HP. engine. The 
boat has a record of 35.75 statue mi. per hr. 
It was designed by Mr. C. H. Crane, of Messrs. 
Tams, Lemoine & Crane, New York City, the 
builders. 

Mr. Robert Curr, Naval Architect of Clevé- 
land. O., in “Shipbuilding on the Great Lakes,” 
traced shipyard practice of this region through 
the numerous processes of building a modern 
lake vessel of the hopper type. The ordering 
of material and handling of parts were carefully 
described. 

“The Steamer ‘Commonwealth,’” by Mr. W. 
T. Berry, General Superintendent of the Quint- 


ard Iron Works, New York City, and Mr. J. H.“ 


Gardner, Superintendent of Marine Construc- 
tion of the New England Steamship Co., New- 
port, R. I., described the construction and fit- 
tings of this passenger steamer which was built 
for night service between New York City and 
Fall River, Mass. This boat has side paddle 
wheels driven by a double, compound inclined, 
reciprocating engine of 10,000 I. HP., with two 
high-pressure cylinders of 50-in. diameter and 
two low-pressure cylinders of 9G6-in. diameter. 
Steam is supplied by ten Scotch boilers, five on 
each side of a fore-and-aft center firing floor. 

Particular attention has been paid to the fire- 
protection appliances and it is interesting to 
quote from the paper concerning these arrange- 
ments. 

All wood work throughout the cargo space, emigrant 
quarters, crew's quarters on the main deck, and kitchen 
on the dome deck, is covered with galvanized fron, fas- 
tened directly to the wood. Steel decks are fitted over 
the boiler compartment, coal bunkers and engine com- 
partment. The engine-room and boiler-room ventilators 
and enclosures are of steel extending through top of 
dome. 

Two fire bulkheads are provided, extending from the 
main decks through all decks to the dome, dividing the 
vessel into three fire compartments. These bulkheads 
are of double thickness 74-in. tongue and groove wood, 
cross-planked diagonally and lined on both sides with 
plaster board covered with galvanized iron. Suitable 
sliding doors are provided in the main corridors and 
freight space. An iron bulkhead extending entirely across 
the upper deck house, is fitted just forward of the 
kitchen range. 

There are 60 fire hydrants located throughout the 


steamer, connected by copper fire mains with the fire and 
wrecking pumps, a 50-ft. length of hose is coupled to 
each hydrant and the location is such that all portions 
of the steamer are protected. Portable hose are also 
carried by both engine and deck departments, and 37 
fire extinguishers are located in convenient places. 

In addition to this an independent sprinkler system is 
provided, with 1,800 automatic heads, distributed 
throughout the interior of the steamer, staterooms, and 
lockers, not exceeding 8 ft. from center to center in any 
place. This system is divided into 30 circuits, each with 
a 4-in. diameter main from a manifold located in the 
engine-room on the main deck. To this manifold the 
main discharge from a 10 x 12 x 12-in. duplex sprinkler 
pump is connected. This pump at all times maintains a 
pressure at the manifold of 100 Ibs. per sq. in. and is 
fitted with a governor to maintain this pressure in case 
of the opening of any of the circuits and sprinklers and 
is also fitted with a throttle by-pass which can be oper- 
ated from the main engine-room. 

Supplementary to this system is a thermostat system 
with mercury thermostats located on not over 12-ft. 
centers with all wires run in conduit, and divided into 
circuits corresponding with the sprinkler circuits. This 
system terminates at two annunciators, one in the main 
saloon and one in the engine- room, indicating the cir- 
cuit number. The opening of a valve of corresponding 
number on the sprinkler system manifold supplies water 
to the sprinklers at the fire. 

In addition to the two main annunclators on the thcr- 
mostat system, small annunciators are located through- 
out the saloons to determine the location of a fire with- 
in a range of a few staterooms. All the annunclator 
drops, besides showing the circuit number, indicate the 
location on the steamer and ring 8-in. alarm beils lo- 
cated in the crew’s quarters, engine- room and saloons. 
This whole system deviates to some extent from the 
systems in use on land. The wet-pipe system, where 
all the pipes are filled with water under pressure, was 
impossible because of the great weight and danger of 
freezing. The dry-pipe system (with pipes fillcd with air 
under pressure which when released operates an auto- 
matic valve admitting water to the systcm) was not 
uscd because of the possibility of flooding a section of 
the ship where the pipes might be damaged in case of 
collision. 

A watchman’s time detcctor is connected with 38 re- 
cording stations so located that in order to make a 
proper record, the watchman must pass through every 
section of the ship. 

Considerable space in this paper was devoted 
to the architectural and decorative feature of the 
boat. A noted departure from time-honored 
practice lay in placing the dining-room on the 
upper deck, greatly adding to the passengers’ 
enjoyment. To support the added weight I- 
beam girders were run under the deck and the 
structure was supported by two lines of stanch- 
ions running through the main saloon. As a 
base of decorative treatment of this saloon, 
groined arches were fitted between stanchions. 
The quarter deck is finished in a modern Eng- 
lish style with beautiful marquetry panels left 
in the library with Louis XVI. decorations. From 
the quarter deck the main stairway leads up 
to a saloon finished in the period of Louis XV. 
Forward of this is the main saloon with the 
ceiling of groined arches. This room has been 
treated in Venetian-Gothic style. In the for- 
ward end of this saloon is a large mural paint- 
ing typifying the Commonwealth. 


In the discussion of this paper preliminary 
figures were presented of a trial trip made on 
Nov. 14 in Narragansett Bay. It was stated 
that the regular service of the boat had pre- 
vented earlier trials. Eleven runs over the 
measured course were made after the boat had 
discharged its cargo from a regular trip. The 
draft was found to be 13 ft., % in. and the trim, 
by stern, 12 ins. In maintaining a speed of 22 
mi. per hr., 9,000 I. HP. was developed and at 
16 mi. per hr. the figure was 3,100. The remarks 
of the various critics were extremely complimen- 
tary to Mr. Stevenson Taylor, who was largely 


responsible for the design and who was cred-' 


ited with great influence in the development of 
the present Sound and Hudson River boats. 

The paper by C. C. West, of Manitowoc, Wis., 
on ‘Centrifugal Fire Boats,” was presented by 
Mr. W. T. Babcock, of New York, the designer 
of the boats particularly described in the pa- 
per. These boats were built to fit the peculiar 
conditions of service in the Chicago River. 

Mr. T. M. Cornbrooks of the Newport News 
Shipbuilding and Dry Dock Co., presented ‘‘Sea- 
Going Suction Dredges.’’ This paper placed on 


record a small amount of data on the design 
and construction of the sea-going suction 
dredges contracted for by the Engineer De- 
partment, U. S. Army, during the past five 
years. 

“Recent Inventions Applied to Modern Steam- 
ships” was the title of a paper by Mr. W. C. 
Wallace, of New York City, representing John 
Brown & Co., of England, the builders of the 
Cunarder “Lusitania.” The mechanism de- 
scribed by Mr. Wallace were: (1) hydraulic 
bulkhead doors in the water-tight compartments 
of the “Lusitania;” (2) the compressed-air ash 
expelling which dump the ashes through the 
ship’s bottom and shoots them clear of the 
hull; (3) an arrangement of cooling pipes for 
tropical boats; (4) a thermostat for vessels hav- 
ing staterooms electrically heated. 

PAPERS ON DESIGN.—“The Influence of 
Midship-Section Shape Upon the Resistance of 
Ships.” This paper by D. W. Taylor, Naval 
Constructor, U. S. N., Washington, D. C., takes 
up the effect of the shape of midship section 
only and does not deal with the effect of actual 
area. Mr. Taylor’s conclusions are contrary to 
many designers’ opinions, but are in accordance 
with many builders’ experience. We quote his 
conclusions: 


A natural tendency is to associate fineness with speed 
and to suppose that a fine midship section is favorable 
to spe:d. ‘ihe results of experiments with the 40 models 
laid before you in this paper show that, as regards these 
models, finen.ss of midship-section is by no means favor- 
able to speed, and furnish a presumption that, for ves- 
8 ls generally of ordinary types, It is not favorable to 
speed. Of course it cannot be claimed that the 40 models 
tried cover the whole possible fleld. 

It seems reasonable to conclude, however, that the 
shape of the midship-section has a comparatively minor 
influence upon the speed, and that the midship-section 
cocflicicnt [ratio of submerged midship-section area to 
arca of a rectangle enclosing water line and bottom Eda 
may range from 0.55 to 1.0 with very little effect upon 
speed and may be mace as low as U.70 without a ma- 
terial increase in resistance, 

A reasonable explanation of the results I have laid 
b.fore you may be deduced. It is seen that the fine 
miaship sections are associated with the large dimen- 
sions. This is necessarily the case when we separate 
the question of midship-section caefficient from the 
qu.stion of midship-scection area, If area is constant, 
smaller co.fficients must mean larger dimensions. In- 
creased beam and draft mean increased disturbance of 
a portion of the water through which the ship passes. 


Prof. H. C. Sadler, University of Michigan, 
presented a paper “Experiments on Logitudinal 
Distribution of Displacement and Its Effect on 
Resistance,” representing a study along some- 
what similar lines to that of Mr. Taylor. In the 
models, a parallel middle body was used with 
variation of full and fine ends. It was found, in 
brief, that a long parallel middle body with 
fine ends was more resistant to propulsion than 
a shorter middle body with fuller ends. The 
qualifications and causes were carefully out- 
lined. 

“Further Analysis of Propeller Experiments,” 
was presented by Mr. C. H. Crane, of Messrs. 
Tams, Lemoine & Crane, New York City. This 
Outlined a method by which, with accumulated 
data on propellers a designer could more ac- 
curately predetermine the performance of a 
new design or to fit a wheel, for a certain duty, 
to a particular engine requirement. 

In “The Influence of Free Water Ballast Upon 
Ships and Floating Docks,’ Naval Constructor 
T. G. Roberts, U. S. N., of New York City, pre- 
sented some notes covering the theory of the 
stability of floating docks throughout its varied 
operations. These covered such topics as (1) 
loss and gain of stability in ships due to free 
water ballast; (2) compensating for loss due to 
free-water surface; (3) free water in a side 
compartment; (4) stability and strength in 
floating docks; (ö) towing and durability. The 
paper is a self-contained exposition of this side 
of floating-dock design. 


PAPERS ON TRIALS AND OPERATION.— 
Col. E. A. Stevens, of New York City, in the 
paper, “Practical Methods of Conducting Trials 
of Vessels’ contributed a few notes on some of 
the practical points of vessel trials—determining 
the number of revolutions, mean effective pres- 
sures, time, tidal currents, etc. 

The paper “Service Test of The Steamship 
Harvard,“ by Prof. C. H. Peabody, Prof. W. 
S. Lelande, and Mr. H. A. Everett, of The Mas- 
sachusetts Institute of Technology, related the 
conditions and results of the engine and boller 
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trials made on a regular service run of this 
boat between New York and Fall River. The 
coal was measured by buckets; the water by 
hot-water meters, the steam by a standardized 
orifice and the horsepower by a shaft torsion 
dynamometer. On account of these methods 
‘the paper was criticized by a few persons in the 


FIG. 1. 
(View looking toward Front St. 


discussion that followed its presentation. The 
authors, however, explained the service condi- 
tions that excluded more desirable methods. 

A paper “Trials of the U. S. Scout Cruiser 
Chester,.“ was presented by Mr. C. P. Weth- 
erbee, of The Bath Iron Works, Bath, Me. The 
results of four preliminary acceptance trials 
were briefly presented. On these the shaft 
horsepower could not be determined and, as the 
vessel was turbine driven, the indicated power 
was merely estimated. Incidentally Mr. Weth- 
erbee emphasized the satisfaction resulting from 
the combination of bent-tube boilers, with rug- 


ged scantlings, for steam turbines. We quote 
from the author's conclusions: 
Light machinery installations have been constructed 


in the past for torpedo boats and destroyers, but through 
the use of short-life boilers of very light scantlings and 
delicate parts in the main engines and auxiliaries, dura- 
bility and reliability have been sacrificed. 

The machinery of the “Chester’’ is not of this class. 
Lightncss per unit of power is obtained through ther- 
modynamic efficiency and high output per unit of sur- 
face. The boilers are of rugged design and have large, 
thick tubes. Their casings. are heavy and durable. After 
14.000 miles, one small part of the casing only has 
shown any effect of service. A slight thickening at this 
spot, anl the addition of four small baffles about 6 ins. 
square ia the soot-boxes at the bottom of each boiler, 
will remedy this difficulty. Furthermore, the boilers 
can readily be cleaned. These boilers can be forced to 
evaporate 11 to 11.5 lbs. of water per sq. ft. of heating 
surface under service conditions. They are not light 
per unit of surface, but their ability to indefinitely 
withstand heavy forcing and show good efficiency makes 
them extremely light per unit of power developed. 

Machinery of the ‘‘Chester’s’’ type is perfectly suitable 
for our battleships and armored cruisers. Its adoption 
will give our country ships that are a knot faster than 
foreign ships of the same displacement without any in- 
crease in machinery weight. 


Mr. J. W. Powell, 
Ship & Engine Building Co., Philadelphia, pre- 
sented’ Some Remarks on the Steam Turbine.” 
This gave an incomplete historical review of 
turbine developments and briefly discussed im- 
pulse and reaction types of turbines. The 
claims of the Zoelly system were touched upon. 

This paper, the author, and the Cramp Co. 
were severely criticized by Rear Admiral Francis 
T. Bowles, President of the Fore River Ship- 
building Co., which controls the patent rights 
for the Curtis marine turbine. As the discus- 
sion turned into a dispute on patent rights the 


of Wm. Cramp & Sons’. 


society voted to exclude the paper and all dis- 
cussion from the proceedings. 

“The Transportation of Submarines’ was a 
paper by Naval Constructor W. J. Baxter, U. 
S. N., of Brooklyn, N. Y., in which a scheme 
was pictured for transporting two submarines 
(length over all 64 ft. 9 ins.; diameter outside 
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THE GOLD ST. SEWER CAVE-IN. 


Concrete manhole and elbow of gas main in back-ground.) 


of hull 11 ft. 10 ins.) on a collier and for launch- 
ing them overboard at the destination. 

The long paper by Lieut.-Commander L. H. 
Chandler, U. S. N., “Deviation of the Compass 
Aboard Steel Ships—Its Avoidance and Correc- 
tion,” was, in fact, a complete treatise on this 
Subject. The methods of study were mathe- 
matical and the conclusions were illustrated by 
practice in the U. S. Navy. A great amount of 
data on the behavior of magnetic instruments 
were presented as obtained on the cruise of the 
Atlantic fleet from New York to San Francisco. 
Lieut.-Commander Chandler was navigator of 
the “Connecticut” from New York to Magdalena 
Bay. 

All magnetic forces acting on the needle were 
resolved into three components acting to head, 
to starboard and to keel. 
directive force of the earth’s field and the de- 
viating forces of the iron ship. The latter 
forces are of two kinds: (1) those due to the 
permanent magnetism of the ship, a more or 
less stable condition, and (2) those due to the 
“soft” iron of the ship being magnetized by the 
earth’s field and changing its character with 
every movement of the ship. The actual meth- 
ods of compensation by fore-and-aft, thwart 
ship and vertical magnets and by thwart ship 
masses of soft iron, all placed in or on the 
ship’s binnacle were clearly outlined. 

The practical points of the paper were illus- 
trated by a fully-equipped battleship’s binnacle 
and a set of ship’s magnetic instruments. 

l —ẽ 0 - — — -- 

A NOVEL BRIDGE is to be built over the Mississippi 
River at Keithsburg, Ill., for the Iowa Central R. R. 
Co., replacing an existing bridge. The new feature is 
that the draw-span which is required for navigation will 
bə so arranged that it can be shifted to different spans 
of the bridge, as the channel shifts. The draw is 
a lift span, like that of the Halsted St. Bridge in Chi- 
cago, Ill. The lifting-towers, however, instcad of being 
fixed, are adapted to be capable of being moved from a 
position flanking the original lift span to a similar posi- 
tion in relation to another span, several of the spans 
being detailed for possible duty as lift spans. The en- 
tire bridge comprises ten truss spans of 200 ft., two 
girder spans of 103 ft. and 22 girder spans of 67 ft., 
totalling about 4,000 tons of steel. The bridge has been 
designed by Waddell & Harrington, Kansas City, Mo. 
The Union Bridge & Construction Co., of Kansas City, 
will build the foundation and superstructure, the steel 
work being fabricated by the McClintic-Marshall Con- 
struction Co., of Pittsburg, Pa. 


These forces were the 


CAVE-IN OF THE GOLD ST. SEWER, BROOKLYN, N. Y. 


On the morning of Friday, Nov. 20, about 200 
ft. of the side walls of the excavation for a new 
sewer being built in open cut on Gold St., be- 
tween Front and .York Sts., Brooklyn, N. Y., 
caved in, burying in the bottom a number of 
workmen and carrying down in the collapse 
several bystanders. On account of the extreme 
difficulty in getting to the bottom of the debris 
it is not known just how many lives were lost 
in the accident but, to the time of our going to 
press, 6 bodies had been recovered. The exact 
cause of the collapse is not certainly known, 
and it is now under investigation by both coro- 
ner’s and grand jury, but the facts in the case 
so far as obtainable on account of the wrecked 
condition of the hole are given below. 

The Gold St. Sewer, a 13 ft. 6 in. circular 
concrete conduit, had been constructed from 
both city and river ends, and is now completed 
for its whole distance except for about 300 ft. 
south of the north side of Front St., the fifth 
cross street south of the East River. This 
Stretch was in open cut at the time of the 
cave-in, uncovered except for the  planked 
crossing at Front St., just under which the com- 
pleting fill was being made. Gold St. is about 
SO ft. wide between building lines and about 60 
ft. between curbs, lined at this point with small 
frame and brick dwellings. The sewer cut 
proper was only 17 ft. wide, so that there was 
about 20 ft. between either side of the cut and 
the curb, with sidewalks about 10 ft. wide. 

The soil here is a sandy and rocky gravel, 
quite wet at the bottom from its proximity to 
the river, and on account of its flowing nature 
extra heavy bracing was provided. As shown 
in the approximate drawing, Fig. 2 (sketched 
from the existing bracing outside of the cave- 
in), the cut was about 48 ft. deep and 17 ft. 
wide. It was sheathed with single overlapping 
2-in. plank, driven,.as the excavation progressed, 
with a steam hammer and cross-braced every 
4 ft. G ins. vertically and about every 6 ft. 
longitudinally with 10 x 10-in. and 8 x 10 in. 
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Fig. 2. Approximate Sketch of Sewer Trench 


Bracing, Showing Location of Manhole and Gas 
and Water Mains. 


sticks, especially well posted and thoroughly 
wedged and spiked to the sheathing. The bot- 
tom once reached, a foot layer of concrete was 
placed and then the semi-circle of the invert, 
without removing the bracing. Then the cross 
bracing at the upper half of the circle was re- 
moved, progressively followed by the placing 
of sections of collapsible steel centering, against 
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which the sides were braced before concreting 
was begun. At the time of the collapse, men 
were in the hole about 100 ft. south of the south 
side of Front St. engaged, under the direction 
of a trained inspector, in removing the bracing 
and placing the centering preparatory to con- 
creting. ; 

In addition to the ordinary earth pressure 
sustained by the falsework, it carried one 4 x 4- 
ft. tile and concrete electric duct line, with 
two large concrete manholes (situated at either 
end of the collapse), one 16-in. gas pipe and 
one 20-in. low-service water pipe. The electric 
duct line was about in the middle of the street 
and extended along the whole work, as did also 
the water main, but the gas main coming 
through the middle of the street from the gas 
tanks near the river was turned, during the 
sewer construction, on a right angle at the 
south side of Front St. and continued there- 
from toward the city in a temporary Jine upon 
the west sidewalk of Gold St. In addition there 
Was a high-pressure water main outside the line 
of cut at this point. Here, then, was the situ- 


ation last Friday morning: an open cut, well 
braced, in Gold St., running south from the 
south intersection of the east and west Front 


St., Which crossed the cut on a timber planking. 
At the south end of this planking was a 12 x 
12 x 6-ft. manhole, with 6-in. concrete walls, out 
of which ran the concrete electrice duct sup- 
ported by the falsework bracing either by block- 
ing or chains. To the west of the manhole there 
Was a 20-in. water pipe, supported the whole 
length of the cut by chains and blocks (see Fig. 
2) and to the east was the elbow of the 16-in. 
gas main just there leaving the cut for the 
sidewalk. 

The collapse was sudden, so sudden in fact 
that there are no authentic accounts of the 
sequence of events. There was an explosion 
and a crushing and wrenching of timbers and 
then a deliberate settlement of the entire street 
to the building line into the pit. Immediately 
thereafter the 16-in. gas main caught fire and 
set fire to the nearby timbering, and to complete 
the destruction the broken water main soon 
filled the hole, precluded all possibility of 
human escape. The extent of the collapse can 
be seen in Fig. 1, which is taken from the south 
end of the hole looking north toward Front St. It 
will be noticed that nearly the whole SO ft. of 
street has caved in. With the exception of four 
men who were working under the sewer cen- 
tering and who escaped through the 1,200 ft. of 
completed sewer, to the river, all the men in the 
hole were killed. 

After the collapse the destruction was so com- 
picte that the cause of the accident is hard to 
discover. The hole itself, as shown in Fig. ], 
is merely a mass of earth and broken and 
scorched timbers. There is ample evidence of 
an explosion, aside from the testimony of by- 
standers. The big cross-timbers which were 
directly in front of the Front St. manhole are all 
pointing down and away from the manhole and 
the adjoining gas-main which takes its elbow 
at this point. The front end of the manhole is 
sheared off as though with a knife and, what 
is more important, its vertical Cin. side walls 
have wide horizontal cracks which, in view of 
the very heavy underblocking, could hardly have 
been caused by a weight dropping upon the man- 
hole or by the shearing off of the duct, but most 
certainly could have been caused by an interior 
explosion. The gas-main, just adjoining the 
manhole, is not shattered as by an explosion, but 
is sheared off clearly as by a falling weight. In 
view of the apparent sufficiency of that portion 
of the sheathing and bracing still left in place, 
it seems hardly probable that the timbering 
could have been the original source of the 
trouble. With the cross-braces 7 ft. on centers, 
in line with the trench, it seems improbable that 
any failure could occur so suddenly as not to 
give some warning or as to cause the sagging 
of the gas-pipe and consequent explosion in so 
short a time as to make it seem coincident with 
the falling and crushing timbers. The appear- 
ance of the pit near the manhole, the testimony 
of eye-witnesses, the condition of the manhole 


of one man and injured five others. 


and the gas-pipe, seem to point to an explosion 
in the electric manhole, which destroyed the 
cross-bracing nearby, thus dropping the electric 
duct and breaking the water-main, the impact 
of the former and the rush of water from the 
latter adding to the destruction. Once the, cave- 
in was started the completion of the collapse 
was an almost certain consequence, on account 
of the unstable nature of the ground. This 
conclusion is based entirely on the evidence in 
hand four days after the accident before the 
entire trench has been cleaned out and before 
any sworn evidence has been presented. The 
investigations of a jury may bring to light in- 
formation not now available. 

On account of the very instability of the 
ground here and the extent of the cave-in it 
was impossible to go immediately to the work 
of rescue, beeause of the danger of a further 
cave-in on the rescuers. So a new line of sheet 
piling was driven at about the same line as the 
original sewer and back of this a fill was made 
to hold the houses from further slipping. This 
completed, the work of rescue was commenced 
and it was not until Monday afternoon that the 
first body was recovered from the hole. The 
bottom of the hole has not been reached as 
yet, but from the contractor's records it is 
thought that there were about eight workmen 
killed. In addition, two boys who were play- 
ing on the street were carried into the slide and 
killed and one bystander lost his life in saving 
a woman and child from the cave-in. 

— — — — 


NOTES FROM ENGINEERING SCHOOLS. 


UNIVERSITY OF TORONTO.—A_ portrait of 
Prof. John Galbraith, Dean of the Faculty of 
Applied Science and Engineering, and Professor 
in Civil Engineering, University of Toronto, 
Canada, was recently presented to that Uni- 
versity by its graduates and under-graduates, 
and now hangs in Convocation Hall. Mr. E. W. 
Stern, ’S4, of New York City, made the presen- 
tation address. The purpose of the gift is to 
commemorate the 30th year of Prof. Galbraith's 
connection with the Faculty and to be a testi- 
monial of the universal appreciation and affection 
of all those who have had the good fortune to be 
among his pupils. 

The growth of this institution under his guid- 
ance has been phenomenal. Commencing in 
1878 with but a mere handful of students, there 
are now TTO in attendance in the classes. While 
most of these are from Canada, a number have 
come from all parts of the world, even as far 
away as Australia. The teaching staff likewise 
has increased in similar proportion, from six in 
1878 to 69 in 1908. 

While this remarkable growth of the school 
may be partially due to the great development 
of the material resources of Canada in recent 
years, its rank among the leading engineering 
institutions of the world must be largely as- 
cribed to Dean Galbraith's ability as an edu- 
cator and his personality, for his popularity with 
his old pupils is proverbial throughout Canada. 
As a teacher he has been most thorough and 
capable. Never formal or pedagogic in his 
methods, he has always endeavored to thor- 
oughly ground his students in first principles 
and to make them think for themselves. 

Dr. Galbraith was a member of the Royal 
Commission of the Quebee Bridge Enquiry and 
as such rendered signal service to his country 
and the engineering profession. He was one of 
the founders of the Canadian Society of Civil 
Engineers, served on the Council for many 
years, and last year was elected its President, 
on which occasion a portrait and biography were 
published in Engineering News of Feb. 6, 1908. 
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THE BURSTING OF A RENDERING VAT in the rail- 
way yards of Armour & Co. in Chicago caused the death 
The vat was being 
tested with compressed air, 

— 

THE BOILER OF THE RIVER STEAMBOAT, II. M. 
Carter,’’ exploded Nov. 21 on the Mississippi River, 
eight miles south of Plaquemine, La. A fire followed 
the explosion and the vessel was burned to the water's 
edge. Seven persons were killed and twelve others in- 


. twice that number of serious injuries, 
‘a locomotive drawing a freight train on the St. 


jured, while the cargo of sugar was entirely lost. It is 
stated that this boat had been sunk and raised again 
four times during her career. 

SE ee 

FOUR MINE ACCIDENTS have been reported this 
week. As the result of a fire in the No. 3 mine at 
Pratt City, Ala., Nov. 16, eight convict miners were 
burned to death. It is claimed that the 50 convicts em- 
ployed in the mine had started the fire in the hope of 
making their escape. Those who were not overcome by 
the fire were retaken by guards as they came out of the 
mine. 

Two miners were knocked from the bucket in which 
they were being lowered into the Beaver Mine at Cobalt, 
Ont., Nov. 16, fell to the bottom of the shaft and were 
killed. The heavy crosshead which followed the bucket 
is said to have stuck in the guides near the top of the 
shaft, the bucket going on down without it. The cross- 
head then became loosened and dropped, Knocking the 
two men from the bucket. The shaft is 225 ft. deep 
and the accident occurred when the bucket was less than 
half way down. 

A fire in the Northwestern Improvement Co.'s mine 
at Red Lodge, Mont., Nov. 20, resulted in the death of 
six miners. It is believed that about 60 others are en- 
tombed in the burning mine. 

A premature explosion in the new shaft of the Union- 
Connellsville Coal & Coke Co. at Simpson, Pa., Nov. 
19, killed one miner and injured four others. 

— 2 — 

RAILWAY ACCIDENTS which have occurred between 
Nov. 16 and 22 are responsible for 23 deaths and about 
The boiler of 
Louis 
& San Francisco R. R. exploded Nov. 16 at Hayti, Mo., 
killing two men and demolishing 16 loaded box cars. Two 
others of the train crew were badly injured. 

A freight train on the Canadian Pacific Ry. ran into 
a washout at Lyton, Ont., Nov. 17. The locomotive and 
three cars left the track killing the engineer and fire- 
man and fatally scalding the brakeman who died soon 
after the accident. 

A passenger train on the Baltimore & Ohio R. R. left 
the track on a 40-ft. embankment between Cowen and 
Camden-on-Gauley, W. Va., Nov. 17. Five trainmen and 
20 passengers were badly injured. 

A freight train on the Canadian Pacific Ry. left the 
track at a frog while running at a high rate of speed into 
the yards at Rideau Junction, east of Ottawa, Ont., Nov. 
18. The locomotive went down a slight embankment 
and two cars were demolished. The fireman was in- 
stantly killed and the engineer and brakeman seriously 
injured. 

A peculiar accident on the Sixth Ave. elevated line in 
New York City, Nov. 18, rcsulted in the death of two 
workmen and the injury of several others. A work- 
train made up of an old, empty passenger car, a flat car 
loaded with rails and a derrick car was running at full 
speed north on Sixth Ave. The derrick had been raised 
to be ready for unloading at 25th St. As the train passed 
under the overhead foot bridge at 23d St., the arm of the 
derrick struck the bridge and fell among the workmen 
on the car, killing two as noted above. In falling it 
scraped the side of a passenger train just leaving the 
23d St. station, breaking several windows, but none of 
the passengers were hurt. 

A freight train collision on the Chicago, Rock Island 
& Pacific Ry., Nov. 20, near Brinkley, Ark., resulted in 
the death of one man and the Injury of four others. Two 
cars were destroyed by the fire which followed the wreck. 

A handcar on the Chicago, Burlington & Quincy R. R. 
was struck by a passenger train at Highlands, 17 miles 
wst of Chicago, III., Nov. 20. Seven of the track 
laborers on the car were instantly killed. It is said 
the accident was due to the mistake of the laborers, who 
were on the wrong track. 

Two accidents occurred in the suburbs of Chicago dur- 
ing the heavy fog of Nov. 21. A suburban train on the 
Wabash R. R. struck the rear of a freight train which 
did not clear a siding in time, killing the engineer of the 
suburban train. The accident occurred near Chicago 
Ridge. A Wisconsin Central and an IIIinols Central 
freight train met head-on in the yards at Berwyn. Both 
engines were demolished and one fireman was killed. 

A head-on collision between two freight trains on the 
Ann Arbor R. R. occurred near Lakeland, Mleb., Nov. 
21. Two men were killed and three others injured. The 
trains were running at full speed and both locomotives 
were demolished. The collision occurred on a straight 
stretch of track, a heavy fog prevented the engineers 
from seeing each other’s trains in time to prevent the 
accident. The wreck is ascribed to a confusion of orders. 

In a head-on collision between two freight trains on 
the Atlantic Coast Line R. R., near Suffolk, Va., Nov. 
22, one man was killed and several others injured. 
Both locomotives and 21 loaded cars were wrecked and 
afterward burned by the fire which followed. The acci- 
dent was due to a misunderstanding of orders and a 
heavy fog. 

A double-headed 
Pacific Ry., Nov. 22, 


freight train on the Canadian 
ran at full speed against an- 
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other freight which was waiting for it to pass on a sid- 
ing near Burketon Junction, Ont. Three men were 
killed and one injurcd. One train had already passed the 
waiting freight and it is bclieved that the switch was 
opened by an inexperienced brakeman who did not know 
the second train was expected. 

— M 

THE COLLAPSE OF A THEATER is reported from 
Winnipeg, Man. The building had just been completed, 
-at a cost of $30,000, when it collapsed during the even- 
ing, covering the sidewalk with debris“ but injuring 
no one. 

— . — — 

A TORNADO IN ARKANSAS Nov. 23 destroyed por- 
tions of several towns and hamlets, causing the death of 
four persons and injuring about four times that number. 
The force of the storm was greatest in the vieinity of 
Ozark, Ark., and Cravens, a small town four smiles west 
of Ozark, was entirely wiped out. Knoxville, Barr, Wal- 
lerville, Jethro and Berryville are among the towns af- 
fected. 

— . — — 

WORK AT GATUN DAM. — The rock toe at the up- 
stream or south end of Gatun Dam is almost up to the 
elevation decided on, that is. 60 ft. above sea level. The 
toe is constructed of Bas Obispo rock and runs gradually 
up to its highest point. It extends from the old line of 
the Panama railroad to the spillway. When completed 
the toe will be at an elevation of 60 ft. along its entire 
length, that is, clear across the valley. ‘This toe is 
not the dam proper, but is only a retaining wall for the 
dredged material which will form the dam. Beyond the 
spillway channel a dump has been started along the west 
diversion of the Chagres River, extending from the line 
of the rock toe southward to the limit of the fill it is 
proposed to make on this toe. The toe cannot be extended 
across the west diversion until the concrete work in the 
spillway is finished above the high water line of the 
river. 

Spoil from the cut at Mindi is being dumped on the 
north toe of the dam, and this toe also is assuming some- 
thing of the appearance it will have when completed. 
The dump will be extended clear across the valley and 
so far north that it will include the ground on which the 
Gatun Island hotel is located. Between these two toes, 
a distance of 1,700 ft., the hydraulic fill will be made, or, 
in other words, the dam proper will be located. 

The unwatering of the old bed of the Chagres, between 
the two tocs, is almost completed and it will be possible 
in a few weeks to begin the work of scraping the layer 
of silt from the bottom. The whole dam site will be 
cleared of the loose earth covering before the hydraulic 
fill is begun.—‘‘Canal Record,” Nov. 11. 


— . — ä — 

AN INCREASE IN IDLE FREIGHT CARS is reported 
for Nov. 11, the first since the middle of July. The 
figures for Nov. 11 are 121.171 surplus cars, against 
110,912 two weeks b fore (an increase of 10,262 in two 
weeks). The change includes an increase of 4,00) in 
box cars, an increase of 8,000 in coal, gondola and hop- 
per cars, and a decrease of 2,000 in other kinds of cars. 
There are about the same numbers of shortages, mainly 
on the Canadian lines, the total being 11,659 cars, against 
10,830 two weeks previously. Bad-order (shop) cars 
have been decreased by nearly 13,000 (the total not b2- 


ing stated, but probably about 150,000), so that there_ 


still is a slight actual increase in the number of utilized 
cars. 
— . —— 

CONTRACTS ON THE NEW YORK BARGE CANAL, 
amounting to 5% million dollars, were awarded by the 
Superintendent of Public Works of New York, Hon. F. 
C. Stevens, on Nov. 19. The following are the awards, 
the prices being based on the engineer's cstimate of 
quantities: 

Contract No. 40, to the United Engineering and Con- 
tracting Co., 32 East 33d St., New York, for the sum 
of $2,166,298. 

Contract No. 41, to Butler Bros.-Hoff Co., 1170 Broad- 
way, New York, for the sum of $281,330. 

Contract No. 46, to the Kinser Construction Co., Fort 
Edward, N. Y., for the sum of $1,212,833. 

Contract No. 47, to the Crowell & Sherman Co., 3111 
Carnegie Ave., Cleveland, Ohio, for the sum of $1,262,- 
638. 

Contract No. 6S, to Shanley-Morrissey, Inc., 527 Fifth 
Ave., New York, for the sum of $1,018,323. 

— 3 


A DELAWARE RIVER TUNNEL PROJECT is involved 
in the incorporation of two companies last week in New 
Jersey and Pennsylvania under the name Delaware Rail- 
road Tunnel Co., by the Philadelphia banking firm of 
Wolf Bros. and the engineering firm of Stern & Sil- 
verman. The plan is to build two tunnels from Market 
St., Philadelphia, to Third St., Camden, for street-rail- 
way passenger service. 

—— ee 


THE LARGEST WOODEN SCHOONER afloat is said 
to be the “Edward B. Winslow,” which was launched 
from the yard of Percy & Small at Bath, Me., Nov. 24. 
The “Edward B. Winslow’ is a six-master 318.3 ft. long 
with 50-ft. beam and a depth of 29 ft. The gross ton- 
nage is 3,424. The schooner was built for the J. B. 
Winslow Co., of Portland, Me. 

ne 


A CONCRETE CAUSEWAY across Galveston Bay {s 
to be built by joint agreement between the city author- 
ities of Galveston and the railway companies. The 
structure will be 10,280 ft. long, with an average height 


ENGINEERING NEWS. 


of 15 ft. above high tide. It will have a width of 100 
ft., affording room for four railway tracks, besides a 
driveway and sidewalks, and the cost is estimated at 
$1,400,000. The County of Galveston is to pay onc- 
fourth the cost, the electric interurban railway betwecn 
Houston and Galveston, one-fourth, and the steam rail- 
ways entering the city the remaining half. 


—————Ř 0 ne 


PERSONALS. 


Mr. Henry F. Collins, Life M. Am. Inst. M. E., has 
resigned as Manager of the Cerro Muriano Mines in Cor- 
doba, Spain. 


Mr. II. S. Mofeland and Mr. Chas. S. Glen have opened 
an office as civil and industrial engin ers at 411-412 
Chamber of Commerce Bleg., Enid, Okla. 


Mr. James Gayley, Past-President of the American In- 
stitute of Mining Engineers, has resigned his position as 
First Vice-President of the United®States Steel Corpora- 
tion. 


Mr. L. W. Baldwin has bern appointed Division Super- 
intendent of the Yazoo & Mississippi Valley R. R., at 
Greenville, Miss., succeeding Mr. J. B. Kemp, resigned. 


Mr. John R. Freeman, M. Am. Soc. C. E., and Mr. 
Frederick P. Stcarns, M. Am. Soc. C. E., have been ap- 
pointed to act as consulting engineers in connciction 
with the improvement of the water supply of Balti- 
more, Md. 


Mr. J. E. Hickey, Master Mechanic of the National 
Lines of Mexico, at Durango, Mex., has become Super- 
intendent of Shops of the Mexican Central Ry. at 
Aguascalientcs, succeeding Mr. G. F. Tilton who is as- 
signed to other duties. 


Mr. S. Bent Russell, M. Am. Soc. C. E., Consulting, 
Civil and Hydraulic Engineer, of St. Louis, Mo., who 
has been absent from that city for some months, has 
returned aud is to be permanently located there. His 
office will be at. 415 Locust St. 


Mr. Samuel W. Stratton, Assoc. Am. Inst. B. E., Di- 
rector, National Bureau of Standards, Washington, D. C., 
will deliver the founder's day address of the twelfth an- 
nivcrsary of the Thomas S. Clarkson Memorial School os 
Technology at Potsdam, N. Y., Doc. 1. 


Mr. Granberry Jackson, Assoc. M. Am. Soc. C. E., has 
resigned his position as Adjunct Professor of Engineering 
at Vanderbilt University, Nashville, Tenn., to devote his 
time to the Jackson Phosphate Co. in which he is inter- 
ested. He will continue his practice as a consulting 
engineer. 


Mr. Geo. S. Leavenworth, M. Am. Soc. C. E., for five 
years Chief Engineer of the Powers & Mansfield Co., 
Troy, N. Y., has resigned to take an active interest in 
the Vermont Construction Co., at Burlington, Vt., of 
which he is a director. He will also do consulting engi- 
necring work. 


Dr. Jamcs Douglas, Past President Am. Inst. M. E., 
has received from the Institution of Mining and Metal- 
lurgy of Great Britain the Gold Medal of the Institution. 
The medal is bestowed in recognition of his scrvices in 
the advancement of the intercsts of mining and mctal- 
lurgy and of contributions to technical literature. 


Mr. James W. Beardsley, M. Am. Soc. C. E., Director 
of Public Works, Philippine Islands, has resigned to 
take charge of the design and construction of an exten- 
sive system of irrigation for the islands, uncertaken by 
the Government. He will be succeeded by Mr. James F. 
Case, M. Am. Soc. C. E., formerly Chief Engineer, De- 
partment of Sewer and Water-Works Construction, Ma- 
nila, P. T. , 

Mr. J. P. Snow, Bridge Engineer of the Boston & 
Maine Ry., has been appointed First Vice-President of 
the American Railway Enginering and Maintenance-of- 
Way Association. The appointment was made to fill the 
vacancy due to the advancement of Mr. William McNab 
to the position of President, consequent upon the death 
of Mr. Walter G. Berg. 
meeting of the Board of Directors in Chicago on Nov. 17. 

Mr. Charles W. Sherman, M. Am. Soc. C. E., Who has 
been for 9½ years Editor of the Journal of the New 
England Water-Works Association,” will r:tire from that 
position, being no longer able to spare the necessary 
time to the work. As noted in our engineering societics’ 
column in the issue of Nov. 5, Mr. Richard K. Hale has 
been nominated to succeed Mr. Sherman as Editor. Mr. 
Hale is a graduate of Harvard University and of the 
Massachusetts Institute of Technology and has been, 
since his graduation in 1904, with Mr. Robcrt S. Weston, 
Assoc. M. Am. Soc. C. E., Boston, Mass. 


Obituary. 


George Tod, President of the Hill Iron & Coal Co., 
dicd at Youngstown, Ohio, Nov. 16. He was born in 
Warren, Ohio, in 1840. 

George W. Hurlbert, for several years Superintendent 
of the Worcester, Nashua & Portland division of the 
Boston & Maine R. R., died Nov. 18 at his home in Wor- 
cester, Mass., at the age of 67 years. 

Herbert P. Seale, Life M. Am. Inst. M. E., Mining En- 
gineer of the Mount Morgan Gold Mining Co. in Queens- 


This action was taken at a 
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land, Australia, died in September. He was a graduate 
of Sydney University and was 36 years old. 


Max Heberlein, M. Am. Inst. M. E., died recently at 
Mainz, Germany. He was born at Branbach, Germany, 
in 1860 and was educated at Freiberg. He came to the 
United Statcs in 1882 and was in this country for sev- 
eral years. Since 1902 he has been associated with his 
brother in connection with the Huntington & Heberlein 
process of treating lead ores. During the last year he 
has practiccd as a consulting metallurgist in Mainz, 
Germany. 


Gustave O. Canet, Hon. M. Am. Soc. M. E., died at his 
home in St. Aubin sur Mer, in Calvacos, France, Oct. 6. 
He was manager of the artillery works of Schneider & 
Co. at Creusot, France, and was a recognized expert in 
gun construction. Mr. Canet was born at Belfort, France, 
in 1816. and was educated at the Strasburg College and 
afterward at the Ecole Centrale des Arts et Manufac- 
tures, He was first engaged in railway work, but in 
1872 entered the employ of the London Ordnance Works 
Co., and has since devoted himself almost entirely to 
gun construction, having been connected with several 
European manufacturers of armament. He retired from 
active work with Schneider & Co. in 1907. Mr. Canet. 
was a Past-President of the Société des Ingénicurs Civils 
de France; Honorary President of the Chambre Syndi- 
cate des Fabricants et Constructeurs de Matérial de 
Guerre: Honorary M:mber of the Impcrial Technical So- 
cicty of Russia and of the Iron and Steel Institute; Pres- 
ident of the Junior Institution of Engineers; Member of 
the Institution of Civil Engincers and of the Institution 
of Naval Architects. He was also connected with numer- 
ous other institutions and societics. 


Qe 


ENGINEERING SOCIETIES. 


— 


COMING MEETINGS. 


AMERI AN SOCIETY OF REFRIGERATING ENGI- 
EERS. 
Nov. 30-Dec. 1. Annual meeting at New York City. 
Secy., W. H. Ross, 154 Nassau St., New York City. 
AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 
Dec, 1-4. Annual mecting at New York City. Secy., 
Calvin W. Rice, 29 West 39th St., New York City. 
AMERICAN INSTITUTE OF ARCHITECTS. 
Dec. 15-17. Annual convention at Washington., D. C. 
175 Glenn Brown, The Octagon,” Washington, 


AMERICAN INSTITUTE OF CHEMICAL ENGINEERS. 
Dec. 28-290.. Annual meeting at Pittsburg, Pa. Secy., 
John C. Olsen, Polytechnic Institute, Brooklyn, N. Y. 
NATIONAL ASSOCIATION OF CEMENT USERS. 
Jan, 11-16. Annual convention at Cleveland, Ohlo. 
oe Geo. C. Wright, Harrison Bldg., Philadelphia, 
a. 
AMERICAN SOCIETY OF HEATING AND VENTILAT- 
ING ENGINEERS. 
Jan. 19. Annual meeting at New York City. 
W. M. Mackay, P. O. Box 1818, New York City. 


AMERICAN SOCIETY OF AGRICULTURAL ENGI- 
NEERS.—A meeting will be held at the University of 
Illinois, Urbana, Dec. 29-30. Mr. L. W. Chas 2, Asso- 
ciate Professor in Farm Mechanics, University of Ne- 
braska, Lincoln, Neb., is Secretary of this society. 


CANADIAN SOCIETY OF CIVIL ENGINEERS.—At the 
General Section meeting held Nov. 19 in Montreal, papers 
were presented as follows: Notes on Canadian For- 
estry,” S. Gagné; “Mean Sea Level at Quebec and New 
York,” W. Bell Dawson. Professor Brown's paper en- 
titled Tests of Reinforced-Concrete Beams” was dis- 
cussed. At a meeting of the Electrical Section, Nov. 26, 
Mr. J. R. Bibbins will present a paper entitled Some 
Considerations in the Application of Low Pressure Tur- 
bines to Power Generation.“ A meeting of the Mechani- 
cal Section will be held Dec. 3. 


AMERICAN INSTITUTE OF CHEMICAL ENGINEERS. 
—The first annual meeting will be held in the buildings 
of the Carnegie Technical Schools at Pittsburg, Pa., 
Dec. 28-29. Among the papers to be presented are the 
first technical statement by Mr. Jamcs Gayley, M. Am. 
Inst. M. E., regarding his process for dchydrating air 
for blast furnaces and various other papers on fuels, 
dryer calculations and dcsign and on the measurement 
of high temperatures. In connection with this meeting 
thcre will be an exhibition of plans and. working models 
of new machinery. An account of the inaugural meeting 
of this society, held at Philadelphia, June 22, 1908, 
was published in our issue of July 9. 


NEW JERSEY SANITARY ASSOCIATION.—The 33d 
annual meeting will be held at The Laurel-in-the-Pines, 
Lakewood, N. J., Dec. 4-5. The following papers will 
be presented: Dec. 4, “Sanitary Inspection of Schools,” 
W. G. Schauffler; “The Necessity for Schools of Instruc- 
tion for Health Officers,” John L. Leal; Symposium on 
Tubcrculosis,’’ four separate papers by E. B. Voorhees, 
Wm. C. Smallwood, S. B. English and Theodore Sense- 
man; The Washington, D. C., Aqueduct and Filtration 
Plant,” E. D. Hardy, M. Am. Soc. C. E.; “The Progress 
of Mosquito Extermination Work in New Jersey,” John 
B. Smith. Dec. 5, Pollution of the Delaware River; Its 
Cause and Remedy,” Harry M. Herbert; The Modern 
Treatment of Sewage,’’ Emil Kitchling; ‘‘The Prevention 
of Dust on Highways,” James Owen. 
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EXTRACTS FROM THE ANNUAL REPORT OF THE 
ISTHMIAN CANAL COMMISSION. 
Hon. Luke E. Wright, Secretary of War, Washington, D.C. 


Sir: I have the honor to submit, on behalf of the Isth- 
mian Canal Commission, its annual report for the fiscal 
year ended June 30, 1908. 

CONSTRUCTION AND ENGINEERING. 

The organization of the department of construction and 
engineering is given in detail in the last annual report 
of the commission. 

Under the organization as it existed buildings were 
erected, roads built, and sanitary ditches dug or con- 
structed in the same territory in which canal work 
was in progress, but in each 
specific instance, under a sep- 
arate head; the results were 
not always satisfactory. 

In order to concentrate au- 
thority, to expedite the 
transaction of business, to 
secure proper coordination, to 
fix definitely the responsi- 
bility in any particular case, 
and to reduce the cost of 
administration, a complete 
reorganization was under- 
taken toward the close of the 
fiscal year, to be effected 
gradually, beginning July 1, 
by which all construction 
work, in any given district, 
irrespective of its character, 
would be placed under one 
head. 

To accomplish the objects 
sought, the zone was divided 
into three parts, each of which 
is to constitute a division 
under the department of 
construction and engineering, 
the division engineers report- 
ing direct to the chief en- 
gineer. The first is to in- 
clude all territory north of 
Tabernilla, to be designated 
the Atlantic division; the 
second is to extend from Ta- 
bernilla to Pedro Miguel, to 
be named the central division, 
and the third, extending 
from Pedro Miguel to deep water in the Pacific, 
constitute the Pacific division. 

EXCAVATION AND DREDGING. 

To the equipment for excavation in the dry, reported 
on hand at the close of the last fiscal year, fourteen 
70-ton steam shovels, sixteen 95-ton steam shovels, 292 
Lidgerwood cars, and 668 12-yd. dump cars were added 
by receipt or purchase during the year. With the addi- 
tion of 200 dump cars, it is anticipated that the locomo- 
tives, steam shovels, and cars on hand or under order 
will be sufficient to complete the work to be done by this 
class of equipment. 

Culebra Division.—This devision extended from the 
Chagres River in the vicinity of Gamboa to include the 
Pedro Miguel lock, a distance of 9.2 miles; the total 
amount of material excavated in the Culebra division 
during the year was 12,065,138 cu. yds., place measure- 
ment, of which 11,685,253 cu. yds. were from the canal 
prism and the balance for accessory works. The total 
number of steam shovels assigned to this part of the 
work during the year was 59. 

As practically all the areas suitable for dumps within 
the limita of the division were utilized to their fullest 
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capacities, the greater part of the material was hauled 
over the main line of the Panama Railroad to Gorgona 
and Tabernilla on the north and to the new dumps at 
Miraflores and La Boca on the south, the average haul 
being about 10 miles. Rock from the ‘‘cut’’ at Bas 
Obispo has been taken to Gatun, and since March 20, 
1908, about 1.300 cu. yds. daily have been deposited on 
the south toe of the dam between the lock site and the 
temporary spillway, forming part of the dam. 

On Oct. 4 the Cucaracha slide, which had caused more 
or less inconvenience since the work was begun by the 
French in 1884, started to move toward the east edge of 
the canal at a rate, at first of 14 ft. in 24 hours, de- 
creasing toward the close of the month to about 4 ft. 


in the same period of time. About 113,000 cu. yds. of 
material moved so as to effectually stop the transporta- 
tion of material through the ‘‘cut’’ to the south, and 
necessitated the handling of all material over the single- 
track portion of the Panama Railroad via Empire to the 
south. Work was prosecuted day and night, by steam 
shovels and improvised hydraulic means, and by the end 
of the month sufficient space was gained on the moving 
mass to permit the passage of dirt trains to the south 
over the old route. The total area of the slide was ap- 
proximately 34,455 sq. yds., and it was estimated that 
about 600,000 cu. yds. were in motion. The removal of 
this slide fs not a source of difficulty in the dry season. 
A wide berm was left with the hope that should rapid 
movement again take place, steam shovels could prevent 
the interruption of traffic. 

The slide at Parasio, another which developed when the 
French were at work on the canal, gave trouble in April 
of this year. It is located on the east bank of the canal 
and extends up a narrow gorge for about 750 ft. from 
the edge of the canal. The estimated area is 16,700 
sq. yds., and the amount in motion is about 140,000 cu. 
yds., of which about 90,000 cu. yds, have been removed. 
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Two slides developed in the dry season along the upper 
level of Culebra “Cut.” One is situated on the west 
bank of the canal at the village of New Culebra, which 
is built on one of the French dumps. The most distant 
point of the slice from the cut“ is about 420 ft.; the 
area is approximately 6,110 sq. yds. and about 50,000 cu. 
yds. of material are in motion. The other slide is lo- ` 
cated nearly opposite the village of Las Cascadas, on 
the east bank of the canal and extends back from the 
edge of the canal for a distance of about 230 ft. The 
area of this slide is estimated to be 5,433 sq. yds., and 
about 100,000 cu. yds. of material are in motion. 

At the new Culebra station a sinking of the ground 
surface west of the west slope of the ‘‘cut’’ was noticed 
and a corresponding uplift of 
the bottom of the “cut” 
took place. A similar action 
of the bottom occurred in 
the canal just south of Gold 
Hill. In both instances this 
upward movement of the bot- 


tom was stopped by re- 
moving the material on the 
upper levels, whereby the 
pressure was reduced. 


Chagres Division.—This di- 
vision covered a distance of 
about 23 miles and extended 
from Gatun to a point where 
the canal crosses the Chagres 
River at Gamboa. The 
river crosses the canal line 
23 times within the limits of 
this division, so that dur- 
ing construction a consider- 
able portion of the prism is 
subject to overflow by floods, 
and to such an extent that 
progress of work is liable to 
be slow during tha rainy sea- 
sons, 

The surveys reported as in 
progress in the last annual 
report were completed, and 
the center line of the canal 
permanently marked. Slight 
changes in the alinement 
were made in the final loca- 
tion whereby a saving of 
1,264,700 cu. yds. was ef- 
fected; of this, 264,300 cu. yds. 
were rock. These surveys show that the total amount 
to be removed from this part of the canal prism is 12,- 
256,300 cu. yds., of which 8,313,500 cu. yds. are earth 
and the balance rock. 

The total amount of material excavated was 1,774,124 
cu. yds., place measurement, all from the canal prism. 

The total number of steam shovels in operation in this 
division was 15 and the balance of the equipment is 
largely that left by the French; 47 out of a total of 
50 engines in use are French, as are 410 of the 645 dump 
cars. 

Colon Dredging Division.—Dredging during the year 
was done by two French ladder dredges, two dipper 
dredges, the 16-in. suction dredge, and by the seagoing 
suction dredge Ancon.““ A total of 5,087,623 cu. yds. of 
material was removed, of which 4,947,330 cu. yds. were 
from the canal prism and o; remainder from accessory 
works. 

The enlargement of the dry dock begun during the pre- 
vious fiscal year was completed, making it capable of 
taking a vessel 298 ft. long, 50-ft. beam, and 15-ft. 
draft. 

La Boca Dredging Division.—The quantity of material 
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to be removed is estimated at 29,212,700 cu. yds., at least 
1,500,000 cu. yds. of which is rock. The purchase of a 
drill scow and one Lobnitz rock breaker for breaking up 
the rock so that it can be handled by the dredges was 
arranged, and the results of the experiments with these 
two machines will determine the method of removal 
finally adopted. 

With the abandonment of the lock site at Lo Boca, a 
slight change in the alinement of the new channel was 
made, so as to utilize the present wharves of the Panama 
Railroad Co., as well as the dredging already done under 
the former project and by the French. With the excep- 
tion of a small cut made by the dipper dredge, all ex- 
cavation done under the original plan is within the 
limits of the new channel. 

There have been used on this stretch of the canal the 
seagoing suction dredge ‘‘Culebra,’’ which went into 
commission on Jan. 1, and four French ladder dredges. 
The dipper dredge was taken out of commission on Jan. 
17, 1908, as not suitable for handling the soft material, 
and will be utilized later in the removal of rock. Dur- 
ing the fiscal year a total of 5,273,369 cu. yds. was re- 
moved. 

LOCKS AND DAMS. 

The locks are in pairs, and since the compilation of the 
last annual report the projected dimensions have been in- 
creased so that the width in the clear will be 110 ft., 


of material overlying the rock. 


When the difficulty developed, investigations by bor- 
ings and test pits were made to determine the character. 
It was found to be, for 
the greater part, an unctuous blue clay without grit, 
possessing very little supporting power, instead of a stiff 
clay, as indicated on the profiles. The depth of rock 
below the surface varied from 10 to 70 ft., and in order 
to build the dams more money and time would be re- 
quired than had becn estimated. 

When this became evident, a careful examination of 
the canal route from Pedro Miguel to the Pacific was 
undertaken, by wash and diamond drill borings and test 
pits, to ascertain if a more suitable place for the locks 
and dams could be found. In making these examinations 
care was taken to secure samples of the materials to be 
encountered at the various depths, as well as cores of 
the rock for depths of 25 ft. below the foundation level 
of the lock walls. 

A study of the data thus obtained led to the conclusion 
that one lock at Pedro Miguel and two at Miraflores of- 
fered the most economical and desirable solution. The 
advantages of this plan over the then existing project 
were that dams of lower height, less length, and resting 
on rock comparatively near the surface could be more 
easily constructed and could be completed at an earlier 
date; and finally that the locks in this location would 
be protected against all ‘possibility of distant bombard- 


stone, and additional precautions will be taken if de- 
velopments during construction make such advisable or 
necessary. 

The excavation for the locks was continued throughout 
the year, and nin2 shovels were assigned to this work. 
The total amount removed from the site was 1,769,115 
cu. yds., of which 190,013 cu. yds. were placed on the 
south toe of the dam, from the crossing of the Chagres 
River to the temporary spillway; 69,432 cu. yds. were 
deposited on the west side of the lock, making a fill for 
the operation of the construction plant, and the re- 
mainder was dumped as an embankment on the relocation 
of the Panama Railroad. 

Gatun Dam.—Investigations, primarily undertaken to 
verify data already on hand concerning the character of 
material for the foundation of the dam, were continued 
for the purpose of determining more fully the character 
and extent of the various materials composing founda- 
tions for the dam and the spillway; for ascertaining 
whether there were any permeable connections between 
the swamp areas to the north and south of the site 
through the deposits in the gorges across which the dam 
will be built; for testing the ability of the material to 
support the proposed structure, and for learning whether 
suitable material for the dam can be had in the imme- 
diate vicinity. A test pit, 12 ft. square, was sunk in 
the hill through which the spillway is beling cut and 
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5 EXCAVATION ON THE SITE OF THE SPILLWAY AT THE GATUN DAM, JUNE, 1908. 


the usable length remaining, as heretofore, 1,000 ft. 
The question of increasing the width was raised by the 
General Board of the Navy, in a memorandum to the 
Secretary of the Navy, dated Washington, Oct. 29, 1907, 
8 tting forth “that the width of the locks as now fixed, 
namely, 100 ft., is insufficient for probable ships of 
future construction, and thaf sound policy would dictate 
an increase to a clear width of 110 ft.” 

While the commission, aftcr due consideration, was of 
the opinion that the width already adopted for the locks— 
100 ft. in the clear—was ample for all commercial ves- 
sels building or contemplated, and sufficient for any 
battleship constructed, building, or projected, it felt that 
the wishes of the Navy, as expressed by the General 
Board, should be followed, there being no insuperable ob- 
stacles, and it accordingly recommended that the project 
be modified as desired. This modification was approved 
by the President, under date of Jan. 15, 1908. 

The project prepared by the minority members of the 
board of consulting engineers for the lock type of canal 
provided for a flight of three locks at Gatun, a flight of 
two locks at La Boca, and one at Pedro Miguel. The 
locks at La Boca were placed on the west side of Sosa 
Hill, and were to overcome the difference of the level be- 
tween the ocean and a lake formed by the Sosa-Corozal 
and the Sosa-San Juan dams. Steps were taken to con- 
struct the former of these dams in accordance with the 
proposed plan, and trestles were built along the toes from 
which to dump material from Culebra cut. The trestles 
failed after the dumping from them began, and the ma- 
terial overlying the rock moved laterally, carrying th2 
superimposed mass with it. In places this lateral mo- 
tion continued for two weeks after dumping had stopped. 
The ground on either side of, and for some distance 
from, the dump was forced up, forming mounds of mud, 
the crests of which gradually approached the level of the 
dump proper. After an equilibrium was established be- 
tween the dump and the adjacent mounds the hump or 
wave would again move out when the track was shifted 
toward it, accompanied by a sudden vertical settling of 
the track of 6 to 10 ft. when loaded trains were applied. 
Dumping from trestles of Jess height secured no better 
results. 


ment and would be less exposed to gunboat or torpedo 
boat attack. As a consequence, the commission recom- 
mended a change in the project, which received the ap- 
proval of the President on Dec. 19, 1907. 

Gatun Locks.—The borings previously made to de- 
termine the character of the foundation for the locks 
developed the existence of strata of varying mater- 
lals, and investigations were continued during the year 
to ascertain the depths of the strata and to determine 
also whether suitable material extended sufficiently far 
below the level on which the lock walls are to be built 
to carry the weight; a depth of 50 ft. below this level 
was fixed and the borings were so made. The materials 
encountered may be briefly summarized as a layer of ar- 
gillaceous sandstone, overlying a layer of conglomerate 
which is composed of pebbles and other hard aggregates 
held together by a cementing material, and which subse- 
quent excavation shows to be hard enough in texture to 
require blasting for its removal. Soft sandstone is next 
in order, consisting of sand with some cementing ma- 
terial, easily disintegrating under erosion. At the upper 
end volcanic tufa, with scattering pleces of argillaceous 
sandstone, is found, the proportion of tufa in this stratum 
diminishing toward the lower or north end of the site. 
Below this layer is dense argillaceous sandstone of con- 
siderable thickness. 

The borings disclosed the presence of ground water, 
under pressure, in some of the conglomerate and through 
the stratum of soft sandstone, and investigations de- 
veloped an underground fiow through the sandstone, the 
source of supply being apparently ground water from the 
hills to the southeast and at a considerably higher eleva- 
tion than the lock site. The indications are that the 
flow is about parallel to the axis of the lock. The 
volume of water encountered is small. There is no ques- 
tion that the various materials will bear the greatest 
loads that will be transmitted to them by the lock 
walls, if provision is made to prevent the underground 
flow of water through the softer materials on which part 
of the walls will rest. , 

It is intended now to prevent access to the foundation 
of this water by means of curtain walls connected with 
the underlying impervious stratum of argillaceous sand- 


near its hcad, and this has been carried down to about 
35 ft. below sea level. The rock formation here is prac- 
tically the same as that at the lock site. On Gatun 
Island a test pit 20 ft. square was sunk to a depth of (68 
ft. below sea level. Wash borings were resorted to, but 
care was taken to secure drive samples whenever there 
were indications of any change in the character of the 
material. 

The examinations made of the spillway indicate that 
the rock is of sufficient strength to bear safely any of 
the loads that will be placed upon it and that the princi- 
pal water-bearing mediums are the fissures through the 
various strata, which allow the passage of water; this 
flow will be cut off, as in the case of the locks, by 
means of curtain walls properly constructed and con- 
nected with the impervious layer underlying the soft 
rock. 

Both the test pit and the borings over the other por- 
tions of the dam site indicate that the top layer is a 
fine sand with a large proportion of clay intermixed. 
This extends to a maximum depth at one point of ap- 
proximately 80 ft. Underlying this, for a distance of 
100 ft. or more, is a thick marine deposit of blue clay 
containing a little sand, and in some parts a consid- 
erable quantity of shells; this material is impervious. 
Under this and directly overlying the rock is a deposit, 
varying in thickness up to 20 ft., of small boulders and 
gravel consolidated and cemented together with finely di- 
vided clays and silts. What seepage there is occurs in 
the top stratum; and though this is small, it is proposed 
to cut it off by sheet piling projecting up into the core of 
the dam and down into the impervious layer. The ma- 
terial encountered is of such character as to be amply 
strong for supporting the proposed structure. Examina- 
tion by wash borings in the valleys above and below the 
site of the dam develops the fact that suitable material 
for dam construction can be readily procured by dredg- 
ing and that the quantity available is amply sufficient 
for the purpose. 

Two experimental dams, with dimensions correspond- 
ing to the dam as it is to be built, were made, on the 
scale of 1 in. to the foot; the first by depositing all ma- 
terial from the north side and allowing the water to drain 
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south, by which the coarser material was deposited on the 
downstream side and the finer material on the upper side 
of the dam. This was tested for seepage under a full 
dead of water, and the results are recorded in Appendix 
E. Another dam to the same scale was constructed by 
depositing the material at the same time on both the up- 
stream and downstream sides, allowing the finer material 
to deposit toward the center. These experiments show 
not only the suitability of the available material, but 
that a stable and water-tight dam can be built by hy- 
draulic methods. 

Construction work at the dam during the year consisted 
in the removal of 918,920 cu. yds. of material from the 
spillway. This channel is 300 ft. wide, with a flare to 
300 ft. on the upstream side, and it was decided to main- 
tain the elevation of its bottom at the south end at 10 


pairs, costing $145,479 for direct material and labor 
charges. As the steam-shovel excavation was 17,467,161 
cu. yds., the cost of general shop repairs to steam shovels, 
per cubic yard, was $0.00833. The cost of fleld, or run- 
ning repairs, to steam shovels, which, since Dec. 1, 1907, 
were handled by the respective division engineers, was 
for the entire year $263,554, or $0.01509 per cu. yd. for 
direct labor and material charges. At the air-compressor 
plants operated by these shops, 275,000,000 cu. ft. of air 
were compressed per month, the cost in June, 1908, being 
50.0344 per 1,000 cu. ft. 

Municipal Engineering.—The work of this division con- 
sisted of the completion of the water-works, sewerage 
system, and paving in Panama and Colon, the cost of 
which is to be reimbursed to the United States through 
the collection of water rates in those cities, and of the 


At the cement block plant at Ancon 17,969 concrete 
blocks of various sizes were manufactured, at a cost of 
12% cts. pcr cu. ft. These blocks were used in the con- 
struction of vaults, fire walls, powder and detonator 
houses and chimneys. 

Attention was given to reducing the cost of work in 
this division by (1) modifying and cheapening the cost 
of all type structures through the elimination of un- 
necessary features, (2) the adoption of more suitable and 
more satisfactory materials and cheaper methods of ap- 
plication, and (3) requiring higher efficiency in the per- 
formance of work through comparison of detailed cost 
statistics on work done in the different districts. Eco- 
nomic building work was stimulated by a comparison of 
the cost of buildings erected by contract. The principal 
type of buildings constructed by the commission are 


VIEW OF “CONTRACTOR'S HILL” LOOKING NORTH FROM GOLD HILL, MARCH, 1908. 


ft. above sea level, so as to preserve as thick a layer as 
possible of argillaceous sandstone over the conglomerate. 
MOTIVE POWER AND MACHINERY, MUNICIPAL EN- 
GINEERING, AND BUILDING CONSTRUCTION. 
Motive Power and Machinery.—At the close of the year 
2.206 men were carried on the rolls, and the expenditures 
amounted to $5,645,622.18. Three shops, located at 
Gorgona, Empire, and Paraiso, handle all work except 
electrical installations, and each is charged with the 
Maintenance and operation of engine-houses, coal 
chutes, and air-compressor plants in its territory. 
With the completion of all authorized work, the 
ona shops will have 307,000 sq. ft. of floor space, 
the Empire shops 198,000 sq. ft., and the Paraiso shops 
41,000 sq. ft. 
At the Gorgona shops repairs are made to locomotives, 
unloaders, spreaders, and wooden car equipment, and 
such foundry and manufacturing work done as is neces- 
sary. Practically one-third of the output was manu- 
factured material, including 4,279,237 lbs. of gray-iron 
castings, 50,000 lbs. of semisteel castings, and 216,947 
lbs. of brass and bronze castings. Gray-iron castings 
cost, for labor and material, 50.0359 per Ib. and brass 
castings $0.1951 per lb., including the cost of 1,462 pat- 
terns, 
The Empire shops perform general repairs to steam 
shovels, steel car equipment, rock drills, and similar 
excavating machinery. Of the 101 steam shovels in ser- 
vice during the year, 55 were given general shop re- 


construction of water-works and sewerage systems, pav- 
ing, grading, and road making in the Canal Zone. The 
total cost of the work done was $1,067,150.52. Work 
in Panama and Colon, as originally planned, is practically 
completed. 

The total cost of municipal improvements in the Canal 
Zone has been, for water-works and sewers, $2,358,840.44, 
and for roads, etc., $1,174,778.26. f 

Building Construction. — During the year 505 new build- 
ings were constructed; 1,147 American buildings re- 
paired on account of deterioration, and additions or im- 
provements made to 423 buildings; 1,178 old French 
buildings repaired on account of d:terioration, and addi- 
tions and improvements made to 275. The total ex- 
penditures for the year were $3,086,138.01, and the aver- 
age number of men employed was 2,366. The average 
pay for skilled and unskilled labor per hour was, for 
gold men, $0.625, and for silver men $0.169. Of the 
total expenditures of this division for the year, $2,181,- 
913.39 were spent in the construction of new buildings, 
the largest item of which was the construction of quar- 
ters for gold employees, which cost $982,771.86. The 
total cost of buildings constructed since American oc- 
cupation to the end of the fiscal year has been $9,824,- 
089.15, of which amount $421,882.64 have been spent for 
wire screening, with which all buildings are inclosed. 

The total number of buildings constructed since Ameri- 
can occupation is 1,462, and the total number on hand is 
3,348. - i 


now costing from 7½ to 9% cts. per cu. ft. for bachelor 
quarters and from 11 to 13 cts. for family quarters. 


COST KEEPING. 


Beginning July 1, 1907, a system of engineering cost 
keeping was established, and monthly statements are pre- 
pared showing the cost of each principal piece of work. 
The cost is kept under two general heads, from division 
engineers’ monthly reports and sundry general items. 
The first includes all expenditures pertaining to the work 
under the division engineers and furnishes a basis for 
comparing the relative cost of current work; the second 
embraces general expenditures, including general ex- 
penses of the commission, disbursing officer, examiner of 
accounts, labor, quarters and subsistence, material and 
supplies, and miscellaneous expenditures on the Isthmus, 
such as transportation, travel expenses, telegraph, and 
stationery. There are excepted from these expenditures, 
however, all charges of civil administration, sanitation, 
and municipal improvements, such as water-works, sew- 
ers, and roads within the limits of the zone. These ex- 
penditures are excluded because they are not useful in 
a comparative statement of the work proper, although 
necessary to the construction of the canal as a whole, 
and because they were not incorporated in the esti- 
mates of the minority members of the consulting board, 
whose plans are being executed. 

The cost of plant is not included for the reason that 
all plant necessary to complete the cana] has not yet 
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been acquired, so that an equitable distribution of this 
item cannot be made. 
MATERIAL AND SUPPLIES. 

During the fiscal year this division received material 
valued at $11,607,094.63 and disbursed material to a value 
of $11,685,158.33. Of the material issued, $182,894.56 cover 
old French material utilized or disposed of during the 
year, including scrap brass, copper, and cast iron used 
in the foundries at the Gorgona shops. 

Some of the more important items of equipment re- 
ceived were: Thirty-eight steam shovels, 800 cars, 10 
unloaders, 10 spreaders, 6 ballast plows, 9 cranes, 8 
dredges, 5 tugboats, 12 steel barges, 2 air-compressor 
plants, 172 rock drills, 13 rock channelers, 508,000 Ibe. 
track bolts, 1,681,000 Ibs. track spikes, 119,150 lbs. angle 
bars, 470,000 tie plates, 481 15-ft. split switches, 628 
frogs, 15 oil fuel tanks, 2 launches, 4 concrete mixers, 1 
road roller, 3 motor cars, 1 material-handling plant, 1 
15-ton rock crusher, 4 saddle-tank locomotives, 19,254% 
tons of steel rails, 501,876 ties, 3 electric cranes, 18 hoist- 
ing engines, 38,985,521 ft. B. M. of lumber, 34,657 piles, 
501,574 switch and cross ties, 246,000 brick, 8,852,000 lbs. 
dynamite, and 54,000 lbs. blasting powder. 

LABOR, QUARTERS, AND SUBSISTENCE. 

On the resignation of Mr. Jackson Smith, Maj. Carrol 

A. Devol, quartermaster, U. S. Army, was assigned to 


repairs to screening, and ditching and tiling work for 


drainage; also the care of the sick and the maintenance 
of the hospitals. 

General health conditions depend upon proper polic- 
ing of quarters, securing and maintaining a wholesome 
water supply, and good sewerage, as well as such sani- 
tary work as is outlined above. The present quarter- 
master’s department is charged with the care of quar- 
ters and general policing; the engineering department 
is charged with water supply and sewerage, and the 
sanitation department maintains a tiling gang and ditch- 
ing gang. The quartermaster’s department must main- 
tain gangs for policing and grass cutting in connection 
therewith in the same territory that the sanitation de- 
partment has its force of laborers on sanitary work; 
either department is fully equipped to do the work of 
the other. Although the end in each case is the same— 
the general bettering of health conditions—the objects 
sought are to some extent different, in that the sanitary 
work is undertaken to reduce the breeding places of 
malarial and yellow-fever mosquitoes. 

After careful consideration it was concluded that econ- 
omy would result, friction be removed, and responsibility 
definitely fixed if, in addition to the work of policing and 
grass cutting in the vicinity of quarters, the quarter- 
master’s department gangs were charged with the collec- 


and in order that no impairment of sanitary conditions 
may result, the quartermaster’s department is to perform 
such grass and brush cutting as may be designated by 
the various sanitary inspectors, and the division engi- 
neers are to drain such areas as the chief sanitary officer 
may prescribe, in accordance with plans and upon data 
furnished by him. 

If, with the shifting character of the population, the 
death and sick rate can be taken as a criterion for gen- 
eral health conditions, they have been considerably im- 
proved, for with an average of 43,067 names on the 
pay-rolls the death rate per thousand was 18.32, less 
than half that of the previous year. For the white force, 
taken at an average of 12,058, given by the pay“ rolls, 
the rate was 15.34 per thousand, and with a force of 
blacks averaged at 30,909, the death rate was 19.48 per 
thousand, less than half that of the previous year. The 
large decrease in the death rate among the blacks is at- 
tributed to better sanitation, but, primarily, according 
to the statements of the doctors, to the better food, en- 
abling them to offer greater resistance to disease. 

At the beginning of the year 1,139 patients remained in 
the hospitals, and during the year 27,523 were admitted 
for treatment; of this number 929 died, 1,138 were still 
undergoing treatment at the close of the year, and the 
balance were discharged. 


VIEW OF THE SITE FOR THE PEDRO MIGUEL LOCKS, LOOKING SOUTH. EXCAVATION DOWN TO GRADE, JUNE, 1908. 


duty. under the commission, and in the reorganization of 
the work the duties of this department are to be divided. 
To Major Devol will be assigned such of the duties of 
the old department as relate to labor and quarters, and 
there will also be added the duties of the present division 
of material and supplies, with the work of which his pro- 
fessional experience in connection with the quarter- 
master’s Department of the Army has thoroughly famil- 
jarized him. The resulting department will be designated 
the ‘‘quartermaster’s department.” 


The subsistence feature will be consolidated with the- 


commissaries of the Panama Railroad and operated as 
the subsistence department of the commission, in charge 
of Maj. Eugene T. Wilson, Artillery Corps, U. 8. Army. 

Labor.—A net decrease in the skilled force was made 
during the year, yet there were almost as many new em- 
ployees as in the preceding year, the number of men em- 
ployed being 5,200 and 5,800, respectively, for the two 
years, indicating the shifting character of the force and 
showing that it is practically renewed every year. A 
radical change, however, has taken place in the source-of 
supply. There were 1,828 men employed in the United 
States, as against 8,038 the year before, while the num- 
ber employed on the Isthmus has increased from 2,780 
to 3,382. . 

There are approximately 500 more Europeans and 
1,000 more West Indians on the work than there were 
at the close of the previous fiscal year. To cover this 
increase and to fill vacancies caused by the departure of 
employees from the Isthmus 4,150 West Indians and 
3,650 Europeans were imported. As the total excess of 
immigration over emigration was nearly 18,000, the labor 
problem may be considered as solved. 

Subsistence.—At the close of the year 20 hotels were 
operated for Americans, 25 mess halls for Europeans, and 
81 kitchens for West Indian laborers. A system of in- 
spection was instituted during the year and an attempt 
made to improve the cleanliness of all classes of messes 
and to improve food supplies. 

SANITATION. 

The work of this department is two-fold; it is charged 
with general sanitary work of the Zone, as well as of 
the cities of Panama and Colon, which includes the col- 
lection of garbage, the removal of night sofl, fumigation, 
disinfecting, cleaning of streets, draining and filling 
swamps, cutting of grass and removal of vegetation, minor 


tion of garbage, the removal of night soil, and the cut- 
ting of grass and brush for the sanitation department, 
and if the tillng and drainage were carried on by the 
construction forces of the engineering department. With 
the approval and consent of the chief sanitary officer, 
the transfer of these duties will be made effective Sept. 1, 


EXPENDITURES ON PANAMA CANAL, JULY, 1907- 


JUNE, 1908. 
Total 2% a June 28, 1902 to May 
828282 8 5120, 964, 468. 58 
EXPENDITURES. 
Construction of canal....... $57,357,346. 0 
Bullding gz. sak 549,668 
Panama water-works and 
SC Sea eee wes 1,342,857.00 
Colon water-works, sewers, 
and paving ............. 804,275.17 
Settlements with Panama R. 
Co. and others in sus- 
bens ! 221,172.72 
Total, construction and engineering. .. 568, 365, 320. 26 
Government of the Canal 
Zh. 8 2, 146, 996. 77 
Buildings”. ai ss 437,121.21 
Zone highways ............ 1, 174, 778.26 
Total, civil government F 3.758, 898.24 
Sanitation and hospitals. 7, 171,315.46 
Buildings 6 ge ee oon 37,299.04 
Total, sanitation and hospitals........ $8,008,614.50 
Loans to Panama R. R. Cc Oo.. 4,374,310.54 
Purchase of Panama R. R. stock.......... 157,118.24 
Purchase of real estate outside of canal con- 
Hüte... 8 59, 433.36 
Bal. due by laborers for their transportation 31,728.61 
Services rendered and material sold tndivid- 
uals and compan les 2,327,343.24 
illi ⁵ðVV]j 887.082, 764. 99 
Less: ; 


Amount unpaid on pay-rolls. $1,678,417.72 
June, 08, rolls$1, 80.88 
Prior months.. 190, 636.84 


Value of material received 
from the New Panama Ca- 
nal Co. and used in work 
or sold included in above 
and credited to purchase 


price of canal........... 831,348.72 
2,509, 766.44 
Total expendituress 384,572, 998. 55 
Balance available July 1, 1900888. 836,391, 470.08 


DISBURSINd OFFICE. 

During the year, disbursements on the pay- rolls of the 
commission amounted to $18,062,000, the average pay- 
ment per month to employees on the gold roll being 
$125.80, and on the silver roll about $40 gold per month. 


COMMISSARY. 

Under the reorganization already effected, the com- 
missary is operated by the subsistence officer of the 
commission, under the direction of the president of the 
Panama Railroad. | 

An average of 742 employees were carried on the rolls 
of this department, at an annual cost of $430,843.75. 


WASHINGTON OFFICE. 

Under the executive order of Aug. 15, 1907, the pur- 
chase of materials and supplies was placed under the 
supervision of the Chief of Engineers, U. S. Army, who 
was authorized to maintain a purchasing department 
in the office of the Isthmian Canal Commission, in 
Washington. 

During the year 2,160 persons in the United States 
were tendered appointments on the Isthmus, covering 
154 different positions, and 1,947 accepted; and 5,397 
persons were provided with transportation from ths 
United States to the Isthmus. 

During the year the disbursing officer in the United 
States paid 10,956 claims, having a value of $13,728,288.51. 

The purchase of all supplies and materials for com- 
mission use is under the supervision of the general pur- 
chasing officer in Washington (assigned for this d 
from the Engineer Corps, U. S. Army), with assistant 
purchasing and shipping agents in New York, New Or- 
leans, and San Francisco. A similar office at Tacoma, 
Wash., was discontinued on June 30, and the work taken 
over by the United States engineer office at Seattle 
and the Washington office. Circular invitations for bids 
are prepared from requisitions received from the Isthmus 
and distributed throughout the country; the practice of 
allowing bids to cover delivery of materials on the Istb- 
mus has given all sections equal opportunity in submit- 
ting proposals. 

Respectfully submitted. 

Geo. W. Goethals, 
Lieutenant-Colonel, Corps of Engineers, U. S. A. 
Chairman and Chief Pugineer. 
Culebra, Canal Zone, Aug. 25, 1908. 
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THE MEDAL TO BE GIVEN TO WORKMEN ON THE 
PANAMA CANAL. 


The design for the medals to be presented to 
all workmen who serve for two or more years 
on the Panama Canal is shown by the accom- 
panying illustration. The portrait of President 
Roosevelt, which appears on one face of the 
medal, was modeled in clay by Mr. Victor D. 
Brenner, of New York City, in July, 1908, at 
Oyster Bay. The original was made life size, 
and from this was made the paraffine reduction, 


about 60 lbs. per sq. in. was turned against the 
under side of the floor. The lower web of the 
blocks broke off upon the application of the 
water. Pieces of this web appeared to be, in 
some cases, thoroughly charred, but the second 
web appeared to be sound and uninjured. On 
the following day, the floor as tested was sub- 
jected to a load of 600 lbs. per sq. ft. The de- 
flection in a 6-ft. span was found to be 29/32-in. 
and upon removal of the load there was a partial 
recovery reducing the deflection to 9/32-in. In 
the case of the breaking off of the lower web, 


PANAMA CANAL MEDAL. 
(Designed by Victor D. Brenner, New York City.) 


7% ins. in diameter, which is used as a model 
for the dies. The medals themselves will be 
1½ ins. in diameter and are to be of 
bronze. The medal for two years’ ser- 
vice will be suspended from a single bar, and 
for each additional year of service another bar 
will be added. In the open space on the rim of 
the medal below the ‘shield of Panama will be 
engraved the name of the recipient and on the 
reverse side beneath the portrait of the Presi- 
dent will be the number of the medal. The 
number of the medal presented to each workman 
will depend on the date of his entering che 
service. 


— ——— j 
TEST OF A NEW BUILDING MATERIAL. 


A test of a new fireproof hollow block was 
made Nov. 12 by Prof. Ira H. Woolson at the 
new fire-testing station of Columbia University 
in Greenpoint, N. Y. The new material is 
known as “Sagax,” and is manufactured by the 
Sagax Wood Co., Baltimore, Md. It is said to 
be made up of 60% of ground straw with mag- 
nesium cement as a binder and the blocks are 
25% lighter than terra cotta tile of the same 
strength and size. The principal superiority of 
the new material lies in the fact that it is elas- 
tic, like wood, so that it is less readily broken 
than concrete or terra cotta blocks, and it may 
also be worked, painted or nailed to like wood, 
so that it is available for interior decorations 
and doors as well as for floors and partitions. 
In addition to hollow blocks for floors and par- 
titions, Sagax is made in the form of paving 
blocks, railway ties and pipe covering. Solid 
slabs with match-joints are provided for building 
doors. 

The test was made on a floor built of Sagax 
hollow blocks above a fireproof room 20 ft. long 
by 14 ft. wide. The construction- was similar 
to the terra cotta hollow tile arch supported by 
I-beams. Specially shaped skew-back blocks 
protected the lower flanges. of the beams. By 
means of a wood fire built on a grate 12 ft. be- 
low the floor, the temperature at a point 6 ins. 
below the test floor was maintained for four 
hours at a temperature of 1,700° F. During 
this time the floor was loaded with 150 lbs. per 
sq. ft. The maximum deflection in a 6-ft. span 
did not exceed %-in. At the end of the four- 
hour period, the fire was extinguished and a %- 
in. stream of water with a nozzle pressure of 


with Sagax flooring the repair work is much 
simplified by the fact that lath for replastering 
may be nailed directly to the exposed second 


web. 
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RICHARD C. MACLAURIN, PRESIDENT OF THE MASS- 
ACHUSETTS INSTITUTE OF TECHNOLOGY. 


The election of Professor Richard C. Mac- 
laurin, of Columbia University, to the presi- 
dency of the Massachusetts Institute of Tech- 
nology was noted in a recent issue. Dr. Henry 
S. Pritchett, former President of the Institute, 
formally resigned that office in January, 1906, 
and since that time Dr. Arthur A. Noyes, Di- 
rector of the research laboratory of physical 
chemistry, has served as Acting- President pend- 
ing the selection of a permanent executive. 

Professor Maclaurin was born in Edinburgh, 
Scotland, in 1870. A few years of his boyhood 
were spent in New Zealand, but the greater part 
of his preliminary education was received in 
England. He entered the University of Cam- 
bridge in 1892 and graduated with the degree 
of B. A. in 1895, receiving the degree of M. A. 
the following year. He now holds from the same 
university the degree of Se. D., conferred in 
1898, and LL.D. conferred in 1904. In con- 
nection with work for his master’s degree he 
gained the highest possible rank in the most 
advanced examination given at Cambridge in 
mathematics, and received the Smith prize for 
his thesis on the same subject. After his 
graduation, he was elected a fellow of St. John’s 


College, Cambridge. 


During 1896 and 97 Professor Maclaurin de- 
voted several months to the study of educational 
institutions in the United States and Canada, 
giving most of his attention to McGill Uni- 
versity in Montreal, the University of Toronto 
and Leland Stanford University. After con- 
cluding these investigations, he reentered the 
University of Cambridge and took up the study 
of law, receiving the McMahon law studentship. 
For his thesis on “The Title to Realty” he was 
awarded the Yorke prize, and this thesis was 
afterward published in English and French, at- 
tracting the comment of many prominent au- 
thorities. During this period, on a leave of ab- 
sence, he spent six months in study at a German 
university. 

In 1898, he became Professor of Mathematics 
at the University of New Zealand, and later be- 
came a trustee of the same institution. In 


1903, he was made Dean of the faculty of law 
and remained in New Zealand in this capacity 
until his appointment to the chair of mathe- 
matical physics at Columbia University in the 
fall of 1907. At a meeting of the executive com- 
mittee of the corporation of the Massachusetts 
Institute of Technology held Nov. 11, 1908, Pro- 
fessor Maclaurin was elected to the presidency, 
and on the following day was announced his ac- 
ceptance of that position. 

Professor Maclaurin is the author of a treatise 
on physical optics, of which the first volume was 
published in February of the present year. He 
has also contributed a number of papers to 
scientific magazines, and one of these, on “Higher 
Technical Education in the United States,” 
which appeared in a recent issue of the “Revue 
Scientifique,” is of special interest in con- 
nection with his new position for the reason 
that, in it, the Massachusetts Institute of 
Technology is described as the typical American 
technical school. 


MINERAL PRODUCTS OF THE UNITED STATES.— 
The value of the mineral products of the United States 
in 1907 reached a total of $2,069,289,196, surpassing the 
value of the same products in 1906 by $165,282,162, or 
8.68%, that of 1905 by 27.33%, and of 1904 by 58.81%. 
The minerals whose output in 1907 was valued at more 
than $5,000,000 are listed in the accompanying table: 


GORD sikrede taratas eas 614,798,898 
. l ainai „958, 

// (( oer anes 173,799,300 
Clay products 942, 

P oi-iscawdadweses 120,106,749 
CP 435, 

PPP tans ace Phe 71,105,805 
CG 903,851 
Natural gas 52,866,835 
CCC ͤ dead dene ous 38,707,576 
C 7.299, 

P 26,401,910 
Sand and gravel, etc. .... 13,242,002 
UV 12,640,512 
Phosphate rock .......... 10,653,558 
PPP 7,439,551 
Mineral waters .......... 7,331,503 
n xs 6,490,660 
BIRO. ienen (cc - 6,019,220 
CP 5,142,850 


Both metallic and nonmetallic products contributed to 
Coal and iron are credited with approximately 
and copper, 


the gain. 


55% of the total for the country, clay 


(From photo by Gessford.) 
products, and petroleum furnish about 22%, the five con- 
tributing about 77% of the whole. 

Pennsylvania has no close rival for first place among 
the states. The other leading states in order of pro- 
duction value with chief product are: Ohio, Illinois, 
West Virginia (coal, petroleum, natural gas), Colorado 
(gold and coal), Michigan (copper), New York (pig 
iron), Montana (copper), Arizona (copper), California 
(gold and petroleum).—From advance chapter of Bulle- 
tin of U. S. Geological Survey on “Mineral Resources of 


the United States, 1907.” 


606 


ENGINEERING NEWS. 


Vol. 60. No. 23. 


THE CATARACT DAM, SYDNEY, NEW SOUTH WALES. 


In our issue of Dec. 6, 1906, we described and 
illustrated the Cataract Dam, then under con- 
struction to increase the stored water supply 
of Sydney, N. S. W. The author of that article, 
Mr. L. A. B. Wade,“ M. Inst. C. E., has kindly 
sent us some additional views of the dam, which 
Figs. 1 and 2 show the 


we reproduce herewith. 


till the lowest portion of the wall reaches a level of ap- 
proximately 80 ft. above the river bed. 


The writer is responsible for the design and carrying 
out of the structure, assisted by Mr. E. M. de Burgh, 
M. Inst. C. E., of the same department, who has prin- 
cipal charge of the work. Mr. J. Symonds is Resident 
Engineer. Messrs. Lane & Peters are the contractors. 


From the annual report of Mr. Wade for the 
year ending June 30, 1907, which has just come 


FIG. 1. 


dam completed, except for the valve house. Fig. 
3 is from a photograph taken at an earlier date, 
to show the general character of the masonry 
which composes the bulk of the structure. 

.For the convenience of our readers we repeat 
a portion of the description of the dam, as given 
by Mr. Wade in our issue of Dec. 6, 1906: 


‘The main bulk of the dam consists of cyclopean rubble 
masonry formed of blocks of sandstone weighing from 2 
to 4½ long tons set in cement mortar and packed in with 
concrete, in which basaltic stone is used. The sandstone 
blocks are roughly hewn to rectangular form, and the 
proportion of blocks to concrete and mortar is approxi- 
mately as 65 to 35. The up-stream face of the dam 
consists of basaltic concrete blocks, 5 x 2% x 2 ft., 
molded, set in cement and backed by an average of 3 
ft. of basaltic concrete, while the down-stream face is 
formed of 6 ft. of basaltic concrete molded in place. 


The foundations of the dam have been carried to a 
depth of 40 ft. below the bed of the river in solid sand- 
stone rock. Two 48-in. pipes, with valves, communi- 
cating with outlet wells and sluice valves in the up- 
stream face of the work, will form the permanent out- 
let; but two additional 48-in. pipes (making four in all) 
are provided to pass the river flow during construction. 

The valve house on the down-stream side of the dam is 
reofed with reinforced concrete to provide against dam- 
age by water topping the work during construction, and 
the contracts provide that the valves shall be left open 

Chief Engineer for Rivers, Water Supply and Drain- 
age, Department of Public Works, Sydney, N. S. W. 


PRINCIPAL DIMENSIONS. 


Length of da ů l 811 ft. 
Height above river bedddgaeddd 157 hy 
Depth below river bed......... cc eee ee ence nee 5 „* 
Total height from base to top (maximum). 192 
Top width sercas tect tairas AS GS ea ass 16% “ 
Bottom id, Cae ie 158 * 
Maximum depth of stored water 150 * 
Total storage capacity............. 21.411, 500, 000 gals.* 
Area covered by water (approximately) 2,400 acres 
MATERIAL IN DAM AS COMPLETED. 
Hearting masontrn ). 111,455 cu. yds. 
Rubble mason rng... 9755 o l 
Coneretteee cree neees 23,846 
Facing bloek sss eces 8,968 " 
146,242 
Total cement useũlu¹WwlͥilK . 19,000 tons. 


Quantity of excavations in connection 
with works, formations, by-wash, etc.. 215,100 cu. yds. 
Iron work in pipes, valves, ete....... 8 319 tons. 


Nearly 26.000, 000, 000 U. S. gals. 


THE CATARACT DAM FOR THE 


WATER SUPPLY OF SYDNEY, N. S. W. 


to hand, it is stated that night work had been 
“carried on as heretofore to ensure completion 
on contract time,” April 9, 1907, and that on 
June 30 the work had been completed, except 
for the parapets and valve house. The dimen- 
Sions and quantities in the table on this page 
are reprinted from the report just named. 

The cost of the work was approximately $1,- 
600,000, which was some $50,000 less than the 
estimate. The reservoir at full supply level will 
cover about 2,456 acres. 


` 288 Nenn ve ev or e s 


FIG. 2. 


THE WORK OF BOARDS OF HEALTH.“ 
By GEORGE A. SOPER,{ M. Am. Soc. C. E. 


The spirit of the laws by which matters of public 
health are administered rests upon the theory which 
underlies all forms of government; that is, that the 
state has the power to compel the ignorant, the selfish, 
the careless and the vicious to so regulate their lives 
and property that they shall not be a source of danger 
to others. 

Extraordinary powers have from early times been 
vested in the authorities charged with administering 
sanitary laws. The highest courts have declared that 
the administration of public health laws is funda- 
mentally important and entitled to the support of the 
police power of the state. Public health authorities are, 
in effect, police officers charged with a special juris- 
diction over the conditions which cause, aggravate, or 
predispose to disease. In the exercise of their remark- 
able powers health authorities may restrain persons 
from contact with others, may enter upon and even 
destroy private property, and may exercise supervisory 
jurisdiction over trades and occupations. 

Many years ago the almost autocratic power enjoyed 
by health authorities was much more necessary than 
it is at present, for the highly contagious diseases 
have, through the operation of health laws, better per- 
sonal and household hygiene and municipal sanitary 
works been relegated to a comparatively unimportant 
place as a cause of death. Epidemics of high mortality 
and vast extent rarely take place in civilized countries 
to-day, and the need of a prompt, decisive exercise of 
great authority in this direction is consequently less 
often necessary than formerly. 

At the same time a new class of duties is growing 
upon health authorities. Some of these duties are 
plainly within the proper functions of health boards, 
while others appear to be less so. Among the obvi- 
ously proper dutics referred to are vaccination, the 
manufacture and distribution of anti-toxin, the control 
of methods of sewage disposal, the sanitary management 
of milk and water supplies. Of less obvious appropri- 
ateness is the regulation by boards of health of such 
matters as the discharge of excessive quantities of 
smoke into the atmosphere of cities, the regulation of 
street noises, the hygienic care of the food, clothing, ex- 
ercises and amusements of school children. It is possible 
that these matters should be made the subject of regula- 
tion in the public interest, but should the board of 
health be the instrument chosen to regulate them? 

Obviously some limit should be placed upon the exer- 
cise of the power possessed by boards of health when 
questions not strictly germane to the sanitary welfare 
of the public are concerned. If no such limit is placed 
it is difficult to understand where the activities of 
boards of health are to cease. Almost every act and 
occupation and nearly every feature of city life may be 
construed as having some bearing upon public health 
and welfare. Before a board of health sets out upon a 
campaign of more aesthetic than sanitary value it 


*Extract from a paper read before a Joint meeting of 
the National Municipal League and the American Civic 
Association of Pittsburg, Pa., Nov. 16, 1908. 
aie Engineer, 17 Battery Place, New York 

y. 


VIEW OF CATARACT DAM, SYDNEY WATER SUPPLY, FROM ABOVE. 


.w 


December 3, 1908. 


should be certain that all its simple and essential du- 
ties are being efficiently discharged. There is often 
much inconsistency in public health work. 

There is something incongruous about a board of 
health conducting a crusade against smoke and noise 
and at the same time allowing the streets to be filthy 
with dirt and dust and offensive with accumulations of 
fermenting garbage. Again, a great deal of the atten- 


tion of health boards is occupied with alleged nuisances. 
hen houses, of 


Citizens complain of their neighbors’ 


FIG. 3. 


CHARACTER OF THE BULK OF THE MASONRY OF THE CATARACT DAM, 
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persons or property may be considered and dealt with 
as a nuisance. 

Interesting work for the suppression of disease lies 
in educating the public, the medical profession and the 
health authorities as to the causes of and means of 
preventing the transmission of disease germs. This 18 
one of the newest and most successful branches of 
public health work which has been undertaken for many 
years. It is based on the fact that people are not 
careless in sanitary matters because of a wilful or 


SYDNEY WATER SUPPLY. 


thelr landlords’ plumbing and other offensive condi- 
tions, and it is the duty of the board of health to 
investigate and determine whether a nuisance exists 
and, if so, how it should be corrected. The history of 
every city is a record of more and more strict regu- 
lations to minimize the unpleasant as well as the un- 
sanitary conditions of municipal life. a 

The authority exercised by public health boards 
is derivable from the state. In the United States the 
management of the internal affairs of each separate 
state is left, for the most part, to the state concerned. 
Municipal charters are obtained from the state gov- 
ernments and in these charters the power to regulate 
conditions affectfog public health are specifically 
granted. Cities and towns thus owe responsibility to 
the state government and are answerable to them to a 
greater or less extent, depending upon local circum- 
stances. Im Massachusetts local boards of health are 
comparatively independent of the state authority, while 
in New York the state department of health is a central 
body to which the local boards of health are closely 
tributary. 

It is first the duty of all boards to collect vital sta- 
tistics, to assemble them in tabular form, and to inter- 
pret these data so as to show the state of the public 
health. 

The second main branch of public health work is the 
suppression of communicable diseases. Suppressive 
measures include the establishment of quarantine, the 
isolation of patients, disinfection, vaccination and the 
Management of epidemics. Contrary to the custom of 
twenty years ago, all the best work in these directions 
to-day is based upon a scientific knowledge of what we 
may call the natural history of disease. 

The third main branch of public health work is the 
abatement of nuisances. The practical work of sup- 
pressing unsanitary conditions is done by health authori- 
ties by resource to special statutes and local regulations 
made by the authorities themselves and termed ‘‘sant- 
tary ordinances” or “sanitary codes.” Offenders against 
these laws and regulations are brought before proper 
magistrates and fined. A board of health thus exer- 
cises the unique function of both making and enforcing 
the law. f 

It is often extremely difficult to determine what 
does and does not constitute a nuisance. For practical 
purposes it may be considered that anything which is 
detrimental to health or which threatens danger to 


vicious design against the public welfare; they err 
through ignorance. By educating the less fortunate 
concerning the ways in which diseases are transmitted 
and showing how they can be prevented, substantial 
benefit results. 

This educational work is carried on through the daily 
papers, the medical papers, special bulletins and maga- 
zines, by lectures, by congresses, and, to some extent, 
by schools. Sanitary societies and public health asso- 
ciations deserve special credit for good work in arous- 
lng the public to the need of better public health work. 

In the management of communicable diseases the prin- 
ciples of isolation, disinfection, vaccination, have been 
referred to. It remains to mention the help that may be 
afforded by the establishment of laboratories for the 
diagnosis of suspected cases of communicable diseases. 
Laboratories where examinations may be made of 
sputum, blood, urine, stools and other pathological 
specimens, are one of the newest developments in pub- 
lic health work, but they have been in operation suffi- 
ciently long to make them seem indispensable. By thetr 


- Means early and obscure cases of tuberculosis, typhoid 


fever, diphtheria and other too common preventable dis- 
eases may be discovered, and with a precision and 
promptness generally impossible in private medical 
practice. Along with pathological work of municipal 
public health laboratories facilities are often provided 
for the analysis of water, milk, food and drugs. Any 
citizen may send specimens to these laboratories for 
examination, and ts entitled to a report without charge. 

Every board of health should have the benefit of lab- 
oratory assistance of this kind. Municipal boards in 
large cities can afford to maintain them, but for the 
small city and village other provision must be made. 
Here the state can render valuable assistance and malin- 
tain laboratories for the benefit of municipalities which 
cannot have them. 

To be effective, health work must be cooperative. 
Statistics must be promptly and accurately collected by 
the ultimate units of sanitary authority, municipal 
health boards, and transmitted to boards having juris- 
diction over larger tersitory. Whether or not the largest 
unit of health control should be the state or the nation 
is a question which this paper need not discuss. It is 
to be remembered in this connection, however, that state 
boundaries are only imaginary lines and that some kind 
of understanding is indispensable between nelghboring 
states for some forms of sanitary control, such, for 
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example, as the purity of water supplies, the manage- 
ment of epidemics and the regulation of milk and other 
food products. Likewise the management of quarantine, 
a subject of importance to large portions of the popu- 
lation of the nation, should not be left to the regula- 
tion of any particular locality, but should be managed 
in accordance with laws which are general for the 
common welfare. 

First and foremost among the defects and needs of 
public health administration must be placed the want 
of adequate knowledge of the principles and practices of 
public health work on the part of officials having juris- 
diction. It is a deplorable fact that special professional 
qualifications are not as a rule required of health offi- 
cers in the United States. 

If there is any department of municipal government 
which should be taken out of politics and put upon a 
high plane of professional efficiency, it is public health 
work. Generally, in the United States, appointment 
upon a health board means a thankless and gratuitous 
service performed for the sake of a small honor which 
is supposed to go with it. Where a salary is connected 
with the position the office is too often a reward of 
political rather than professional merit. 


[The following discussion of Mr. Soper’s paper 
was contributed by Mr. M. N. Baker, President 
of the Board of Health of Montclair, N. J.—Ed.] 


Of the many qucstions which Mr. Soper’s paper raises 
for discussion two major ones present themselves: (1) 
Just what is the proper field of health board work and 
(2) how should that field be divided between the city 
or town, the state and the nation. 

The first of these questions Dr. Soper has perhaps 
answered as fully as the present occasion demands, The 
work of boards of health should be essentially health- 
protective. This statement may seem to be so obvious 
as to be ridiculous, but the author has ably shown 
that much health board work in the past and no little 
such work at present has no direct relation to health. 

As to the proper division of the field between the lo- 
cality, the state and the nation, it is obvious that upon 
local boards of health must and should fall nearly all 
the direct labor of preventing the spread of disease in 
specific localities and of doing what can be done at 
present to promote the general health of the public. 
In the daily routine of health-protective work in the 
community the state should intervene only in some dire 
emergency, when an epidemic has got beyond the con- 
trol of a local board—a state of affairs which will rarely 
if ever arise where an efficient local board of health 
exists. 

The chief functions of state boards of health, as re- 
gards specific localities, should be of an advisory and 
regulative or supervisory character. Questions arising 
infrequently in any given community, and particularly 
in the smaller towns, may readily be answered by the 
state board. The state board should also establish 
standards of practice and efficiency to which it should 
have the power to hold the local boards. 

A somewhat different but very important function of 
state boards of health is control of the design and opera- 
tion of public works, the improper design and operation 
of which would menace the health and life of a whole 
community or perhaps of many cities and towns. Pub- 
lic water supplies and sewerage systems fall in this 
class. Even those who would object to state interfer- 
ence with the water supply of a single community would 
agree to the propriety and necessity of central control 
where the sewage of one city might infect the water 
supply of another city and give rise to a typhoid epi- 
demic there, as has so frequently happened in this 
country. 

It should also be remembered that in these days of 
free movement of population the water supply of any 
given community may be a menace to the lives of citi- 
zens of many other places, as they come and go in their 
travels. Thus the water supply of Pittsburg, now puri- 
fied by a modern filtration plant, was for many years 
a most efficient agent for the spread of typhoid fever 
over the whole country. The time may yet come when 
such a condition will be considered a fit subject for 
national interference. 

Analogous in some respects to water supplies and 
sewage disposal, and like them fit subjects for state 
supervision, is the public milk supply. This is par- 
ticularly true of dairying sections from which milk is 
shipped to many different communities, or perhaps to 
several states. 

We come next to the place of the national government 
in health-protective work. 

Under our scheme of government, where the nation 
has only such powers as were delegated to it by the 
several states long before health board work was thought 
of, what remains for the general government to do 
after local and state boards of health have exercised 
their function? 

If our general government stood in the same relation 
to the several states as do the states themselves to the 
communities composing them the answer would be ob- 
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vious. And, too, there would be plenty of work for a 
national bureau of health, for but a few of our states 
have yet made any approach to efficient public health 
udministration. As the case now stands, however, the 
chief health- protective function of the national govern- 
ment seems to be of an interstate regulative character 
and also, and in no small measure, educational. The 
protection of interstate waters from pollution, sanitary 
supervision of foods and drinks passing from one state 
to another, quarantine and like matters fall properly 
witain the scope of the national government. Interstate 
milk supplies in particular, as bas been suggested al- 
ready, afford ample scope for a national health bureau. 

The possible educational work of the general govern- 
ment (and the same is true of the state governments) 
includes as a partial basis a considerable amount of ex- 
perimentation which is beyond the powers of local boards 
of health and which if done by a central body or bodies 
would save much useless duplication. 

If we turn to the U. S. Department of Agriculture we 
can find plenty of examples of the educational and ex- 
perimental work that might be done by a national 
health bureau. The numerous studies and pamphlets on 
the diseases of plants and animals made by the U. S. 
Department of Agriculture could easily and profitably be 
duplicated with proper modifications, in the interests 
of human instead of plant and animal life. Latterly, 
the reorganized U. S. Public-Health and Marine Hospital 
Service has done considerable valuable work along this 
line. 

It is an open question how far a national health 
bureau should go in making strictly local investigations 
and in helping suppress local outbreaks of disease. The 
recent highly efficient work of the U. S. Public-Health 


and Marine Hospital Service on yellow fever at New 
Orleans and elsewhere was of course justified because of 
the interstate relations involved. The notable investiga- 
tion of typhoid fever at Washington, D. C., by the same 
government agency, was also obviously justifiable, since 
it dealt with matters under the sole control of the na- 
tional government. 

The Washington typhoid study suggests that other in- 
vestigations relating to the public health in the District 
of Columbia might be profitably conducted by the general 
government. 

Although not health board work, why could not our 
general government make up some of the deficiencies in 
health-educational facilities mentioned by Dr. 
and so obvious to every student of public health ques- 
tions, by providing or aiding schools of public health? 
For years past the United States has made large annual 
appropriations to state agricultural schools. Why not 
do the same for state health schools? Why not have 
state health experiment stations, also, as well as state 
agricultural experiment stations, the health schools 
and health experiment stations cooperating and a na- 
tional burcau of health serving as a clearing house for 
the information thus gained, as well as a distributor of 
vital statistics and other data relating to the public 
health of each and all of the states of the Union? 

Finally, is it not apparent that this whole question of 
the work of boards of health, and of the relations be- 
tween national, state and local health-protective work, 
demands as careful study by the National Municipal 
League and the American Civic Association as was put 
by the former organization upon the Municipal Program 
and as has been and is being put by the League on 
Municipal Accounts and Reports? 


TESTS OF REINFORCED CONCRETE COLUMNS. 


FOR DEPARTMENT OF 


Allcolumna 9 ins. square. 


(limestone and bank sand): age at test various, as noted, 


BUILDINGS, MINNEAPOLIS, MINN., 
Reinforced columns 9 ft. 6 ins. long; plain columns 5 ft. long. Material. 1: 2: 33 concrete 


NOVEMBER 11. 1907. 


Columns tested vertically, with cast-iron 


end caps bedded over vach end in cement setting under load 24 hours. 


Age at — Ultimate load — 
Hoops or Longitudinal test, Lbs, per Manner of Deflection at Compression in 
Name. Bands. Rods. days. Lbs. sy. in. failure. center, 8 ft. at failure. 
Plain None None 98 162,000 2.000 Failed at Not reported 0.0544. in. 
(Ist crack 160,000) center in 42 ins. 
Plain None a 99 165,000 2,040 Fatled 28 Ins. Not reported 0.0610-in, 
(Ist crack 160,000) from top [in 42 ins.) 


Soper, ` 


SPIRAL WIRF HOOPED,—American Wire Fence Co.'s spiral No, 7 high carbon wire, 7 ins. inside diameter, 2 ins. pitch. 
Longitudinal rods uniformiy spaced around Inside of spiral. 


Am. 2 (Ist) No. 7 wire None 53 176,000 2.175 Bending 24 Not reported 0.0113.-in. (2) 
2 In. pitch ins, from top. 
Am. 2 (2d) “ 10 83 125,000 1.540 Deflected and Not reliable Not rellable 
broke off 13 ly 11 
from bottom 
Am. 1 t 4 }-in. 79 226,000 2,790 Spiral burst 4 in. O. 1905. in. 


round rods 19” from top 


CIRCULAR FLAT-BAR BANDS.—Bands of 1} x ra- in. strip, bent tocirele. 7 ins. inside diameter, joined with lap, two 4-in. 
rivets. Longitudinal rods uniformly spaced around inside of bands. 


Al 30 bands 4 }-in. 63 156,510 1.930 Band at center None Not mensured 
(4-in. spac’g) round rods broke through 
rivet hole 
A a 10 3-in. 61 130,000 1.610 Bending atcen- Not reported Not reported 
round rods ter (bad batch of 
concrete at this 
point) 
Bl 20 bands 4 }-in. 84 166,009 2,050 Rods buckled 18h In. 0.1120-in. 
(6-in. spac’g) round rods between bands 
10” from bottom 
B e 10 4-in. 85 226,000 2,790 Rods buckled 1-in. 0. 1512· in. 
round rods between bands 
at center 
C (1st) 15 bands 10 4-in. 52 135,000 1.670 8” from bottom. None Not measured 
(8-in.spac g) round rods Broken end then 
cut off and col- 
umn retested 
Retest 10 as 54 142,000 1,750 Failed as before None Not measured 
C (24) “s be 1833 230,000 2,840 Rods buckled None 0.1045-in. 


between bands 
at center 


WIRE BANDS, SQUARE.—Eight longitudinal rods, four being at the corners of a 7 in. squaro, the other four at the middle 


of the sides. Bands of -in, round, one turn around the four corner rods, one turn around the middle rods, both 
ends of each turn being bent radially inward, 
F (1st) 14 pairs 8 tin. 95 236,000 2.920 Rods buckled be- None 0.1045-in. 
(9-in.spac'g) round rods tween bands and 
bands pulled out 
16” from top 
F (2d) “ i 158 184,000 2,250 Same, 18” from None O. 0807. in. 
i bottom 
D (Ist) 20 pairs Ai 98 228,000 2.870 Rods buckled be- 18-In. O. 1302 in. 
(6- In- spac'g) tween bands 18” 
from bottom 
D (24) u x 153 241.000 2,975 Same, 24“ from None O. 1045.in. 
bottom 
F (1st) 39 pairs N 64 228,450 2.825 Rods buckled be- None Not reported 
(3-in. spac'g) tween bands and 
bands pulled out 
16” from bottom 
F 2d) a 0 91 230,900 2.840 Same, 14" from ayin. 0.1685-in. 


bottom 


WIRE BANDS, CIRCULAR.-~Longitudinal rods in polygonal arrangement, 7 ins. diameter. Hoops of }-in. round rod 
wrapped one turn about periphery and ends turned radially inward on opposite side of same rod. Successive hoops 
end at diferent rods. 


L1 30 bands 8 fin. 66 200,600 2,480 Rods buckled be- None Not measured 
(3 -in. spac'g) round rods tween bands 36“ 
from top 
L ‘i 10 in. 68 205.160 2,530 Rods buck led be- None Not measured 
. round rods tweon bands and $ i 


ends of bands 
pulled out 14” 
from bottom 


NOPFE.—AIL longitudinal rods full length of column. All reinforcing metal mild steel, except spirals. In all tests of re- 
inforeed columns, At loads from the ultimate upward, the concrete outside of the hooping was 80 shattered or fallen off 
that the ultimate load was carried by the hooped aroa, The loads persquare iach in the table, however, are com puted for the 
full original area. 


TESTS OF REINFORCED-CONCRETE COLUMNS AT 
MINNEAPOLIS, MINN. 

A series of tests of reinforced-concrete columns 
was made last year by the Department of Build- 
ings of the city of Minneapolis, Minn. The tests 
included 17 reinforced columns, all of which were 
9 ins. square and 9 ft. 6 ins. long. Two plain 
concrete columns were also tested, to give a basis 
for comparison; these were 9 ins. square, the 
same as the others, but only 5 ft. long. The re- 
sults of the tests are rather disappointing, in 
that they are sufficiently erratic to make impos- 
sible any clear-cut conclusions. But, of course. 
this very fact is of moment, since it proves that 
Single tests, or a small number of tests, are of no 
value for drawing conclusions as to comparative 
efficiencies of different methods of construction. 

The test columns were made of 1:2:3% con- 
crete, using bank sand and blue limestone, one- 
half of the stone being of %-in. size and one-half 
of pea size. The cement, of the ‘Universal’ 
brand, showed the following tensile results, six 
samples being tested at each age: 7 days 370 to 
485, av. 410; 28 days, 495 to 680, av. 572; 60 days 
570 to 610, av. 593. Sand-mortar tests, of 1:3 
mixture with standard sand, gave 130 to 178. 
av. 150, at 7 days; at 28 days 155 to 208, av. 173: 
and at 60 days 205 to 210, av. 208 Ibs. per sq. in. 
Nine-inch cubes tested in compression at 98 days 
showed first crack at 2,225 lbs. per sq. in. and 
failure at 2,261 lbs. per sq. in. In comparison it 
will be noted that the two plain columns tested 
showed a crushing strength of 2,000 lbs. per sq. 
in. at 98 days. 

For testing, all columns were capped with cast- 
iron end caps 914 ins. square inside and 3 ins. 
deep, the outer end-face planed. Neat cement 
was put into the caps to a depth of 1-in. before 
putting them on the column ends, and then a 
load of 100 Ibs. per sq. in. was applied for 24 
hours. 

We have arranged the results of the tasts in 
the table printed below. It will be seen that there 
is no recognizable relation between ultimate 
Strength and the type or amount of reinforce- 
ment. The reinforced columns averaged about 
25% stronger than the plain columns, though five 
of the 17 failed at lower loads than the plain 
columns. 

The tests were made under the direction of Mr. 
James G. Houghton, Inspector of Buildings, and 
Mr. Wm. P. Cowles, Department Engineer, of 
Minneapolis, Minn. We are indebted to them for 
a copy of the results. 

— ee ee 

TRAFFIC ACROSS THE EAST RIVER has been meas- 
ured by a count arranged by the Public Service Commis- 
sion of New York City on Nov. 5. The total travel 


amounted to 816,289 persons, or substantially 400,000 in 
each direction. The detail figures are as follows: 


To New m 
York. New York Totals. 
Ferries 311 1.431 164,742 
Willlamsburgh Bridge... 89,293 92,731 182,024 
Brooklyn Bridge ...... 161,534 148,281 309.815 
Subway .......... ...... 19,438 80,270 159, 708 
Totalss . 413,576 402,713 816,289 


While the figures are doubtless not absolutely accurate, 
as the rush of passengers across the bridges during the 
busy hours of the day is too great to make accurate 
counting possible, they give a fair idea of the enormous 
travel between the two principal boroughs of New York. 

— . — 

CLEANING LEA D-FURNACE CRUCIBLES from me- 
tallic accretions is effected at the smelting plant of the 
St. Joseph Lead Co. at Herculaneum, Mo., by means of 
dynamite. In these furnaces the accretions of copper, 
iron, etc., entirely shut off in time the fiow of lead 
through the lead well. The common method of mechan- 
ically removing these accretions is laborious and usu- 
ally requires the shutting down of the furnace. In the 
method devised by Mr. J. O. Bardill, Mechanical Engi- 
neer of the plant mentioned, a bomb constructed of 
standard pipe fittings—one l-in. nipple 4 ins. long, two 
couplings and two plugs—is lined with sheet asbestos 
with shredded asbestos at each end, charged with about 
one-seventh of a stick of 60% dynamite, attached to one 
end of a long iron rod and introduced into the crucible 
through the lead well. The insertion is made while the 
furnace is in operation and the time elapsing before 
explosion is given is from 15 to 25 seconds, In a de- 
scription of this method published in The Engineering 
and Mining Journal” for Oct. 17, 1908, it is stated that 
one bomb is usually sufficient to reestablish a perfect 
circulation and that the damage to the crucible itself is 
very slight. 
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SPECIAL STRUCTURAL STEEL WORK IN THE LA carried down only to „ en ay 
SALLE HOTEL, CHICAGO. 5 12 5 9 . „ „ x 1 
The La Salle Hotel is a large and imposing sSible load a e base o i JJ (u ' 
structure which is now under construction in the piers is taken at 28.8 rs , ce C- tal. of Cols 15 W a 
Chicago, and which includes some special fea- tons per sq. ft. In = -J5 3 > ee “15 3 . 8 E >k 53 * 8 a 
tures in the design of its steel framing. It will order to brace the piers 8 
be a notable addition to the hotels of Chicago, laterally, they are all $ 
which city has very second-rate hotel accommo- Connected at the top by 8 ii 
dation for a place of its size and importance. Concrete beams or struts. $ — Floor 
The work on the new hotel is well advanced, and These are below the 
the building will be ready for occupation next sub-basement floor, and 
summer. as a rule they are 30 3d Floor 
The La Salle Hotel occupies a site about 160 x ins. wide and 42 ins. oe 
175 ft. at the northwest corner of La Salle and deep. The interior de- 
Madison Sts. It is 21 stories high, with a height Sign of the building nel Fy 
of about 260 ft. from the curb line to the roof. necessitated an unsym- ee oor 
A basement floor and a sub-basement extend eee 5 5 88 8 y ene End Reaction from Truss 2/30,000 l es 
over practically the entire area. The boiler e foundation piers an N pu — 28 
room, which is a part of the sub-basement, is at the columns. St 8 8 76 04 C. c. of co. below Truss S8 N Š 
an increased depth, its floor being about 32 ft. The concrete walls of CME Truss over the Foyer. S pa 
below the curb. The exterior finish is of stone the basements are in 8 Sy La , s/n 0 S$ 
to the level of the fourth floor. Above that it general of the usual Y G K- 1744 -- ->K ---/7 Oå e . 2 = 
is of brick with terra-cotta trimmings. The roof battered section and | | 
and floors are of hollow tile block construction. have no reinforcement. 
The main portion of the roof is flat, but on the They were built in 
two streét sides it has a curved mansard face trenches before the gen- A 
beginning at the 19th floor. The mansard roof eral excavation was SE A 
(which covers the main banquet hall) has a made. On the north sé be 
framing of small beams and tee bars to carry the side, however, the deep Ds & 
ornamental roofing tile. walls of the space ex- Ye. 
The sub-basement will contain the boilers, en- cavated for the sub- Š | Reaction 1,565,000 Roatan S 
gines, pumps, electrical plant, and other mechani- basement are of concrete Xi 1,136,000 1,147,000 — ENS. NEWS. 
cal equipment. A steel smokestack 8 ft. 6 ins. 45 ins. thick, reinforced $ : QL 
diameter extends from the basement to above by vertical 15-in. I- i Girder Truss over ms 
the roof. Above the third floor level it is sur- beams spaced about 3 Dining Room. 
rounded by a steel vent shaft 12 ft. square. ft. apart. The lateral FIG. 1. DIAGRAMS OF TRUSSES CARRYING INTERMEDIATE COL- 
The foundations consist of 89 cylindrical con- thrust of the earth 


crete piers (locally termed ‘“caissons’’) from 5 
ft. to 10 ft. 6 ins. diameter. These are carried 
through the Chicago clay to bed rock, at an 
average depth of 106 ft. below the curb level. 
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FIG. 2. DETAILS OF TRUSS SUPPORTING INTERMEDIATE COLUMNS ABOVE THE FOYER. 


Open pits or wells were excavated by hand, 
being lined with wooden staves and steel interior 
ring braces, in the manner generally employed 
in sinking these deep foundations in Chicago. 
As the piers extend to rock they are not en- 
larged at the base, as is done when piers are 


against the walls is taken 

up by the solid concrete floors of the basements, 
quite independent of the steel framing. For 
this reason, the walls had to be securely braced 
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by shoring until the concrete floors had set. 
The steel framing over the sub-basement con- 
sists of 24-in. plate girders, and 20-in. and 24- 
in. I-beams; some of the latter are reinforced by 
top and bottom cover plates. The concrete floor 
slab is 12 ins. thick, and is reinforced with plain 
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UMNS ABOVE OPEN SPACES IN THE LA SALLE HOTEL, CHICAGO. 


steel rods. The longest spans are about 15 ft. 
6 ins. The top of the slab is a few inches above 
the top flanges of the plate girders of the floor 
system, and its lower 
side is extended to en- 
close the girders. 


The columns are of 
box section, each built up 
of channels and cover 
plates. Special built-up 
sections are used in some 
cases where trusses con- 
centrate heavy loads 
upon the columns. Each 
column is seated on a 
cast-iron base or shoe, 
which rests upon a group 
of I-beams embedded 
in the top of the concrete 
pier. The columns are 

- Ordinarily spaced from 
16 ft. to 24 ft. apart. 
Between them are plate 
girders and heavy 12- 
in. to 20-in. I-beams 
(sometimes in pairs) 
forming the main panels 
of the floor framing. No 
special wind bracing is 
required, the standard 
connections being suffi- 
cient in view of the 
length of the sides of the 
building. The material is 
Bessemer steel, made un- 
der the “Manufacturers’ 
Standard” specifications 
for medium steel, and 
about 7,200 tons of struc- 
tural steel are required 
for the building. 


The main floor panels 
are subdivided by lines 
of I-beams forming the 
panels for the hollow tile 
floor arches. These I- 
beams are usually 10 ins. 
deep, but their size varies with special require— 
ments. They are connected by -in. tie-rods 
in the usual way. In three of the panels, these 
I-beams are given a special arrangement (which 
is not symmetrical with that of adjacent panels) 
in order to permit of future removal to form 
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spaces for stairways and elevators. This is done 
to meet a requirement of the property lease, 
which provides for the possible future separa- 
tion of one corner of the structure so as to form 
an independent building. In such an event, 
this part of the building would require stair- 


2 Outs. FILS. e. 
2 ins. Fl. G. H 


(1) The hall or foyer on the first floor is 
spanned by a truss two stories high, which sup- 
ports four columns of the upper floors. (2) The 
dining-room on the first floor is spanned by 
three truss-girders one-story high; each of these 
supports two columns of the upper floors. (3) 
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FIG. 3. 


ways and elevators of its own, which are not 
needed under the present occupancy of the struc- 
ture as a single building. 

The general structural design of the building 
is as described above, but there are some im- 
portant features which are necessitated by the 
architectural design and are of particular in- 
terest. In a building of this character certain 
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DIAGRAMS OF CROSS-SECTIONS OF TRUSS MEMBERS AND SPECIAL COLUMNS. 


The large banqueting hall on the 19th floor is 
spanned by arch trusses carrying the roof. (4) 
The small banqueting hall on the 19th floor is 
two stories high, and the 21st floor is sus- 
pended above it by hangers attached to four 
heavy roof trusses. These special features we 
will proceed to describe in the order mentioned. 

TWO-STORY TRUSS OVER THE FOYER.— 


floors (in the side wall of the court) would pass 
through the foyer if permitted to reach directly 
to their foundations. These four columns are 
supported therefore by a steel truss which is 
built into this wall. The lower chord is at the 
level of the second floor level (which forms the 
ceiling of the foyer), while the upper chord is 
at the fourth floor level. The general arrange— 
ment is shown in Fig. 1, and the details of the 
truss are given in Fig. 2. 

The truss has a span of 77 ft. 6% ins. c. to c. 
of the supporting columns, and it is 23 ft. 2 ins. 
deep c. to c. of chords. Its weight is about 110 
tons. The posts or verticals are formed by the 
columns of the upper floors, which are seated 
on the bottom chord. They are of the box sec- 
tion mentioned above, each consisting of two 
12-in. channels and two cover plates 3/16 x 14 
ins. The diagonal member of the middle panel 
is of similar section. The chords, inclined end 
posts and two diagonals are of box section, of 
the form and sizes shown in Fig. 3. The chords 
have transverse vertical diaphragms of in. 
plate, with angle connections to the webs. The 
end post has a continuous diaphragm, as shown 
in Fig. 3. 

The materials used in this truss are large and 
heavy sections, many of the plates and angles 
being 1 in. thick. One of the interesting fea- 
tures is the great size of the gusset or connection 
plates, all of which are Lin. thick. The rivets 
are mainly -in. diameter, with 15/16-in. rivet 
holes. The holes in l-in. material are drilled 
to full size. The holes in other material are 
punched 13/16-in. diameter, and then reamed to 
15/16-in. Iron templates are specifled for drill- 
ing and reaming. 

The columns supporting this truss are of spe- 
cially heavy section, on account of the great 
loads concentrated upon them. They are of 
double box section, with the arrangement shown 
in Fig. 3. There are three built-up webs, con- 
nected by cover plates on both sides. The con- 
nection with each end of the bottom chord of 

the truss consists of two l-in. gusset 
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FIG. 4. DETAILS OF TRUSS GIRDER SUPPORTING INTERMEDIATE COLUMNS OVER THE DINING ROOM. 


large rooms and open spaces must be provided, 
in which no columns are admissible, and the 
structural designer has to provide for carrying 
the load of the superstructure across these 
spaces. Four special cases of this kind are in- 
cluded in the La Salle Hotel. 


On the first floor is the main hotel office or 
foyer about 76 x 90 ft., which is kept entirely 
free of columns. One portion of the ceiling of 
the office forms the bottom of a central light 
court, and this partis roofed with an ornamental 
glass skylight. Four of the columns of the upper 


tion (built up of plates and angles) which con- 
tinues to the fourth floor, where the ordinary 
type of column commences for the upper floors. 
GIRDER TRUSS OVER THE DINING-ROOM. 
—In the southeast corner of the first floor will 
be a large dining-room about 48 x 76 ft., occupy- 
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ing a space which includes six columns of the 
upper floor arrangement. These columns are 
supported therefore by three girders about 53 
ft. long, each supporting two intermediate col- 
umns. These girders are 13 ft. 6 ins. deep. ex- 
tending from the second floor to the third floor. 
Each weighs about 55 tons. The general ar- 
rangement is shown in Fig. 1, and the details 
are given in Fig. 4. 

The design of these great girders is peculiar. 
For about 20 ft. at each end there are two solid 
web plates, forming a plate box girder. The mid- 
dle panel, 17 ft., is left open in order to enable 
a corridor to pass through the girders. This 
panel has two diagonal truss members, as shown. 
In two of the girders the doorway is in the cen- 
ter of the panel. In the third, however, it is at 
one side; this necessitates an unsymmetrical ar- 
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rangement of the diagonal members, as indi- 
cated by dotted lines in Fig. 1. The chords 
(Fig. 3) have four flange-angles, riveted to the 
plate webs, and to a heavy gusset plate in the 
top of the open panel. A reinforcing plate is 
fitted between the edges of the angles and a 
wider reinforcing plate is placed against this 
and the vertical legs of the angles. This con- 
struction is shown diagrammatically in Fig. 3. 

The girders are attached to columns of the 
ordinary box section used throughout the build- 
ing (2 channels and 2 cover plats), by means 
of large gusset plates l-in. thick. These gussets 
are riveted to the sides of the columns and to 
the web plates of the girders. 


ROOF OF THE MAIN BANQUET HALL.—On 
the 19th floor is a large banquet hall which is 
about 45 ft. wide and 130 ft. long, and which 
extends through the 20th and 21st floors to the 
roof. It occupies practically the entire length 
of the Madison St. side of the building. The 


FIG. 5. 


principal structural feature is the use of steel 
arch trusses which span the hall and carry the 
roof, and the ends of which are shaped to form 
the supporting columns on either side. Between 
these columns are intermediate vertical ribs or 
posts carrying tee bars which support the orna- 
mental tile for the mansard roof, which begins 
at this level (as noted above). 

Fig. 5 shows the construction of one of the 
roof trusses. The leg on the street side rests 
upon top of the main floor girder which is sup- 
ported by the column directly below it. The col- 
umns on this side do not extend above the 19th 
floor. The leg on the court side of the truss 


has no outer flange, but its web members (bat- 
ten plates and lacing bars) are riveted between 
vertical connection angles on the face of the 
adjacent column, which column extends to the 


ARCHED ROOF TRUSS OF THE MAIN 
BANQUET HALL. 


level of the flat roof 
The top chord 


channels, 


covering the 21st story. 
is composed of a pair of 12-in. 
set back to back. The arched bottom 
chord of the truss and the flanges of the posts 
are composed of pairs of angles 6 xX 6 ins. The 
truss members are composed of smaller angles. 

The spaced 20 ft. and are 
connected by lines of trusses 


trusses are apart, 
stiffening 
fitted between them. These have arched bottom 
the top chords of the main 
pairs of channels which form a part 
of the roof framing. From these are suspended 
curved ribs of 3-in. channels, which are parallel 
with the trusses and are spaced about 4 ft. apart. 
These ornamental ceiling 
which structural work. The gen- 
eral plan of this framing is shown in Fig. 6, 
while the stiffening trusses and the ceiling ribs 
are shown in Fig. 7. 

ROOF TRUSSES OVER THE SMALL BAN- 
QUET HALL.—The small banquet hall, about 
44 x 66 ft., is on the 19th floor, and its ceiling is 


two 


chords. Between 


trusses are 
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Fig. 6. Part Plan of Roof Framing of the Main 
Banquet Hall. 


formed by the 21st floor. As no columns are 
admissible in the room, the intermediate columns 
within this space end at the 19th floor. The 
21st floor, therefore, is suspended by hangers 
from four parallel-chord trusses in the roof. 
This arrangement is shown clearly in Fig. 8. 
ENGINEERS AND CONTRACTORS. — The 
architects for the La Salle Hotel are Holabird & 
Roche, and the structural steel and the founda- 
tions were designed by the firm of Purdy & 
Henderson, consulting engineers. These two 
firms have been associated in the same capacity 
on the two new Chicago public buildings: the 
Cook County Court House (now completed) and 
the City Hall (soon to be commenced). The gen- 
eral contract for the La Salle Hotel was awarded 
to the George A. Fuller Co., which did all the 
construction by its own forces, including the 
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foundations and the erection of the steel. The 


latter work has progressed with great rapidity, 
and has averaged two floors per week. The 
steel work was manufactured by the American 
Bridge Co. All the firms mentioned are located 


in Chicago. 
Se =O Ge 


THE SOLUTION OF THE DUST PROBLEM on mac- 
adamized roads is remarked on as follows in a report by 
Mr. J. Heury Taylor, M. Inst. C. E., Borough Engineer 
of Barnsley, England: 


It is well known, of course, that the real cause of the 
increased expenditure necessary for keeping down the dust 
on the main roads is the greater use of traction engines, 
motor cars, and motor wagons, but I incline to the opinion 
that the placing of a tax or rate upon the owners and 
users of motor cars and motor wagons by itself is an 
insufficient way of making a permanent improvement to 
the roads. I consider that the proper plan would be 
either to construct separate motor traéks for rapid trav- 
eling at speeds exceeding ten to fifteen miles an hour 
throughout the county for motor cars and motor wagons, 
or that all the roads used by motors should be recon- 
structed with both new foundations and surfaces where 
necessary, and such surface specially prepared with in- 
gredients consisting chiefly of tar, bitumen, or other 
similar substance, and that the cost of providing these 
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special tracks, or of specially reconstructing the roads 
should (as a matter of national importance) be borne by 
the Government, who are the best able to control or reg- 
ulate this description of traffic, and who ought to en- 
courage this comparatively new industry, which is be- 
coming great and extensive. 


I also consider that the time has arrived when heavy 
traction engines, such as are now so largely in use, 
should be prohibited from traveling along our highways, 
as they are the chief cause of the damage, not only to 
the surface, but, in many cases, to the foundations of 


e F] e — j< 3 
Hool Line 


Det line, IONE above 192 Floor | — 


— . — 


| 
„5 

i 

| 


Elevation of Stiffening Trusses. 


5 — De of f. 
I X 


Lot line 


dove 19% t 


éti 


E 


ENG. NX WS. 


258 


Ceiling Ribs. 


FIG. 7. STIFFENING TRUSSES AND CEILING RIBS OF BANQUET 


HALL. 


our roads, rendering the roads less suitable for both 
motor and ordinary traffic, and more liable to become 
dusty and muddy than with any other means of traction. 
I would not include in this prohibition the traction en- 
gines used for drawing threshing machines and other light 
agricultural implements along the King’s highway. They 
do comparatively little damage to the roads. 


The population of Barnsley is about 41,000. The fore- 
going excerpt was taken from the London Local Gov- 
ernment Officer and Contractor” for Oct. 10, 1908. 
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THE TESTING OF PORTLAND CEMENT FOR USE IN 
THE TROPICS. 


In the Philippine Islands the large amount of 
construction since the American occupation has 
demonstrated that cement as manufactured for 
a temperate climate has certain marked defi- 
ciencies in the tropics and that the tests pre- 
scribed by the best standard specifications are 
not indicative of future behavior in tropical 
countries, though they may be correct for a tem- 
perate climate. In view of these facts the Bu- 
reau of Science at Manila, P. I, has instituted 
a series of investigations into the properties of 
cement with special re- 
spect to hot climates and, ‘ 
as a coordinate study, 
into the methods neces- 
sary in testing to ensure 
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important parts and all of the tables, leaving the 
study of the latter to those who are deeply in- 
terested in the subject and who may obtain a 
copy of the original from the Philippine Bureau 
of Science. The extracts are of considerable in- 
terest; the first part to all cement users on ac- 
count of its reference to the well-known varia- 
bility in the results of different cement-testing 
laboratories working un- 
der the same specifica- 
tions and the remainder 
to all who have occasion 
to use cement in a hot 
and damp country. 


Ibs The abstract follows: 
pr Ñ INTRODUCTION. 
es a N This paper is devoted to a 
S, discussion of modern cement 
J specifications and we have 


endeavored to point out many 
reasons why they do not ex- 
clude the personal error that 
is experienced by all testers 
working under them. Sim- 
ple methods ‘and precautions 
necessary to reduce this 
variation have been sug- 
gested. Throughout the dis- 
cussion, the effects of the 
requirements of cement speci- 
fications, the difference pos- 
sible in manipulation and the 
consequent variations in the 
0 results obtained have been 
8 Ulustrated. Certain power- 
ful climatic influences that 
tropical conditions may ex- 
ert upon cement are also 
discussed, and the last chap- 
ter suggests the characteris- 
tics which a cement should 
have to give the greatest 
efficiency under tropical in- 
fluences. 


SPECIFICATIONS. 
The value of standard spec- 
ifications to the engineer, 


the consumer, and the country at large is as great as 
their value to the manufacturer. A standard specifica- 
tion, provided it is both equitable and safe, cheapens 
the product, insures quicker deliveries and acts as a 
powerful regulator to the industries affected. . . . The 
danger of a fixed standard of any kind lies in its be- 
coming unprogressive and following behind the demands 
of the time. 


The last sentence should be especially emphasized. All 
official cement testing in the Philippines at present is 
done under the U. S. Army Engineer Specifications of 
1902. No change has been made in these specifications 
in the last six years despite the great amount of work 
which has been done upon the physical and chemical 
properties of Portland cement in recent times, and, in 
the light of experience, it has been found that these 
specifications could certainly be improved. This unpro- 
gressive tendency is, perhaps, due to the inertia inherent 
in all committee work. Each individual member has 
fixed ideas on certain questions, or on the results of cer- 
tain personal experiences. As one writer puts it: “We 
are all disposed to argue somewhat on the basis of our 
prejudices or to refute others because of the prejudices 
which we associate with them Therefore it is 
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difficult for us to arrive at conclusions purely by the 
light of reason, and to deal with every syllogism from 
its premises to its conclusions.” 


a cement for such cli- 
mates. The first report 
of these investigations 
has just been published 
in the “Philippine Jour- 
nal of Science’ (V. 3, 
No. 3, June, 1908) in an 
article entitled Port- 
land Cement Testing,” by 
Messrs. W. C. Reibling 
and L. I. Salinger, of 
the Chemical Laboratory of the Bureau of Sci- 
ence. 

The paper is quite lengthy and includes a 
number of tables and diagrams enumerating ex- 
periments which tend to prove the various state- 
ments made. On account of lack of space we 
have omitted in the abstract of the discussion 
given below a considerable portion of the less 
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However, the American Society of Civil Engineers and 
the American Society for Testing Materials are con- 
stantly working to improve their cement specifications 
and these specifications will soon be adopted by the 
Government of the Philippine Islands for all civil and 
municipal work. They have accomplished much towards 
establishing a more practical, impartial and comprehen- 
sive system of testing. Yet 
notwithstanding that so much has been done towards 


unification of methods, it may never be possible to de- 
termine accurately the value of one cement as compared 
with another tested in a different laboratory.* Experi- 
ence since the report of the committee was made has 
shown that the difficulties in the way of uniformity in 
such tests are much greater than was then imagined. 
The variation in the results of tensile strength between 
the work of different experienced operators working by 
the same method and upon the same material are fre- 
quently very large and often make all the difference 
between rejected and accepted cement. Differences in 
tensile strength with neat cement of 40 to 60% are not 
uncommon, while for sand mortar they are much 
greater. 


At present all standard speciflcations leave much to 
be desired. A Government committee appointed to in- 
vestigate the quality of a certain brand of cement, after 
much consultation with engineers, chemists, contractors 
and manufacturers, introduced its final report with these 
remarks: 


There are no standard specifications which are re- 
garded as absolutely correct. All tests are approxima- 
tions and must be interpreted in accordance with the 
specifications in use, and with due regard to the pur- 
pose for which the cement will be used. 

There is no practical difference between the qualities 
and properties of a rejected and of an accepted cement 
an oe immediate vicinity of the limits set by speci- 
cations. 


It follows that the engineer may be in much doubt 
as to whether to reject or accept a cement. 

It must be recognized, however, that cement specifica- 
tions are not for average results, but are intended to 


cover the lowest limit which can be allowed in the work 
and to provide for lack of uniformity in testing as well 


as in real quality. 


Such a conclusion may be satisfactory to the engi- 
neer, but should the tests be close to the margin speci- 
fed for acceptance, the selling agent is sure to protest 
and order a retest of the material. He may allow the 
original tester to retest the cement, or he may send the 
samples to one of the many commercial laboratories 
whose reputation for high results in cement testing is 
well established. The retesting may produce satisfactory 
results in either case owing to the weakness of all 
cement specifications. “It is not to be inferred, however, 
that the highest results are necessarily the outcome of 
the greatest skill. As a rule, the most expert and rell- 
able operators get only moderate strength for the best 
material.§ 

Such a condition of cement testing is very deplorable. 
Unless specifications guarantee an accuracy within 10%, 
the greatest efficiency of a cement laboratory is also 
lost, as the mere mechanical routine testing of various 
brands of cement should be the least important part 
of its work and satisfactorily to accomplish the more 
important object, namely a systematic study of the pe- 
culiar effects of climatic conditions upon them, a varia- 
tion factor of not more than 10% is essential. 

Sabin states that 


the chief object of testing cement is to arrange the 
various products in their true order of merit. Cement 
is at present used in a very crude way and it is only 
in exceptional cases that poor quality of material may 
be detected in the completed structure. This is sufficient 
reason why so few failures can be found in cement work 
which may be attributed to the poor quality of the 
cement. But in the more economical manner in which 
the material is, even now, being used, it is absolutely 
essential to know what its future behavior will be. 


We believe that the inefficiency of all American speci- 
fications lies in the fact that they do not outline suffi- 
ciently In detail the minor considerations and operations, 
and that to these minor details, owing to the peculiar 
and sensitive character of cement, is readily attributed 
a possible variation in the results of testing of 30 to 
40%. There are certain qualities in cement manipula- 
tion that can not be controlled, such as the size, shape 
and intermingling of crystals, nonhomogeneous voids in 
sand briquettes, unequal action of the water upon the 
hardening of briquettes, etc., but we believe that by far 
the greater variation is caused by the different manner 
in which different laboratories interpret the minor de- 
tails of manipulation and treatment; and we also be- 
lieve that if specifications were more explicit in this 
respect it would be safe to predict that different labora- 
tories would agree within 10%. This assumption is sup- 
ported by the well-known fact that the system of the 
individual laboratory usually produces fairly uniform 
results, but a comparison between different laboratories 
which differ only in those details not explicitly treated 
in the specifications, often show the most startling 
inconsistencies. 

THE EFFECTS OF AERATION.—Most of the cement 
specifications now in use devote considerable space to 
the manner in which the samples should be taken, but 
they all neglect to state how these samples shall be 
stored and preserved until tested. As a result, they 
may be sent to the laboratory in wooden or paper boxes, 
paper or cloth bags, tin cans, galvanized-iron cans, 
glass jars, etc. The cloth and paper may be thin or 
thick, and the cans, jars and boxes may have tightly 
or loosely fitting covers, or even no covers at all. These 


*Sabin, Louis Carlton: Cement and Concrete. New 
York (1905), 30. 
tSpalding, Frederick C.: Hydraulic Cement. New 
York (1904), 115. 

{Taylor and Thompson: Concrete, Plain and Rein- 
forced. New York (1907), 99. 

Spalding. 


December 3, 1908. 


ENGINEERING NEWS. 


613 


samples may be tested as soon as they are recelved at 
the laboratory, or, owing to the amount of routine work 
already on hand, they may stand for some days before 
being worked. As a result of all these conditions the 
cement may have been subjected to unequal aeration 
and its characteristics changed accordingly; this change 
bas often been sufficient to alter the resulting tests 
from satisfactory to unsatisfactory. 

Experience in this laboratory has demonstrated that 
in most instances variations are encountered in cement 
samples which have been received in thin paper bags, or 
which had otherwise been exposed to the air; and that 
cement received for testing in closely covered cans and 
boxes and not subsequently exposed to the air, usually 
gave very acceptable, uniformly good results. 

It has been shown [by laboratory tests given in orig- 
inal paper.—Ed.] that cement, otherwise susceptible to a 
marked change by exposure to air, when preserved in 
closely covered galvanized-iron cans will be little af- 
fected by storage; and that thin paper bags do not 
eliminate the atmospheric influences. It has also been 
shown that the characteristics of a cement often un- 
dergo a change upon exposure which may be sufficient 
to make failures of otherwise acceptable tests. There- 
fore, it is evident that no system of cement testing, 
however accurate, will insure uniform or even compar- 
ative results until a proper, specified preservation of 
the samples after they are taken from stock is made 
compulsory. 

As a result of the considerations given above, it would 
scem necessary so to modify the ordinary procedure 
that the quantity of the cement. deemed necessary for 
the desired tests should be freely exposed to the atmo- 
sphere of the laboratory for seven days in a layer 1 in. 
deep, in order to determine the effects of aeration. A 
comparison of the specific gravity, setting time, and 
loss on ignition of the cement before and after exposure, 
will give valuable indications as to its nature. The de- 
terminations made before exposure will be consistent 
with the quality of the cement at the time the stock 
was sampled, and the second treatment will show the 
qualitics liable to be developed by subsequent storage. 
If the effect of exposure is considerable, troublesome 
variability of the brand may be readily attributed to 
this cause and the manufacturer will then know how 
to improve his product accordingly. 

Changes caused by the atmosphere penetrate very 
slowly into the mass of the cement in barrels, because 
the wooden staves and heads keep the air from the prod- 
uct to a considerable extent and the mass of material 
is large, therefore, alterations which may develop very 
rapidly in a small sample exposed in the laboratory 
would not take place in the barrel until a much longer 
period of time had elapsed. Spalding states that 
the effect upon cement of retaining it a long time be- 
fore using depends upon the nature of the cement and 
the method of keeping it. When the cement is inclosed 
so as to prevent the access of air, as in barrels, it may 
usually be preserved for a considerable time without 
experiencing any alteration, provided it is kept dry. 

The fact that cements stored in good barrels undergo 
very little change by a month's seasoning is illustrated 
by the original and the re-test of a cement in which the 
samples for the re-test were taken a month after the 
original ones. All the samples were protected from 
aeration before testing, and the re-test gave only slightly 
iower results, although subsequent experiments showed 
that the cement rapidly deteriorated in time of setting 
and tensile strength when subjected to air exposure. 

Many engineers maintain with good judgment that a 
cement should not develop dangerous properties on ex- 
posure to the air and if it does so it merits rejection, 
especially if the unexposed samples show irregularity, 
since it is only practicable to test one barrel out of 
every ten or twenty in stock. It is also true that bar- 
rels often become broken in shipment, and should the 
cement which is so received develop dangerous proper- 
ties, the strength of a whole structure might be weak- 
ened by its use. i 

THE DISPOSAL OF CAKED CEMENT.—It is usually 
specified that cement shall be screened through a 20- 
mesh sieve and thoroughly mixed before testing. The 
object of the sieving is to break up lumps and remove 
wood splinters, stones and other foreign substances. 
Such a procedure is of course proper. However, under 
certain conditions, the disposal of caked cement when 
it is present in considerable quantity should be more 
fully described. 

Cement literature has repeatedly pointed out that the 
tensile strength of a caked cement is considerably below 
that of the original material before it formed lumps. 
This is due to the absorption of moisture and the sub- 
sequent partial setting. The disposal of these lumps, 
then, especially those which are too hard to be broken 
up in the process of sieving, may exert considerable in- 
fluence in the tensile strength obtained. If one tester 
pulverizes the hard lumps and mixes this powder with 
the original sample, and the other simply throws them 
away, uniform results can not be expected. 

Should the cake be present in sufficient quantity to 
affect the tensile strength appreciably, the person re- 
questing the tests should be notified of this condition. 


The presence of the cake may not be due to any fault 
or carelessness on the manufacturer’s part. Improper 
storage while in the hands of the engineer or contractor 
may have caused it. Instances are also on record in 
this laboratory where caking was induced in the sam- 
ples after they were taken from the stock. The sam- 
ples were taken during a rain storm and through care- 
lessness and incompetency on the part of the one han- 
dling them, they were allowed to get wet. 

If specifications are to guarantee uniform and just 
results in all cases, the treatment of caked cement must 
be more fully described than it has heretofore. 

INFLUENCE OF TEMPERATURE ON TIME OF SET- 
TING.—The general rule for all cements is that in- 
crease of temperature increases the rate of setting. 
However, there is no fixed ratio between the temperature 
increase and the accelerated setting produced by it. 
The published reports of skilled operators vary in this 
respect, and L. Tetmaler, after years of the most care- 
ful work was forced to admit that “different cements 
are differently influenced by alteration of temperature 

and it is scarcely possible to deduce a general 
law for even one class of cements.” 

The results we have obtained on the setting time of 
various cements, worked in the cold-storage room and 
at local temperature, bave shown that the samples, in 
this respect, could be divided into three classes: 

1. Slow setting cements, little affected by a variation 
of temperature from 20° to 30° C. 

2. Cements which are slow setting at 20° C. but quick 
setting at 30° C. 

3. Cements which are quick setting at 20° C. and also 
at 30° C. 

Below we give our own tabulation of the four 
sets of experiments noted above, under the class 
and the number of tests and the set intervals for 
the lowest and highest temperatures in each 
class. The specimens for intermediate temper- 
atures grade between these two in a fairly good 
straight line curve. 

The temperatures of the materials in the mix- 
ing room and the setting room were practically 
the same for all except the second part of the 
second class. in which each of four constant 
making-temperature tests was divided into two 
parts, to set respectively in a high and a low 
temperature. ` 


Mixing Setting — —8et—— 
Class. No. of tests. Temper. Temp. Initial. Final. 
8 9 min 66 66 2:35 215 
max 84 84 2:29 4:15 
PAE sis aah 8 min 67 GT 3:50 5:00 
max 88 SS 275 2:30 
5333 8 70 7 11 sas 
min | 70 90 0:55 2:10 
90 90 0:21 72 
mee 00 7 0:38 ee 
Shee ia cae 10 min 64 64 1:40 
max 85 85 0:24 
Note: 20° C. = 68° F. 


30° C. = 86° F. 

See further comment on this subject in the portion of 
the report under heading “Climatic Influences.” 

MOIST-AIR CLOSET.—Another possible source of 
error which may be accountable for considerable varia- 
tion may develop during the moist-air treatment. 

Most specifications allow the briquettes to be stored for 
the first twenty-four hours in a moist-air closet or under 


a damp cloth. Molst-air closets are given the prefer- - 


ence, aS unequal drying often occurs in using the damp 
cloth. A well-constructed moist-air closet is essential 
to uniform results. 

One condition in the use of a moist-air closet that is 
liable to have considerable influence upon the result of 
the cement tests should be taken into consideration. 
This is produced by the heating of the cement after it 
is gaged and molded. Many cements heat considerably 
at some period of the stage of early setting and harden- 
ing, the rise in temperature often being as much as 10° 
C.; it may take place in five minutes, or it may not 
occur until many hours after the gaging. 

C. Prussing states that ‘‘many slow setting cements of 
excellent quality begin to set after five or six hours 
and then set completely in one hour, giving a rise of 
temperature of 5° to 7° C.” The heat generated by 
briquettes placed under a damp cloth is not confined, 
as it is readily conducted away into the surrounding 
atmosphere. Moist-air closets are constructed to insu- 
late the interior from outside heat influences as much 
as possible, and as a result the heat generated by the 
briquettes is confined; so that in a cubical molst-air 
closet of 2 ft. on the side which was used to store 
briquettes after they were removed from the molds, the 
temperature often rose to 40° (30° being room tempera- 
ture)when it held from 80 to 100 briquettes. A number 
of slow-setting briquettes made at different successive 
intervals of time, or worse still, a mixture of quick, 
normal, and slow-setting cements, will under these con- 
ditions not be subjected to the same uniform tempera- 
ture, or to a temperature change that is characteristic 
of it during its most critical setting and hardening pe- 
riod; and the same is true of the storage of pats made 


for the time of setting when many are placed in one 
compartment after gaging. 

It is well known that the temperature conditions un- 
der which cement sets and hardens will influence its ten- 
sile strength. Therefore, the practice of storing numer- 
ous briquettes in one compartment of a moist-air closet 
is very liable to cause abnormal one, seven and twenty- 
eight-day breaks of some of them. Pats for time of 
setting similarly stored may be also affected to such a 
degree that an otherwise slow-setting cement may be- 
come quick setting. 

We suggest two ways of overcoming this objectional 
feature of the ordinary closet. The heat generated by 
the setting cements may be conducted away by means 
of a forced ventilation of air saturated with moisture: 
or only briquettes and setting pats of the same cement 
made at practically the same time should be placed in 
a small, insulated compartment. The former method 
will maintain the interior of the compartment at nearly 
the same temperature as that of the laboratory, while 
the latter will meet the conditions of actual service, as 
the heat generated by the cement is not readily con- 
ducted away. Laboratory tests should coincide as closely 
as is possible with the actugl conditions of construction 
work, where large volumes of concrete are tamped into 
wooden frames. The heat generated in such a large 
mass (especially in the center of it) is not conducted 
away by ventilation and it is in fact partly insulated by 
the wooden molds. Therefore, a moist-air closet formed 
of several small, insulated compartments, each with its 
own pan of water, is best adapted for the purpose. Such 
a moist-air closet has been constructed for this labor- 
atory. 

Standard cement specifications should include a definite 
form of moist-air closet with a complete description of 
the materials for its construction, its dimensions, and 
directions for its use; otherwise one source of the so- 
called personal error will persist. 

TIME OF SETTING.—The American Society of Civil 
Engineers has adopted the Vicat needle method for de- 
terminations of the time of setting. It seems to be the 
general impression that the Gillmore method does not 
insure the desired accuracy, and many cement testers 
will regret that such a convenient and time-saving pro- 
cess has been supplanted by a more cumbersome one; 
still, the Gillmore method, if properly regulated, can 
be made accurate, reliable and impartial and at the 
same time retain its simplicity, even though the meager 
directions in the U. S. Army specifications do not insure 
uniform results between different operators and at times 
imposes unjust tests upon some good cements. | 

Merz, Meyer, Schiffner, Bohme and many others have 
each pointed out that to determine the time of setting of 
a cement it should be gaged with a quantity of water 
proper to it. It has often been demonstrated in this lab- 
oratory that 20% of water is not enough to meet the re- 
quirements of the fineness, specific gravity, chemical 
ccmposition, and physical properties of many good 
Portland cements sufficiently to produce a paste plastic 
enough to be molded into a pat. The resulting paste is 
often so dry and non-cohesive that it will not stick 
together or to the glass plate; and yet 1 to 3% of water 
in addition will produce the desired Plasticity and co- 
hesiveness, 

The whole phenomenon of the manufacture of artificial 
stone from finely powdered cement is one of solution, 
hydration and subsequent crystallization. The addition 
of sufficient water is essential for proper solution and 
hydration. The addition of too much water is to be 
avoided because of its effect upon the subsequent crys- 
tallization, and because the density of the paste must 
allow of proper manipulation. Therefore, it is very evi- 
dent that plasticity and not a given percentage of water 
should be the condition regulating the paste for cement 
pats. 

The insistence of the U. S. Army engineers upon a 
paste gaged with 20% of water seems to be a striking 
illustration of Spalding’s assertion that "tests may be 
imposed which in nearly all cases will secure good ma- 
terial, but often at the expense of rejecting equally good 
or better material.“ 

Merz, Meyer, Schiffner, and others also insist that even 
when cement is gaged to the proper plasticity there is 
a large personal error due to the operator himself. After 
a careful study of this personal error, we have come to 
the conclusion that it is mainly due to the following 
five causes: 

1. The manner of applying the needles. 

2. The presence of small air bubbles near the surface 
of the pat 

3. The difference in the amount of water brought to 
the surface in patting the cement together and its pres- 
ence there in a more or less liquid layer. 

4. The difficulty in judging the exact time when the 
needles cease to make a visible impression.“ 

5. The difference in plasticity. 

To overcome the first difficulty the pat should be 
made wjth a flat (not rounded as specified) top. The 
needle should then be applied very gently and after the 
flat point rests upon the surface of the pat the full 
weight of the needle should gradually be applied. Fail- 
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ure to hold the needles in an exactly vertical position 
will often cause the edges to indent where the flat point 
would not. 

To overcome the second, third and fifth difficulties, the 
cement is gaged with the least amount of water which 
after one minute's soaking and four additional minutes 
of vigorous troweling will produce a paste sufficiently 
stiff to retain its shape, and yet so plastic that the 
initial needle will sink almost to the glass plate when 
applied directly after forming the pat. A ball of this 
paste when dropped from a height of 70 cm. will flatten 
very slightly and will not crack. A lump dropped from 
the point of the trowel will leave the surface of the 
latter comparatively clean. In forming the pat the 
cement should be thoroughly patted together with the 
flat of the trowel. This eliminates the air bubbles near 
the surface and also brings the excess of water to it. In 
forming the flat top, the hyperaqueous cement should be 
wiped off as much as possible with the edge of the 
trowel, and the surface left smooth and firm. 

Difficulty number five is especially marked in slow- 
setting cements, as sometimes a slight indentation will 
persist for hours and in the judgment of an individual 
operator, may even not be fixed within 30 to 60 minutes. 
However, this uncertainty can be greatly overcome if 
the needle is carefully applied at intervals of 5, 10, 15, 
or 20 minutes, according to the rapidity of set, indenta- 
tions being made in a row. After the pat has become 
dry, the point where the needle ceases to penetrate is 
easily recognized (especially so if the surface is slightly 
moistened), and the time can then be calculated accord- 
ing to the number of previous indentations. 

This method, once the details are mastered, is just as 
convenient and quick as a less accurate one. For re- 
search work and for cements the setting qualities of 
which are close to the requirements of specifications, it 
is especially valuable, as we have found that two pats of 
the same paste will compare almost exactly, and that 
even different operators will not vary 10% if they are 
careful and efficient. 

However, it has been our experience that, as Spalding 
states. "the rate of setting neat paste gives but little 
indication of what the action may be with sand.” Sev- 
eral instances of satisfactory neat and unsatisfactory 
mortar tensile strength have been encountered in this 
laboratory, because of the more rapid setting of the 
cement when combined with sand. It is deemed sufficient 
to state here that the mortar and neat set must vary 
because of the differing percentage of water which is 
used, the diference in physical manipulation, in the air 
exposure, in mixing, the physical and possibly also the 
chemical influence of the sand. 

For the thorough study of the nature of some cements 
the determination of neat and mortar setting qualities 
may be essential. A simple method to determine the 
setting time of a mortar is here suggested. The begin- 
ning of setting when sufficiently rapid appreciably to in- 
fluence the briquette manipulation is characterized by 
sudden drying and a slight stiffening of the mortar. If 
a mixture is made as if for briquettes and the mortar 
then placed on a glass plate and divided into cubes with 
the trowel, a slight set may readily be detected when a 
cube, upon being crushed between the finger and thumb, 
feels dry, crumbles apart and offers a slight resistance 
to the crushing force. A harder set may be arbitrarily 
fixed and determined when the setting has progressed to 
the extent that a one-inch cube dropped from a height of 
one foot will not crack. 

However skilled the operator may be, or however 
accurate his method, uniform results even by the same 
operator and on the same cement can not be insured 
unless the precautions described under the previous 
headings of “Effects of Aeration” and “The Moist-air 
Closet” are heeded. Thus, the first sample taken from 
near the surface of an exposed package not previously 
mixed, may not set for hours. When it is desired to 
make a series of comparative setting tests on the same 
cement it is advisable to remix the sample thoroughly 
before weighing and then store the cement in tightly 
stoppered, wide-mouthed bottles until it is used. The 
pats should be stored in insulated compartments of the 
moist-air closet to avoid the influence of the heat liable 
to be generated by other pats during setting. 

SOUNDNESS.—Tests for soundness, like setting pats, 
should be made with a paste of the correct plasticity. 
If too little water is used in gaging, the cement will 
not adhere properly to the plate, and lack of cohesion 
in the cement itself may result in cracks not due to its 
subsequent expansion or contraction. If too much water 
is used, shrinkage cracks of such a nature as to be 
easily mistaken for evidence of unsoundness, may occur. 
This laboratory uses the same plasticity in its tests for 
soundness as for setting pats. The cement in this con- 
dition is thoroughly wet and pliable, but still stiff enough 
to retain its shape, and therefore it meets all the re- 
quirements of a just test. Uniformity between different 
testers is also secured, because 1% of water more or less 
would so change the nature of the paste that it would 
be rendered either too dry or too liquid. The results 
obtained depend much upon the skill of the operator. 
Sudden changes in temperature during the steaming and 


boiling tests should always be avoided. Moistening the 
surface of the glass plate with a damp cloth before 
applying the paste will insure better adhesion to the 
plate. A ball of the paste should then be applied to 
this surface and patted down very vigorously into the 
desired shape. Vigorous patting with the flat of the 
trowel eliminates any interior cracks, reduces the air 
bubbles to a minimum and brings the excess water to 
the surface. For soundness, the top of the pat should be 
arched and the rim troweled to a thin edge. Pats made 
in this manner will not warp or crack unless the cement 
is faulty. 

We have noticed that different testers interpret the 
results of soundness tests in different ways. Some op- 
erutors will report as “unsound” a cement that shows 
the least trace of warping even after air exposure. Ce- 
ments showing only slight incipient disintegration are 
often reported as “disintegrated.” In like manner “off 


plate“ and cracked plate” are often attributed to ex- 


pansion and contraction. Such an interpretation is un- 
just to the manufacturer, as warping and cracking to 
some extent under certain conditions are not to be con- 
sidered dangerous. A sound pat combined with a broken 
plate docs not necessarily {indicate dangerous contraction 
or expansion. Every cement expands more or less, and 
in this case the adhesion between the cement and the 
glass is very strong. As the glass also bas an expansion 
factor, all such cases should be reported as satisfactory 
if the pat itself shows no sign of cracking or warping. 
To insure a perfect understanding between the manufac- 
turer, engineer and tester and to avoid unjust or misin- 
terpreted results, specifications should include a descrip- 
tive chart of the proper standard interpretation by which 
the extent, significance, and importance of the various 
degrees of warping, cracking, disintegrating and shrink- 
ing are to be regulated. This laboratory has adopted the 
standard portrayed and described by Taylor and Thomp- 
son“ in order to insure a complete comprehension in this 
respect. 

Much diversity of opinion exists regarding the rejec- 
tion of a cement which fails to meet the boiling test, but 
we regard such a cement as dangerous ff it is to be used 
in works exposed to the heat of the tropical sun. 

Excess of lime, coarseness of grinding, insufficient sea- 
soning, and underburning of a cement may cause it to 
fail to pass the soundness test. If lime is the cause, 
storage may eliminate the defect, as the free lime would 
thus be changed to the carbonate, or slaked, and so 
would not cause subsequent expansion. 

Many engincers believe that failure to pass the hot test 
is not a proof of inferiority, as the cement so failing, 
if mixed with sand or some other aggregate, has pro- 
duced durable masonry; it is also a known fact that 
thoroughly slaked lime paste can be added to a Portland 
cement mortar without injurious results. We suggest 
that, as is the case in determining the time of setting, 
some specification be devised to test the mortar mixture 
as well as the neat paste. 

TENSILE STRENGTH.—The variation in the breaking 
strength of both neat and sand briquettes is a source of 
trouble to every cement tester, and despite every effort 
to eliminate this error, breaks continue to be variable 
with a persistence that makes it necessary to double or 
treble the number of briquettes otherwise required. We 
have made a thorough study of this variation and as a 
result have come to the conclusion that only a portion 
of it is due to the personal error of the operator, and 
that the remainder is caused by the characteristics of 
the cement itself. 

Personal error even with the most careful manipula- 
tion, may be produced by (1) unavoidable variation in 
troweling; (2) difference in the force of the blows; (3) 
lack of equality in forming each layer of the briquette; 
(4) variation in the size and shape of the mold; (5) 
difference in the size and shape of the sand particles; 
(6) personal error in machine operation; (7) unavold- 
able internal strains and voids caused by the manipula- 
tion which the specifications impose; (8) the impossi- 
bility of securing a perfectly homogeneous mixture; (9) 
variation in drying. 

The errors caused by the natural characteristics of 
the cement, and which need more extended explanation, 
are as follows: 

1. It is obvious that it is impossible to expose the same 
number of cement particles to the action of the air for 
the same length of time in each instance during trowel- 
ing; those outside will be exposed more than the inner 
ones and the evaporation caused by contact with the air 
may cause setting. We would expect a greater variation 
from this cause In quick setting cements than in slow 
ones; and our experience has confirmed this. Slow set- 
ting cements give the least variation in tensile strength. 

2. Another cause of variation is the tendency possessed 
by some cements to enclose air bubbles, thus producing 
irregular volds. 

3. Unequal hardening of the exterior and the interior 
of the cement briquettes may cause differences in heat 
generated during setting and variable water action dur- 
ing submersion. This cause may also produce internal 
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strains and voids. This variability would also be espe- 
cially marked in quick setting cements. 

4. Irregularity in the intermingling of the crystals 
during crystallization. 


In continuation of this subject the report rec- 
ommends a more systematic method of tamping 
(similar to one which is used in the Manila 
laboratory and which is described) the use of 
a standard testing machine and an amount of 
water determined from the moisture apparent on 
the tamped specimen and not by a fixed percent- 
age. There is a lengthy discussion of the value 
of specific gravity in the determination of the 
quality of cement, but we have space only to re- 
produce the following short summary: 


SPECIFIC GRAVITY.—We do not think that the re- 
quirements of specific gravity should be omitted from 
specifications. This test fs of great value under certain 
conditions. Every good Portland cement will meet Its 
requirements before or after ignition, and therefore its 
determination imposes no unjust or partial test. 

Determination of the specific gravity will be valueless 
unless the effects of aeration are guarded against, as 
the exposure of the small quantity of cement necessary 
for this test enables the action of the atmosphere to 
alter its composition very much in a short time and so 
to reduce its specific gravity accordingly. 

CLIMATIC INFLUENCES.—Local, tropical, climatic 
conditions must necessarily have an influence upon 
cement and cement testing. In the tropics, all work is 
done practically in the open air, being protected only 
from the direct rays of the sun. The climatic conditions 
under which cement tests or commercial work are under- 
taken coincide very closely with the meteorologic obser- 
vations. 

All the requirements of standard American cement 
specifications are based upon cement action character- 
istic of a cotder climate. It would be possible, of course, 
to manipulate the cement testing itself in tropical coun- 
tries at the temperature limits specified in American 
Standards; but this could only be done at great incon- 
venience and at a large expense and furthermore it 
would not be practical, as the results of tests so con- 
ducted would not be true criteria of the behavior and 
value of the cement when used in construction work. 
The allowances and requirements due to the effect of the 
relative difference in temperature between temperate and 
tropical climates should therefore be taken into account 
in local cement specifications. 

During the past year this Jaboratory has received a 
number of letters upon this subject from manufacturers, 
engineers, contractors, testers and other cement workers. 
These either request information or make statements 
regarding the influence of local climatic conditions upon 
various phases of cement action and manipulation. A 
diversity of opinion has been expressed in regard to the 
effect of these influences by men familiar with cement 
work, and probably this is due to the fact that Portland 
cement is a very variable product and therefore local 
conditions which would improve the quality of one brand 
would injure another, and vice versa, and during the 
past year our endeavor has been to secure a sufficient 
number of results with various brands of cement to 
throw some light on the effect produced by this climate 
on the tests. 

Careful cement testing with due consideration of all 
conditions is of the greatest importance in a country 
such as this, where much of the material comes a long 
distance by sea, and where the rejection of a shipment 
means a proportionately greater loss to the dealer, owing 
to the cost of transportation, and also to the engineer, 
as construction work may be delayed. On the other 
hand, construction work is very expensive in this Archi- 
pelago and therefore a rigid interpretation of specifica- 
tions is necessary to provide against all possibility of 
the use of dangerous cement. 

Contrary to the general belief, the difference between 
local climatic conditions and those of the temperate 
Climates exerts very little influence upon the usual 
standard Portland cement tests themselves. Provided 
the cement is of good quality the warmer temperature 
prevailing here usually tends to give higher results. Of 
course, the fineness is not affected by it, and the spe- 
cific-gravity determination is made independently of the 
surrounding temperature. The accelerated soundness” 
tests especially, are benefited, as the cement does not 
suffer as great a change in temperature; and hence ex- 
pansion and warping is not so marked. Climatic condi- 
tions improve the characteristics of early tensile strength 
of most cements, as the variation in temperature from 
day to day and from hour to hour is only slight, the 
temperature of the water bath is higher than in cold 
climates, and the temperature during gaging is also 
higher; these are all factors conducive to the develop- 
ment of high early strength. Comparative tests of both 
sand and neat briquettes made and preserved in the 
cold-storage room (17° to 21° C.) and also in the labor- 
atory (26° to 30° C.) gave almost without exception 
lower results, from 8 to 10%, at the lower temperature, 
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The briquettes broke more uniformly when made at the 
colder temperature. The difference between the strength 
developed under both conditions was always slight and 
within the limits of personal error. 

However, the relatively high temperature of this cli- 
mate will seriously effect the setting properties of some 
Portland cements. Fortunately, the setting properties of 
the majority of cements are only slightly influenced by 
this difference in temperature. It is the experience of 
this laboratory that high alumina cements develop set- 
ting qualities characteristic of class 2; further experi- 
mented work is necessary to determine whether this phe- 
nomenon holds true only with this class. When compar- 
atively fresh, high-alumina cements set slowly at both 
temperatures, additional seasoning renders them slow 
setting at first at 17° to 21°, but quick setting at 29° 
to 31°, and finally quick setting at both temperatures. 

The development of quick setting is marked by other 
peculiar characteristics. When the absorption of car- 
bonic acid and combined water has progressed suffi- 
ciently, no practical amount of water which can be 
added will retard the rapidity of setting or eliminate 
the early generation of much heat, but in the earlier 
stages of seasoning a variation of as little as 0.5% of 
water in mixing may produce a most remarkable differ- 
ence in the time of the initial and final sets. 

We are not prepared to discuss fully this at the pres- 
ent time, but the analogy to the phenomenon of the crys- 
tallization of certain salts from solution is striking. 
Many salts have a critical solution factor. Under slow 
evaporation they will remain in solution until a certain 
limiting percentage of the solvent has been reached, 
when the salt will crystallize almost instantly, heat be- 
ing generated during the separation. A cement, the set- 
ting properties of which are so profoundly affected by 
the addition of even small quantities of water, may be 
said to have a critical solution (or hydration) point. 
We would hesitate to decide whether such a cement de- 
serves to be approved. If tested according to the U. S. 
Army spccifications it would fail to pass the setting test, 
but under those of the American Society the normal plas- 
ticity method will give it sufficient water to cause it to 
set slowly. 

An engineer in these Islands related an experience 
illustrating tbe practical importance of this problem. 
The mortar, after mixing. was dumped into a car and 
transported to its destination by rail in five minutes. 
Working with a large shipment of this cement no diffi- 
culty was experienced for some time, but finally when 
one carload reached its destination the cement had set 
so hard that it was removed from the car only with 
much difficulty. He attributed this change to the vari- 
ability of the cement, but we are inclined to believe that 
the water added was just sufficient to bring the cement 
to the critical solution or hydration point and that a 
bucket or so of water less than was usually employed, 
was used in mixing, and quick setting was the result. 

Portland cement is most affected by local climatic 
conditions before and not after it is gaged. High tem- 
perature and the alternating humid and dry atmosphere 
are conditions under which bydration and carbonization 
are accelerated. In consequence, the majority of com- 
mercial products must be especially prepared to with- 
stand tropical climates. Portland cement is very sus- 
ceptible to changes under these conditions, and it is 
therefore essential to the best practice that cement in- 
tended for use in the tropics should develop no dangerous 
properties by the absorption of water and carbonic acid 
in normal quantities. The cement problem of tropical 
countries depends for its solution upon the characterist- 
ics of Portland cement; and our efforts have been to 
determine what class of cements are least injuriously 
affected by exposure and seasoning. 

We believe that high-alumina cements are least effi- 
cient for use in tropical climates, although they have 
one laudable feature in that they never show the slight- 
est inclination toward warping or disintegrating. Air, 
steam and boiling tests always develop perfect sound- 
ness. This is probably due to the fact that aluminous 
raw material fuses very readily at a comparatively low 
heat. 

Lime burned at a high heat slakes much more slowly, 
and is therefore more likel¥ to be injurious than when 
burned at a low temperature. 

Aluminous cements gain most of their strength very 
quickly. “The aluminates are thought to contribute lit- 
tle to the final strength of the mortar, as they are not 
permanent compounds, but are acted upon by various 
salts with which they are likely to come in contact in 
the work. For this reason they are not adapted for work 
exposed to the action of air and sea water.” “The alum- 
inate acts in a very energetic manner upon the set, but 
very little upon the hardening which is caused by the 
silicate of lime.“ From the character of the silicates 
and the aluminates it is evident that the latter are 
acted upon more quickly and rapidly than the silicates, 
and it is to the crystallization of the lime from the 
aluminates that the initial set must be contributed. Sub- 


sequent hardening must be due to the liberation of lime 
from the sillcates. f 


In conformity with these quotations, it has been our 


experience with cements of this nature that the 7 to 
28-day gain is small; that satisfactory 7-day breaks do 
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not insure satisfactory 28-day strength; that 7-day 
strength may be even greater than 28-day; that little 
gain in strength takes place after 28 days and instances 
are on record where the strength of the briquettes weak- 
ened after three months. 

The fact that the early strength of this class of ce- 
ment can not always be relied upon is probably due to 
its non-uniformity in burning. Owing to the fusibility 
of the calcium aluminate, which causes balling-up and 
sticking together in the hot zone of the kiln, thus pre- 
venting uniform burning, cements high in alumina are 
apt to be very erratic in the stability of their compounds. 
As a result the rapidity with which they unite with 
water and carbonic acid when exposed to the atmosphere 
varies. The relative rapidity of the absorption of car- 
bon dioxide and water by cements under similar con- 
ditions would therefore indicate the relative degree of 
low burning. 

The most important characteristic of a high-alumina 
cement and the one that needs the most consideration is 
its susceptibility to become quick setting by exposure to 
the air. It has been our universal experience that Port- 
land cements of this class containing more than 8.5% 
of alumina always gave satisfactory results if they are 
tested before they have combined with more than 2% 
of water and carbonic acid; and that when they had 
combired with more than 3% of volatile constituents 
they failed to meet the setting and tensile strength re- 
quirements. It would seem as if there is something 
radically wrong with a cement that will not withstand 
atmospheric exposure to such a slight extent without 
developing dangerous properties, and such a ccment 
should be rejected for use, especially in this climate. 


The further discussion of the proper constit- 
uents of a cement best adapted for use in the 
tropics cannot be summarized here, but the es- 
sence is given in the conclusions noted on this 
page. 

CONCLUSIONS. 

At present we feel justified in drawing the fcllowing 
conclusions as being conducive to the best results and 
practice for all cement operations in this and similar 
regions. 

1. We believe that the composition of Portland cement 
best adapted for use in tropical climate should be within 
the following limits: 


Per cent 
Silla- oes wow Gant tut ook ͤ ĩͤ Wowace. 22 -24 
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Sulphur trioxidde NC 1.0- 2 
Water and carbonic acid ............... 0.5- 3 


2. Soundness“ in accelerated tests deserve special 
attention here, because of the prevailing high tempera- 
ture. Perfect soundness is especially important for con- 
crete works which are exposed to the intense heat of a 
tropical sun. 

3. Underburning“ is fatal to the efficiency of Portland 
cement to be used in the tropics, as the unstable com- 
pounds so formed are most easily attacked and decom- 
posed by the energetic atmospheric influences. 

4. All “sound” cements should be protected from addi- 
tional aeration as much as is practicable, as otherwise 
quick setting or low tensile strength is liable to be de- 
veloped. 

5. Sound and well-burned cements, high in silica and 
low in alumina, will withstand climatic Influences best 
both before and after gaging. 

6. High alumina cements give fairly satisfactory re- 
sults if they are used before they develop quick setting. 
Quick setting is sure to develop in such cements if they 
are exposed to the air for any considerable length of 
time. 

7. Samples sent to the testing laboratory should be 
preserved in packages which thoroughly protect the 
cement from the atmosphere. No accurate results con- 
sistent with the quality of the cement as it exists in the 
barrel at the time of sampling will otherwise be pos- 
sible. Setting tests made at the laboratory before and 
after exposure should be insisted upon, and if quick 
setting develops by this additional seasoning the cement 
should be rejected. 
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A FRUHLING DREDGE, costing about $300,000, has 
been purchased in Germany by the Dominion Government 
of Canada for work on the project for the improvement 
of the Fraser River, British Columbia. The dredge will 
cross the Atlantic, round Cape Horn and come up the 
Pacific coast of South and North America under her own 
steam. She is due to arrive at her destination about 
Feb. 1. This purchase was arranged by Mr. John Reid, 
41 Park Row, N. Y. City. The Fruhling dredges were 
described in Engineering News, March 5, 1908. The 
Dominion Government has also appropriated $100,000 
for work in 1909 on their improvement project, the total 
estimate for which is $3,250,000. The river and bar im- 
provement was designed by Mr. J. F. Le Baron, M. Am. 
Soc. C. E., Chief Engineer of the Sumas Development 
Co., Vancouver, B. C. 


CARE IN USING DYNAMITE ON THE ISTHMIAN CANAL 
WORK.* 


Ninety steam shovel and powder men of the Central 
Division met the Division Engineer and Assistant Di- 
vision Engineer at Empire, Sunday afternoon, Novem- 
ber 1, for the purpose of discussing what additional 
means may be taken to guard against danger in the 
handling and use of dynamite. The meeting was called 
at the requist of some of the steam shovel men and was 
the immediate outcome of the explosion which occurred 
in the Cut, near Empire, on October 8. 

The conditions on the Isthmus are pecullar; in the 
first place, because of the magnitude of the work neces- 
sitating the handling in the Central Division of 700,000 
Ibs. of dynamite and the exploding of 260.088 ft. of holes 
each month; in the second place, because the material 
being excavated is not uniform, and the powder man and 
Steam shovel man find themselves handling the hardest 
rock one hour, while the next hour they are likely to be 
working in earth or clay. These conditions should be 
a reason for greater caution on the part of the men, and 
it is advisable, therefore, that each steam shovel man 
take it upon himself to examine closely the work he is 
called upon to do. No one knows better than the steam 
shovel men who are working in the Cut day after day, 
and have been working there for months and years, when 
it is advisable to slow down in the work of excavation 
in order to proceed with safety. 

In addition to the precautions already taken, the Com- 
mission has cabled for 15 galvanometers, to be used in 
testing the fuses, and for 48 additional Star drills. The 
galvanometers, added to those already in use, will make 
the number 25 for the Central Division, and cach powder 
man in the Cut will be supplied with one. It will be 
his duty to test each fuse before it is placed in the dyna- 
mite cartridge; to test it after the hole is loaded; and 
finally, when wires have been strung to the battery, to 
test the circuit again in order to see that the current 
will enter every fuse. This will insure against defective 
fuses. In order to fire charges which may escape ex- 
plosion when the current from the battery is turned on, 
holes will be drilled 12 ft. apart, after the arrival of the 
extra drills, instead of 20 ft., as is usual at present, and 
thus each hole will be so close to its neighbor that, 
even though one of them should not explode when the 
current is applied, the detonation from the nearby hole 
will set off the charge of dynamite. 

There is now under consideration a plan to have a 
high-power live wire strung along the cdge of the Cut 
from Pedro Miguel to the Chagres River, from which 
leads will be run at regular intervals into the Cut for the 
purpose of furnishing current to be used in exploding 
fuscs. There are both advantages and disadvantages to 
be considered in connection with this plan, but neither 
cost nor convenience will be allowed to weigh against 
the installation of a high-power electric line, if it is de- 
cided that the safety of the men at work in the Cut would 
be increased by the use of such a current in exploding 
the dynamite, 

After the ideas condenscd in the above had been pre- 
sented to the men by the Division Enginecr and the 
Assistant Division Engineer, the men were asked to give 
their views. It appeared that the action of the Com- 
mission in ordering galvanometers and more drills had 
anticipated the chief suggestions that the men had to 
make, and the matter of installing a high-power electric 
line for use in exploding the dynamite was received with 
favor. It was suggested that greater care be enjoined 
on the powder men in keeping their batteries dry, in ac- 
counting for all unused dynamite and fuses, and in giv- 
ing timely warning when a blast is about to be set off 
or cobying is to be done. It is the custom of the pit- 
men to take refuge under the dump cars when a doby 
is about to be made, and attention was called to the 
carelessn‘ss of some of the train crews in not giving 
sufficient warning when a spoil train is about to start, 
50 as to allow the men who have taken refuge under the 
cars to crawl out before the train starts. Steam shovel 
men were warned not to dig out dynamite and to take 
sufficient time to make sure that material in which they 
are working is frce from unexploded charges. The men 
were told that their efforts to make big records should 
not be allowed to jeopardize their own safety and that 
of the men under them. 

It was the concensus of opinion that the greatest danger 
run by the steam shovel men and their helpers comes 
from the digging up of unexploded dynamite. It is al- 
most impossible to keep count of the number of holes 
that explode in a charge of from 20 to 50 holes and the 
steam shovels not infrequently dig up dynamite that has 
not exploded. Some question was raised as to the 
quality of the dynamite, and this was answered by the 
statement that every shipment of dynamite received by 
the Commission under its new contract is tested by the 
United States Testing Bureau, and that it has been uni- 
formiy up to the standard contracted for. It is fresh, 
unlike some of the dynamite used in the Cut a year or 
more ago. Almost invariably the trouble lies in the 
fuses, which are so constructed that the platinum bridge 
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in them which completes the circult is Hable to be 
broken, and the fuse is thus prevented from exploding, 
with the result that the dynamite charge is not set off. 
These fuses are tested before they are shipped from 
the United States, and are tested again on reaching the 
Isthmus. Hereafter they will be tested three times be- 
fore the exploding current is turned into them, and 
the number of missfires will thus be reduced to a mini- 


mum. 
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CONVERSION OF A CANAL LIFT-LOCK FROM HYDRAU- 
LIC TO CABLE OPERATION. 


The hydraulic lift-lock or boat-lift at Anderton, 
England, has been converted into an electrically- 
operated cable lift, and some particulars of this 
work will be of interest in connection with the 
present agitation over canal and waterway de- 
velopment. This lift-lock, which was completed 
in 1875, was built to connect the Weaver River 
with the Trent and Mersey Canal. It has two 
chambers 75 x 15% ft., carrying 5 ft. of water, 
and has a vertical movement of 50 ft. 4 ins. It 
was designed by Sir Edward L. Willams and 
Mr. Edwin Clark. The lock was described in an 
article on various types of lift-locks in our issue 
of April 18, 1895. 

As built originally, each of the two chambers 
was supported by a vertical ram. The ram cyl- 
inders were connected in such a way that the 
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It appears that after about ten years of satis- 
factory service, the rams showed signs of groov- 
ing or scoring, and the roughened surface tended 
to destroy the packing of the stuffing boxes. 
Repairs were made from time to time by insert- 
ing dove-tailed pieces of copper in the bad places, 
but in 1896 the grooving was found to be in- 
creasing more rapidly, and parts of the rams 
were so much affected as to cause the engineers 
some anxiety. It was then found that the canal 
water, being impregnated with chemicals, set up 
an electrolytic action between the copper and the 
iron of the rams. Alloys of tin and copper were 
tried without success, and it was decided to 
abandon the use of this water. 

In 1902, the old boilers had to be abandoned, 
and an electrically operated pumping plant was 
substituted for the old steam plant. This ef- 
fected an important economy. The entire lock 
apparatus was in need of extensive repairs, how- 
ever, and in 1904 plans were prepared by Mr. 
Saner, the engineer, for substituting the cable 
system for the hydraulic system. The project 
was approved by the late Sir Benjamin Baker, 
as Consulting Engineer, and the details were 
then worked out. The orders for the work were 
given in 1906. 

The first operations were to build the necessary 
submerged work, including a dry dock to receive 
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SECTIONAL ELEVATION OF THE LIFT-LOCK AT ANDERTON, ENGLAND, AS NOW ARRANGED 
FOR OPERATION BY CABLES INSTEAD OF BY HYDRAULIC RAMS. 


chambers were in hydraulic balance. An excess 
of water was admitted to the upper chamber to 
overcome the equilibrium, and the final portion 
of the stroke was completed by means of a 10 
HP. engine with hydraulic accumulator. As 
now altered, each chamber is operated independ- 
ently by counterweighted cables passing over 
sheaves on a shaft driven by gearing from an 
electric motor. 


the chambers at the lower, or river, level. All 
this was done in 1906. Traffic was necessarily 
stopped during part of this work, the stoppages 
being from April 12 to 30 and from Aug. 4 to 
13. The erection of the new superstructure and 
machinery was then carried on without further 
interference with traffic until early in 1908, when 
the cables had to be connected to the boat cham- 
bers. This was done between April 16 and May 


5, on which latter date one of the chambers was 
ready for operation. The second chamber was 
put in operation in July. 

The weight of each chamber (with water) is 
252 tons. This is counterbalanced by 36 groups 
of cast-iron weights; each group weighs 7 tons 
and is carried by an independent cable which 
passes over a 6-ft. sheave. The cables are at- 
tached to the sides of the chamber, so that there 
are two rows of sheaves, along the top of the 
superstructure. Midway between these rows of 
sheaves is a longitudinal shaft driven by worm 
gearing from an electric motor. Bevel gears on 
this shaft drive two cross shafts, each of which 
has two bevel pinions; these gear with bevel 
wheels on two longitudinal shafts parallel with 
the central shaft. On these two shafts are 12-in. 
pinions gearing with 6-ft. spur wheels, on the 
shafts of the cable pulleys. The general ar- 
rangement is shown by the sectional elevation 
given herewith. 

The movements of the end gates and of the 
chambers are all regulated from the operating 
house by means of electric controllers. The 
foregoing description is condensed from an article 
in the “Engineer” (London) of July 24, from 
which also our illustration is reproduced. 
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THE FEDERAL FOREST ADMINISTRATION is to be 
radically altered by the division of the forest reserves 
into six districts, each of which is to be in direct charge 
of district officers, who will have authority to carry on 
all ordinary work without direction from the main head- 
quarters at Washington. The work at district head- 
quarters will be distributed among four offices, Operation, 
Grazing, Silviculture and Products, each equipped with 
men of special training for the work of their office. 

The Office of Operation will be charged with respon- 
sibility for the protection of National Forests, for the 
building of roads, trails, and other permanent improve- 
ments upon them; for the organization of the force on 
National Forests, and with the supervision of all busi- 
ness relating to the special use of National Forest re- 
sources. The Office of Silviculture will have supervision 
of the free use and sale of timber from National Forests, 
forest planting upon them, and will conduct forest studies 
on National Forests as well as in cooperation with private 
owners in the district. The Office of Grazing will super- 
vise grazing business in the district, except for the actual 
fixing of allowances, periods, and rates, and will make 
studies looking to the improvement of the forage crop 
on National Forests. The Office of Products will make 
both independently and in cooperation with private own- 
ers, studies leading to a more profitable use of timber on 
and off National Forests within the district and to their 
preservative treatment. 

The districts with their respective headquarters and 
chiefs in charge are as follows: 

DISTRICT 1—Including Montana, northeastern Wash- 
ington, northern Idaho, northern Wyoming, and north- 
western South Dakota. Headquarters, Missoula, Mont. 
W. B. Greeley, District For ster. 

DISTRICT 2—Including Colorado, southern Wyoming, 
South Dakota, northwestern Minnesota, Nebraska, west- 
ern Kansas, and southeastern Utah. Headquarters, Den- 
ver, Colo. Smith Riley, District Forester. 

DISTRICT 3—Including Arizona, Arkansas, New Mexico 
and Oklahoma. Headquarters, Albuquerque, New Mex. 
A. C. Ringland, District Forester. 

DISTRICT Including Utah, southern Idaho, western 
Wyoming, eastern Nevada, and northwestern Arizona. 
Headquarters, Ogden, Utah. Clyde Leavitt, District For- 
ester. 

- DISTRICT 5—Including California and southwestern Ne- 
vada. Headquarters, San Francisco, Cal. F. E. Olm- 
sted, District Forester. 

DISTRICT 6—Including Washington, Oregon, a small 
portion of northern California and Alaska. Headquar- 
ters, Portland, Oregon. E. T. Allen, District Forester. 


— — — — 

PAINTING COUNTRY HIGHWAY BRIDGES.—It is 
the exception rather than the rule to see steel highway 
bridges which have been sufficiently protected by paint 
to keep the steel from rusting. The steel bridges 
throughout the state show all degrees of rust, from mere 
first signs to almost complete destruction. We have 
found part of the steel of a small bridge rusted com- 
pletely through in 12 years. On many of the bridges 
which have been examined it was found that in places 
the effective thickness of the metal was reduced between 
25 and 60% by rust. 

It goes without saying that steel bridges should be 
protected from rust as thoroughly as possible. How often 
should steel bridges be painted, is a question often 
asked. The only answer to give to this question is that 
they should be painted as often as the steel shows signs 
of rust. It does not pay to use cheap, inferior paint, 
and it does not pay to apply the paint on a surface which 
has not been thoroughly cleaned of all scale, rust, old 
paint, grease and dirt.—From the annual report of the 
minois Highway Commission: A. N. Johnson, State High- 
way Engineer, Springfield, III. 
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The industrious sensation-mongers of the daily 
press have been busy the past week with the 
Gatun dam.. One headline reads: “Chagres River 
is Plunging through 60-ft. gap in Isthmian Wall. 
Engineers Face Problem.” 

In contrast with this lurid picture we venture 
to present the prosaic facts. These are in sub- 
stance that the Gatun dam itself is not yet built. 
As the photograph in this issue shows, pre- 
liminary excavation for the spillway is well ad- 
vanced. Besides this, the rock excavated from the 
Gatun lock site has been dumped in a long pile 
along the south or landward side of the dam site. 
This rock pile will serve as a protection to the 
dam itself from floods in the Chagres during 
construction and will help to shield it from wave 
action and to support the slope on the lake side 
after completion. These rocks have been simply 
dumped in a pile at random and left to settle 
through the mud to a solid bearing. The recent 
heavy rainfall on the Isthmus—28 ins. in a single 
month—with resulting high water in the Chagres 
have softened the mud under this rock pile and 
consequently the settlement during recent weeks 
has been considerable. The more it settles, the 
more rock from the Gatun lock pits can be dis- 
posed of on this pile. 

The American public has vastly more need to 
worry over the slough of sensational yellow 
journalism into which its daily newspapers are 
sinking than over any sinking of the much 
maligned Gatun dam. 

!!!! OERE 

The contrast between the accident rates in 
the coal mines of the United States and in those 
of Great Britain has often been referred to in 
these columns. The report of the U. S. Geological 
Survey for 1907 shows a total of 3,125 deaths in 
the coal mines of this country, and a rate of 
fatal accidents per thousand employees of 4.86. 
The corresponding figures for the United King- 
dom, as published in “The Colliery Guardian” 
for Sept. 25, 1908, are 1,279 deaths and 1.46 
deaths per thousand men employed. A com- 
parison may also be made of the ratio of fatal 
accidents to the tonnage produced. The num- 
ber of tons mined for each life lost was 145,471 


for the United States and 226,757 for the United 
Kingdom. 

The contrast is not so great here because the 
output of coal per man employed is much larger 
in the United States. The actual figures were: 
United States, average tons mined per employee, 
707; Great Britain, average tons mined per em- 
ployee, 332. The reasons for the larger output 
rer employee in this country are first the greater 
use of machinery here, labor being much more 
highly paid. In the second place, American coal 
workings are new compared with those of Great 
Britain, and the workings are therefore nearer 
the service, requiring less labor to produce a 
given output. 

— . — 

The treatment of the surface of concrete side- 
walks with acid is briefly described elsewhere in 
this issue, as practised in Chicago. So far as 
we can see, the process involves such expense 
and possible risk of injury that it could hardly 
be commended for general use. If it is desirable 
to roughen the surface of a concrete walk and 
relieve the glare, as is doubtless the case in 
many places, it would seem better to sprinkle the 
surface with coarse sand or quarry dust after 
the floating is done and before the cement has 
set. A sprinkling of this sort could be applied 


quite liberally, and the surplus afterward 
brushed off. It would give exactly the same re- 
sult of a projecting aggregate as the acid 


treatment, and would be free from the numerous 
objections to the latter, as, for example, the 
injury to the future growth of the grass along- 
side the walks. 

— . — — 

Firebrick arches for locomotive fireboxes are 
almost as old as the locomotive itself. No en- 
gineer who understands the elementary prin- 
ciples of combustion has ever denied the advan- 
tage of the brick arch as a means of securing 
perfect combustion and reducing smoke. Yet 
because there is some expense and bother in 
maintaining brick arches they have been dis- 
carded in many cases. 

In a paper read on Nov. 18 before the Central 
Railway Club, Mr. Geo. Wagstaff urged that 
the brick arch ought to be applied not only as 
a means of saving in fuel consumption but to 
increase the capacity of the locomotive boiler. 
Mr. Wagstaff says: 


The non-use of the brick arch means the practical 
throwing away of a large amount of valuable power. 
The arch is recognized as the most efficient device for 
reducing the quantity of sparks thrown from the stack, 
and, on this account, it becomes directly valuable as a 
fuel saver. It increases the length of the flame-way. 
and the finer fuel, when lifted from the grate, is baffled 
by the arch, and is consumed, instead of passing dl- 
rectly to the tubes and out of the stack in the form of 
sparks. It causes more equal distribution of the draft 
over the grate and thus improves the furnace action. 
Its function in the firebox being that of a mixer and 
baffle, bringing about a more complete mingling of the 
gases, and, thereby aiding combustion resulting in a 
higher temperature, and the production of a smaller 
proportion of carbonic oxide. 

In proof of these claims Mr. Wagstaff cites the 
tests made by the Pennsylvania R. R. at the St. 
Louis Exposition in 1904. Here two consolida- 
tion locomotives were tested, one with the brick 
arch and one without. The test showed that 
the firebox with the brick arch maintained over 
200° higher temperature on the average and 
lost only 2.09% on account of imperfect com- 
bustion, while the firebox without the brick arch 
lost 1614%. In addition the cinders thrown from 
the stack were much less with the brick arch. 

If additional evidence were needed to prove 
the advantages of the brick arch it is probable 
that it could be obtained by careful study of 
European locomotive practice. That this is far 
ahead of American with respect to freedom from 
Smoke and high evaporation per pound of coal is 
pretty well known. While part of the differ- 
ence is due to better work on the part of the 
fireman, it is likely that the bulk of it is due to 
intelligent use of the brick arch. 

Even if the brick arch saved no coal and gave 
no added capacity to the boiler, it would still be 
well worth while to use it as an aid to smoke 
prevention. The railways of the country must 
face the fact that the change to electric motive 
power of the passenger roads entering New 
York City—a change made compulsory there be- 


cause of the entrance through tunnels—is going 


to be followed by demands from twenty other 
cities that similar changes be made for their 
benefit. Such changes may even be forced by 
legislative enactment. Experience at New York 
has shown that the change of motive power from 
steam to electricity is enormously costly, and 
involves of necessity heavy additions to the 
capital account. This is not alone an injury to 
the railways but it eventually forms a burden 
on the general public, on shippers and travelers, 
whose freights and fares must eventually bear 
the burden of all {mprovements and changes. 

But when we sift down the argument for a 
change to electric motive power we find the chief 
indictment against the steam locomotive to be 
the cloud of black smoke that it pours forth. 
It follows, therefore, that if brick arches with 
careful firing can prevent the smoke, then brick 
arches by all means ought to be used. Delaying 
the evil day of change to electricity is even more 
important to the railway stockholders’ than 
economy in coal consumption. 


— — 2 


THE RELATION OF TEMPERATURE TO THE REMOVAL 
OF CONCRETE FORMS. 

Recently we received a letter from a prominent 
contractor in which note was made of the com- 
parative scarcity of any data upon the effect of 
the temperature of the air upon the setting time 
of Portland cement mortar and concrete. Our 
correspondent said that as the premature re- 
moval of forms is the most fruitful source of 
accident in concrete work and as it is fairly well 
established that a lower enveloping temperature 
means a longer setting period, it would seem 
prudent for some one to inaugurate a series of 
tests to determine, if possible, the relation be- 
tween temperature and time of set, and to use 
the data so acquired in a specification which 
would connect the time of removal with the 
temperature. 

At first glance we thought that there had been 
an ample sufficiency of such tests published, but 
upon Investigation it was found that by far the 
larger part of such work was with varying tem- 
peratures of the ingredients of the concrete—with 
a view toward determining the effect of frozen 
materials—and but few tests looked into the 
temperature of the setting medium. Such tests 
as have been published are not in the form to 
aid much in regulating procedure in actual work, 
and, though it is quite desirable that the time of 
removal should have a relation to the tempera- 
ture, there is at present considerable difficulty 
in formulating any definite rule. 

In the first place, as quoted from an eminent 
authority in the article on cement testing on 
another page of this issue, ‘‘different cements are 
differently influenced by alteration in tempera- 
ture, and it is scarcely possible to deduce a gen- 
eral law for even one class of cements.” An ob- 
servation of the abstracted table given in this 
same quoted article will confirm this opinion at 
least for the moderate range of 70° to 90° F., 
for it will show that while high temperature 
cannot change a quick-setting cement to a 
slow-setting. yet the rise in temperature does 
not necessarily quicken the setting period of a 
slow -setting cement. In spite of this opinion, 
however, it is sufficiently true for the less re- 
fined construction practice to state, as a rule, 
that the higher the temperature the quicker the 
set; but the relation between the two is not at 
all constant or sure. For this latter reason any 
laboratory tests from which working rules are 
to be deduced must be considered rather freely 
as the basis of a general supposition rather than 
absolute fact. 

But most important in regard to these tests is 
the fact that most of those which have been 
published are needle tests on initial and final 
Sets, which data cannot correctly be used in 
assigning periods for form removal because there 
are no comparable units by which the actual 
working conditions may be gaged. For instance, 
one of these tests shows that a certain concrete 
will reach its Vicat needle final set in 10 mins. 
at 80° F. and in 8 hrs, at 35° F. Suppose it is 
deemed safe to remove the forms at the former 
temperature in 48 hrs., by what means could 
the experimenta] data be applied to the removal 
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at a temperature of 35° F? Surely, it would 
not be necessary to use the same direct ratio 
for time intervals in removal and in set, for this 
would require the forms to be kept in place 96 
days in the lower temperature. This is of 
course absurd, for other tests show that with 
time all concretes, even at low temperatures, 
increase in strength and that occasional rises in 
heat greatly accelerate the strengthening pro- 
cess. 

Now, the rapidity with which cement sets to 
the limit of hardness measurable by the ordi- 
nary needle test is no certain indication of its 
strength, that is, the ratio of so-called final set- 
ting time of two cements—intervals which will 
range between one and eight hours, say—is not 
necessarily the same as the ratio of strengths 
of the two same cements at the end of 48 hrs. 
As the time of removing forms is dependent 
upon the strength of the concrete, then the 
proper test to make in the investigation pro- 
posed is the effect of temperature on strength, 
either tensile or compressive, as convenience 
rules, in a given time. 

For instance, it may be found by testing in 
the ordinary temperature of 70° F. that a cer- 


tain concrete reaches a compressive unit 
value of 1,500 Ibs. in 48 hrs., a strength 
deemed sufficient for the safe removal of 
the forms. It would then seem that the 


proper way to determine the time of removal 
at other temperatures would be to = ascer- 
tain by tests the time necessary for the com- 
pressive unit strength to reach 1,500 lbs. at each 
of the desired temperatures, or at least, by 
means of several specimens from the same mix, 
determine a _ strength-time curve from which 
can be computed the time when ‚a 1,500-Ib. 
strength may be expected. It may be found, 
then, that for fixed conditions of mix and ma- 
terial there can be deduced some relation be- 
tween strength and temperature which can be 
used in construction. Such a relation need not 
be rigid because the large margin of safety al- 
lowed in the assumption of the proper unit 
value will take care of any but the most unex- 
pected variations from the deduced rule. It is 
to be hoped that some such tests will be under- 
taken, for the establishment of some scientific 
basis for form removal will add to the fast 
growing rational design and construction in 
concrete. 


LETTERS TO THE EDITOR. 


The Ohio River Reservoir Project Again. 


Sir: The criticism of my former paper on this sub- 
ject made by Mr. M. O. Leighton in the Engineering 
News of Nov. 5, 1908, deserves some reply, though it 
appears that he is not yet through with his “thorough 
and judicial review.” Some of my errors and inconsis- 
tencies still remain for later treatment. 

It would probably be tedious and unprofitable to fol- 
low his example and consider in detail all of the points 
brought out in his long discussion of my paper, and it 
will doubtless suffice in a number of Instances to merely 
indicate features that invite criticism, such as the fol- 
lowing: ; 

His curious illustration of foreign opinion as to prac- 
ticability of reservoirs by reference to certain rivers 
where they would have been used if it had been possible. 

His objection to any reflection on the ‘‘engineering 
proficiency” displayed in a majority vote of an Inland 
Waterways Commission composed of four lawyers, one 
farmer, one forester, one ethnologist, and two engineers. 

His novel idea of the value of the ‘‘perspective’ en- 
joyed by an outsider as compared with the knowledge of 
a worker in the feld to be investigated. (Some striking 
illustrations could be given of absurd errors made in this 
connection by persons of great ability, whose ‘‘perspec- 
tive,” however, failed to compensate for lack of knowl- 
edge). 

His remarks about “the feudal system of river im- 
provement” and the “royal province of river engineer- 
ing,” (though he contradicts my similar use of the 
term “river engineer”), and his apparent ignorance of 
the large number of able civilian engineers who are now 
or have at some time been associated with the Corps of 
Engineers in work on navigable rivers, and who there- 
fore occupy a position of some advantage in judging the 
conclusions about navigation problems reached by those 
who “have been allowed to work on non-navigable 
rivers.” 

His implication that navigation works hitherto prose- 
cuted bave been detrimental to otber interests, and his 


proposition that thcy cannot be properly developed with- 
out awaiting a solution of the whole problem of the con- 
servation of water resources, requiring a co-operation, 
hitherto unattempted, of “Federal agencies, states, muni- 
cipalities, communities, corporations, and individuals.” 

His strange reference to my attempt “to discredit the 
idca without more information on the subject than the 
original author had in his possession.” 

His apparent contempt for the wholesome fear that 
every engineer should entertain for the uncertain ele- 
ments affecting an engineering structure, combined with 
his suggestion of earth and rock fill dams for structures 
200 ft. and more in height. 

His amusement over the hoary absurdity involved in 
my remark about the unsanitary conditions {ncident to 
large fluctuations in water level of reservoirs. 

liis confessed inability to see any difference in prin- 
ciple between the use of National funds to protect pri- 
vate property from flood damage and their use to provide 
public waterways for transportation purposes. 

Such features hardly require further comment. On 
the other hand, his remarks about the federal income 
from water power deserve a little further attention, as 
this question of water power is one of the main elements 
of the project. He now says in substance that he never 
intended to indicate a probable Government income of 
$20 per horsepower-year, and he is quite satisfied with 
my maximum figure of $5. But, If be had such views, 
he should have been more careful in the choice of his 
language. His statements on this feature of the system 
naturally conveyed the impression that an income of 
$20 per horsepower-year could reasonably be expected. 
Moreover, this impression was confirmed by some of his 
remarks elsewhere. In the report prepared under his 
direction on ‘‘The Relation of the Southern Appalachian 
Mountains to Inland Water Navigation,” p. 29, the 
Youghiogheny River is spoken of as follows: 

“There is presented here a condition identical with 
that of the Monongahela before canalization, but here 
there is the added advantage that the proposed You- 
ghiogheny system is a new one and no mistake need be 
made. The way to utilize the available power along this 
stream is to develop coincidently with canalization the 
conservation system outlined In Table 17 and to provide 
that the upland area shall be set apart as a reserve so 
that the natural conditions of forestation will not be de- 
stroyed. . . There would be insured a discharge of at 
least 1.500 cu. ft. per second throughout the year at the 
various dams proposed under the slackwater system. 
This amount of water, allowing for necessary loss by 
lenkage and lockage, would insure the production of 
4.100 HP.. which would at times be greatly exceeded. 
Figuring on an average rental of $20 per HP. per year 
(it would be considerably greater in this situation), the 
total income would be S82.C00. which represents an in- 
terest of 8% on about $2,700,000. This provides a specific 
illustration of the policy that should prevail in connec- 
tion with Improvements for inland navigation. Under 
it water and power now wasted would be put to pro- 
ductive use and the cost of the canalization and con- 
servation would be returned, in marked contrast to the 
present policy, which involves a constant drain on the 
National Treasury.” 


This statement certainly seems very plain and indi- 
cates, apparently, that Mr. Leighton expected the Gov- 
ernment to receive at least $20 per horsepower-year. 

Moreover, his statement is particularly interesting as 
illustrating what he considers the correct policy of 
river improvement in comparison with the crude methods 
hitherto in vogue. As he has “been allowed to work on 
non-navigable rivers” and has learned to draw con- 
clusions” therefrom about navigable rivers. and, more- 
over, as he has been indicated in an official report to 
Congress as the most competent man whose services 
could be secured to discuss the relation of the Southern 
Appalachian Mountains to inland water navigation, it is 
natural that his specific illustration of the right way to 
improve navigation should receive some attention. Upon 
examination it appears, indeed, that he does not discard 
the method of canalization hitherto proposed for the 
river, as one might expect after his severe arraignment 
of similar work on the Monongahela, and more especially 
in view of his statement before the Committee on Agri- 
culture that his policy would save the money the Gov- 
ernment ‘is now wasting on dredging” and “needlessly 
putting in for locks and dams.” On the contrary, he 
adopts canalization and simply adds five storage reser- 
voirs and sets aside the uplands as a forest reserve. 
Thus he transforms a moribund, defective policy into one 
of correct and vital attributes. 

Now the aggregate capacity of these reservoirs is 31,750 
million cubic feet. They would probably cost at least 
$18,000,000, as my estimate of cost for the largest one, 
including about two-thirds of the total capacity, ran over 
$12,000,000. Disregarding the cost of the forest reserve 
and the annual charges for operation and maintenance 
of these reservoirs, we find that the added features in- 
volve at least an annual interest charge. at 3%, of 
$540,000. It is obvious that his estimated annual reve- 
nue of $82.000, which is now reduced to 520.500 by com- 
puting on the new basis of $5 per HP.. would leave a 
considerable deficiency. This may seem like a good 
proposition from Mr. Leighton's “perspective,” but others 
will doubtless be skeptical. 

It is obvious, of course, that to utilize the fall of nav- 
igable rivers for power purposes, it is necessary to build 
locks and dams and power plants. But the locks and 
dams alone are generally sufficient for navigation pur- 


peses. Whether the power plants and reservoirs are 
advisable in such cases would ther#fore have to be de- 
termined mainly on considerations apart from navigation 
interests. 

Mr. Leighton devotes a couple of pages to snowing that 
the various objections or disadvantages mentioned in 
the first part of my paper are by no means tfneuperable. 
ror in some cases even important. If he read my paper 
carefully he must have noticed that I dismissed them 
myself in a sentence, as not controlling factors, when 
I said: 

“Notwithstanding all these considerations, however, 
that tend to lessen the estimates of value of benefits to 
be derived from the system, there can be no question 
that there are such benefits of great importance. and 
the system should be built if it can be done at a reason- 
able cost.” 

This statement, moreover, seems to have escaped the 
attention of the editor, also, when he said that I was 
‘‘as much against storage as Mr. Leighton was in favor 
of it.“ It would seem that my statement should satisfy 
almost anyone. What more, indeed, could one properly 
say in passing judgment upon the project? No sane man 
weuld wish to overlook the undesirable features of any 
work he is asked to undertake. It seemed to me that 
the public had been given only a one-sided view that 
was therefore misleading, and I wished to call attention 
to these points that had been more or less overlooked 
and yet must be considered. From the nature of the 
case I was obliged to lay emphasis upon difficulties that 
lay in the way of the system. 

To my mind the controlling feature, aside from the 
legal or constitutional questions involved, is the cost 
of the system, and I therefore addressed myself mainly 
to that aspect of the matter. It would be ridiculous, of 
course, to suppose that the very limited examination of 
the subject presented by me was considered conclusive. 
The problem is one of enormous magnitude and well 
worthy of further investigation so that our water re- 
sources may be utilized to best advantage. I recognize 
the benefits of the system and shall be delighted if they 
can be realized. I fear, however, that the cost will be 
found excessive and the project impracticable—at least 
such. information as I have been able to collect points 
that way—and that in the meantime navigation and 
other important interests will be allowed to suffer in 
expectation of assistance that may never be realized. 

Now it was on the vital question of cost that Mr. 
Leighton’s paper seemed to me to be specially defective. 
If he had stated, what he must have known, that the 
cost of 88% of the total capacity of his system was com- 
puted upon the cost of the Upper Mississippi reservoirs, 
together with the estimated costs of some irrigation 
projects in the arid regions of the West, the public would 
have been in a better position to judge the adequacy 
of his estimates. Yet he apparently regarded the esti- 
mates as fairly satisfactory. In testimony before the 
House Congressional Committee on Agriculture he stated 
unreservedly that the cost of the system would be about 
$125,000,000. When Captain Conner criticised his esti- 
mate, he replied by calling attention to the Croton, Wa- 
chusett and Ashokan dams and “many others the cost of 
which was or will be excessive,” as having been used 
in determining his unit costs. In view of the facts these 
statements seem misleading, and yet he says his “basis 
of cost estimate was admittedly poor, but the defects 
bristled conspicuously and therefore it was fair.” 

Quite unjustly he tries to create the impression that 
I deliberately selected certain sites that would give ab- 
normal and excessive esimates, and then attempted to 
deceive the public by extending such estimates to the 
entire system. As a matter of fact, the six largest 
reservoirs in the Monongahela Basin, all, indeed, of the 
large capacity under consideration, and comprising two- 
thirds of the proposed storage capacity of that drainage 
area, were selected by Captain Adams for examination 
without prior knowledge of what the result would be, 
and simply because it was felt that such an examination 
would afford a reasonable test of Mr. Leighton's figures. 
Moreover, the basis of the estimate was fully set forth. 
so that every one should have an opportunity to judge 
for himself. Yet Mr. Leighton pronounces these reser- 
voirs, forming an important part of the system he pro- 
poses, to be far less representative than those used by 
him. 

His method of criticism is illustrated by the fact that 
while in only one of the six cases were the coal damages 
of any considerable amount, yet he says that I “sent 
Captain Adams into the most valuable mineral region 
in the Ohio Valley, and, with fine discrimination selected 
the basins in which there are workable coal deposits of 
great value,” etc., and that in applying my unit costs to 
the entire system I have placed myself “in the position 
of assuming that beneath practically all of the reservoir 
sites in Ohio, Indiana, Kentucky, Tennessee, and other 
states covered in the plan, there are immense deposits 
of coal.” In view of such remarks and of the circum- 
stances of his own estimate, his characterization of my 
estimate as being specious and unfair seems peculiarly 
inappropriate. 

It may assist, in considering the question of reason- 
able unit costs for a preliminary estimate, in advance 
of detailed investigation, to invite attention to the basis 
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proposed by the late J. J. R. Croes for the Croton drain- 
age area and used by Mr. C. C. Vermeule in his very 
able report on the Water Supply of New Jersey when 
estimating the cost of water storage for power develop- 
ment. This is $170 per million gallons of reservoir ca- 
pacity. It is true that while Mr. Vermeule uses this fig- 
ure, he considers it a high allowance. Now suppose we 
take only one-half this cstimate and use a unit cost of 
d per million gallons. This corresponds to about $630 
per million cubic feet, and applying this to the Ohio 
River system we get a total estimate of about $1,350,- 
(0,000, or over ten times Mr. Leighton’s estimate. 
When proper deductions are made from over-sanguine 
estimates of benefits, and reasonably adequate estimates 
of cost are considered, it seems very doubtful whether 
the system will be deemed financially practicable under 
existing conditions, and this great project may have to 
take its place, at least for a time, among similar re- 
jected schemes of the past that held forth alluring pros- 
pects incapable of realization. l 
H. C. Newcomer, 
Major, Corps of Engineers, U. S. A. 

U. S. Engineer Office, Pittsburg, Pa., Nov. 25, 1908. 


——_——— —äʒ4ÿ—P6P .— 
High Unit-Stresses in Bridge Design. 


Sir: I wish to compliment Engineering News on their 
timely editorial ‘‘Concerning High Unit-Stresses in Steel 
Bridge Design.” It might be supposed that the report of 
the Royal Commission with regard to the Quebec Bridge 
‘and the reports of Messrs. Boller & Hodge and Prof. 
Burr regarding the Blackwell’s Island Bridge would be 
sufficient warning. I fcar, however, that the tendency 
to follow the precedent of high unit-stresses, and the 
great saving in dead weight which can be effected by their 
use in long span bridges, will result in their continued 
use unless the profession unmistakably condemns the 
practice. 

Like other thoughtful American bridge engineers, I 
fecl and regret the stigma which has been placed upon 
us as a class, and I am very glad that before any public 
question was raised as to the Quebec and Blackwell's 
Island bridges, I had registered an opinion as to lattice 
bars, in the Lehigh Quarterly of June 18, 1891, and an 
opinion as to ‘‘Proportioning Steel Railway Bridge Mem- 
bers’ in the proceedings of the Engineers’ Society of 
Western Pennsylvania for July, 1907, and in an article 
on the same subject sent to Engineering News prior to 
the Quebec Bridge failure. In this article, after making 
proper allowance for impact and for possible future in- 
crease in loading, I recommended 16,000 Ibs. per sq. in. 
aS a unit-stress for ordinary structural steel when de- 
signing, and 20,000 lbs. when examining into the safety 
of an existing structure. 

Yours truly, Henry S. Prichard. 

1526 Frick Bldg., Pittsburg, Pa., Nov. 23, 1908. 
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Forests and Stream Flow. 

Sir: I concur in the views expressed by Prof. Robert 
Fletcher in his communication on “Forests and Stream 
Fiow in New England,” appearing in your issue of 
Nov. 19. 

My memory of conditions obtaining in the region be- 
tween Boston and the Canada line, covers over 40 years 
and corroborat s the statements made by Prof. Fletcher. 
I was brought up” in a region where there were many 
tracts of so-called primeval forest. One that I remember 
of about 1,000 acres was said to have never had a tree 
felled by an axe within its limits. The growth there 
was mostly spruce. Other tracts from 10 to 100 acrcs 
or more were common where the growth was mostly 
hard woods. I refer here to the highlands of south- 
western New Hampshire. My impression is that not 
only the spring fr shets but those due to summer rains 
were more disastrous on the smali streams at that time 
than they are now. Forest growth, without doubt, pre- 
vents soil wash; but the vaunted ‘‘mould”’ is a negligi- 
ble quantity ca the stony hillsidcs of New England. 

The run-off conditions differ between regions of heavy 
snow and those where snow is of little importance. I 
have seen instances of spring floods where Col. Chitten- 
den's reasoning certainly held. Moreover in a forest d 
stream, jams from ice or driftwood are common and 
these cause the worst flood conditions. Examination of 
the vall: ys of streams in northern New Hampshire has 
convineccd me that floods in ancient times, long before 
the region was settled, were much more severe thin 
now. Remains of old jams can be made out that have 
actually turned the course of the stream in a way not 
conceivable at present. 

On the other hand forests conserve the flow by re- 
tarding evaporation on reaches of streams where the fall 
is rapid over a rocky bed. It is heartrending to one 
who wants wat r to run a mill, to observe the tremen- 
dous loss that occurs in a hot clear day on a long rapid 
above him where the stream bed is paved with cobbles 
and bowlders projecting above the water with their 
tops alternately wet by the splashing water and dry 
by the scorching sun. If forested, the overhanging trees 
and water-loving bushes shade much of the width of the 
stream; but if cleared the full force of the sun gets 


in its pumping effect. It can be said that proper 
conservation and regulation will clear up these rocky 
channels and lead the water in deeper, smoother chan- 
nels and thus save the water for economic use and I 
believe that this will some day be done; but Nature's 
way is by the forest. 

Col. Chittenden's strictures on the ‘‘visionary features 
of the reservoir propaganda’ seem to me to be sound 
and well stated; but isn't his trend towards growing 
forests on our rich lowlands equally absurd? Forests 
are needed on our thin-soiled precipitous hillsides to 
prevent wash; many varieties of trees flourish on north- 
erly slopes which are not well adapted to cultivated 
crops in our northern climate; and our winter snows 
make timber accessible on rocky hills whcre summer 
transportation for cultivation is impracticable. Hence 
let us encourage forest growing on our hills and moun- 
tains and correct our streams through the open land. 

Yours truly, 
J. P. Snow, Bridge Engr. B. & M. R. R. 

Boston, Mass., Nov. 23, 1908. 
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Action of Alkali Waters on Concrete; Crystallization 


as the Cause. 

Sir: Recent articles in the columns of your magazine 
regarding the effect of sea water on concrete indicate 
conditions somewhat analogous to those found in por- 
tions of the semi-arid northwestern states, where the 
soil is heavily charged with the so-called ‘‘alkali salts.” 

It has been found upon several of the Reclamation 
projects that first-class concrete suffers more or less 
serious disintegration when subjected to successive wet- 
fings with strong alkaline water. 

Culverts which are perfectly sound and hard above 
the ordinary groundwatcr level, or where constantly 
submerged, will show progressive disintegration from the 
surface inwards at points on the end walls, or near 
shrinkage cracks in the floor, Where seepage water is 
evaporating. The surface at these points is flaked off 
by the disruptive cffect of crystals which result from the 
evaporation of the water, the effect being almost identi- 
cal with that caused by freezing. Freezing, however, is 
not a factor in this case, as portions of cellar walls 
entirely below the frost line show similar action. 

This matt.r is one of great importance to the Recla- 
mation Service and to others building concrete works 
undcr similar conditions, in that disintegration does not 
depend upon percolating water passing through the con- 
crete, but originates on exposed surfac.s which are al- 
ternately wet and dry, and cannot be successfully with- 
stood even by a granolithic finish. 

Portions of some culverts under the writer’s observa- 
tion probably will have to be renewed within ten years, 
by which time it is hoped that chemists of the various 
prominent cement companies and of Government De- 
partments, who are now studying the problem, may have 
discovered some preventive or remedial measures. 

Yours very truly, 
W. W. Patch, 
Constructing Engineer, U. S. Reclamation Service. 
Orman, S. D., Nov. 10, 1908. 


[This destructive action of alkali waters was 
discussed in our columns in the issues of July 
2. 1908, p. 25, July 23. 1908, pp. 99, 101. 
above letter merely adds confirmatory testimony 
to that already given.—Ed.] 
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Teaching Horse Sense.“ 


Sir: With much interest I have just read the edl- 
torial note in your issue of Nov. 12, on the teaching of 
‘*horse-sense.”’ 

As professor of machine design at the School of Ap- 
plied Science, Carnegie Technical School, I give lec- 
tures every week on the following subjects: freehand 
sketching and machine construction, descriptive ge- 
ometry, mechanism, elements of machine design, ma- 
chine dcsign, shop management. 

The first and last of these courses I suggested as 
necessary to all engineers, because they distinctly tend 
to develop that quality of mind which is sometimes 
called “horse-sense,’’ or common sense, and which I 
like to define as meaning “sense of values.” A man 
who does not know a big thing from a little one gen- 
erally accomplishes little, using up his time and his 
energies in an unprofitable struggle with the things 
that are trivial. We say that such a man lacks com- 
mon sense. 

Now. although I do not think it possible to teach 
“horse sense” in the abstract, I do think that an engi- 
neering school should give instruction in those subjects 
that tend to develop a “sense of values.” Freehand 
sketching, by which I mean the making of mechanical 
drawings frechand, using machines themselves, and not 
drawings, to draw from, most certainly does exercise 
and strengthen the sense of proportion. I believe that 
as soon as possible after a young man has made up his 
mind to be an engineer he should become intimately 
acquainted with a few well designed machines. Assum- 
ing, as is often the case, that the young man has suf- 
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fered a course in geometrical and so-called mechanical 
drawing in his earlier schooling, under the guidance 
of one of the fair sex, he already knows many things 
about drawing that are not so, and should therefore be 
put to work, immediately, drawing things that really 
are, drawing them in a way that will develop his sense 
of proportion and at the same time help him to make 
the personal acquaintance of real machinery. There 
are comparatively few men who are color blind: there 
are still fewer who are “form blind.” My own experi- 
ence proves, without a shadow of doubt, that practically 
every student can learn to make a freehand sketch that 
tells the story. Only a few are born with the artistic 
temperament that endeavors to express itself through 
the point of the pen or pencil but practically all can 
learn to see things as they really are and therefore to 
judge proportions and to tell the story by means of 
a freehand drawing. 

With regard to the “qualification for the greatest suc- 
cess”: I believe that a course in engineering should 
include suggestive lectures on the management of men 
and on getting work done systematically. The follow- 
ing is a general synopsis of a course of lectures given 
to the Seniors in the School of Applied Science: 

(1) The part the mechanical drawing should play. 

(2) General design of a model plant; division into 

departments. 

(3) Organization of a manufacturing concern; ap- 
pointment of employees (each student is ap- 
pointed to a position in the concern, and in 
recitation is called by the name of the position 
he fills). 

(4) Who's who, and subdivision of authority. 

(5) The routine of work, from receipt of order from 
customer to shipment of product: taken from 
the system actually in use in a factory where 
machines are manufactured with interchange- 
able parts as far as is economical. 

(6) The measuring and recording of time taken, by 
“operation”. 

(7) The use of production data sheets as a modern 
development. 

(8) Distribution of plant charges. 

(9) Productive and non-productive labor. 

(10) Hourly burden. 

(11) Depreciation of the plant. 

(12) Remuneration; day work; piece work; the pre- 
mium plan; the task plan. 

(13) Work that can best be done by committees. 

(14) System and how to prevent it from deteriorat- 
ing into red tape. 

(15) The designing of printed forms. 

(16) The preparation and writing of specifications. 

(17) Records and indexing. 

(18) Production; time saving methods; automatic ma- 
chinery ; jigs and fixtures. 

(19) The human element in the management of men. 

(20) The laying out of a shop, and of a drafting room. 

The students have taken great interest in this course 
of lectures and have done excellent work in connection 
with it. 

There are today so many sides to the work of the en- 
gineer, in addition to that of designing, that it does 
seem to me advisable to give the student some basis 
for operating along these other lines. These other 
phases of his work are not only interesting, but useful: 
there is a demand for men who can not only design a 
machine that will work, but also one that can be sold 
at a profit. There is also a demand for engineers who 
can look after the production end of the business scien- 
tifically; others are wanted to help to sell the product 
of the factory, whatever that may be. 

In conclusion I should like to say that I think we 
too often expect a man to exhibit common sense about 
something of which he does not even know the rudi- 
mentary principles. This is expecting too much. A man 
who has been trained to design machinery theoretically, 
without regard to methods of production and modern 
shop practice, may have plenty of common sense of a 
certain kind, but he will certainly have to be assisted by 
a man who has the kind of common sense that he lacks, 
if the machine is to be a marketable quantity. 

Yours very truly, 
George H. Follows. 

5613 Woodmont St., Pittsburg, Pa., Nov. 18, 1908. 

— eee 


The Cape Cod Canal Will Not Freeze Up in Winter. 


Sir: The otherwise admirable editorial in Engineering 
News of Nov. 26, on p. 549, about Atlantic Deep Water- 
ways, is marred by the statement: “It must be remem- 
bered that both these canals would be put out of ser- 
vice by ice during the winter months, when naviga- 
tion around Cape Cod is most hazardous.” 

Now the fact is that there is an enormous difference 
between the two projects referred to—the planned New 
York, Brockton & Boston Canal, and a properly con- 
structed sea-level canal at Sandwich. While the first 
would freeze up every winter the second named would 
stay open. 

The first named would be a fresh water canal, contain- 
ing stagnant fresh water, or else fresh water ice; 
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whereas the second named would be a sca-wwater canal, 
with the water constantly flowing back and forth and 
as constantly free of ice. 

Palpably no canal on that general route is fit to be 
built, that would freeze up every winter; and it may 
well be, that to cloud the issue, and bring discredit on 
any proposed New York to Boston maritime canal, the 
Brockton canal was originally proposed, and agitation 
for it is kept alive. 

Anybody, who like the writer has been working in 
favor of an efficient New York and Boston maritime 
canal these 35 years, has seen more than one similar 
device of the enemy—the holders of the sea-borne pas- 
senger and freight monopoly between New York and 
Boston—put in motion, and will not be surprised at any 
such tactics. But it is a little too much to see Engi- 
neering News unconsciously playing into the hands of 
this interest. 

Very truly yours, 
Clemens Herschel. 

No. 2 Wall St., New York, Nov. 28, 1908. 
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Notes and Queries. 

In the notes on Wooden and Steel Ties’’ in our issue 
of Nov. 19 (page 566) a typographical error gave Mr. 
Meade’s opinion as being that ‘‘some’’ foreign designs of 
metal ties are suitable for use on American railways. As 
a matter of fact, Mr. Meade's opinion was that ‘‘none’’ 
of the ties were suitable for American railways. 
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SHOP-MADE REIN FORCED-CONcRETE PILES. 
By L. J. MENSCH. M. Am. Soc. C. E. 


The new power station of the Pacifle Gas and 
Electric Co., at the intersection of First and Jef- 
ferson Sts., Oakland, Cal., is situated only a few 
hundred feet from the Oakland estuary, at a site 
where test borings showed hard yellow clay 
mixed with sand (called sandstone by the local 
dredging concerns on account of the great diffi- 
culty in working) overlaid by 8 to 12 ft. of mud 
and cinder fill. Inasmuch as the low water 
level is about 10 ft. below the ground the use 
of wooden piles was out of the question, for the 
point where they had to be cut off nearly co- 
incided with the yellow clay. Hence, the foun- 
dation for the power-house proper, the boilers 
and the turbine had either to be carried down 
to the yellow clay, necessitating expensive trench 
work and costly pumping and a great waste of 
masonry, or concrete piles had to be adopted. 

In the face of the local prejudice and against 
the advice of local contractors, who maintained 
that, as at many 
places around the 
bay great difficulties 
are experienecd in 
driving wooden piles 
into the yellow clay, 
it would be impos- 
sible to drive con- 
crete piles into such 
hard ground, the en- 
gineers decided to 
use concrete piling. 
The writer was em- 
ployed to make and 
drive about 190 con- 
crete piles, within 
two months. Time 
was of the utmost 
importance, as the 
power station had 
to be ready for use 
before the heavy 
winter demand set in. 
Y The short time in 
ame which the piles had 
em, to be made and 
Section V- W. driven required that 

Reinforced-Concrete no chances be taken 
Made by L. T. that any piles be 
San Francisco, broken either by 
handling or driv- 
ing, and it was 
specified that only 
(he very best of materials which were available 
in the market should be used. A cement was 
looked for which gave the best test in the mix- 
ture of one part cement to three parts of sand 
after 28 days. A cement manufactured by White 
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(showing also the driving-block 
at the head of pile.) 


Bros., in London, Eng., was found that showed 
tests of 450 lbs. per sq. in. in 28 days, although 
the price per barrel was one dollar higher than 
the next best brand investigated. A coarse 
Silica sand from Santa Cruz, Cal., and hard 
crushed limestone, % to 1%-in. in size was used 
for aggregate. 

As shown in Fig. 1 the piles were 12-in. square, 
from 20 to 26 ft. long and reinforced by four 


bars 1 in. round, square, twisted or twisted lug 
bars; in fact any Kind of rod, which could be 
had to be 


obtained from stock without delay, 


alined the hammer was let down on the pile, and 
after two or three blows the pile penetrated the 
8 to 12 ft. of fill and mud very suddenly, during 
which time, lasting only a few seconds, the 
hammering was discontinued. After this it took 
only 200 to 250 blows to drive the pile down the 
full depth. <A very peculiar feature of the driv- 
ing of these piles was the tendency of the piles 
to rise after each blow, but before the pile came 
up one-half inch or a little more, it received a 
new blow from the hammer. As this tendency of 
raising is always observed in quicksand, the men 
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FIG. 2. PLATFORMS ON WHICH REINFORCED-CONCRETE PILES WERE CAST. 


used. These four bars were tied together by a 
spiral reinforcement, consisting of No. 5 wire 
with a 2-in. step. 

The piles were cast horizontally. In order to 
do this three platforms were built at the writer’s 
yard at East Oakland; one platform 50 x 90 ft., 
one 25 x 150 ft. and one 24 x 75 ft. They con- 
sisted of 4 x 4-in. sleepers spaced 20 ins., c. to c., 
covered by 1-in. boards. Fig. 2 shows the scheme 
of the form work. The concrete was machine 
mixed in the proportion of one part cement to 
three of aggregate; the consistency was medium 
wet. The concrete was wheeled in wheelbarrows 
directly over the forms and poured into the 
spaces for the piles. The actual concreting took 
only five days, and it took a gang of 12 to 18 
men to assemble the reinforcement. The piles 
were sprinkled continually for one week after 
the manufacture and three times daily for an- 
other week. 

The piles were moved to the power-house after 
they were about two weeks old, which required 
a wagon haul of about four miles. They were 
loaded by means of a gin-pole and a 10-ton dif- 
ferential block on a lum- 


employed around the pile driver insisted that 
there must be quicksand in the ground, which is, 
however, not the case. Not the least spring was 
noticeable in the piles while driving. At first 
the top of the piles were considerably smashed, 
but after the men got used to the work this was 
not noticed. The best day’s work was 24 piles 
driven, and the best half-day’s work was 18 
piles driven. The penetration of the piles while 
driven into the hard yellow clay was nearly unl- 
formly 1 in. per blow. 

The load which the piles were designed for was 
about 30 tons for the building proper and the 
boilers, and 25 tons for the turbine. The first 
pile which was driven was tested to establish the 
carrying capacity. A load of 43 tons produced 
a settlement of 3/16-in. after 24 hours, which 
load, after being increased to 50 tons, produced 
a settlement of 2% ins. As all the other piles 
were driven much harder than the first pile, it 
is probable that the carrying capacity of these 
piles is 50 tons. Only one pile, the first pile con- 
creted, broke in driving. This must be ascribed 
to improper mixing of the first batch out of the 


ber wagon, which had a 
3-in. steel roller fitted in- 
to the bed of the wagon 
behind the rear wheels. 
Two piles were placed on 
each wagon. Although 
the road was rough in 
many places the piles 
did not crack in haul- 
ing, nor did they crack 
when rolled off the 
wagon like a log of lum- 
ber, provided the place 
where they were dumped 
was not too uneven. A 
few piles were cracked 
in this manner, but the 
cracks closed after 
the first blow of the 
hammer while driven, 
trouble. 

The piles were driven by a steam hammer, of 
the heaviest type made, the striking portion of 
which weighed about 5,500 lbs., and gave about 
GO blows per minute. The pile driver frame was 
72 ft. high and had a base 42 ft. long. As pro- 
tection for the top of the piles, iron clamps, as 
shown in Fig. 1, were used, made of in. metal 
and 24 ins. long. They held the top por- 
tion tight by wooden wedges and protected about 
6 ins. beyond the pile. This space was filled 
with sand, and on top of this a 2-in. steel plate 
connected with a piece of 10-in. shafting was 
placed in order to fit into the cap of the ham- 
mer. After the piles were hoisted into place and 


and never gave any 


FIG. 3. HOLLOW CONCRETE PILES USED IN THE HARBOR WORK 


AT SAN FRANCISCO. 


mixer. The broken portion showed very imper- 
fect concrete. There is no question that the 
greatest care must be exercised when manu- 
facturing concrete piles to assure satisfactory 
results. 

Fig. 3 shows a number of other piles recently 
made by the writer for new sea-wall in the 
harbor of San Francisco. They are octagonal, 
24-in. diameter on the outside with a circular 19- 
in. inside dlameter, and are reinforced longitu- 
dinally with twelve -in. bars and circumfer- 
entially with a spiral of No. 1 wire with a 3-in. 
step. The concrete is mixed 1:2. They stand 
driving surprisingly well; certain of those placed 
were driven to refusal under a hammer weigh- 
ing 4,600 Ibs. with an 8-ft. drop. 


cs WOA — 


- he 


December 3, 1908. 


ENGINEERING NEWS. 


621 


A SYSTEM OF COST AND TIME KEEPING IN USE AT 
THE COLUMBUS, 0., MUNICIPAL ELECTRIC LIGHT- 


ING PLANT.* 
By G. H. GAMPER. 


A great deal has been said in regard to the cost of 
operating a municipal plant and that it generally costs a 
municipality more to operate a lighting plant than it 
would cost a corporation. This should not be true. The 
reasons for it are that there is generally no system of 
cost keeping to ascertain where the money is spent, and 
no adequate organization, because of political changes; 
the employees being appointed by the Board of Directors 
or by the Public Service, which allows the Superintend- 
ent very little authority in regard to the selections of 
the men, consequently it is also a very difficult matter 
to maintain discipline. The superintendent is, as a rule, 
selected for his ability. This is also true in regard to 
some of the employees. 

The superintendent appointed may start a system of 
records, but after realizing the amount of work involved, 
will drop it, saying, if he feels that he may not be re- 
appointed, ‘‘Let my successor devise such cost systems, 
if he wishes them,’’ and consequently none are ever in- 
stalled. This has been the case with the municipal light 
plant at Columbus, but since the first of this year it has 
been divorced from politics and placed on a strictly 
business basis. 

The system which is in use at the Columbus municipal 
plant has been in force since March 1, 1908, but owing 
to the men not being familiar with such a system and the 
amount of work necessary to get it started right, it was 
not running smoothly until July 1, since which time an 
accurate record is kept of everything. Before a job is 
started, either new work or a repair job, a cost and time 
estimate is made out by the foreman or whoever is in 
charge of the work to be done. A foreman’s job order 
is issued to the foreman, which is filled out in exact dup- 
licate of the job order on file, on which the foreman en- 
ters the time, check number, and material used. This 
is used as a check on the storeroom requisitions and 
time. 

The cost and time estimate is submitted for approval, 
which gives the superintendent a chance to determine 
for himself whether this work is necessary, or whether 
it can be done in a different way with less cost. When 
it is approved, it goes to the clerk, who fills out a job 
order blank and gives the job a number. This blank is 
kept on file in the office, together with the cost and time 
estimate. Every day, the time of the men working on 
this job order on file in the office is entered on the back, 
giving the man’s number, his rate, the date, and total 
time. On the front is entered the requisition number, 
the date, the amount of material and value of the ma- 
terial, or the name of the firm and amount of their 
invoice. 

On the completion of the job, the foreman sends in his 
job order marked complete, and the job is then closed, 
the labor is calculated and entered on the front, and is 
added in with the material. If any mat rial is taken out 
for use on the job and not needed, it is returned to the 
stock-room and the storekeeper sends in a credit slip. 
This is deducted from the cost and an actual cost of the 
job is obtained. 

A list of what is called General Job Orders are issued 
each month. On these job orders are entered the small 
items, such as packings, gage glass s, oil, waste, etc., 
and anything that costs under a dollar. These are closed 
each month. After the job orders are closed for the 
month and the cost calculated, the latter is then dis- 
tributed to the different accounts, which are enumerated 
in the upper right-hand corner of the blank. The sum 
of the different accounts is then entered on the monthly 
reports. 

In making out requisition for supplies, two blanks of 
different colors are used; one which is numbered is used 
for supplies drawn from the store room, if the material 
is in stock, If it is not in the stor room, the store- 
keeper sends in a white requisition to the office for the 
material, either for stock or for the job. If the amount 
is small, it is purchased direct, but if it is a large 
amount, a quotation sheet is sent to the different supply 
houses, which is returned, properly filled out with prices. 
The lowest and best quotation is accepted. A requisition 
in triplicate is then issued, numbered in the upper left- 
hand corner. Below the requisition number appears the 
job order number, and in the upper right-hand corner 
the fund from which the bill is paid. The requisition 
contains the firm’s name, the material, and prices. These 
requisition blanks are of different colors: the white copy 
gocs to the dealer, the pink copy to the auditor with 
the voucher and bill for payment, and the yellow copy 
remains on file at the office. This yellow copy has the 
receipt of the storekeeper or who:ver received the goods, 
the date the bill was approved, and the person's name 
who checked it. If at any time in looking over a com- 
pleted job order, information is wanted as to what was 
Extract from a paper read at the meeting of the Ohio 
Society of Mechanical, Electrical and Steam Engineers, 
Nov. 21, 1908. 

+Superintendent Municipal Lighting Plant, Columbus, 
Ohio. 


file and look up the number of the requisition as given 
on the job order and ascertain exactly what that requi- 
sition called for. 

If a job requires the use of a horse, the horse’s time 
is charged to that job. The total cost of the stable for 
the month is determined and divided by the number of 
horses, which gives the cost of each horse per month. 
This cost is then divided by the number of days in the 
month and then by the number of hours in a day, which 
gives the horse’s hourly rate to be charged for the 
horse’s time. 

In regard to the monthly reports, everything is taken 
into account: the service, transmission, generation, ex- 
pense, etc. On this report is given the complete gross 
cost of the lamp per month, also the cost per lamp up to 
date, and these are compared with the previous year. 
In determining the cost of the fuel per month, the cost 

“of handling the coal and ashes is taken into consideration; 
all the coal being weighed as used gives a very accur- 
ate cost of the fuel consumed. The administration ex- 
pense includes all the office force, from the superintendent 
down to the janitor and storekeeper. A sinking fund 
is provided to take care of maintenance costs and de- 
preciation, which is based on the value of the plant. 

A boiler-room and turbine-room log sheet is kept. Oa 
the boiler-room log sheet hourly readings are taken of 
the superheat temperature, the flue gas temperature as 
it leaves each boiler and before and after leaving the 
economizer, feed-water temperature before entering the 
boiler and before entering the economizer, and the draft in 
the combustion chamber of each boiler. The object of 
reading the temperatures is to keep a check on the fore- 
man and on the conditions of the boilers and furnaces. 
Provision is also made to connect up at a moment's 
notice an Orsat gas apparatus to analyze the flue gas s. 
By these checks a fireman is always compelled to do his 
best and give explanations if he does not. A record is 
kept of the amount of coal consumed and the amount of 
water evaporated, which is determined by hot water 
meters; the evaporation per pound of coal is thus deter- 
mined and a record is kept of it. On the turbine-room 
log sheet is kept a record of the total output of each 
phase, pressure, vacuum, primary volts and amperes of 
each generator in operation, also volts and amperes of 
exciters, power factor, and, finally, the KW. and am- 
peres of each circuit. By a special arrangement of con- 
nections, the Kilo-Watts of each circuit can be read di- 
rect from a common meter. This avoids the necessity 
of multiplying the volts by the amperes. 

The ‘‘outages’’ are reported by the police and citizens 
directly to the plant. The switchboard operator who 
takes these reports, fills out a trouble blank, giving the 
location of the lamp, the time reported, and the party 
reporting the same and the date. These are given to th: 
trimmer whose district is nearest the lamp reported out. 
If he can repair the lamp, he does so and fills out the 
lower part of the blank stating the trouble, the number 
of the lamp, the time repairs were made, and the job 
order number, and signs the 
blank returning it to the 
office, where it is filed. If 
he cannot locate the trouble, 
the lamp is taken down and 


replaced by another one. 
The blank on which he 
records the time when the 


lamp was taken down and the 
number of the lamp which 
replaced it, is placed inside 
of the lamp and the lamp re- 
pairer mak s the report as 
to the cause of the trouble. 
In this way the “outages” 
can be reduced to a minimum. 

In working out our lines 
and trimmers’ routes, a city 
map is pasted on a board. 
Brass nails are driven in the 
board wherever a lamp is lo- 
catcd. By means of differ- 
ent colored threads, the trunk 
lines and loops are swung 
in. Also a thread is used to 
show the exact route and 
lamps each trimmer is to 
trim in his district. These 
districts and routes are de- 
termined by the Chief Elec- 
trician and are type-written— 
a copy being given to each 
trimmer and one kept on file 
in the office. By this means 
the shortest possible route 
can be taken and we are in- 
dependent of the trimmers, 
as a new man can be put to 
trimming without loss of 
time. Before this method was 
used it took four trimmers 
to trim the lamps and one 
man to take care of the out- 
ages. Three men are now 


trimming the lamps and taking care of all outages 
without trouble, and instead of trimming an average of 80 
lamps per day, they are now trimming on an average of 
140 lamps per day and taking care of the outages. 

A great deal of trouble has been experienced with the 
wire-using corporations of Columbus making use of the 
city poles at will, also taking out city poles and substi- 
tuting their own. To prevent them in the future from 
doing this, a complete record of the poles has been ob- 
tained. A separate card is made out and kept on file of 
each pole, giving the number, location, height, wire, etc., 
and on the back of the card a record of foreign contact. 
A complete description of each pole can now be obtained 
from the files and any changes noted. 

All the switchboard instruments are calibrated every 
month, precision meters being purchased for that pur- 
pose. From every car of coal a sample is taken and 
analyzed, and should the coal fail to come up to stand- 
ard, it is rejected. 

The system installed at this plant seems to the ob- 
server at first glance to be complicated and unnecessary, 
but when working properly, it is a very easy one to 
handle, and savings effected are many time the cost of 
using it. By watching the boiler-room log sheets, the 
recording gage sheets, the saving in fuel has been over 
50%. The fuel consumption per KW.-hr. was reduced 
from an average of 6.5 lbs. per KW.-hr. to 3.1 lbs. per 
KW.-hr., and better service is obtained with less labor. 
By examining the monthly reports the leaks can be 
located and eliminated, and the cost of operating the 
plant can be reduced to a minimum, 

There are up to the present time 2,120 lamps in ser- 
vice. There will be by the end of next year 2,350 lamps. 
There have been installed in the past three months 110 new 
lamps. There will be about 25 more lamps installed by 
the end of the year, which will leave 125 more to be 
installed as soon as possible or as soon as the lines are 
built. The cash cost per lamp from the first of July to 
the end of the year will be approximately $13.10. This 
includes the new improvements. Half the cost of the 
new improvements should be charged to the plant ac- 
count and the other half to operation, as they displaced 
old machinery. This will bring the actual cash outlay 
per lamp to $10.20, or an approximate gross cost of 
$49 per lamp per year. This will be reduced considerably 
next year, as a great deal of the expense this year will 
not be necessary and the improvements will make a much 
greater saving and there will be a greater number of 
lamps in service, with very little additional expense con- 
nected with the operation and maintenance. 
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FUSE-BOX TO REPLACE RAILWAY CIRCUIT BREAKERS. 


The management of many street railway lines 
have found that the ease with which the motor- 
man could replace the car-type of overload cir- 
cuit breaker was undesirable for proper oper- 
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FUSE BOX FOR STREET CARS. 
Westinghouse Electric & Manufacturing Co., Pittsburg. 
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ation of the car. To satisfy the demand for a 
simple fuse, giving certain extinguishment of the 
arc, the Westinghouse Electric & Manufacturing 
Co., of Pittsburg, has designed and is selling the 
magnetic fuse box shown in the accompanying 
figure. 


The general design of this fuse box is similar 
to that of a street car circuit breaker in that it 
has an all metal case with the live parts entirely 
enclosed. It is intended to be placed under the 
car. The main current is carried by a short 
copper strip extending down from the terminals 
in the form of a loop. This loop passes through 
an arc chute which is supported inside of lami- 
nated punchings, thus providing an efficient 
magnetic blowout. The blowout is produced by 
the ribbon itself without any exterior coils what- 
ever, aS a Single turn of the ribbon through the 
iron circuit provides ample magnetism to blow 
out the arc formed when the ribbon melts. This 
fuse box will carry 400 amperes continuously 


CENTRIFUGAL-PUMP FIRE-BOATS.* 


By CHARLES C. WEST. 


The modern fire-boat has become a necessary adjunct 
to the fire department of sea, lake or river cities, and is 
viewed by underwriters as an important factor in de- 
termining insurance rates. Not only is the fire-boat a 
necessity for the extinguishing of fires along a water 
front or for protecting shipping but it is now rapidly 
coming into use as an auxiliary water supply to the 
municipal pumping plants in cases of large or danger- 
ous conflagrations. The pressure maintained and the 
volume supplied by the ordinary water supply system 
of the average city is insufficient in extreme cases and 
most of the large cities are now installing the system 
of water mains drawing their supply directly from the 
water front. 


of this high-pressure main system has been demonstrated 
and when these mains finally extend some distance in- 
land, as they some day will, there will be higher pressure 
and more capacity required of the pumps on the fire- 
boat. 

The City of New York has lately opened some high- 
pressure pumping stations on different points in the 


while the fuses are rated 
and are 50 con- 
structed that they will blow in 80 seconds on 


without overheating, 
at from 250 to 600 amperes, 


100% overload. New fuses may be readily in- 
serted by turning the insulating handles on each 
side of the box without opening the case or using 
any tools whatever. For the purpose of repairs 
the sheet iron front of the box may be readily 
removed. .The arc chute is a single piece and 
may te readily and cheaply replaced. This fuse 
box, while intended primarily for street cars, 
may be used on industrial motors wherever en- 
closed fuses would be unsuitable for any reason. 
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SEPARATION OF GRADES OF CITY STREETS at a 


crossing is proposed at 42d St. and Fifth Ave., New 
Yo-k City, and the plan has been favorably reported 
upon by the engineers of the Board of Estimate and 


Apportionment. The crossing is one of the busiest in 
the city, and it is nccessary to stop traffic on first on. 
street and then on the other, alternately, to prevent 
accidents. At present, Fifth Ave. approaches the cross- 
{ng from the south on a down grade. It is proposed to 
alter this grade so as to carry the avenue over 42d St., 
on which change of grades will also be necessary for 
a considerable distance. The total cost is estimated at 
about half a million dollars. 


Plan. 
PLAN AND PROFILE OF FIREBOAT “JOSEPH MEDILL.” 


Machinery 


water front for fire protection, consisting of multiple- 
stage centrifugal pumps operated by electric motors. A 
good fire-boat with its shore connections accomplishes, 
of course, the same purpose. The commercial advantage 
which almost always causcs a business congestion near 
a water front demands ample protection and therefore 
the size and capacity of flre-boats have grown with the 
cities. 

Owing to the comparatively temporary nature of Amer- 
ican building construction, the flire-boat has been de- 
veloped in the United States more rapidly than in for- 
eign countries, and to-day the boats of largest capacity 
are to be found over höre. In the design of a fire- 
boat, local conditions are of course of importance in do- 
termining such considerations as speed, ice-breaking and 
maneuvering qualities, etc., but in view of the fact 
that a fire-boat is merely a self-propelled pumping 
plant, Interest centers in the pumps and the many fit- 
tings not common to other craft. For years there has 
been little difference in the great number of fire-boats 
built in all parts of the country. In most cases iden- 
tical pumping machinery was used, differing only in the 
n umb r of units installed. These units consisted of 
double- cylinder, vertical, inverted reciprocating pumps, 
each unit having rated a capacity of about 3,000 gals. 
per min. 


*A paper read at the sixteenth general meeting of the 
Society of Naval Architects and Marine Engineers, held 
in New York, November 19 and 20, 1908. 

{Manager, Manitowoc Dry Dock Co., Manitowoc, Wis. 


The absolute feasibility and practicability . 
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In order to get a smooth nozzle stream and sufficient 
pressure and have the pumps contained in the limited 
space offered by an ordinary bull, it was necessary to run 
these pumps at an exceedingly high speed. As a conse- 
quence, however, the strains on the machine were enor- 
mous, in addition to which was the ever-present danger 
of valve trouble. The reciprocating pump, however, has 
served its purpose creditably, but the demand which 
has come for higher pressures makes its future adoption 
questionable. . 

The development of the centrifugal pump of the multi- 
ple-stage variety is comparatively recent, and the ad- 
vent of the steam turbine has aided in its adoption owing 
to the high speed obtainable. In the boats equipped 
with turbines and two-stage centrifugal pumps in use at 
the present time, there has been no difficulty in obtain- 
ing higher pressures than are possible in the recipro- 
cating pump. This pressure can be easily increased by 
increasing the number of stages with no effect on th2 
structure or working of the pump. 

The turbine used so far in operating these centrifugal 
pumps has been the horizontal-impulse type. While this 
type possesses the advantage of being more compact 
than the reaction turbine, it is also claimed by the 
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Exciter : 


builders that it can be started without being warmed up. 
a performance said to be dang:rous in the reaction tur- 
bine owing to the Hability of warping the spindle. 

In the opcration of fire-boats of late years the latest 
practice has been to use hose lines less and discharge tha 
streams either directly from the boat from stationary noz- 
zles or, as before mentioned, into underground water 
mains. With the powerful streams now at the com- 
mand of the firemen, it is of course necessary that the 
huge nozzles used be not only fixed to the boat but also 
mechanically operated. This is done either by affixing 
them to towers, to tops of deck-house or to platforms. 
Hose connections are made either with the bulb tur- 
rcts illustrated herein or by quick-opening valves on the 
sides of the deck-houses. 

Inasmuch as the interest in a fire-boat centers in 
her pumps, and as the turbine centrifugal pump and out- 
fit represent the latest practice in this line, the writer 
gives the result of a test made on the first of the two 
9,000-gal. boats designed by Mr. W. I. Babcock for the 
city of Chicago and just delivered to them. This boat is 
shown in the accompanying figures. 

The gen ral dimensions of these boats, the Joseph 
Medill’’ and the Greme Stewart,“ are: 

Length over all, 120 ft. 

Length of keel, 109 ft. 6 ins. 

Beam, 28 ft. 

Depth, 15 ft. 

Displacement, 500 tons. 

Draft, 9 ft. 6 ins. mean. 


December 3, 1908. 
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In the plans it will be noted that a unique propulsive 
scheme was used. The main pumping and power ma- 
chinery consisted of two 660-HP. Curtis turbines direct 
connected to 200-KW., direct-current generators and 
two-stage centrifugal pumps. The generators served to 
provide current for the propelling motors which are of 
the variable-speed reversing type. There are two pump- 
ing-gencrating sets in each boat, and twin screws. In 
going to a fire the pump impellers run dry. Control of 
these motors is possible by rheostats in both the pilot- 
house and engine-room and in the test the captain easily 
handled his boat without the aid of the engineer. Steam 
was supplied by two two-furnace Scotch boilers, 11 ft. 6 
ins. long by 12 ft. 6 ins. diameter; 1,910 sq. ft. heating 
surface in each boiler and 42 sq. ft. of grate surface. 
Forced draft is provided on the closed stoke-hole system. 

In the Chicago River, where these boats are to be 
used, most of the old center pier bridges have been re- 
moved and it is necessary at times for a fire-boat to 
maintain itself in the middle of the river. On this ac- 
count mooring spuds operated by steam gear were 
adopted. 

As shown in the drawings the principal water outlets 
consist of two monitor nozzles placed on a platform di- 
rectly above turrets on which are the hose connections. 
The pumps, though usually run singly, can be com- 
pounded, and a nozzle pressure of over 300 lbs. was thus 
obtained on the test with a resultant capacity of about 
5,000 gals. per min. 

In connection with this boat, the results of an eight- 
hour endurance test may be of interest. Owing to the 
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Coal buried, o 1 3,310 Ibs. 
Coal ‘burned, per sa. ft. G. 8. per her.... 39.4 lbs. 
Feed. water. 10s: Dar Bia ies ccncwidarescoveess 23,750 
Make-up Water, lbs: per hr. 2,206 
Steam consumption: 
Steg - türbines ne n 21,544 
Water rate turbines, lbs. per hr. per B. HP... 18.4 
B: RE» per Ba. 06/08 Th . ⁵o˙ » 14 
Coal. Ihe. per B. HP: Der Bis. zcii ennie 2.82 


*Roiler gages are placed in engine-room over switch- 
board. This would probably account for the small drop 
in pressure between boiler and turbines. 


Because of the unusual character of propelling ma- 
chinery, some items in connection with th2 trial-trip 
performance may be of interest. The boat was run over 
a course from the Manitowoc breakwater to a point op- 
posite the brcakwater at Two Rivers, Wisconsin. The 
two breakwaters are very nearly parallel and the course 
as measured from the Government charts is 5½ miles. 
The time of start and finish was taken, and readings of 
r. p. m. and switchboard were taken at 5-min. intervals. 
The results follow: 


TIRE. FoR Heche waka baw gaaudae cs waa kanes oes Oct. 30, 1908. 
Pie r!x0p] ]§ öy³ 544 miles. 
D.. l 28.25 min 
Speed (statute mi. per hr.))))) 1T 
R. PM... starboard: wat case’ 179 
RR. P; M port aner soe tae ioes 178 
HP. developed: 
Motors. Naber! cis cxeuwecenss 203 
Motors. DOM sc san 8-46. a4 OhiEG ene eeeen 166 
Output of generators, starboard.......... 181 
Output of generators, porũttt.. 223 
Motor efficiency, starboar ld 91.0% 
Motor’ efficiency, port.. 91.8% 


FIG. 2. THE CENTRIFUGAL PUMP FIREBOAT “JOSEPH MEDILL.” 


late date at which the test was held, it is impossible to 
work up the test in more detail, but the data given show 
the average performance of the machinery during this 
run. 

NOTES ON EIGHT-HOUR ENDURANCE TEST. - Coal 
consumption was measured by leveling bunkers before and 
after test and estimating the weight from the cubical con- 
tents, the weight per cu, ft. being determined from sam- 
ples. Feed water was run through a hot-water meter and 
measured, and the meter afterwards calibrated. The 
make-up feed which measured the steam consumption of 
the auxiliaries was also metered, and this reading, de- 
ducted from the total water used, gave the steam con- 
sumption of the main turbines. Pressures at the nozzle 
were measured by a Pitot tube held in the stream. 

A few summarized items of the test follow: 


FU ²˙ rc ty Peet Teen EE ioe eas oi Oct. 28, 1908. 
Duration Of ruiuiunn . 8 hours. 
Barometer 5. eae Y 29.53 ins. 
Revolutions. 
Turbine, starboard .......--ee++e5es N T a ee 
Turbine, port. LCE l EE 1,634 
Circulating pump ........++.. iw de ie ty n 285 
Dry vacuum pump D Te Te eT eee 123 
Blower engine ee ee S 537 
Pressures. 
Boiler pressure,“ starboard.......-.-+:+++e+: 156.8 lbs 
Boiler presure, porte. 156.5 Ibs 
Main steam at turbines, starboard...........- 156.5 lbs. 
Main steam at turbines, port. sasaae hoa Tbe 
Condenser vacuum gage wy cate wee 0 27.3 ins 
Draft gage in flre-rooù tn.. „„ O88 ins 


Centrifugal fire pumps, starboard. .157.5 


Pressures, port 157.0 157.25 Ibs. mean. 
Nozzle pressure, star board 101. 

Nozzle pressure, port. 101.0 101. 15 lbs. mean. 
Number of nozzles ........ A ù 2 
Diameter of nozzles .....--. ETET ee 4 ins. 
Gals. water discharged per nozzle per minute. 4,800 
Gals. total boiler discharge per minute...... 9,600 


Gals. total boiler discharge per hour.........576,000 


Water HP. of pumps, each..........seeeee . 442.5 
Water HP. of pumps, total. r .0 

B. H. P. turbines, total........ CCC 
„% · wanes O0Q00 Lie 


The data obtained from the foregoing test shows not 
only that the centrifugal pump is a more powerful and 
rellable machine than the old type but also that the 
greater economy of the turbine outfit makes it possible 
to do more work with about half the boiler capacity. 
Comparing the water rate of these turbines with that 
of a high-pressure pump taking steam for almost full 
strokes demonstrates the fact that there is probably no 
boat afloat of the same size that has the pumping ca- 
pacity of the ‘‘Joseph Medill.” 

While the guaranteed capacity of the boat was 9,000 
gals. per min. the 8-hr. endurance test showed an aver- 
age delivery of 9,600 gals. As may be surmised, the 
builders ran the test with the idea of fulfilling their 
contract and not to make a record. It is safe to say 
that this boat, if crowded, will deliver between 10,000 
and 11,000 gals. per min. at 150 lbs. pressure. 
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THE OLDEST IRON SHIP IN THE WORLD.* 
By HENRY PENTON.+ 


Sixty-six years ago there was dragged across the 
mountains from Pittsburg to Lake Erie the material out 
of which was constructed what is now, and has been for 
some years, the oldest iron ship in the world. The trip 
was not then, as now, a matter of a ‘few hours when 
over the same route all the ore necessary to produce this 
entire ship is transported in half a day and in a few 
cars. One of the ore trains of the present day indeed 
carries enough ore in its 80 50-ton cars to produce the 
material for four such ships. But at that time neither 
the ore nor the trains were dreamed of. The ship had 
rounded out a decade of service before the first shipment 
of ore came from Lake Superior. But the plates and 
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*A paper read at the general meeting of the Society 
of Naval Architects and Marine Engineers, New York, 
Nov. 19 and 20, 1908. 
Engineer and Naval Architect, 
Bldg., Cleveland, Ohio. 
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angles, bars and beams, bolts and rivets, forgings and 
castings, were all gotten out at Pittsburg, laboriously 
transported across the mountains and dumped at the 
hamlet of Erie on the shore of the lake, and out of them 
grew the U. S. Man-of-War “Michigan,” which since 
that time has continued to be the whole United States 
Navy on the Great Lakes, where treaty obligations re- 
strict naval representation to one ship on each side. 

Few people are now living who even remember her 
launching and probably none who took any part in her 
construction. She does not amount to much, judged by 
modern standards, but that she was a fine ship in her 
day we may well believe and she answers her purpose 
to-day just as well as then. This purpose is almost en- 
tirely confined to putting in an appearance at the chief 
lake ports during the season of navigation to enlist 
recruits for the newer and bigger ships of the modern 
navy and acting as drill-master at the annual summer- 
practice maneuvers of the naval militia of the lake 
states. Even the firm who built her, Stackhouse & Tom- 
linson, of Pittsburg, has passed away. Many a naval 
officer who has risen to high rank, and in his turn 
has passed away, at one time or another stood his watch 
on her decks or snored away his watch below on the 
“Michigan.” But the old ship still survives, though 
the Act of March 3, 1905, which authorized two battle- 
ships, appropriated her name for one of them and re- 
named her the “Wolverine.” There is no reason why, 
barring accidents, she should not still be in service at 
the end of her century. 

In the navy list she is rated as an unarmored, un- 
protected cruiser, with a water-line length of 165 ft.: 
beam, 27 ft.; displacement, 685 tons; I. HP., 365; speed, 
10.5 knots (12 statute miles); coal endurance at 10 
knots, 2,240 knots or 224 hours; bunker capacity, 100 
tons. She does not cut much of a figure alongside the 
new “Michigan” recently launched, with a length of 450 
ft., beam 80 ft.; displacement, 17,600 tons, 16,500 HP. 
and 18% knots speed. The eight 12-in. guns alone of 
the new ship would sink the old, even if she were light- 
ened of all her machinery, coal and stores. A quarter 
of the new ship's coal supply would do the same thing. 

Each, however, represents the most advanced type of 
naval construction of her time. But what changes have 
taken place since the old ship took her fifst dip in the 
waters of Lake Erie! The famous “Hartford,” a wooden 
ship, Admiral Farragut’s flagship at New Orleans, was 
not built until the “Michigan” was 15 years old. About 
the same time the British and French three-deckers 
were hammering away at the walls of Sebastopol. She 
was a veteran when Ericsson's ‘‘Monitor’’ threw all the 
navies of the world into the junk-pile, and many and 
many a generation of fighting ships have come and 
gone since then. She was 40 years old when the first 
ships of our so-called new navy were authorized and 
they have been gone long years since. Her iron con- 
struction was a novelty in naval work, and for years 
afterwards the United States continued to build wooden 
ships for its navy, including the famous ‘‘Kearsarge,”’ 
which was built 20 years after the Michigan.“ Even 
the Constellation,“ a ship that shares the honors of 
the old sailing ships of the navy with Old Ironsides, did 
not come until 1854. 

The Michigan“ has been a noted ship in other ways, 
too. Much of our steam engineering knowledge is based 
upon the early experiments on expansion of steam, super- 
heating, steam-jacketing, condensation, etc., carried out 
on her by B. F. Isherwood, afterwards Engineer-in-Chief, 
U. S. Navy, when attached to her. The value of those 
experiments, and the theories deduced from them, to 
the world at large are beyond computation and they are 
to this day quoted as authority. 

The engines are of the simple inclined type with two 
cylinders 36 ins. diameter, 8 ft. stroke and, although of 
an antiquated type and despite their age and service, 
their condition is stated in the Bureau reports to be 
good, while that of many of the comparatively new ships 
is reported as “fair” or “condemned.” They are suffi- 
cient for the service required, however, and it is doubt- 
ful if even modern designs would be any more satisfac- 
tory for the limited duty. An old and rare work, en- 
titled “A Treatise on the Marine Boilers of the United 
States,” published in Philadelphia in 1851, supplies much 
interesting information regarding the “Michigan” in 
early years; she was then considered a remarkable ship. 
From this it appears that the original paddle-wheels 
were 21 ft., 10 ins. in diameter and had each 16 pad- 
dles or buckets. Each bucket was 7 ft., 6 ins. long, in 
two parts and 25 ins. wide, also in two widths of 15 
ins. and 10 ins., or four sections to each bucket. The 
dip of the wheels was 32 ins. and the maximum r. p. m. 
22. The draft of water was 7 ft., 8 ins. The boilers 
were of the “box” type, 8 ft., 6 ins. wide, 19 ft. long 
and 9 ft. high and the working steam pressure. was 15 
Ibs. per sq. in. This book also shows drawings of the 
boilers. These old boilers were of course long since 
obsolete, and were replaced by others of a modern type, 
at which time new paddle-wheels of smaller diameter 
were also fitted. The draught is also increased to 9 ft., 
no doubt partly due to the increased boiler weights and 
partly to increased coal capacity made possible by 
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shorter boilers. As originally built the ship was bar- 
kentine rigged, but a number of years since this was 
discarded and a schooner rig substituted. But the hull 
and engines and most of the equipment, except arma- 
ment, remain as they were built 66 years ago. 

A Cleveland paper has suggested that the old ship be 
sent as a transport of honor with the Michigan dele- 
gation who will probably bear the customary silver ser- 
vice to the new “Michigan,” and that sending her back 
be forgotten and something more modern be sent to 
take her place. There is not much likelihood that the 
old ship will ever float on anything but fresh water 
since she cannot get through the canals without dis- 
mantling her paddle-boxes and wheels, and entirely aside 
from the fact that she is of just as much service to the 
country as a newer and more modern as well as a more 
costly ship would be, we hope there is enough sentiment 
among us to keep the oldest iron ship in the world in 
service as long as she will hold together. We are called 
& practical people without any regard for that which is 
old even when fully as serviceable as the new yet we 
have spent and continue to spend a lot of money on 
our Old Ironsides for sentimental reasons alone. The 
“Wolverine” has not only a sentimental value, but she is 
in active service and has done what the “Constitution” 
never did—she has contributed much to material prog- 
ress. She is likely for many long years to come to make 
tangible returns for the money spent on her. The most 
graceful thing the Navy Department can do and the 
greatest compliment it can pay, not only to the old 
ship herself but to our neighbors across the line, is to 
continue her in commission. We do not necd, and it 
is to be hoped we will never need, a ship of war on 
the Great Lakes; our friends maintain none and a 
newer and more offensive ship would be merely a gratu- 
itous evidence of mistrust. 
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A COMPARISON OF THE THIRD RAIL AND SINGLE 
PHASE SYSTEMS OF THE NEW YORK CENTRAL 
AND NEW YORK, NEW HAVEN & HARTFORD RAIL- 
WAYS. 

The leading article in the “Bulletin of the In- 
ternational Railway Congress” for November is 
a paper by M. E. Uytborck, an engineer of the 
Belgian State Railway, entitled “Notes Taken 
During a Journey of Inquiry in the United States.” 
M. Uytborck’s studies appear to have been al- 
most wholly devoted to recent American practice 
in the electrification of steam railways. He de- 
votes chief space to a description of the systems 
installed on the New York Central and New 
York, New Haven & Hartford railways, for their 
passenger lines entering New York City, although 
he also gives attention to the Pennsylvania Rail- 
road’s Atlantic City line and to a single-phase 


interurban line between Pittsburg and Butler, 
Pa. 


There has been so much discussion concerning 
the relative merits of the two competing sys- 
tems of electrification, that it is of much Interest 
to learn the opinions reached by an independent 
engineer after careful examination of the two. 
We therefore reprint below the summary of 
conclusions reached by M. Uytborck. 


It now remains for me to criticize and compare the 
systems adopted in the four electrifications which have 
just been described. 

We must remember that an electriflcation must be 
considered not only from the point of view of the extent 
of the district which is to be electrified, but also from 
that of the present and future magnitude of the traffic 
and of its nature. As the voltages which can at pres- 
ent be attained with perfect safety are somewhere about 
70,000 volts, and as these tensions allow the energy 
to be conveyed without serious loss to places at least 
62 miles off, it must be admitted that the question of 
comparing the relative sizes of the districts to be elec- 
trified is at present of secondary interest, as all the 
systems considered would enable such district to be ex- 
tended to beyond the Iimits generally desired. 

It is thercfore more convenient to use another im- 
portant factor in differentiating these electrified lines, 
namely the traffic. f 

Three cases arise: (1) the traffic is actual, existing 
lines are electrified; (2) the traffic is latent, two centers 
between which there is already an interchange of traffic 
are connected by a new line; (3) the traffic has to be 
created, the new line runs through a region which has 
no means of rapid communication with the neighboring 
business centers. 

The engineers who have to solve electrification prob- 
lems, too often neglect to attach sufficient importance 
to this factor of traffic, which, in my opinion, is tn most 
cases the determining factor in selecting the system of 
electrification. 

The reasoning frequently adopted is as follows: the 
district to be electrified extends over a great many kilo- 


meters; it therefore cannot be thought of supplying, 
over such a distance, continuous current to the cars, and 
equipping a large number of sub-stations. 

Is it not human, when science has discovered methods 
enabling electric encrgy to be transmitted over great dis- 
tances, to extend the use of these methods to cases which 
could have been solved more economically by methods 
previously known and used? Do we not all know in- 
stallations where three-phase transmissions and distri- 
butions are used, without special reason, when con- 
tinuous-current distribution would have been cheaper? 
Have we not seen certain installations with high-ten- 
sion transmission, wh re continuous current at 250 volts 
would have done all that was necessary? There is no 
doubt there is a current of ideas, a fashion in electro- 
technics, a fashion which is to be distrusted as it tends 
to give preference to a solution for the simple reason 
that it is new, and that some installations so equipped 
have been working well. 

The two first electrifications we have considered, the 
New York Central and the New York, New Haven & 
Hartford are instances of what has been called the elec- 
trification of railway main lines, and it is very interest- 
ing to compare these. It is here a question of a traffic 
which exists, of a very busy traffic consisting chiefly 
of numerous and heavy passenger trains, both express 
and ordinary. 

We know that overhead conductors are not advisable 
for supplying powerful continuous currents, and that as 
a rule, a third rail (of steel) is laid along the track for 
supplying the current. On the other hand, as regards 
high-tension and alternating current, ov rhead conduc- 
tors alone nced be considered. It may then ba asked, 
leaving all the other factors out of consideration, what 
system is best suited for the main lines of a railway? 

A first point to consider is the difficulty which arises 
in the case of overhead conductors, when it is desired 
to increase the number of tracks of the same lin: for 
it is desired, on the one hand, to make the wires from 
which the current is taken, as independent as possible, 
and on the other, to reduce the number of supports 
which such wires require. The cost of overhead con- 
ductors is much greater at curves; and when an exist- 
ing line is electrified it may be said that every individual 
constructive work requires a special modification of tha 
arrangement adopted on the open track. The third rail, 
on the other hand, is laid anywhere with equal ease. If 
a track is to be shifted, its third rail can b2 shifted 
simultaneously and the op ration takes but little time 
If a third rail has to be replaced, it can be replaced as 
quickly as a track rail. Can the same be said about 
overhead conductors? Certainly not. 

It must however be admittcd that the presence of a 
live rail at track-level entails a certain amount of dan- 
ger; but as regards the supply of current by overhead 
conductors, can this be carried out without employees 
having, by the very nature of their duties, to come near 
to the high-tension conductors? On the New York, 
New Haven & Hartford Ry. there have been ten fatal 
accidents on the line, whereas on the New York Cen- 
tral, owing to the third rails being protected on the 
Wilgus and Sprague system, there has been but one 
fatal accident. 

Finally, what system is to be preferred should a seri- 
ous accident take place within the electrified zone, the 
overhead system or the third rail? When there are 
several parallel tracks, it has generally been considered 
advisable to support the different wires over the four 
tracks by one common support. If a derailment occurs 
on one of the outer tracks, there is no doubt a certain 
risk of one of the supports being knocked over, and this 
would stop the working on all the lines; it is even possi- 
ble that all the poles, up to the nearest anchorages, 
would become twisted or bent. How much time would 
the repairs after such an accident require? In the case 
of the third rall, the objection may be raised that there 
would be a risk of setting fire to the derailed rolling 
stock, by short-circuiting the third rail and the running 
rails. This is a possible case, but generally the short- 
circuit would be momentary and the automatic cut-off 
would act at once. We have shown in the first part of 


this article that a suitably-protected third rail is hardly 


a source of danger even to strangers walking about on 
the track. 

On the other hand, however, strongly an overhead 
line may be constructed, a contact wire may break. If 
catenary suspension is used, the ends of the broken wire 
will not reach the ground but will remain suspended. 
If a train or automotor vehicle running at high speed 
then arrives, the collectors will be torn off and the over- 
head system seriously damaged. There is also another 
possibility: as the high-tension tractors are generally 
equipped with two collectors, any weakness in the over- 
head system may occasion the fracture of the contact 
wire when the first collector passes; the broken wire 
will certainly tear away the second collector. This Is 
mentioned to meet the objection that certain appliances 
could inform the nearest signal cabin when a contact 
wire is broken, and that the cabin could then stop, by 
means of signals, a train before arriving at the point 
where the fracture occurred. 

I have mentioned all the possible points of comparison 


between the two systems of supplying current. In my 
opinion, it is scarcely doubtful that, in the future, more 
extended applications of the third rail will be made, 
overhead conductors being confined to new secondary 
lines where separate supports are provided for the two 
tracks and where the constructive works which will be 
necessary can be designed so as to leave available th: 
space required for the conducting wires. This is the 
case of new lines to be electrified which are not of the 
character of railway main lines. 

What is to be selected when electrifying railway main 
lines, continuous current or monophase current? This 
is a very controversial question over which much ink 
has already been spilt, and more will yet be spilt. 

It will be convenient to review the advantages and 
the disadvantages of the two systems; we shall then be 
in a position to draw our conclusions. 


(1) STAFF, MATERIAL, COST OF MAINTENANCE 
AND OF SUPERVISION. 


In the case of monophase current, the high-tension 
energy cannot be taken direct at the voltage of the cen- 
tral station except within a certain distance. If it is 
desired to exceed this distance, the tension must be 
raised for the transmission and reduced for the distribu- 
tion. The efficiency is thereby appreciably reduced. The 
transformers for reducing the tension can be placed under 
shelter, and the presence of attendants can be dispensed 
with. 

In the case of continuous-current distribution, more 
important buildings are required for the transforming 
apparatus, there being an extra appliance required: a 
rotary converter converting the alternating current gen- 
erated at the central station into continuous current. 
In such sub-stations therefore, the pr-sence of a staff 
is Indispensable; but it must be admitted that at most 
sub-stations, one employee only is required for the su- 
pervision and for carrying out any operations n-ces- 
sary. If the sub-station is very large, there is always 
the resource of equipping th2 different switches so that 
they can be controll:d from a distance and of thus re- 
ducing to a suitable amount the duties of the electri- 
cian in charge. 

In the electrification of the New York Central, the 
Cuties of the substations are carried out by one man, 
and the average distance between substations is 6.2 
miles. 

L:t us compare this staff with that required on the 
11,000-volt monophas? line of the New York, New Haven 
& Hartford an interesting comparison, for it is often 
thought thit on monophase railways, no staff is required 
for the distribution of the traction current. 

On the New York, New Haven & Hartford, at every 
2 mi. is a switch-bridge, the appliances of which act as 
s tional cut-outs and automatic cut-outs.* In the signal 
cabin nearest to the switch-bridge, there is an employee 
charged with the supervision of the switchboard for 
controlling from a distance th? cut-outs of that bridge. 
Instead of having an electrician every six miles as in 
the case of continuous-current distribution, an elec- 
triclan has to be at every two miles in the case of mon- 
ophase-current distribution. It may be objected that in 
the latter case, the work the employee has to do is much 
less than in the former, and that he can even attend 
to these duties in addition to others; for instance, hose 
of a signalman. That is quite true as far as the ordinary 
signaling systems are concerned, but it no longer applies 
if an entirely automatic block-signaling system is uscd, 
without the intervention of any signalman; and such sys- 
tems are being applied more and more in the United 
States. 

The comparison which has just been made requires no 
criticism and is entirely in favor of continuous current. 

It cannot be dented, on the other hand, that the cost 
of supervision and of maintenance of tha equipment of a 
continuous-current substation {s greater than that of 
a monophase-current substation. To the equipment of 
the line we must add automatic cut-outs if any, the 
transformers for control from a distance, etc. This ad- 
dition to the equipment of the substations is of consider- 
able importance from the point of view of working ex- 
penses. 


(2) EFFICIENCY OF THE POWER TRANSMISSION, 
FROM THE GENERATING STATION TO THE 
VEHICLES. 


The efficiency of the transmission from the generating 
station to the vehicle is indisputably lower with the 
continuous current than with the monophase current: 
(1) because there is an additional transforming appa- 
ratus, that for converting alternating/current into con- 
tinuous current (in most cases: rotary converters); (2) 
on account of the rather low efficiency of these appli- 
ances under low loads; (3) on account of the greater 
losses admitted in the conductors transmitting the energy 
to the vehicles. It is not rare to see the efficiency of 
the transmission (measured from the bars of the central 
station to the vehicles) fall to about 60%, when the 


We cannot conceive working a railway main line with- 
out the use of appliances of this kind; for it would not 
be possible to allow any defect in the insulation of or 
any accident to the overhead line to paralyze the work- 
ing on all the lines of a section. 
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traffic is not very dense and when the substations are far 
apart. 

An objection generally raised against substations for 
converting alternating current into continuous current, 
is the fact that the machines must run light most of 
the time, and then be able at certain moments to supply 
enough power for two trains crossing each other within 
the district fed by the substation. It seems to me that 
the static transformers of a system of traction by alter- 
nating current work under similar conditions, the amount 
of loss being evidently less. 

We would make a remark here, from the point of view 
of the traffic: when any zone is electrified, it is as a rule 
necessary to provide, on the one hand, for express trains 
which run beyond the electrificd zone (these trains will 
in many cases be hauled by steam); on the other hand, 
provision must be made for the circulation of local mul- 
tiple-unit trains which, by their frequent stops and by 
thelr large numbers, form as a rule the chief part of the 
load of the substations. At the beginning of an electri- 
fication, very often the trains hauled by steam locomo- 
tives are replaced by trains hauled by electricity. This 
way of operating gives rise to very varying loads at the 
substations. But after a certain time, giving way to the 
requirements of the public, long trains at long intervals 
are replaced by short trains at short intervals, and this 
way of Operating local lines, while it is very favorable 
to the maintenance of a uniform load at the substation, 
is assuredly the best for getting hold of all the traffic 
available. 

Let us assume, as an example, that we electrify the 
Brussels-Antwerp line. Everything seems to show that 
this line should have trains running every ten or fifteen 
minutes, the trains consisting of three or four cars in 
the busy hours and of one or two cars at other times. 
Under these conditions, the load of the substation would 
vary less, and the mean output would increase during the 
busy hours and on festivals. At those times which can 
be foreseen in advance, one or two extra transformer sets 
can be started. 

When alternating current is used, is there the same 
flexibility and the same safety? Yes, if there is an at- 
tendant at the substations. 

If the monophase-current stock as at present con- 
structed, had the same qualities as the continuous-cur- 
rent stock, that is to say, if for the same power it had 
the same weight, the same price and above all the same 
properties in starting, it might easily be conceived that 
ah enormous success awaits systems of traction by mono- 
phase current. 

The monophase-current stock costs more than the con- 
tinuous-current stock, not only owing to the greater 
weight of the equipment, but chiefly owing to the very 
many accessory appliances required, to be able to run 
either with monophase current or with continuous cur- 
rent, or at least with low-tension monophase current. For 
cases are rare in which high-tension monophase stock— 
and the use of monophase stock is not justifiable unless 
it is high-tension stock—can enter a town on the lines 
of urban tramways, or enter large stations, the shunting 
and sorting sidings of which extend into large goods 
yards. In a town or in goods yards, high tension is not 
permissible. If im the first case the solution by troliey 
wire under reduced voltage is possible, yet in the second 
case the third rail must be adopted, and this implies the 
use of continuous current. For in goods yards we can- 
not do away with cranes and travelers; and the use of 
these appliances requires a clear space above the cars, 
that is to say, that at such places there can be no over- 
head conductors for supplying current. 

Those who have had occasion to travel by monophase 
vehicles well recognize the slowness of their acceleration 
as compared with that of the continuous current motor. 
This is due simply to the fact that although considerable 
current is absorbed at starting, it must be limited in 
order not to overheat the windings, since, otherwise than 
in the case of continuous-current motors, couples are not 
produced which are proportional to the current. We 
know as a matter of fact that with alternating current, 
the power is not equal to the product of the number of 
amperes multiplicd by the number of volts absorbed, ex- 
cept In the cases where there is no phase-displacement of 
the momentary maximum valucs of these two quantities. 
It is more cspecially during starting that this phase- 
displacement, Known to electricians as cosine p. ma- 
terially reduces the usefulness of the currents in the 
monophase-current motors. In the continuous-current 
motors, the current is directly proportional to the 
couple and consequently, any heating of the motor is 
necessarily the result of current which has done useful 
work. This is one of the chief defects in monophase- 
current motors, but it must be admitted that it is a cap- 
ltal defect, as it is in restarting that trains making fre- 
quent stops chiefly consume energy. 

As I had the opportunity of making several runs on th2 
continuous-current locomotives of the New York Central 
and on the monophase-current locomotives of the New 
York, New Haven & Hartford, I am able to give here 
several interesting figures which speak for themselves. 

NEW YORK CENTRAL LOCOMOTIVES.—Weight of 
the locomotive, 95 tons. Weight of the train section with 
Which I traveled, 175 tons, 
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In the regular service when hauling trains of this 
weight at speeds not exceeding 50 miles per hour, the 
four motors are never connected in parallel, but the 
trains are operated by two series of two motors con- 
nected in parallel. 

When starting at the stations and when carrying out 
shunting operations with these trains at speeds not ex- 
ceeding 9 or 12 miles per hour, the third rail only sup- 
plies 500 amperes momentarily and 400 continuously, at 
600 volts. 

The locomotives are powerful enough to haul the heav- 
iest trains running on the line. 

NEW YORK, NEW HAVEN & HARTFORD LOCOMO- 
TIVES.—Weight of the locomotive, 87 tons. Weight of 
the train section with which I traveled, 105 tons, 

When starting at stations and when carrying out 
shunting operations with these trains at speeds not ex- 
ceeding 9 or 12 miles per hour, the third rail must-sup- 
ply, for the accelerations, continuous current of 1,800 
and 2.000 amperes at 690 volts! This excessive consump- 
tion of current is due to the high voltage for which the 
motors had to be equipped for monophase running, and 
to the very considerable amount of energy converted into 
heat in the resistances, As soon as a start has been 
made, the speed increases without modifying the position 
of the controller, so that it is necessary to cut off the 
current in order not to excced the speed required for 
the shunting operations. Running at low speed can only 
be effected by repeated starting operations. 

As regards monophase running, there is the same 
disadvantage at low speeds. When a locomotive has to 
travel light or is hauling a few cars for shunting pur- 
poses or for making up a train, the driver has to cut 
off the current very frequently in order to kecp the cars 
moving at a suitable speed. Thus the locomotive, when 
starting light, absorbs during 3 or 6 seconds 2,800 am- 
peres of alternating current at a voltage varying from 
320 to 520 volts; when starting with four cars the am- 
perage rises to 3,000 amperes. These figures, refcrring to 
monophase running, are of less interest, as neither the 
voltage nor the cos œ could be determined exactly. But 
they prove that in all cases, shunting operations are 
carried out by taking considerable quantities of energy 
from the central station several successive times, instead 
of requiring a moderate and continuous consumption of 
electricity such as it is possible to achieve with con- 
tinuous-current locomotives. l 

I have not laid stress enough on the fact, very im- 
portant economically, that the monophase locomotives of 
the New York, New Haven & Hartford are not powerful 
enough to haul heavy trains. 

It may be calculated that the New York, New Haven 
& Hartford, which has 30 locomotives, will have to order 
t bout fiftecn locomotives for double-heading. Taking the 
cost of each of these locomotives at $32,(00 at lowest, 
this represents an additional capital required of $480,000, 
representing, for interest and amortization, an annual 
expenditure of about $40,000, to which cost of repair and 
of maintenance has to be added. 

Is not this expenditure, which the New York, New 
Haven & Hartford Co. will be unable to avoid, sufficient- 
ly great to make monophase-current more costly than 
continuous-current operating? I havea very definite im- 
pression that the continuous-current system of the New 
York Central, which is already better (from the point of 
view of reliability) than the 11,000 volt monophase-cur- 
rent system of the New Haven, is also superior to it from 
the point of view of total working expenses. 

In my opinion, in the present state of electrical science, 
it is better, in the case of electric traction on railway 
main lines with much traffic, to use continuous current, 
and the advantage will be still greater if the already 
extensive applications of high-voltage continuous-current 
motors give the results which are expected. It seems 
that there is no disadvantage in allowing a third rail, 
carrying current at 1,000 or 2,000 volts, to be laid along 
a track, provided that this rail 1s properly insulated and 
protected; for the railway property is everywhere fenced 
off (in America, the legislature requires this to be done 
in most cases) and any cne trespassing on it is fully 
aware of the fact that he risks being run over by a 
train or electrocuted by the third rail. 


PITTSBURG-BUTLER LINE. 


This line, as we have seen, is equipped for monophase 
current at 3,000 volts. It belongs to the third class we 
have considered: traffic to be created. Inu this case, we 
have a line which no one would think of electrifying 
except on the monophase-current system. The traffic is 
necessarily so small when such an undertaking starts, 
and grows so slowly, that the system to be adoptcd must 
be such that the line can be operated cheaply during the 
first few years. That is certainly one of the most re- 
markable achievements in connection with electric trac- 
tion, and were it but for that we would have to feel 
grateful to the earnest investigators, such as Lamme, 
Eichberg, Latour, Finzi, who have worked out traction 
motors using monophase currents, which work satisfac- 
torily. 

I have stated that provision has been made to double, 


if the growth of the traffic made it necessary, the volt- 


age of the monophase current supplied to the cars, to in- 
Crease it from 3,300 to C, 600 volts. This, in my opinion, 


Will be the second stage in the system of traction to be 
used on this line. Perhaps in the future this line will 
become more and more important, and the traffic will 
grow to such an extent as to justify giving up mono- 
phase-current traction in favor of high-tension con- 
tinuous current. It may be asked whether it is with a 
view to this eventuality that most of the central sta- 
tions for monophase traction make use of a three-phase 
current distribution which makes it so easy to supply 
continuous current by means of rotary converters. 


PHILADELPHTA-ATLANTIC CITY LINE. 

This line belongs to the second class. It unites two 
centers between which there is already an important 
traffic, and it is expected that the greater comfort pro- 
vided for the passengers will attract some of the cus- 
tomers of the steam lines and even create fresh traffic. 

The local trains carry but few passengers: the ex- 
press trains are the important matter. The number of 
trains running at present can hardly be called con- 
siderable. 

The system adopted for this electrification, of continu- 
ous current at 650 volts, could evidently be a matter of 
discussion if no increase in the traffic were to be ex- 
pected, but it must not be forgotten that the traffic will 
increase very considerably, for the owners of the new 
line, the Pennsylvania R. R. Co., will in all probability 
abolish all the express trains running on the stcam line, 
and will find it more advantageous to handle this traffic 
by means of electric trains on the new line. We see 
that, in the future, the line from Philadelphia to Atlantic 
City will have all the characteristics of a railway main 
line, and that then, according to my conclusions above, 
the selection made, of continuous current at 650 volts, 
is a judicious one, for it is made with the intention 
that its character of a sccondary line in the near future 
will change to that of a main line. 

It is worth noticing that there are not many substa- 
tions; eight for a distance of 6S miles. 

My conclusion is as follows: 

On main-line railways, it is advisable to use con- 
tinuous current at a tension of 650 volts, or more if pos- 
sible. This eliminates overhead conductors and allows 
the use of the third rail, which alone ts possible in goods 
yards, where there are machines for handling goods. 

The use of high-tension monophase current must be re- 
served, in the present state of electrical science, to inter- 
urban lincs extending over long distances, and on which 
the traffic will always r:main comparatively light. 
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RAILWAY MAINTENANCE-OF-WAY.* 
By E. E. R. TRATMAN.+ 


A new railway, fully completed, 
in no part a permanent structure. The embankments 
settle, cuts slip, bridges decay or corrode, ballast is 
blown and washed away, ties decay, rails are subject to 
rust and corrosion, and the roadway tends to run to 
weeds and dilapidation. In addition, there are the de- 
structive influences of the traffic. The rails wear, jotnts 
and fastenings are loosened, tics are worn, ballast is 
crushed or disturbed, and the gencral line and surface 
of the track are distorted. Every train helps in the gen- 
eral destructive effect by its weight and its movement. 

With the construction work completed, three classes of 
work have to be considered for the future: (1) main- 
tenance, to keep the line up to the standard of its 
original condition; (2) repairs and renewals, to make 
good any defects and failures and the effects of wear 
and tcar; (3) general improvement (and partial re- 
construction) to bring the line to a higher standard in 
order to meet the increasing requirements of traffic and 
operation. 

The maintenance-of-way and structures absorb more 
than 20% of the entire operating expenses, and half of 
this is for the ordinary roadway repair work. In other 
werds, out of every dollar of operating expenses, 10 cts. 
goes for the everyday work on the sections. In the same 
way, out of every dollar spent on maintenance-of-way, 
from 00 to 75 ets. go for this everyday work. This in- 
cludes repairs to roadway, fences, cattleguards, Signs, 
crossings, ete., but does not include renewals of rails 
and ties. The total cost of maintenance-of-way, not 
including bridges and structures, ranges from $600 to 
£5,900 per mile each year. As a rule, there is very little 
visible result of the expenditure for ordinary mainte- 
nance. At the end of cach year the track is in about the 
same condition as at the end of the previous year, and 
most of the money and work has gone to keep the track 
in fair condition. 

The increase in strength and stability of track fol- 
lows far behind the increase in weight of locomotives 
and cars. In fact, one of the most difficult problems 
is the maintenance-of-way on a road where the con- 
ditions inelude light rails and scanty ballast, heavy loco- 
motives, fast trains, heavy traffic. and a limited allow- 
ance for the maintenance-of-way department. 

Some 20 or 25 years ago, the expenses for maintenance 


and renewal of track and structurcs averaged about 25% 


is in no sense and 


*Abstract of an address delivered at the annual meet- 
ing of the Roadmasters and Maintenance-of-Way ASSOr 
ciation, held at Milwaukee, Wis.. Nov. 10 to 12. 
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of the operating expenses, but the percentage was dimin- 
ishing. This reduction was due largely to the longer 
life of steel rails as compared with iron rails. It was 
not only in the lower cost of rail renewals, but also in 
such other related matters as the spike killing of ties 
and the general disturbance of the track which increases 
when rail and tie renewals are frequent. It seemed at 
that time that the maintenance expense would be reduced 
still further, as the steel-rail tracks when once put in 
good condition would require less work than the iron- 
rail tracks. The introduction of extremely heavy engines 
and cars (especially the engines), has put a new face 
on the matter. Even with good steel rails it is some- 
times a difficult matter to maintain the track in rea- 
sonably good and safe condition under the influences of 
the tremendous weights which it is required to carry. 

The only remedy is to use heavier rails of better qual- 
ity, with improved joints and fastenings, better tie 
supports, and a heavier bed of first-class ballast. In 
this way the proper relation may be restored between 
the track structure and the train loads which it carries. 
But to do this, the cost of maintenance and renewals 
must of necessity be greatly increased for a time. 

The cost of maintenance-of-way increases necessarily 
with an increase in the number of trains. It was pointed 
out by the late A. M. Wellington that a continually ad- 
vancing standard of maintenance is indispensable as 
the volume of traffic increases, and he estimated that 
the cost of each step towards perfection increases about 
as the square of the number of steps. A very slight 
expenditure suffices to maintain track in condition to 
carry one train per day. A slight additional expenditure 
suffices for two or three trains per day, and makes a 
great improvement in the condition of the track. With 
a traffic of 40 to 50 trains a day, a very large additional 
expenditure will be found necessary. or at least expedi- 
ent: but the visible improvement will be very small. 

The rails, ties and baiiast are the three principal 
elements in track construction. Only those with experl- 
ence in the maintenance department can realize the 
amount of work spent every week, month and year in 
keeping the rail fastenings secure. The spikes work 
loose and have to be driven home, the spike holes are 
enlarged by wear and decay. so that the spikes have to 
be drawn, holes plugged, and spikes redriven. This 1s 
a constant and continual work, without end and without 
any permanent result. The rail joint is another matter 
Needing continual attention. Bolts work loose, splice 
bars bend, and the joints get low. 

At curves, the fastenings to the ties are particularly 
deficient, in consequence of the severe and irregular 
stresses to which they are subjected by the lateral 
pressures of the wheel flanges against the rails. Tie- 
plates help somewhat, especially when provided with a 
shoulder to fit the edge of the rail. On the Pennsylvania 
lines it has been suggested that the outer rail of a curve 
should be laid on tie-plates having each a deep rib 
resting in a groove cut across the face of the tie. 
In this way the lateral pressure on the rail is re- 


sisted by the tie. This was actually practiced in 
Europe several years ago. The same result is 
accomplished in some steel ties used extensively 


tie-plate has a lug en- 
gaging with a hole in the tle. Thus the tie and tie- 
plate are mechanically locked together, and help the 
bolt in resisting the pressure. Ordinarily, however, the 
entire pressure is taken by the spike and the small area 
of wood against its back. 

But this is not all, there are switches, frogs and 
turnouts every few miles. These have numerous fixed 
and working parts, and operating mechanism, all to be 
inspected and kept in condition. Track crossings are 
less frequent but add to the general total. Again, there 
are numerous important accessory features. Ditches 
must be trimmed and cleaned to drain the roadbed. 
Road crossings and cattleguards, fences and signs must 
all be attended to. Then the road must be kept in good 
appearance by occasional policing. Weeds, grass and 
brush cut, ballast trimmed, and a general appearance 
of neatness maintained. All of this is included in ‘‘majn- 
tenance-of-way.”’ 

The problem of getting and maintaining competent 
section men and section foremen is a very serious and 
practical problem for the man in charge of the work of 
maintenance-of-way. 

Some roads have special gangs for the training of 
foremen, and this is a wise policy. 

Extra or floating gangs are sometimes employed for 
such work as fencing, renewing rails, putting in switches, 
ballasting, ditching, tile drainage, and general surfac- 
ing. Where a good ciass of labor is employed it is well 
to have all ordinary work done by the regular gang, and 
a good foreman and gang should be able to do ordinary 
switch work. The frequent appearance of the floating 
gang is apt to put the regular gang in the habit of ex- 
pecting to avoid heavy or special work. With the in- 
ferior labor now often employed, the conditions are 
somewhat different. and it has been suggested that it 
would be economical to maintain a floating gang of good 
men, provided with a comfortable boarding train and 
paid good wages. 


in Germany, where the 
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A system employed successfully by Mr. C. E. Bryan, 
some time ago, on the Ohio River Ry., provided for per- 
manent floating gangs, each consisting of 20 men and 
having charge of 30 miles of line. This left only the 
lighter class of work to the section gangs. The sections 
were 8 miles long, and each had a gang of four men 
(including the foreman). The gangs went over their 
sections daily (the trackwalker being dispensed with) ; 
they inspected the track, made light repairs, fixed 
fences, kept station grounds neat, etc. This had the ad- 
Vantage that the inspection was done under the eye of 
the foreman, and repairs could be made at once. The 
floating gangs did all such work as ballasting. renewing 
ties and rails, widening banks. ditching, ete. Under this 
system, the work of renewing rails, ballast and ties was 
carried on in 1900 without any increase in forces such 
as would have been required under the ordinary system. 
Each division was able to do all this work on about 
8 to 10 miles per month. 

One good way to forward the education of the foreman 
is to let him see what other foremen are doing. It is 
to be wished that more railways would follow the prac- 
tice of holding an annual inspection of track. and taking 
all the foremen of a division over the entire division. 


~~ ——— 


SERVICE TEST OF THE STEAMSHIP 


By PROF. C. H. PEABODY,; PROF. W. 
and MR. H. A. EVERETT. 7 


The attention of members is particularly called to the 
fact that this test was run under the conditions obtain- 
ing in actual service, no attempt having becn made to 
approximate the ideal conditions existing on the usual 
trial-trip runs. We are much indebted to Mr. R. Mc- 
Gregor, General Superintendent of the Metropolitan 
Steamship Co., for the personal interest he manifested 
in the test and for the assistance he freely gave. 

Observations were taken by Messrs. Young, Fisher, 
Hubbard and Davis, students of the Mechanical Engi- 
neering Department of the Massachusetts Institute of 
Technology, for thesis work; but the test was made 
under the direction of the Department of Naval Archi- 
tecture and under the personal supervision of the au- 
thors. The results reported were computed by assist- 
ants in the Naval Architecture Department. 

The engine test began at 9 p. m. when the engine had 
reached full power, and was stopped at 3 a. m. as we ap- 
proached Nantucket Shoals. The last reading was taken 
at 2.55, when the first half-speed bell sounded, and th2 
curves exterpolated to 3 o'clock. The boiler test was 
begun at 7.10 p. m. and continued until 7 o'clock the 
next morning, the curves being exterpolated to make 12 
hours. Pressures were read, as far as possible, on the 
engine-room gages, which were tested for the occasion 
by the Crosby Stcam Gage & Valve Co. Where engine- 
room gages were not available, gages tested at our own 
laboratories were used. 

The horse-power was determined by means of the 
Denny & Johnson torsion meter, belonging to the De- 
partment of Naval Architecture at the Institute of Tech- 
nology. The inductors were so set as to give a clear 
length of shaft between inductors of 63.06 ft. on center 
shaft, 47.52 ft. starboard, and 49.21 ft. port, which gave 
readings of approximately 95, 75 and 70 respectively at 
full power. 

Inductors were set on all three shafts, but during the 
test the port recorder failed to work at the end of two 
hours, due to a rupture of the connections. From the 
few readings thus obtained, and from readings taken on 
a preliminary run, when it did work satisfactorily, it ap- 
pears that the torque readings on this shaft were 93% 
of those on the starboard, and in computing the horse- 
power this figure has been taken. This, of course, throws 
some little unc:rtainty into the calculation, but thero 
is every reason to believe that the assumption is very 
nearly correct. It would take practically 3% error on 
this shaft to affect the total horse-power by so much as 
1%. The torsion meter can be read only to single units, 
so that this of itself means an uncertainty in the last 
digit which corresponds to an inaccuracy of about 14%. 
When, however, the readings are plotted at 10-minute 
intervals, as is here done, and the r sults faired, the 
probable error is likely to be much less. 

In computing the horse-power, 1.506 based on a tor- 
sional modulus of elasticity of 11,600,000 was used for 
the conptent K in the formula 


„HARxVARD.“ * 
S. LELAN 


Kd rR š 
HP. = —-—,, 
CL 
in which d = the diameter of the shaft in inches (8 ins.), 
r = torsion meter reading, R = revolutions per minute, 
C = inductor constant (12.5), L = length of shaft in 


feet between inductors. 
The shaft was not twisted to determine the exact con- 
stant, but since 11,600,000 is the mean of a large num- 


A paper read at the sixteenth general meeting of the 
Society of Naval Architects and Marine Engineers, New 
York, Nov. 19 and 20, 1908. 

Department of Naval Architecture and Marine Engli- 
neering, Massachusetts Institute of Technology, Boston, 
Mass. 
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ber of tests it cannot be far from right. We find 11 
million and 12 million to be practically the minimum 
and maximum values, showing a variation of about 3% 
only in extreme cases. That the actual modulus of the 
Harvard's shaft should vary from the mean value by 
more than 14% is extrem:ly improbable. All in all, 
taking into account the uncertainty of the port shaft, 
there is every reason to believe that the horse-power 
is subject to an error less than that of the ordinary 
steam-engine indicator. 

The water consumption was measured by a 6-in. Her- 
sey hot-water meter loaned by the Hersey Manufacturing 
Co., of South Boston. It was installed in the suction 
line between the hot well and the feed pump, and gave 
exceedingly satisfactory results. This meter was pre- 
viously calibrated by the Hersey Co. and indicated an 
under-run of 1% under the conditions of the test. The 
curve of meter readings was plotted without this cor- 
rection, so that 1% should be added to any ordinate of 
that curve to get the correct reading. 

Steam for all the auxiliaries exccpting the blowers 
came through the starboard pipe only, in which a thin 
plate having a 214-in. orifice was inserted. The valve 
on the port line was tightly closed and the by-pass 
around the reducing valve on the auxiliary lin2 opened 
so that all the reduction in pressure was due to the 
orifice. The reduced pressures were read on the aux- 
iliary steam gage on the engine-room gage-board and 
the flow of steam computed from coefficients determined 
by experiments made at our engineering laboratories. 
An independent orifice was necessary for the blower 
engines as this steam did not come from the auxiliary 
line. 

The probable error in determining the auxiliary steam 
is small. The gage pressures were read to the nearest 
pound every 10 minutes and the average must be very 
nearly right. An error of 1 lb. in this average would 
mean about 2% error in the total auxiliary steam, but 
even if the error here was four times as great it would 
be of small moment, for the auxiliary steam is only 
about 1314% of the total. 

The coal was determined by counting the buckets 
dumped on the floor. The average net weight of coal 
was 506 lbs. per bucket. Such a method as this for coal 
determination is open to question, but is perhaps the 
best that can be adopted on a short sea run. Even had 
the coal been weighed, the different condition of the 
fires at start and finish might have been considerable 
in so short a run. There is every reason to believe that 
any determination for so short a run would be some- 
what too small. Our figures seem to show 80 tons for 
12 hours equal to 100 tons for 15 hours, the running 
time from dock to dock, and this figure checks re- 
markably well with the amount of coal actually placed 
on board, an average being taken over a large number 
of trips. 

The quality of steam was determined by the throttling 
calorimeter, the sample being taken from a tee on the 
top of the steam main, inserted for this purpose where 
the pipe was tapped for the gage connection. 

The accompanying table gives the summary of the 
results and the principal dimensions of the vessel. 


Dimensions: 
Length between perpendiculars.......... 386 ft. 6 in. 
Breadth of hull molded..........eeee. .. 50 ft. 6 in. 
Breadth over guards e 83 ft. 
Depth molded...... C „ k. 
Draught normaallllMMMkMkkl 16 ft. 
Draught at trial (mean New York to 

Boston) 156i dersieavisesesas e ft. 2 in 

Results of Boller Test: 
Date of tes.. . June 25, 1908. 
Duration of testi 12 hours. 
Boiler pressure „ gage . 137.8 lbs. 
Quality of steadmdmnmm 95.9 
RBarome ten i 2 In. 
Temperature of feed water 203. 5˙ F. 
Draught at blowers (Howden)........... 1.71 in. 
Number of boilers (single-ended Scotch). 12 
Total grate area,........6. ea ee ee 256 sq. ft. 
Total heating )FFͤͤ E 29.520 sq. ft 
Ratio heating to grate area. pee eed 38.6 
Total coal fired in 12 hours ence 179,112 lbs. 
Total water fed in 12 hours. 2.011, 710 lbs. 
Equivalent evaporation from and at 212° 

per lbs. of coalllx“nnnnnml.nn . 11.2 
Coal per sq. ft. gr ate e 19.6 
Heating value of coaaaalllnnnns 14,510 B. T. U. 

Results of Engine Test: 
Type of engine. C Parson's turbine. 
Duration of test. „ Pare cere 6 hours 
High-pressure gage .....sssesesereesse 124.4 lbs 
Low-pressure gage, average S. & P.... 21.3 Ibs 
Vacuum (average S. VCP 27.42 in 
Temperature of injection water ates 63.5° F. 
Temperature of discharge water........ 107° F. 
Temperature of hot well......... ere 110.8° F. 
Total water per hour during test...... 176,010 
Maximum revolutions.............- p. 468, c. 472, s. 472 
Minimum revolut ions p. 433, c. 444, s. 441. 
Average revolutions (6 hrs. )))) 455 
Maximum shaft HE. 11.076 
Minimum shaft HEE.H:e.HE ... ‘ 9,525 
Average shaft HP. (6 hrs. ))) 10,405 
Steam for auxiliaries per hr........... 22,380 lbs, 
*Steam per shaft HP. per hr., all pur- 

Ff. a e a e E cra ae aes 16.9 lbs. 
*Steam per shaft HP. per hr, turbines 

II ens ares baw ee ames 14.76 Ibs. 
B. T. U. per shaft HP. per minute.... 265.9 
Coal per shaft HP. (av. of 6 hrs.)..... 1.5 Ibs. 


*Uncorrected for 4% priming. 


December 3, 1908. 
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[It is fair to state that this paper was strongly 
criticised by Mr. G. H. Barrus, M. Am. Soc. M. 
E., as not being a reasonably accurate test. His 
criticism was based on the contentions that, (1) 
coal consumption by buckets was utterly unrelia- 
ble, (2) condition of fires at start and finish were 
not accounted, (3) the use of hot-water meters 
Was not acceptable, (4) the. torsion method of 
determining shaft horse-power was not gener- 
ally accepted, (5) 11.2 lbs. water equivalent 
evaporation Was impossibly high, (6) the arith- 
metical work was not correct and the data given 
sheuld yield 11.53 lbs. water equivalent evapo- 
ration. (7) flue gases, draft, ete., should have 
been determined. 

It is also fair to state that the authors ex- 
plained the conditions under which the test was 
run, the necessity of certain inaccuracies and 
their magnitude. Prof. Peabody expressed the 
opinion that the results were correct within 2 or 
but that they might easily be wrong by 
more than 5%. The average coal rate found 
as a result of the test (6.66 tons per hr.) agreed 
well with the average coal burned per hour on 
178 trips (7.4 tons per hr.)—Ed.] 
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NOTES FROM ENGINEERING SCHOQLS. 


UNIVERSITY OF WISCONSIN.—The College 
of Engineering is giving this fall for the first 
time a complete course in the practical details 
of mining engineering. It is planned to further 
increase the facilities of the college In this di- 
rection by the installation of additional labora- 
tory equipment, including ore dressing appa- 
ratus. 


UNIVERSITY OF VERMONT.—A Department 
of Teaching was formally instituted at the Uni- 
versity of Vermont, Burlington, Vt.. on Nov. 11. 
This department has grown out of the demand 
in this part of New England for the better train- 
ing of teachers in preparatory schools and col- 
leges. Teachers’ conventions and special short- 
term courses for teachers, held under the aus- 
pices of the university, have been relied upon 
to fill the demand. It is proposed to give at- 
tention to the training of teachers in “mechanics, 
arts and agriculture.” For the present year 
the work will be handled by the faculty of the 
arts and science departments, but special chairs 
will probably be established in the next year. 
Prof. L. R. Jones has been appointed Dean of 
the new department. 


NORTHWESTERN UNIVERSITY.—Construc- 
tion of the new Swift Hall of Engineering on the 
campus at Evanston, Ill., is proceeding rapidly 
and will be completed during the coming winter. 
It will cost about $100,000, aside from equipment 
and furnishing. The formal dedication will 
probably occur in June, 1909. 

Up to the present, Northwestern University 
has had no School of Engineering. This newly 
established department will provide instruction 
in civil, mechanical and electrical engineering. 
It is proposed to maintain this new school in 
close cooperation with the College of Liberal 
Arts. The distinctive feature of this school will 
be that its courses will extend over five years 
and no engineering degree whatever will be 
given for less than a five-year course. The 
courses will include a greater number of non- 
technical studies than commonly prescribed, and 
these will be selected to furnish general educa- 


tion and to develop powers of independent 
thought. In the technical instruction greater 
emphasis will be placed on the fundamental 


studies forming the basis of all engineering 
courscs than on the special lines. 

Mr. John F. Hayford, of the Coast and Geo- 
detic Survey, Washington, D. C., is the Di- 


rector-elect of the school. 
— . — — 


THE GOLD ST. SEWER CAVE-IN in Brooklyn, N. Y., 
described in our issue of Nov. 26, p. 508, caused the death 
of 12 persons. There were taken from the hole the 
bodies of eight laborers, one city inspector, two chil- 
dren and one man who lost his iife in saving a woman 
from being carried into the slip. The last body. that 
of the inspector, was not found until a weck after the 
accident. though the work of rescue was carried on con- 


throughout all that time. No official inves- 
into the cause of the collapse has been com- 


tinuously 
tigation 


pleted. 
——— — . — — ——_ — 


A SEWER CAVE-IN, somewhat similar to the one 
noted above, occurred in the excavation of the Niagara 
St. subway under the Grand Trunk R. R., in Buffalo, 
N. V., on Nov. 24. A gang of men were removing 
braces preparatory to the entrance of a steam shovel, 
which was to lower the grade. when the walls col- 
lapsed, catching six men in the cave-in. One man of 
the six was Killed. but the others escaped serious injury. 

— aa 


AN ACCIDENT IN A SALT MINE at Oakwood, Mich., 
on the western outskirts of Detroit, Nov. 28, resulted in 
the death of six men. They were at work about 500 ft. 
below the surface in a shaft belonging to the Detroit 
Salt Co. In some way the supply of air was interrupted 
and the men were overcome by hydrogen sulphide before 
they could be hoisted to the surface. Three of the six 
men fell from the hoist and up to Nov. 30 their bodies 
had not been recovered from the well of sulphur water 
at the bottom of the shaft. 

— — — 

THREE STEAMSHIP ACCIDENTS occurred this week 
in which about 200 lives have been lost. The “Sardinia” 
a British steamer of. the Ellerman Line, sailing from Liv- 
erpool to Alexandria, was destroyed by fire Nov. 25 within 
sight of Valetta, Island of Malta. The fire spread so 
rapidly as to render useless the efforts to get it under 
control and destroyed the ship’s boats. There were about 
24) people on board, of whom 200 were Arab pilgrims. 
Many were rescued by boats from Valetta, but it is esti- 
mated that more than 100 were drowned. 

The “Finance” of the Panama Line, bound for Cristobal 
in the Canal Zone, was struck Nov. 26 by the steel 
freighter “Georgic” of the White Star Line near Sandy 
Hook. The Finance“ sank within ten minutes after the 
collision and four of those on board were drowned. The 
remainder of the 150 people aboard the “Finance” at the 
time of the collision were rescued by the boats of the 
“Georgic,” which was not much damaged. The accident 
was due to a heavy fog. 

The “Ponting.” a coasting steamer of the Philippine 
Islands, was wrecked during a storm Nov. 27 on the coast 
of Luzon, near San Fernando. A large number of rice- 
field laborers were on board, and it is estimated that 
about 100 were drowned. 

— . — — 

RAILWAY ACCIDENTS occurring between Nov. 24 and 
30. in the United States, caused the death of eleven per- 
sons and the serious injury of about 30 others. A Broad- 
way street car in Cleveland, O., ran into the rear of an 
Akron, Bedford & Cleveland interurban car Nov. 24. 
Eight men on the street car were injured, one fatally. 
The Broadway car was following close behind the inter- 
urban car, both running at a high rate of speed, when 
the interurban upon striking an upgrade came to a stop 
and the following car crashed into it and was completely 
wrecked. The heavier car was also damaged but none of 
its passengers were hurt. 

A rear-end collision between two local passenger trains 
occurred Nov. 28 at the South Boston station of the New 
York, New Haven & Hartford R. R. One man was killed 
and about 15 others were seriously injured, one of them 
dying two days after the accident. One of the trains had 
stopped at the South Boston station when the second 
train came around the wide curve under the Dover St. 
bridge and crashed into the rear coach, which was com- 
pletely wrecked. The yards are thoroughly equipped 
with the block signal system and. although there had been 
a shifting of trains on account of a slight wreck on the 
Plymouth division, this does not seem to adequately ex- 
plain the accident. Either the signals did not operate cor- 
rectly or the engineer of the second train must have run 
by a Signal set at “danger.” 

The “Chicago Limited’ on the Pittsburg & Western 
branch of the Baltimore & Ohio R. R., was wrecked near 
Valencia, Pa., Nov. 30 The fireman was killed and five 
others were seriously injured. The accident was due to 
the “buckling” of a freight train. one car of which was 
forced out onto the track just ahead of the limited train. 

The boiler of a freight locomotive on the Missouri, 
Kansas & Texas Ry. exploded Nov. 27 near Idenbro, 
Kan., killing the engineer and fireman and seriously in- 
juring the brakeman. The locomotive had just been over- 
hauled in the railway shops. 

A head-on collision on the Seaboard Air Line Ry. near 
Ocala, Fla., Nov. 28, resulted in the death of five per- 
sons and the injury of three others. 

The evening express train on the Chinan Fu & Tsing 
Tau R. R. was derailed Nov. 23 on a bridge near Nun- 
kouyu, China, while running at high speed. The locomo- 
tive and some of the forward coaches plunged into the 
river and the bridge was heavily damaged. Sixteen pas- 


sengers were killed and many others injured. 
ee — 


A FLOOD IN GUTHRIE, OKLA.. Nov. 29, inundated 
several hundred homes in West Guthrie, stopped all 
street car service and destroyed an immense amount of 
property. The flood is ascribed to a heavy downpour of 
rain which lasted 48 hours in the valley of the Cotton- 


wood River and its tributaries. Thousands of bales of 
cotton were carricd off downstream and a large number 
of cattle were drowned, The city water-works were re- 
ported as being under water, as were also the Topeka, 
Atchison & Santa Fe roundhouse and shops. 

— — — 

A POWDER MILL EXPLOSION in South Acton, Mass., 
Nov. 28. completely wrecked the No. 7 mill of the Ameri- 
can Powder Co.'s plant. No lives were lost. 

e 

A LEAK IN A GAS MAIN at Paterson, N. J.. Noy. 26. 
resulted in the death of two persons and the injury of 
six others. The broken gas main flooded many cellars 
and dwellings in Newark Ave. and Sussex St. Three 
men were seriously burned by an explosion which fol- 
lowed their efforts to find the leak. Three children were 
injured by inhaling the gas and one man and woman 
were asphyxiated. 

— . — 


A VERY SERIOUS DISASTER OCCURRED at the 
Rachel and Agnes mines of the Pittsburg-Buffalo Coal 
Co.. at Marianna, Pa., Nov. 28. An explosion occurred 
shortly before noon when there were about 140 men in 
the mines, and reports of Dec. 1 state that 124 bodies 
had been recovered up to that time. Only one man who 
was in the mine at the time of the explosion was taken 
out alive. The Marianna mines are claimed to have 
been among the best equipped coal mines in the country 
and it is stated that every effort had been made by the 
owners to secure the safety of the miners. The Rachel 
and Agnes mines were connected by underground gal- 
leries and were practically one mine. At the time nii» 
explosion the Deupty State Mine Inspector had just 
completed a two days’ inspection which revealed no cause 
for apprehension. The inspector had just come to the 
surface and the cage had started back down the shaft 
carrying a foreman and two miners when the explosion 
occurred. The cage was blown up through the roof of 
the shaft house, portions of which were found at a dis- 
tance of 2.000 ft. from the shaft. In addition to the 
three men in the cage, portions of two other bodies were 
blown from the shaft. A dense volume of smoke issued 
from the shaft immediately after the explosion but soon 
diminished and rescue parties made efforts to enter. 
The ventilating fans had been injured by the explosion 
and for several hours no air could be forced into the 
mine, and the attempted rescue work was further im- 
peded by the obstruction of the shaft with shattered 
timber and other debris forced into it by the explosion. 
It was not until about nine hours after the explosion 
that an effective exploration of the mine was begun bya 
rescue party equipped with safety helmets. It is reported 
that a small fire broke out in the mine Nov. 29 but was 
quickly extinguished. 

The mine is claimed to have been kept so thoroughly 
sprinkled that a dust explosion was impossible. The only 
hypothesis advanced as to the cause of the explosion is 
that a large pocket of natural gas was broken into by 
mining operations. The fact that there is a gas well in 
close proximity to the mine strengthens this theory. 


PE a 

ACID TREATMENT FOR CONCRETE SIDEWALKS is 
being practised by the South Park Commission of Chi- 
cago. The process is that invented by H. S. Richards 
and the late Wm. Black (Superintendent and Engineer, 
respectively, to the commission), and extensively used 
on the park buildings. It consists in washing the surface 
with a solution of muriatic acid in order to remove the 
skin of cement and expose the aggregate, thus giving a 
rough or granular finish. This prevents the slipperiness 


which is so often an objectionable feature of concrete 
walks, owing to the tendency of the sidewalk makers 
to float the surface in such a way as to form a skin 


coat of cement. This may be avoided by the use of 
coarse hard aggregate in the surface and a proper method 
of floating; or by treating the surface in the manner 
noted above. The acid treatment has b:en used re- 
cently on the new 25-ft. sidewalk on the Grant Park 
side of Michigan Ave., which avenue is to be widened 
next spring from Jackson Boulevard to the south side 
of Grant Park by th> removal of th2 present sidewalk. 
The new walk was, built in separate slabs 8 ft. 4 ins. 
square, and 5 ins. thick, on a 12-in. cinder foundation. 
The lower portion (4% ins.) is a 1:2:4 mixture, using 
tin. crushed’ limestone. The -in. top course is com- 
posed of one part Portland cement to 2% parts of red 
granite scre:nings. When this has set, it is washed 
with the acid solution and then with water. This re- 
moves the cement skin, shows the color of the aggre- 
gute, and leaves a roughened surface. The work was 
done by the force of the South Park Commission, under 
the direction of Mr. Linn White, Engineer of the Com- 
mission, 
— 6 — 

THE LARGEST CONCRETE ARCH BRIDGE in the 
world is the highway bridge over the Gmtinder-tobel on 
the cantonal roid from Teufen to Stein in Canton Ap- 
penzell, Switzerland, recently completed. It comprises 
a central arch of 25914 ft. clear span (27 ft. longer than 
the span of the Walnut Lane bridge in Philadelphia), 
and six 33-ft. arches in the approaches. The roadway 
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is supported by rows of columns resting on the arch. 

The abutments and piers are of plain concrete, while 

arch columns, roadway plate and balustrade are rein- 

forced. The design was made by Prof. E. Mörsch, while 

Mr. A. Sutter was the engineer in charge of erection. 

The bridge was opened to traffic on Nov. 7, 1908. 
———— G 

AN ARCHITECTURAL PRIZB COMPETITION, in 
which the subject is a suburban concrete residence, is to 
be opened Dec. 17 by the Chicago Architectural Club. 
Three prizes, offered by the Universal Portland Cement 
Co., will be awarded, $200 for the best design, $75 for 
the next best and $25 for the third best. By the rules 
of the contest, the competition is open only to persons 
residing within a radius of 50 miles from Chicago, and 
the drawings are to become the property of the company 
donating the prizes. The building is to be on a subur- 
ban lot, 100 x 250 ft., is to contain at least 8 rooms and 
two baths, must be constructed in foundations and 
walls, of concrete, plain, reinforced or in blocks, and in 
the floors of reinforced concrete. If concrete blocks 
are used the rock-faced type are prohibited. Further 
particulars of the competition may be obtained from 
the club, 84 Adams St., Chicago. 

— 

THE PHENOMENAL DROUGHT has continued during 
November throughout the entire section east of the 
Mississippi River. While there are no crops to be in- 
jured at this season, the steady drafts on the reser- 
voirs have brought many cities and towns to the verge 
of a water famine and in some the regular supply has 
been absolutely exhausted, and water is hauled by tank 
cars to supply urgent necessities. Many cities are mak- 
ing plans for the installation of temporary emergency 
supplies from sources that would not be considered at 
ordinary seasons on account of pollution. Railway com- 
panies have in many cases been notified that their drafts 
of water for locomotives would have to give way to the 
needs of domestic consumers and they have in conse- 
quence been hastily installing emergency supplies. New 
York City has drawn down its reserves in the Croton 
water shed to about 44,000,000,000 gallons. The New York 
Central Ry. Co. is said to have installed its own plant 
by which it can take care of its locomotives in the New 
York yards by supplies brought in on tank cars in case 
of necessity. 

While the city water supplies attract most attention, 
an enormous aggregate of inconvenience and loss is be- 
ing experienced by the dwellers on farms and in small 
villages throughout the country. The water supplies of 
most such places are from underground sources feeding 
wells and springs. These have generally failed from 
the long drought, and with the approach of severe 
winter weather these underground streams are not likely 
to be renewed until the melting of the snowfall in the 
spring. 

In contrast with these conditions are those in the 
Southwest, where copious rains have produced serious 
floods in southern Missouri, Arkansas aad Oklahoma. 

— . — 

AN ACCIDENT IN THE MUNICIPAL LIGHTING 
plant at Frankfort, Ind., on Oct. 28, wrecked the engine 
and generator. The installation of a new unit was ef- 
fected with remarkably little delay by the Allis-Chalmers 
Co., which has furnished us with the following informa- 
tion as to the proceedings: l 

On the following morning (Oct. 29), in response to a 
telegram, a sales-engineer attached to the Chicago office 
of the company was on the ground and had submitted 
a proposal for a steam turbine and generator of 500 
KW. capacity to operate at 3,600 r.p.m. and deliver two- 
phase, CO- cycle current at a terminal pressure of 2,509 
volts. The contract was signed at a late hour that 
same day, and specified shipment of the unit within six 
days from that hour. The contract was at once taken to 
the West Allis works of the company, near Milwaukee, 
being delivered there at 2.30 p. m., on Oct. 30. 

For the steam end of this unit, a turbine then nearly 
complete in the shop was selected, and the finishing work 
upon it was rushed. There was, however, no turbo-gen- 
erator available designed for the frequency, phase and 
voltage required. Consequently, one had to be entirely 
wound. Notwithstanding this, the generating unit com- 
plete in every detail was shipped by express at 11 a. m., 
Nov. 3 (in a car built specially for automobiles), and 
arrived in Frankfort at 3 a. m. of Wednesday, Nov. 4. 

By Sunday morning, Nov. 8, the unit had been com- 
pletely installed and connected to its auxiliaries. During 
that day the generator coils were baked out, as is neces- 
sary before a machine can be started. The next morn- 
ing, Nov. 9, the unit was in regular operation and 
carrying the station load, precisely 13 days from the 
time the original engine had been wrecked. 


— 7ð.4 — 

THE WASIIINGTON ST. TUNNEL in Boston was 
opened for official inspection on Monday, Nov. 23. A 
party of some 900 invited guests were carried through 
the tunnel in special trains, stopping at each station 
for inspection. The tunnel is about two miles in length 
and runs in general through the center of the business 
district, parallel with the older Tremont St. subway. 
It is intended to use it chiefly for elevated railway trains, 
leaving the Tremont St. subway for the use of the street 
surface cars, as originally planned and as practised dur- 
ing the first years of its use. The construction of the 
Washington St. subway has involved great difficultics, 
on account of the narrow streets and high buildings along 
the route. The engineers have been successful, however, 


in securing direct alinement, and the new subway is 
claimed to be superior in finish and execution to any- 
thing heretofore constructed, 


— 


THE FLOW OF SEWAGE INTO THE DELAWARE 
River at Camden, N. J., is to be stopped, according to an 
order issued by the New Jersey State Board of Health. 
The board has notified the city of Camden that it must 
cease discharging its sewage into the Delaware, not- 
withstanding the fact that all the sewage of Philadel- 
phia, which lies on the other side of the river, is dis- 
charged into that stream. The position of the State 
Board of Health is particularly notable, because at the 
opposite side of the State, New Jersey is in conflict 
with New York regarding the discharge of sewage from 
the Passaic Valley towns into New York Harbor. There 
is, however, the notable difference that New York Har- 
bor is actually an arm of the sea, whereas the Delaware 
River at Camden is a long way above the head of Dela- 
ware Bay. 

— — 


PERS@NALS. 


Mr. J. B. Cozart, Division Master Mechanic of the Mex- 
ican Ry. at Apizaco, has resigned to take a similar posi- 
tion with the Pan-American R. R. 


Mr. E. B. John, Supervisor of the Pennsylvania R. R. 
at Altoona, Pa., has become Assistant Engineer of the 
Delaware Division with headquarters at Wilmington. 


Mr. R. D. Smith has been appointed district master 
mechanic of the Canadian Pacific Ry., at Medicine Hat, 
Sask. He was formerly a road foreman for the same 
company. 


Mr. W. W. Wheatly, at one time General Superintend- 
ent of the Brooklyn Rapid Transit Co., has been elected 
Vice-President and General Manager of the Metropolitan 
Street Ry. Co., of Kansas City, Mo. 


Mr. J. J. Clarke, Chief Train Dispatcher of the Mex- 
ican Ry., has become Superintendent of Transportation 
succeeding Mr. E. M. Wise, who resigned to take a po- 
sition with the Pan-American R. R. 


Mr. Arthur Hale, General Superintendent of Transpor- 
tation of the Baltimore & Ohio R. R., has resigned to 
become the permanent chairman of the car-service de- 
partment of the American Railway Association. 


Mr. Charles B. Rodgers, Superintendent of the Chicago, 
Burlington & Quincy R. R. at Wymore, Neb., has been 
appointed General Manager of the St. Louis, Brownsville 
& Mexico R. R. with headquarters at Kingsville, Tex. 


Mr. H. E. Hutchens, General Superintendent of the 
Southern Ry., at Birmingham, Ala., has been elected 
President of the Birmingham Traffic Association Co., 
which has been formed for the purpose of promoting bet- 
ter relations between the trunk lines entering Birming- 
ham. 

Mr. Joseph A. MacLennan has resigned his position at 
the Philadelphia works of the Link-Belt Co. to become 
President of the Wilmot Machinery Co., of New Orleans, 
La. He has been associated with the Link-Belt Co. for 
over twelve years, during part of which time he was 
Chief Engineer of Woodward, Wight & Co., its New 
Orleans agents. 


Mr. F. B. Maltby, M. Am. Soc. C. E., sailed for Panama 
Nov. 28 to take personal charge of the erection of the 
cable-way plant being built by the Lidgerwood Mfg. Co. 
for handling the material used in constructing the locks 
at Gatun. There will be 13 cable-ways of 800 ft. span 
designed for six-ton loads and supported on traveling 
steel towers 85 ft. high. 


Mr. Robert J. Thomas, as announced in our Engineer- 
ing Socicties’ column, Nov. 5, has been nominated as 
the next President of the New England Water- Works 
Association. Mr. Thomas was born in Lowell, Mass., 
July 21, 1856, and was educated in the public schools 
of that city. Two years of his boyhood were spent in St. 
John, N. B., while his father was engaged in construc- 
tion work on the Intercolonial Ry. In 1881 he became a 
member of Lowell Common Council and was a member 
of the Board of Aldermen in 1883 and 'S4, being elected 
Chairman of the Board in 1884. He was also a member 
of the Committee on Roads and Bridges during the con- 
struction of the Aiken St. and Central bridges across 
the Merrimack River. In 1886 he became Superintend- 
ent of the Lowell Water-Works and has held that posi- 
tion from that time on, with the exception of two years 
when he traveled throughout the country selling water- 
works supplies. Mr. Thomas is a member of the Amer- 
ican Water-Works Association and has been for seven 
years Advertising Agent of the New England Water- 
Works Association. 


Obituary. 


William J. Leake, formerly President of the Richmond, 
Fredericksburg & Potomac R. R., died at his home in 
Richmond, Va., Nov. 23. 

James J. Duffy, an excavating contractor of New York 
City, was killed Nov. 23 by falling down an air-shaft 
while inspecting his stable on 24th St. 


William Brennan, who was a deputy sew-r commis- 
sioner of Brooklyn, N. Y., from 1898 to 1902, died Nov. 
23 at his home in that city. He was 52 years old. 


James Goodwin, Manager for ten years of the Power 
Transit & Light Co., of Bakersfield, Cal., died at his 
home in that city Nov. 15 after a two weeks’ illness. 


Bernard Haning, employed by the C. L. Gray Con- 
struction Co., of St. Louis, Mo., as a superintendent 
of construction, dicd at St. Louis, Nov. 25, from blood 
poisoning. He was 23 years old and was engaged, before 
his illness, in superintending the construction of the La 
Salle buildings in St. Louis, 


William Henry Jackson, President of the Jackson 
Architectural Iron Works, died Nov. 24 at his home on 
Madison Ave., New York City. He was born in New 
York in 1820 and was a member of the New York 
Chamber of Commerce and of the General Society of Me- 
chanics and Tradesmen of New York City. 


Alfred Marsh, geologist, chemist and inventor, died at 
Kalamazoo, Mich., Nov. 16. He was born in London, 
England, in 1819 and came to New York while a young 
man. He was for some time employed by the Manhat- 
tan Gas Co. and invented a gas meter of the type now in 
common use. Later he removed to Detroit, Mich., where 
he worked as a chemist for the Detroit & Lake Superior 
Copper Co. 

— . — 


ENGINEERING SOCIETIES. 


COMING MEETINGS. 


AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 
Dec. 1-4. Annual meeting at New York City. Sery., 
Calvin W. Rice, 20 West 39th St., New York City. 

AMERICAN INSTITUTE OF ARCHITECTS. 
Dec. 15-17. Annual convention at Washington, D. C. 
oe Glenn Brown, “The Octagon,” Washington, 


AMERICAN INSTITUTE OF CHEMICAL ENGINEERS. 
Dec. 28-29. Annual meeting at Pittsburg, Pa. Secy., 
John C. Olsen, Polytechnic Institute, Brooklyn, N. Y. 
NATIONAL ASSOCIATION OF CEMENT USERS. 
Jan. 11-16. Annual convention at Cleveland, Ohio. 
Boo Geo. C. Wright, Harrison Bldg., Philadelphia, 
a. 
AMERICAN SOCIETY OF HEATING AND VENTILAT- 
ING ENGINEERS. 
Jan. 19. Annual meeting at New York City. Secy., 
W. M. Mackay, P. O. Box 1818, New York City. 
CANADIAN SOCIETY OF CIVIL ENGINEERS. 
Jan. 28. Annual meeting at Toronto. Secy., C. H. 
McLeod, 413 Dorchester St., W., Montreal, P. Q. 


NEW YORK RAILWAY CLUB.—At the annual meet- 
ing held at the Engineering Societies Bldg. in New York 
City, Nov. 20, the following officers were elected for the 
ensuing year: President, John F. Deems, New York 
Central Lines; Vice-Presidents, W. G. Beslcr, Central R. 
R. of New Jersey, H. S. Hayward, Pennsylvania R. R., 
Frank Hedley, Interborough Rapid Transit Co.; Treas- 
urer, R. M. Dixon, Safety Car Heating & Lighting Co. 


NEW ENGLAND WATER-WORKS ASSOCIATION. 
The December meeting will be held at Hotel Brunswick, 
Boston, Mass., Dec. 9. The following papers will be pre- 
sented: “Wrought Iron Cement Lined Water Pipe,” 
Leonard Metcalf, Boston, Mass.. Newton (New Jersey) 
Water-Works, with Special Relationship to the Storage 
and Diversion Features and Legal Proceedings Growing 
Therefrom, Louis L. Tribus, New York City; Infor- 
mal Description of the Water-Works of Havana, Cuba,” 
Bertram Brewer, Waltham, Mass. 


INTERNATIONAL RAILWAY FUEL ASSOCIATION .— 
The inaugural meeting was held at Chicago, Ill., Nov. 
21, 40 railways being represcntcd. It is the object of 
this association to discuss and improve methods of in- 
spection, handling and economical use of fuel. Officers 
were elected as follows: President, Eugene McAuliffe, 
Chicago, Rock Island & Pacific Ry.; First Vice-President, 
Thomas Britt, Canadian Pacific Ry.; Second Vice-Pres- 
ident, C. R. Ingersoll, Lake Shore & Michigan Southern 
Ry.; Treasurer, J. McManamy, Pere Marquette R. R.; 
Secretary, D. B. Sebastian, Chicago & Eastern Illinois 
R. R. The first annual meeting will be held in June, 
1909. 


NATIONAL ASSOCIATION OF CEMENT USERS.— 
The Committee on Art and Architecture requests parties 
who are designing or constructing work in (1) Mono- 
lithic and reinforced-concrete residences, (2) factories 
and office buildings, (3) bridges, walls and fences, (4) 
interior decoration, (5) concrete block construction, and 
(6) manufactured stone, to send to Mr. Alfred Moyer, 
Flatiron Building, New York City, photographs and a 
description of the work with its method of construction 
and, if possible, the costs. These photographs will be 
classified by the committee, and two of the most artistic 
designs of each class will be selected and used as illus- 
trations in the printed volume of the annual proceed- 
ings. Several copies of the latter will be sent, gratis, 
to the party who executed the work and furnished the 
photographs. The remainder of the designs and photo- 
graphs which may have proper artistic value will be il- 
lustrated by lantern in the Committee’s annual report 
which will be presented at the Cleveland meeting of the 
Association, Jan. 11 to 16, 1909. 
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A RAIL AND WATER FREIGHT TERMINAL AT BRISTOL, 
ENGLAND: GREAT WESTERN RY. 


The extension of railway terminal facilities in 
English cities is usually a difficult and costly 
work, owing to the congested conditions and the 
high land values. An interesting work of this 
kind has been carried out at Bristol, where the 
Great Western Ry. has built a branch line along 
the docks to a new local freight station and stor- 
age warehouse. Fig. 1 shows this new freight 
terminal and its proximity to the Bristol Cath- 
edral. The oldest parts of this ancient struc- 
ture date back to 1140, but the present structure 
was commenced in the early part of the 14th 


to make good the loss of water due to locking 
vessels in and out of the harbor. 

The area occupied by the terminal is of ap- 
proximately triangular shape (at an angle of 
the harbor). The entrance is at the apex, and 
the sides have lengths of approximately 800 ft., 
1,000 ft. and 1,200 ft. The site was raised to 
the required elevation by filling, and the build- 
ings have foundations of concrete footings on 
groups of concrete piles. There are 28 tracks 
in all, some in pairs and others in groups of 
three. Of these, 24 are in the yard; two of 
these extend beyond it and across the road to a 
connection with the tracks of the harbor rail- 


— — 


ft. 3 ins. The trusses are 22 ft. 6 ins. apart, and 
their inner ends are supported alternately on 
steel columns (45 ft. apart) and on a line of 
lattice girders between the tops of these col- 
umns. The outer ends of the shorter trusses are 
carried by brackets on the concrete wall. The 
longer trusses are supported by columns and 
girders so placed as to leave a cantilever span 
of 22 ft. 3 ins. over the platform and driveway. 
This arrangement is shown in the cross section 
Fig. 4. The trusses have their lower chords 15 
ft. 5 ins. clear above the rails. Between the 
trusses are lattice girder purlins from 6 ft. to 7 
ft. apart. There is a low monitor roof with 
louvre openings in the sides. The roof covering 


THE NEW CANON’S-MARSH FREIGHT TERMINAL OF THE GREAT WESTERN RY. AT BRISTOL, ENGLAND. 
(At the left is Bristol Cathedral, which dates from 1310 and contains some portions of an abbey which was completed in 1148.) 


century- It has been restored and extended at 
various times. 

The site of the new terminal was originally 
part of the cathedral property and consisted of 
marshy meadows extending to the river. It 
still retains its name of Canon's Marsh” (re- 
ferring to some religious dignitary). When ac- 
quired by the railway company it included some. 
small industrial plants and a tract of low-lying 
ground used for the storage of timber. It has 
water on two sides, being at an angle in the 
harbor, but is separated from the city’s dock 
property and the water front by a road. A ma- 
sonry wharf or quay wall forms the water front, 
and has sheds and municipal warehouses. Ves- 
sels lie at the wharf, which has 21 ft. of water 
alongside, and their cargoes can be delivered to 
or from the dock sheds or directly to or from 
railway cars, the harbor railway connecting with 
the new railway freight yard. In Fig. 1, the dis- 
tant building with the row of gable roofs is one 
of the dock sheds. Beyond it (and across the 
harbor) is one of the new grain warehouses and 
a municipal warehouse for the tobacco trade. 

This part of the river was long ago converted 
into a continuous dock or ‘‘floating harbor” some 
miles in length. A new channel was made for 
the river, with lock connections at either end of 


way along the docks. The freight station has 
four tracks; one of these is a single stub track. 
The others extend beyond the building and unite 
in a single tail track for convenience in switch- 
ing cars. l 

The general arrangement of the freight station 
is shown in Fig. 2. The freight house is 540 x 
135 ft. For 270 ft. at one end it is a two-story 
building, with tracks and platforms on the first 
floor and a storage or warehouse floor above. 
The remainder of the length has only the freight 
shed. Adjacent to the warehouse portion is a 
two-story office building 40 x 28 ft. The two- 
story buildings are of reinforced concrete con- 
struction on the Hennebique system. The ware- 
house has five longitudinal rows of columns, 
spaced 27 ft. apart longitudinally and forming 
transverse spans of from 22 ft. 3 ins. to 46 ft., 
as shown in the plan. The lower floor has a 
wall upon one side only, the other side being 
open to give teams convenient access to the 
freight platform. This floor is 16 ft. high from 
the platforms. The upper floor is 10 ft. high 
and has a flat concrete roof. A cross section of 
the lower portion is shown in Fig. 3. 

The other end of the freight station, 270 x 133 
ft., has steel roof trusses of triangular form. 
These are in two spans of 64 ft, 9 ins. and 68 


is of corrugated galvanized iron, with wide sky- 
lights having the Rendle system of glazing. The 
wind screen at the end is also of corrugated iron. 
Figs. 5 and 6 are views of the concrete and steel 
portions of the freight station. 

The station has two 20-ft. platforms and four 
tracks, as already noted. The platforms are of 
solid construction, as is usual in English prac- 
tice. Each has two 18-in. brick walls on con- 
crete foundations, with earth filling between, 
and a 6-in. deck of concrete. In the concrete are 
embedded transverse nailing sleepers, 3 ft. apart; 
their upper faces are 1% ins. above the concrete 
so as to form an air space under the 2½ in. 
planking. The edges of the platform are pro- 
tected by steel angles 5 x 3% ins. (which are of 
a rounded section instead of forming a sharp 
angle). Three rows of 9-in. oak plank are laid 
next to the angle coping on the track side, while 
on the team side is a %-in. steel plate 15 ins. 
wide. These provide for the extra wear at the 
sides of the platform. The brick wall on the 
track side is corbelled out, to give the legal 
space between the rail and the wall. The wall 
on the driveway side has a bench to support a 
6 x 12-in. timber wheel guard. This is faced 
with a %-in. plate and bolted through the wall. 
This wall also has a 6 x 12 in. creosoted coping 
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timber, anchored into the wall by bolts and hav- 
ing the coping angle fitted to its edge. 


On each platform are four electric revolving 
jib or pillar cranes, and each crane has a weigh- 
ing scale within its swing. Thus freight can be 
handled between cars and wagons, and also 
placed upon the scales. There are also three 
electric elevators running from the platforms to 
the upper floor of the warehouse. The surface of 
the platforms is 3 ft. 4 ins. above the rails and 


MEXICAN PETROLEUM: THE TUXPAN OIL WELL FIRE. 


By HENRY FLOY,* M. Am. Inst. E. E. 
There have appeared in the American news- 
papers during the past few months such start- 
ling but rather vague accounts of oil discoveries 
in Mexico with widespread destruction of prop- 
erty and life resulting from one of the oll wells 
which took fire that some authoritative informa- 


tion regarding the oil situation in the Mexican 


Republic is desirable. 
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FIG. 2. PLAN AND ELEVATION OF FREIGHT STATION AT CANON’S-MARSH, BRISTOL, 
ENGLAND. 
2 ft. 8 ins. above the team driveways. These Oil indications exist in Lower California, on 


driveways are paved with granite blocks 10 x 5 
x 5 ins., laid on a 2-in. bed of sand. 

The freight yard is paved with 10 ins. of 
coarse broken stone and 4-in. of ordinary mac- 
adam stone. It is completely surrounded by a 
high fence, so that there is no trespassing. 


RAILWAY APPROACH AND DRAWBRIDGES. 


The railway line to the new terminal included 
some difficult work, being laid out along a 
crowded water front. It is largely on the sur- 
face, though important roads are carried over it. 
It is protected by an “unclimable” fence, with 
gates at all grade crossings. For part of the 
distance, where the tracks are close to a new 
quay wall, the tracks are laid with longitudinal 
timbers instead of cross ties. In addition to giv- 
ing access to the new terminal, the line affords 
direct railway communication to the gas works 
and some large manufacturing plants, which 
were formerly dependent upon team and wagon 
service. 

There. are two drawbridges. One of these is 
a double-track double-deck truss bridge 202 ft. 
long, crossing the “new cut” or river diversion 
channel of the river Avon. The other is a 
double-track plate-girder swing bridge crossing 
a 62-ft. lock. This is a bobtail bridge, with 
arms 88 ft. 10 ins. and 45 ft. 3 ins. in length. 
The girders of this bridge are from 7 ft. to 8 
ft. deep, 27 ft. 3 ins. apart, with 24-in. plate- 
girder floor beams resting on the bottom flanges. 
These are 12 ft. apart. Between the floor-beams 
are four lines of plate-girder stringers capped 
with longitudinal timbers for the rajls, which 
are of bridge section. Between these timbers is 
a deck of planking, laid longitudinally. A 4% ft. 
sidewalk is carried by cantilever brackets out- 
side of one of the main girders. The bridge re- 
volves on a hemispherical ball and socket bear- 
ing, the ball being attached to a heavy fish-bel- 
lied box-girder floor beam 3% ft. deep. The tail 
end of the bridge is fitted with rollers which ride 
on a curved rail. The bridge is operated by hy- 
draulic cylinders whose piston rods carry sheaves 
for a chain which is led around a semi-circular 
shallow drum or swinging circle on the land side 
of the box girder. Hydraulic power is also used 
in the pivot to raise the bridge from its seat. 

The works were all designed and carried out 
under the direction of Mr. James C. Inglis, Gen- 
eral Manager and Consulting Engineer of the 
Great Western Ry.; Mr. W. Y. Armstrong was 
engineer of new works. Mr. M. Strachan, of 
Cardiff, was contractor for the works; the con- 
tractor for the building was Mr. Robertson, of 
Bristol. . 


Lake Chapala near Guadalajara, in many places 
along the gulf coast and even in the suburbs of 
Mexico City itself. On the Isthmus of Tehuan- 
tepec, at San Cristobal, located on a branch of 
the Coatzacoalcos River about 40 miles from the 
Gulf of Mexico, oil of good quality is being pro- 
duced in a commercial way. This oil has a 
paraffine base affording the usual commercial 
products and is quite distinct in character from 
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erected a refinery at Ebano, which consumes 
most of the balance of the oil produced at this 
point, a limited amount being shipped to Tampico 
and there being used mainly under the boilers 
of the electric light company. 

About 65 miles south of Tampico, on a laguna 
or lake, which runs parallel to the shore of the 
Gulf of Mexico, being separated from the latter 
by a strip of land a few miles wide, certain in- 
terests understood to be backed by S. Pearson 
& Co. have for some time been sinking wells 
with the expectation of finding oil in what is 
known as the San Geronimo field near Tuxpan. 
Up to last July, four wells have been put down, 
two of which it is claimed struck oil at a depth 
of about 2,000 ft., and were safely capped. One 
well, known as No. 3, had been driven to a depth 
reported as 1,837 ft. when unexpectedly, on July 
4, 1908, oil was struck and spouted with great 
force and volume. Fire in the boiler used in 
connection with the drill was immediately ex- 
tinguished and the clinkers were covered with 
earth; but the pressure of the oil forced its way 
up through crevices, which developed in the 
earth and thus came in contact with the hot 
cinders and started the fire, which has become 
memorable throughout the civilized world. The 
well drilled was 8 ins. in diameter and through 
this the oil was discharged with terrific force 
and velocity, so great in fact that for a con- 
siderable distance above the ground the oil had 
no chance to burn. At the height of about 40 
ft., as the spray was thrown off, the fire began 
and continued upward to a point, at times, from 
1,500 to 1,600 ft. in the air. The column of oil 
itself arose to a height of 425 ft. The column 
of flame was about 180 ft. in dlameter and so 
brilliant that one observer claimed that at a 
distance of 17 miles, at night, he was able to 
read a copy of the Philadelphia Saturday Even- 
ing Post without great difficulty. 

The,. figures given above relating to height were 
determined by triangulation methods and are 
undoubtedly correct for the time the measure— 
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FIG. 3. CROSS-SECTION OF LOWER STORY OF REINFORCED CONCRETE FREIGHT STATION 
AND WAREHOUSE. 


the oil that has recently been discovered further 
north in the vicinity of Tampico. A pipe line 
has been built from San Cristobal, 20 miles to 
Minatitlan, where a refinery has been erected, 
which is at present treating in the vicinity of 
5,000 bbls. of crude oil per day. Much of the 
refined product is being shipped from Coatza- 
coalcos in tank steamers to European ports. The 
oil supply at San Cristobal is controlled by S. 
Pearson & Son, Ltd., of London, which firm has 
entered the oil business in Mexico and England 
in competition with the 
Standard Oil Co. and its 
reputed representatives 
in Mexico, the Waters- 
Pierce Co. 


Lov res 


ments were made. The estimated discharge of 
the well at the time being 77,000 bbls. per 24 
hours, although when the well first started it is 
claimed the output was 100, 000 lbs. per 24 hours. 
Owing to the abrading effect of the discharge. 
the well opening was rapidly enlarged; as time 
went on salt water in increasingly larger 
amounts came out mingled with the oil, which 
has increased until it is now estimated the out- 
flow of salt water exceeds 10,000,000 bbls. per 
24 hours. The geyser effect has entirely dis- 


For several years large 
quantities of heavy as- 
phaltic oil have been t „ 
produced at Ebano, lo- 
cated almost 35 miles due 
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FIG. 4. CROSS-SECTION OF STEEL FREIGHT SHED. 


west of Tampico on 

the Mexican Central R. R., the principal well 
being said to be 3,700 ft. deep and originally 
flowing freely, but now being pumped. At pres- 
ent, the Ebano wells have an output of between 
11,000 and 12,000 bbls. per day, of which 6,000 
bbls. are sold to the Mexican Central R. R. under 
contract, for supplying the oil- burning loco- 
motives with which this road is equipping its 
lines as rapidly as the increase of fuel oil sup- 
ply will permit. The Waters-Pierce Co. have 


*Consulting Engineer, 165 Broadway, New York City. 


appeared, the opening in the earth having en- 
larged to several hundred feet in diameter, the 
surrounding earth having been weakened, so that 
it caved in, and a spring several acres in area 
now marks the original site of the geyser. As 
the salt water has continued to increase in 
amount, its temperature has gradually increased, 
at the rate of about one degree a day, until the 
temperature is now about 175° F. This has re- 
sulted in volatilizing the lighter oils so that large 
quantities of more or less poisonous and obnox- 
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ious gases are given off which are painful to the 
eye and produce insensibility if breathed for 
any considerable length of time. At present the 
discharge is more or less intermittent, being in 
the nature of surges with the pressure only suffi- 
cient to cause the discharge to rise a few feet 
above the level of the river, which has been 
formed. As yet no practical means have been 
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Tampico on Nov. 4, where they took steamer to 
Vera Cruz. 

The Waters-Pierce Co., at a reputed cost of 
$2,500,000 and some other interests, have se- 
cured the rights on land adjoining that where 
the oil fire took place, and are now drilling for 
oil. Tampico has developed into something of 
an American ‘‘boom” town, there being a large 
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FORCED CONCRETE CONSTRUCTION.) 


evolved for separating the comparatively small 
proportion of heavy oils and asphalt from the 
salt water, so that the well is practically use- 
less. 

The fire started on July 4, 1908, and burned 
without intermission for about three months 
when the mouth of the pit became sufficiently 
gorged with sand, earth and water to choke and 
prevent any further discharge until all the oil 
exposed had burned out. During the time of 
the fire large amounts of money and many in- 
effective efforts were expended in the attempt 
to stop the fire. Several plans were tried, none 
of which, however, proved successful. The last 
method undertaken was the erection of metal 
shields, as close to the fire as practicable, behind 
which it was planned to locate men controlling 
lines of hose, connected with several large cen- 
trifugal pumps, and throwing sand and water 
on to the fire. The pumps had been installed 
and arrangements about completed for making 
this attempt at subduing the flames when the 
debris choked the discharge for a sufficient 
length of time for the oil to burn out. 

The reports of the damage done to property, 
quadrupeds and human beings by the vapors 
from the burning well have been grossly ex- 
aggerated. While a number of workmen had 
been overcome, all but two were promptly re- 
suscitated. A number of animals, particularly 
the mules used in building dykes to control the 
oll, have been killed. As for vessels in the 
Tampico harbor or ships at sea becoming dis- 
colored, no authentic reports have been received. 
The pungent odor of the fumes have been 
noticeable several miles from the well but no 
particular damage has resulted therefrom. 

At the request of the people interested, the 
Mexican Government sent several companies of 
soldiers, including a part of the Engineering 
Corps, to the scene of the fire with the hope of 
suggesting methods of and assisting in ex- 
tinguishing the flames and saving the waste of 
oil. After spending several weeks on the field 
without having accomplished anything par- 
ticularly effective, and the fire having gone out, 
the soldiers, to the number of 660 (including 120 
women and 40 children) returned, reaching 


number of prospectors for oil and promoters of 
oil companies making their headquarters there 
and working in the surrounding territory. 
Prospecting is going on not only south of Tam- 
pico, but also north and inland, so that in the 
course of a few months it will be determined 
whether Tampico is to become the centre of one 
of the greatest oil fields yet developed or whether 
the supply available is really limited and the 
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as the Pennsylvania or Oklahoma oil found in 
this country. It is impracticable to handle 
Mexican oil if its temperature is much reduced. 
The tanks of the locomotives using oil for fuel 
as well as the tank cars of the Mexican Central 
R. R. used for transportation are equipped with 
steam pipes for heating the oil in order to make 
it flow. Moreover, air pressure is generally 
used to supplement the work of the steam. 

The present prices of oil at Ebano for the most 
avored customer is said to be 50 cts. per bbl. 
and about $1 per bbl. to the Tampico customers. 
It is a noteworthy fact that although so much 
oil has been discovered near Tampico and doubt- 
less millions of barrels were consumed in the 
oil well fire, at present it is impracticable to 
purchase any oil whatever at Tampico. How 
much discoveries of large quantities of oil near 
Tampico will benefit the fuel users in the in- 
terior of the country is an open question. The 
central portion of Mexico is a plateau from 7,000 
to 8,000 ft. above sea level. The Mexican Cen- 
tral R. R., from Tampico to San Luis Potosi and 
to Monterey, has to climb some very steep and 
tortuous grades so severe that it takes two 
200,000-lb. locomotives, for example, to push 12 
freight cars up the 30-mile grade between Tam- 
pico and Cardenas at the rate of 7 to 8 mi. 
per hr. This, of course, means high freight rates 
on everything delivered on top of the plateau. 
The present rates on oil in tank car load lots 
from Tampico to San Luis Potosi, is $1.11 (U. 
S. currency) per bbl. If we assume that oil will 
be delivered f. o. b. cars Tampico at 50 cts. per 
bbl., and as it takes about 314% bbls. of oil to 
equal one ton of coal, the equivalent value of oil 
delivered at San Luis Potosi will be found to 
be $5.63 compared with a ton of coal, which at 
present costs from $6.50 to $7 in San Luis Potosi. 
From San Luis Potosi oil can be distributed 
north, west and south; but at present freight 
rates, its cost at the City of Mexico would prob- 
ably be prohibitive. It may be argued that the 
rates on such an important commodity as oil 
will be reduced. But owing to the high cost of 
handling, the necessity for special cars which 
must be taken back empty, and owing to the 
fact that freight rates in general, including those 
on coal, have recently been advanced (although 
coal is at present as much of a necessity to 
Mexico as oil ever will be) it would seem as if 
the prospects for lower rates were not encourag- 
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strike near Tuxpan merely a fortunate—or per- 
haps it is better to say unfortunate—striking of 
an oil pocket. 

The oil thus far discovered around Tampico is 
a heavy, thick, black oil containing about 50% 
asphaltum and while fairly good as a fuel oil 
is nothing like as valuable for refining purposes 


OF FREIGHT SHED. 


ing. With regard to piping the oil, great diffi- 
culty is likely to be encountered on account of 
the thickness and heaviness of the oil itself. 
Along the coast where oil can be distributed in 
tank steamers and for the foreign market, Mexi- 
can oil will doubtless be available if found in 
large quantities. 
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THE PRESENT STATUS OF MILITARY AERONAUTICS.* 
By GEORGE O. SQUIER, Major, Signal Corps, U. S. A. 


It is a matter of first significance that the American 
Society of Mechanical Engineers, composed of a body of 
highly trained and serious minded men, should be consid- 
ering in annual meeting assembled the subject of aerial 
navigation. Five years ago such a subject could scarcely 
have had a place on the list of professional papers on 
your program. The present period will ever be memor- 
able in the history of the world for the first public de- 
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July 1, 1907, and the Aeronautical Board of the Signal 
Corps was appointed in July of the current year for con- 
ducting tests of dirigible balloons and aeroplanes under 
existing contracts. 

It should be stated that the mention of particular types 
of dirigible balloons and aeroplanes in this paper must 
not be considered as an official indorsement of thes? par- 
ticular machines, nor the failure to mention other types 
be construed to indicate a lack of equal recognition of 
the merits of the latter. In the case of the Wright 
Brothers, however, it is desired to associate the Signal 


FIG. 1. 


_ Monstrations of the practicability of mechanical flight. 
In fact, at the present moment a resistless wave of en- 
` thusiasm and endeavor, sweeping away every prejudice, 
is passing over the entire civilized world, fixing the at- 
tention of all classes upon the problem of flight. France, 
Germany and England are in a state of frenzied interest 
in this subject, and each period of a single month sees 
some new step accomplished in the march of progress. 
The Universal Highway is at last to be made available 
for the uses of mankind, with its consequent influence 
upon our modes of life and thought. 

The subject of war balloons and their accessories per- 
tains by law to the Signal Corps of the Army. On Dec. 
23, 1907, the Signal Corps of the Army issued a public 
advertisement and specification calling for bids for fur- 
nishing the Government with a heavier-than-air flying 
machine.t The conditions uf this specification require 
that the Government be furnished with a heavier-than-air 
flying machine capable of carrying one passenger besides 
the aviator, and it must remain in the air on an endur- 
ance test for a period cf one hour without landing, and 
must also b- subjected to a speed test over a measured 
course of more than five miles, against and with the 
wind, attaining a minimum speed of 36 miles per hour. 
The machine must, in addition. carry fuel for a continu- 
ous flight of not less than 125 miles. In preparing this 
specification, it was purpos?ly sought to leave the bidder 
perfectly free in the methods to be employed, and he 
ws not restricted as to type or design. At the time this 
snecification was issued eleven months ago, the condi- 
tions were publicly regarded as being unusually severe 
and far beyond th? state of the art at that time. That 
these conditions were justified has been subsequently 
proved, as is now well known. 

It was believed that the acceptance of each of the bids 
submitted inst ad of but one of them would serve as an 
additional stimulus to develop practical aviation in the 
United States, and at the same time serve to supply the 
War Department with machines needed in military serv- 
ice. This dual object,—to advance a new art of interest 
to the nation as a whole, and to secure necessary equip- 
ment for the military establishment,—has been in the 
past and is at present the policy of the Signal Corps of 
the Army. 

The result of issuing this specification, as well as a 
similar one for supplying a small dirigible balloon for 
the preliminary training of the men of the Signal Corps, 
was an awakening of interest in this subject throughout 
the country to such an extent that the Signal Office 
continues to receive daily a large number of letters, 
plans, and models, proposing manifold schemes for navi- 
gating the alr. The Aeronautical Division of the Office 
of the Chief Signal Officer of the Army was organized on 
l *Presented at the New York meeting of the American 
Saciety of Mechanical Engineers, Dec. 1-4. Printed in 
the December iesue of the “Journal” of the Society. 

‘(This was reprinted in Engineering News, Jan. 2, 
1908. l 


FRENCH DIRIGIBLE BALLOON 


“LA PATRIE” 


Corps of the Army publicly and officially with the pres- 
ent universal recognition of their work in advancing the 
Science and Art of Aviation. These results have been 
due to the persistence, daring, and intelligence of these 
American gentlemen, to whom the whole world is now 
paying homage. It will ever b2 recorded that the classic 
series of public demonstrations first made by Orville 
Wright at the Government testing grounds at Fort Myer, 
Va., in Sept., 1908, and by Wilbur Wright at Le Mans, 
France, made a profound impression throughout the 
world, and kindled especially the patriotic spirit of the 
American people. 

There are two general classes of vehicies of the air, 
(a) those which depend for 
their support upon the buoy- 
ancy of some gas lighter 
than air, and (b) those which 
depend for such support up- 
on the dynamic reaction of 
the air itself. These classes 
are designated as 

(a) Lighter-than-air types: 

Free balloons, dirigible 
balloons or airships. 

(b) Heavier-than-air types: 

Aeroplanes, orthopters, 
helicopters, etc. 

It should be remarked, how- 
ever, that these two gen- 
eral classes exhibit a growing 
tendency to overlap each 
other. For example, the lat- . 
est dirigible balloons are 
partly operated by means of 
aeroplane surfaces, and are 
also often balanced so as to 
be slightly heavier than the : 
air in which they move, employing the propeller thrust 
and rudder surfaces to contrul the altitude. 


Aerostation. 


Captive and free balloons, with the necessary apparatus 
and devices for operating the same, have been for many 
years considered an essential part of the military estab- 
lishment of every first-class power. They played a con- 
spicuous part in the siege of Paris, and were often valu- 
able in our own Civil War. The construction and opera- 
tion of aerostats are too well understood to need further 
attention here. 


SUCCESSFUL MILITARY DIRIGIBLE BALLOONS. 
FRANCE. 

Two types of dirigible balloons have been used in the 
French Army; first the Patrie, and second the Ville 
de Paris.“ The “Patrie” was developed by Julllot, an 
engineer employed by the Lebaudy Brothers at their 
sugar refinery in Paris. A history of his work beginning 
in 1896 is fully given in “La Conquéte de l' Air.“ 


THE PATRIE.—The “Patrie,” the third of its type, was 
first operated in 1906. The gas bag of the first balloon 
was built by Surcouf at Billancourt, Paris. The mechan- 
ical part was built at the Lebaudy Sugar Refinery. Since 
then the gas bags have been built at the Lebaudy balloon 
shed at Moisson, near Paris, under the direction of their 
aeronaut, Juchmés. The gas bag of the ‘‘Patrie’’ was 
197 ft. long with a maximum diameter of 33 ft. 9 ins., 
situated about 2/5 of the length from the front; volume 
111,250 cu. ft.; length approximately six diameters. This 
relation, together with the cigar shape, is in accordance 
with the plans of Col. Renard's dirigible, built and oper- 
ated in France in 1884; the same general shape and pro- 
portions being found in the “Ville de Paris.” 

The first Lebaudy airship was pointed at the rear. This 
is generally admitted to be the proper shape for the least 
resistance, but to maintain stability it was found neces- 
sary to put a horizontal and vertical plane there, so that 
it had to be made an ellipsoid of revolution to give at- 
tachment for these planes. 

The ballonet for air had a capacity of 22,958 cu. ft. or 
about 1/5 of the total volume. This is calculated to per- 
mit reaching a height of about one mile and to be able 
to return to the earth, keeping the gas bag always rigid. 
To descend from a height of one mile, gas would be re- 
leased by the valve, then air pumped into the ballonet 
to keep the gas bag rigid, these two operations being car- 
ried on alternately. On reaching the ground from the 
height of one mile the air would be at the middle of the 
lower part of the gas bag and would not entirely fill the 
ballonet. To prevent the air from rolling from one end 
to the other when the airship pitches, thus producing 
instability, the ballonet was divided into three compart- 
ments by impermeable cloth partitions. Numerous small 
holes were pterced in these partitions through which the 
air finally reached the two end compartments. 

In Sept., 1907, the ‘‘Patrie’’ was enlarged by 17,660 cu. 
ft. by the addition of a cylindrical section at the maxi- 
mum diameter, increasing the length, but not the maxi- 
mum diameter. 

The gas bag is cut in panels; the material is a rubber 
cloth made by the Continental Tire Company at Hanover, 


Germany. It consists of four layers arranged as fol- 
lows: 
Weight, oz. 
per sq. yd. 
a—Outer layer of cotton cloth covered with lead 
chromate 6 „% „% „% % „„ „% „„ „% „%„ % % „% „% 6% „% „% „% „% %% „„ „% „ „% „% „„ „% % »„%f50621:L Ld 


b—Layer of vulcanized rubber 2.5 
c—Layer of cotton cloth........cssesecssesess. 2D 
d—Inner layer of vulcanized rubber............ 2.21 


Total weight i E O EA ae G L 


A strip of this cloth one foot wide tears at a tension of 
about 934 lbs. A prcssure of about 1 in. of water can be 
maintained in the gas bag without danger. The lead 
chromate on the outside is to prevent the entrance of the 
actinic rays of the sun which would cause the rubber to 
deteriorate. The heavy layer of rubber is to prevent the 
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FIG. 2. FRENCH DIRIGIBLE BALLOON “LA VILLE DE PARIS.” 


leaking of the gas. The inner layer of rubber is merely 
to prevent deterioration of the cloth by impurities in the 
gas. This material has the warp of the two layers of 
cotton cloth running in the same direction and is called 
straight thread. The material in the ballonet weighs 
only about 7% ozs. per sq. yd., and has a strength of 
about 336 lbs. per running ft. When the “Patrie” was 
enlarged in September, 1907, the specifications for the 
material -allowed a maximum weight of 10 ozs. per sq. 
yd., a minimum strength of 907 lbs. per running ft., 
and a loss of 5.1 cu. ins. of hydrogen per sq. yd. in 24 
hours at a pressure of 1.18 ins. of water. Bands of cloth 
are pasted over the seams inside and out with a solution 
of rubber to prevent leaking through the stitches. 
Suspension.—One of the characteristics of the Patrie“ 
is the ‘“‘short’’ suspension. The weight of the car is 
distributed over only about 70 ft. of the length of the 
gas bag. To do this, an elliptical shaped frame of nickel 
steel tubes is attached to the bottom of the gas bag. 
Stee] cables run from this down to the car. A small 
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hemp net is attached to the gas bag by means of short 
wooden cross pieces or toggles which are let into holes 
in a strong canvas band which is sewed directly on the 
gas bag. The metal frame, or platform, is attached to 
this net by means of toggles, so that it can be quickly 
removed in dismounting the airship for transportation. 
The frame can also be taken apart. Twenty-eight steel 
cables about 0.2 in. in diameter run from the frame down 
to the car, and are arranged in triangles. Due to the im- 
possibility of deforming a triangle, rigidity is main- 
tained between the car and gas bag. 


FIG. 3. 


HANGER. 


The objection to the ‘‘short’’ suspension of the “Patrie” 
is the deformation of the gas bag. A distinct curve can 
be seen in the middle. 

The Car.—The car is made of nickel steel tubes (12% 
nickel). The car is boat-shaped, about 16 ft. long, about 
5 ft. wide, and 2% ft. high. About 11 ft. separate the 
car from the gas bag. To prevent any chance of the 
fire from the engine communicating with the hydrogen, 
the steel framework under the gas bag is covered with a 
non-combustible material. 

The pilot stands at the front of the car, the engine is 
in the middle, the engineer at the rear. Provision is 
made for mounting a telephotographic apparatus, and for 
a 1(U-candle-power acetylene searchlight. A strong pyra- 
tidal stiucture of steel is built under the car, pointing 
cowuward. In landing the point comes to the ground 
first and this protects the car, and especially the pro- 
pellers, from being damaged. The car is covered to re- 
duce air resistance. It is so low, how ver, that part of 
the equipment and most of the bodies of those inside are 
exposed, so that the total resistance of the car is large. 

The Motor.—The first Lebaudy had a 40-HP. Daiml.r- 
Mercedes benzine motor. The ‘‘Patrie’’ was driven by a 
60 to 70-HP. 4-cylinder Panhard and Levassor benzine 
mo or, making 1,000 r.p.m. 

The Propellers.—There are two steel propellers 8 ft. 
in diameter (two blades each) placed at each side of the 
engine, thus giving the shortest and most economical 
transmission. To avoid any tendency to twist the car, 
the propellers turn in opposite directions. They make 
1,000 to 1,200 r.p.m . 

The gasolene tank is placed under the car inside the 
pyramidal frame. The gasolene is forced up-to the motor 
by air compression. The exhaust is under the rear of the 
car pointing down and is covered with a metal gauze to 
prevent flames coming out. The fan which drives the 
air into the ballonet is run by the motor, but a dynamo 
is also provided so that the fan can always be kept run- 
ning even if the motor stops. This is very essential as 
the pressure must be maintained inside the gas bag so 
that the latter will remain rigid and keep its form. 
There are five valves in all, part automatic and part both 
automatic and also controlled from the car with cords. 
The valves in the ballonet open automatically at less 
pressure than the gas valves, so that when the gas ex- 
pands all the air is driven out of the ballonet before 
there is any loss of gas. The ballonet valves open at a 
pressure of about 0.78 in. of water, the gas valves at 
about 2 ins. 

Stability.—Vertical stability is maintained by means of 
fixed horizontal. planes. One having a surface of 150 
sq. ft. is attached at the rear of the gas bag, and due to 
is distance from the center of gravity is very efficient. 
The elliptical frame attached under the gas bag has an 
area of 1,055 sq. ft. but due to its proximity to the 
center of gravity, has little effect on the stability. Just 
behind the elliptical frame is an arrangement similar to 
the fzathering of an arrow. It consists of a horizontal 
plane of 150 sq. ft., and a vertical plane of 113 sq. ft. 
To maintain horizontal stability, that is, to enable the 
airship to move forward in a straight line without veer- 
ing to the sides, fixed vertical planes are used. One runs 
from the center to the rear of the elliptical frame and has 
an area of 108 sq. ft. 

In addition to the vertical surface of 113 sq. ft. at the 


rear of the elliptical frame, there is a fixed plane of 150 passengers, fuel, ballast, instruments, etc. 
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sq. ft. at the rear of the gas bag. To fasten the two 
perpendicular plancs at the rear of the gas bag, cloth 
flaps are sewed directly on the gas bag. Nickel steel 
tubes are placed in the flaps which are then laced over 
the tubes. With these tubes as a base, a light tube and 
wire framework is attached and waterproof cloth laced on 
this framework. Additional braces run from one surface 
to the other and from each surface to the gas bag. The 
rudder is at the rear under the gas bag. It has about 
150 sq. ft. and is balanced. 

A movable horizontal plane near the center of gravity, 
above the car, is used to pro- 
duce rising or descending 
motion, or to prevent an in- 
voluntary rising or falling of 
the airship due to expansion 
or contraction of the gas or 
to other causes. After the 
adoption of this movable hor- 
izontal plane, the loss of gas 
and ballast was reduced to a 
minimum, Ballast is carried 
in 10 and 20-lb. sand bags. 
A pipe runs through the bot- 
tom of the car from which 
the ballast is thrown. 

There are two tong guide 
ropes, one attached at the 
front of the elliptical frame 
and the other on the car. 
On landing. the one in front 
is seized first so as to bold 
the airship with the head to 
the wind. The motor may 
then be stopped and the de- 
scent made by pulling down 
on both guide ropes. A heavy rope, 22 ft. long, weigh- 
ing 110 Ibs. is attached on the end of a 164-ft. guide rope. 
This can be dropped out on landing to prevent coming 
to the ground too rapidly. The equipment of the car 
includes a ‘“‘siren,’’ speaking trumpet, carrier pigeons, 
iron pins and a rope for anchoring the airship, reserve 


“supply of fuel and water, and fire extinguisher. 


After being enlarged in September, 1907, the “Patrie” 
made a number of long trips 
at an altitude of 2,500 to 


3,000 ft. In November, 1907, 
she went fiom Paris to 
Verdun, near the German 
frontier, a distance of about 
175 miles, in about 7 hours, 
carrying four persons. This 
trip was made in a light wind 
blowing from the north- 
east. Her course was east, 
so that the wind was un- 
favorable. On Friday, Nov. 
29, 1907, during a flight 


near Verdun, the motor stop- 
ped, due to difficulty with 
the carburetter. The airship 
drifted with the wind to a 
village about 10 miles away 
wheré she was safely landed. 
The carburetter was repaired 
on the 30th. Soon after, a 
strong wind came up and 
tore loose some of the iron 
pickets with which it was 
anchored. This allowed the 
airship to swing broadside to 
the wind; it then tilted 
over on the side far enough 
to let some of the ballast 
bags fall out. The 150 or 200 
soldiers who were holding 
the ropes were pulled along 
the ground until directed by 
the officer in charge to let 
go. After being released, it 
rose and was carried by the 
wind across the north of 
France, the English Channel, 
and into the north of Ire- 
land. It struck the earth 
there, breaking off one of th? 
propellers and then drifted 


THE REPUBLIQUE.—This 
is the latest of the French 
military. dirigible balloons, 
and differs but slightly from 
its predecessor, the Pa- 
trie.“ The volume has been 
increased by about 2,000 cu. 
Tt; The length has been 


to 35½ ft. The shape of the gas bag accounts for the 
2,000 additional cubic feet of volume. The motor and 
propellers are as in the “Patrie.” The total lifting ca- 
pacity is 9,000 lbs., of which 2,700 lbs. are available for 
Its best per- 
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reduced to 200 ft. and the maximum diameter increased 


formance was a 125-mile flight made in 6% hours against 
an unfavorable wind. 
The material for the gas bag of the new airship was 


furnished by the Continental Tire Company. It is made 
up as follows: 
Weight oz. 
per sq. yd. 
Outer yellow cotton layer „„ B20 
Layer of vulcanized rubber 3.25 
F/ aa RA a 3.25 
Innèr layer OF add aoaie ron a 0.73 
Total “WERE: aner aad aa 10.48 


It is interesting to note the changes which this type 
has undergone since the first one was built. The 
“Jaune,” constructed in 1902-03, was pointed at the rear 
and had no stability plane there; later it was rounded 
off at the rear and a fixed horizontal plane attached. 
Finally a fixed vertical plane was added. The gas bag 
has been increased in capacity from 80,670 cu. ft. to 
about 131,000 cu. ft. The manufacturers have been able 
to increase the strength of the material of which the gas 
bag is made, without materially increasing the weight. 
The rudder has been altered somewhat in form. It was 
first pivoted. on its front edge, but later on a vertical 
axis, somewhat to the rear of this edge. With the in- 
crease in size, has come an increase in carrying capacity 
and consequently a greater speed and more widely ex- 
tended field of action. 


THE VILLE DE PARIS.—This airship was constructed 
for Mr. Deutsch de la Meurthe, of Paris, who has done a 
great deal to encourage aerial navigation. The first 
Ville de Paris” was built in 1902, on plans drawn by 
Tatin, a French aeronautical engineer. It was not a suc- 
cess. Its successor was built in 1906, on plans of Sur- 
couf, an aeronautical engineer and balloon builder. The 
gas bag was built at his works in Billancourt, the me- 
chanical part at the Voisin shop, also in Billancourt. 
The plans are based on those of Col. Renard’s airship, 
the “France,” built in 1884, and the “Ville de Paris” 
resembles the older airship in many particulars. In 
September, 1907, Mr. Deutsch offered the use of his air- 
ship to the French Government. The offer was accepted, 
but delivery was not to be made except in case of war 
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or emergency. When the ‘Patrie’’ was lost in Novem- 
ber, 1907, the military authorities immediately took over 
the Deutsch airship. 

Gas Bag.—The gas bag is 200 ft. long for a maximum 
diameter of 3414 ft., giving a length of about 6 diameters, 
as in the “France” and the “Patrie.” Volume 112,847 
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cu. ft. maximum diameter at about % of the distance 
from the front, approximately, as in the ‘‘Patrie.” The 
middle section is with conical sections in 
front and rear. At the extreme rear is a cylindrical sec- 


cylindrical 


tion with cight smaller cylinders attached to it. The 
ballonet has a volume of 21,192 cu. ft., or about 1/5 of 
the whole volume, the sime proportion found in the 
“Patrie.” The ballonet is divided into three compart- 


The 


walls are of 


ments from front to rear. division 
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the aeronaut with steering wheels is about at the center 
of gravity. 


Motor.—The motor is a 70 to 75-HP. Argus,“ and is 


exceptionally heavy. 

Propeller.—The propeller is placcd at the front end 
of the car. 
undisturbed air; the disadvantage is the long transmis- 
sion and difficulty in attaching the propeller rigidly. It 
has two blades and is 19.68 ft. long with a pitch of 26.24 


FIG. 5. 
VERING 


permeable cloth, and are not fastened to the bottom so 
that when the middle compartment fills with air, and the 
the division walls are lifted up from the 
bottom of the gas bag, and there is free communication 
between the three compartments. The gas bag is made 
up of a series of strips perpendicular to a meridian line. 
These strips run around the bag, their ends meeting on 
the under meridian. This is known as the ‘‘brachistode’”’ 
method of cutting out the material, and has the advan- 
tage of bringing the seams parallel to the line of greatest 
tension. They are therefore more likely to remain tight 
and not allow the escape of gas. The disadvantage lies 
in the fact that there is a loss of 
cutting. The mat.rial was furnished by the Continental 
Tire has approximately the same tensile 
strength and weight as that used in the 
differs from the other in one important feature—it is 
diagonal-thread, that is, the warp of the outer layer of 
cotton cloth makes an angle of 45° with the warp of the 
inner layer of cotton cloth. The result is to localize a 
tip or tear in the material. A tear in the straight thread 
material will continue along the warp, or the weave, 
until it reaches a seam. 

Valves.—There are five in all, made of steel, about 14 
ins. in diameter; one on the top connected to the car by 
a cord, operated by hand only; two near the rear under- 
neath. These are automatic, but can be operated by 
hand from the car. Two ballonet valves directly under 
the middle are automatic and are also operated from the 
car by hand. The ballonet valves open automatically at 
a pressure of % in. of water, the gas valves open at a 
higher pressure. 


ballonet rises, 


Company, aud 


Suspension.—This airship has the long'“ suspension. 
That is, the weight is distributed along practically the 
entire length of the gas bag. A doubled band of heavy 
canvas is sewn with six rows of stitches along the side 
of the gas bag. Hemp ropes running into steel cables 
transmit most of the weight of the car to 
canvas bands and thus to the gas bag. On both sides and 
first bands are Lines run from 
points half way between the and the 
car, then radiate from these points to different points of 
This gives the triangular or non- 


these two 


below these two more. 


these to gas bag 


attachment on the car. 


deformable syst.m of suspension, which is necessary in 
order to have the car and gas bag rigidly attached to 
cach other. With this ‘‘long’’ suspension, the ‘Ville de 


Paris’’ does not have the deformation so noticeable in the 
gas bag of the “Patrie.” 

The Car.—This is in the form of a trestle. It is built 
of wood with aluminum joints and 0.12 in. wire tension 
members. It is 115 ft. long, nearly 7 ft. high at the 
middle, and a little over 54%, ft. wide at the middle. It 
weighs 660 lbs. and is considered unnecessarily large and 


heavy. The engine and engineer are well to the front, 


33½% of material in 


„Patrie.“ It 
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ft. The blades are of cedar with a stcel arm. The pro- 
peller makes 250 r.p.m. when the engine is making 900 
revs. (maximum speed). Its great diameter and width 
compensate for its small speed, 

Stability.—This- is maintained entirely by the cylinders 
at the rear. Counting the larger one to which the 
smaller ones are attached, there are five, arranged side by 
side corresponding to the horizontal planes of the Pa- 
trie,” and five vertical ones corresponding to the Pa- 


trie’s’’ vertical planes. The 
volume of the small cylin- 
ders is so calculated that 


the gas in them is just suffi- 
cient to lift their weight, 
so they neither increase nor 
decrease the ascensional force 
of the whole. The hori- 
zontal projection of these cyl- 
inders is 1,076 sq. ft. The 
center of this projection is 
72 ft. from the center of 
gravity of the gas. The 
great objection to this method 
of obtaining stability, is the 
air resistance due to these 
cylinders, and consequent loss 
of speed. The stability of 
the “Ville de Paris” in a ver- 
tical plane is said to be 
superior to that of the Pa- 
trie,” due to the fact that the 
stability planes of the latter 
did not always remain rigid. 
The independent velocity of 


the “Ville de Paris’’ prob- 
ably never exceeded 25 mi. 
per hr. 

The Rudder.—The rudder 


has a double surface of 150 
sq. ft. placed at the rear end 
of the car, 72 ft. from the 
center of gravity. It is not 
balanced, but is inclined 
slightly to the rear so that 
its weight would make it 
point directly to the rear if 
the steering gear should 
break. Two pairs of movable 
horizontal planes, one at 
the rear of the car having 43 sq. ft., and one at the 
center of gravity (as on the ‘‘Patrie’’) having 86 eq. ft. 
serve to drive the airship up or down without losing 
gas or ballast. 

Guide Ropes.—A 400-ft. guide rope is attached at the 
front end of the car. A 230-ft. guide rope is attached to 
the car at the center of gravity. 


FIG. 6. 


it thus has the advantage of working in 
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About thirty men are required to mancuver the “Ville 
de Paris” on the ground. The pilot has three steering 
wheels, one for the rudder and two for the movable hori- 
zontal planes. The instruments used are an aneroid 
barometer, a registering barometer giving heights up to 
1,600 ft. and a gage which can be connected either with 
the gas bag or ballonet by turning a valve. A double 
column of water is also connected to the tube to act as a 
check on the gage. Due to the vibration of the car 
caused by the motor, these instruments are suspended by 
rubber attachments. Even with this arrangement, it is 
necessary to steady the aneroid barometer with the hand 
in order to read it. The vibration prevents the use of 
the statoscope. 

ENGLAND. 


MILITARY DIRIGIBLE NO. 1.—The gas bag of this 
airship was built about five years ago by Col. Templar, 
formerly in command of the aeronautical establishment 
at Aldershot. His successor, Col. Capper, built the me- 
chanical part during the spring and summer of 1907, 
with the assistance of Mr. S. F. Cody, a mechanical 
engineer. It was operated by Col. Capper as pilot, with 
Mr. Cody in charge of the engine. Several ascents were 
made at Aldershot. In October, 1907, they made a trip 
from Aldershot to London, a distance of about 40 miles, 
landing at the Crystal Palace. For several days the rain 
and wind prevented attempting the return journey. On 


Oct. 10 a strong wind threatened to carry away the air- 


ship, so the gas bag was cut open by the serg<ant in 
charge. 

Gas Bag.—This is made of eight layers of gold beater's 
skin. It is cylindrical in shape with spherical ends. 
Volume 84,768 cu. ft.; length 111% ft.; maximum diam- 
eter, 31% ft. The elongation therefore is only about 3%. 
There is no ballonet, but due to the toughness of the 
gold beater’s skin, a much higher pressure can safely 
be maintained than in gas bags of rubber cloth. With- 
out a ballonet, however, it would not be safe to rise to 
the heights reached by the ‘‘Patrie.’’ 

Valves.—The valves are made of aluminum and are 
about 12 ins. in diameter. 

Suspension.—In this airship they have succeeded in 
obtaining a long' suspension with a short boat-shaped 
car, a combination very much to be desired, as it dis- 
tributes the weight over the entire length of the gas bag 
and gives the best form of car for purposes of observation 
and for maneuvering on the ground. To obtain this 
combination they have had to construct a very heavy 
steel framework which cuts down materially the carry- 
ing capacity, and moreover, this framework adds greatly 
to the air resistance. This is the only airship in Europe 
having a network to support the car. In addition, four 
silk bands are passed over the gas bag and wires run 
from their extremities down to the steel frame. This 
steel frame is in two tiers; the upper is rectangular in 
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cross-section and supports the rudder and planes; the 
lower part is triangular in cross-section and supports the 
car. The joints are aluminum. 
The Car.—This is of steel and is about 30 ft. long. To 
reduce air resistance, the car is covered with cloth. 
Motor.—A 40 to 50-HP. 8-cylinder Antoinette motor is 
used. It is set up on top of the car. The benzine tanks 
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are supported above in the framework. 
used. 

Propellers.—There are two propellers, one on each side, 
with two blades each, as in the “Patrie.” They are made 
cf aluminum, 10 ft. in diameter, and make 700 r.p.m. 
The transmission is by belt. 

Stability.—This is maintained by means of planes. At 
the extreme rear is a large fixed horizontal plane. In 
front of this is a pair of hinged horizontal planes. Under 
this is the hexagonal shaped rudder. It is balanced. 
Two pairs of movable horizontal planes, 8 ft. x 4 ft., 
each placed at the front serve to guide the airship up and 
down, as in the ‘‘Patrie’’ and “Ville de Paris.“ These 
planes have additional inclined surfaces which are in- 
tended to increase the stability in a vertical plane. All 
these planes, both fixed and movable, are constructed 
like kites, of silk stretched on bamboo frames. The 
guide rope is 150 ft. long. Speed attained, about 16 mi. 
per br. This airship with a few improvements added has 
been in operation the past few months. The steel frame- 
work connecting the gas bag to the car, is now entirely 
covered with canvas, which must r.duce the resistance 
of the air very materially. The canvas covering, enclos- 
ing the entire bag, serves as a reinforcement to the latter 
and at the same time gives attachment to the suspension 
underneath. It is reported that a speed of 20 mi. per 
hr. has been attained with the reconstructed airship. 

A pyramidal construction similar to that on the Pa- 
trie” has been built under the center of the car to pro- 
tect the car and propellers on landing. A single movable 
horizontal plane placed at the front end of the car and 
operated by the pilot, controls the vertical motion. 


GERMANY. 
Three different types of 


Gravity feed is 


ai:ships are being developed 


in Germany. The ‘Gross’’ is the design of Major Von 
Gross, who commands the Balloon Battalion at Tegel, 
noar Berlin. The ‘‘Parseval’’ is being developed by 


Major Von Parseval, a retired German officer, and the 
“Zeppelin” is the design of Count Zeppelin, also a re- 
tired officer of the German Army. 

THE GROSS.—The first airship of this type made its 
first ascension on July 23, 1907. 
was built at Siemen's Electrical Works in 
gas bag by the Riedinger firm in Augsburg. 

Gas Bag.—The gas bag is made of rubber cloth fur- 
nished by the Continental Tire Company similar to that 
uscd in the “Ville de Paris.“ It is diagonal-thread, but 
there is no inner layer of rubber, as they do not fear 
damage from impurities in the hydrogen gas. Length, 
131% ft.; maximum diameter, about 39% ft.; volume 
63,576 cu. ft.: the elongation is about 314. Th» form is 
cylindrical with spherical cones at the ends, the whole 
being symmetrical. 

Suspension.—The suspension is practically the same as 
that of the “Patrie.” A steel and aluminum frame is 
attached to the lower part of the gas bag, and the car is 
suspended on this by steel cables. The objection to this 
system is even more apparent in the Gross“ than in the 
“Patrie.” A marked dip along the upper meridian of the 
gis bag shows plainly the deformation. 

The Car.—The car is boat-shaped like that of the 
“Patrie.” It is suspended 13 ft. below the gas bag. 

Motor.—The motor is a 24-HP. 4-cylinder Daimler- 
Mercedes.” 

Propellers.—There are two propellers 8.2 ft. in diam- 
eter, each having two blades. They are placed one on 
each side, but well up under the gas bag near the center 
of resistance. The transmission is by belt. The pro- 
pellers make 800 r.p.m. 

Stability.—The same system, with planes, is used in 
the Gross' as in the “Patrie,” but it is not nearly so 
well developed. At the rear of the rigid frame attached 
to the gas bag, are two fixed horizontal planes, one on 
each side. A fixed vertical plane runs down from be- 
tween these horizontal planes, and is terminated at the 
rear by the rudder. A fixed horizontal plane is attached 
on the rear of the gas bag as in the Patrie.“ The 
method of attachment is the same, but the plane is put 
on before inflation in the Gross airship, afterwards in the 
“Patrie.” The stability of the Gross airship in a vertical 
plane is reported to be very good, but it is said to veer 
considerably in attempting to steer a straight course. 

The many points of resemblance between this dirigible 
and the Lebaudy type are worthy of notice. The sus- 
pension or means of maintaining stability, and the dis- 
position for driving are in general the same. As first 
built, the Gross“ had a volume of 14,128 cu. ft. less 
than at present, and there was no horizontal plane at the 
rear of the gas bag. Its maximum speed is probably 15 
mi. per hr. As a result of his experiments of 1907, 
Major Von Gross has this year produced a perfected 
airship built on the same lines as his first, but with 
greatly increased volume and_dimensions. The latest one 
bas a volume of 176,000 cu. ft., is driven by two 75-HP. 
Daimler motors and has a speed of 27 mi. per hr. 

On Sept. 11 of this year, the Gross airship left Berlin 
at 10.25 p. m., carrying four passengers, and returned the 
next day at 11.30 a. m., having covered 176 miles in the 
period of a little over 13 hours. This is the longest trip, 
both in point of time and distance ever made by any 
airship returning to the starting point. 


Berlin; the 


The m-chanical part 


THE PARSEVAL.—The Parseval airship is owned and 
controlled by the Society for the Study of Motor Bal- 
This organization, compos:d of capitalists, was 
formed practically at the command of the Emperor, who 
is very much interested in aerial navigation. The Society 
has a capital of 1,000,000 marks, owns the Parseval 
patents and is ready to construct airships of the Von 
Parseval type. The present airship was constructed by 
the Riedinger firm at Augsburg, and is operated from the 
balloon house of this Society at Tegel, adjoining the mili- 
tary balloon house. 

The gas bag is similar in construction to that of the 
‘“Drachen” balloon, us d by the army for captive work. 
Volume, 113,000 cu. ft.; length, 190 ft.; maximum 
diameter, 3014 ft. It is cylindrical in shape, rounded at 
the front end and pointed at the rear. The material was 
furnished by the Continental Tire Company. It is diag- 
onal-thread, w.ighing about 11.2 ozs. per sq. yd. and 
having a strength of about 940 lbs. per running foot. Its 
inner surface is covered with a layer of rubber. 

Ballonets.—There are two ballonets, one at each end, 
each having a capacity of 10,596 cu. ft. The material 
in the ballonet weighs about 84 ozs. per sq. yd., the 
cotton layers being lighter than in the material for the 
gas bag. Air is pumped into the rear ballonet before 
leaving the ground, so that the airship operates with the 
front end inclined upward. The air striking underneath, 
exerts an upward pressure, as on an aeroplane, and thus 


loons. 
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adds to its lifting capacity. Air is pumped into the bal- 
lonets from a fan operated by the motor. A complex 
valve just under the middle of the gas bag, enables the 
engineer to drive air into either, or both ballonets. The 
valves also act automatically and release air from the 
ballonets at a pressure of about 0.9 in. of water. 

In the middle of the top of the gas bag, is a valve for 
releasing the gas. It can be operated from the car, and 
opens automatically at a pressure of about 2 ins. of 
water. Near the two ends and on opposite sides, are two 
rip strips controlled from the car by cords. 

Suspension.—The suspension is one of the character- 
istics of the airship, and is protected by patents. The 
car has four trolleys, two on each side, which run on 
two steel cables. The car can run backwards and for- 
wards on these cables, thus changing its position with 
relation to the gas bag. This is called ‘‘loose’’ suspen- 
sion. Its object is to allow the car to take up, auto- 
matically, variations in thrust due to the motor, and 
variations in resistance due to the air. Ramifications 
of hemp rope from these steel cables are sewn onto a 
canvas strip which in turn is sewn onto the gas bag. 
This part of the suspension is the same as in the 
“Drachen.” The weight is distributed over the entire 
length of the gas bag. 

The Car.—The car is 16.4 ft. long and is built of steel 
tubes and wire. It is large enough to hold the motor 
and three men, though four or five may be taken. 

Motor.—The motor is a 110-HP. Daimler-Mercedes. 
Sufficient gasolene is carried for a run of 12 hours. 

Propeller.—The propeller, like the suspension, is pecu- 
liar to this airship and is protected by patents. It has 
four cloth blades which hang limp when not turning. 
When the motor is running, these blades, which are care- 
fully weighted with lead at certain points, assume the 
proper position due to the various forces acting. The 
diameter is 13% ft. The propeller is placed above the 


rear of the car near the center of resistance. 
transmission is used. The propeller makes 500 r.p.m. 
to 1,000 of the motor. There is a space of 644 ft. from 
the propeller blades to the gas bag, the bottom of the car 
being about 30 ft. from the gas bag. This propeller has 
the advantage of being very light. Its position, so far 
from the engine, necessarily incurs a great loss of power 
in transmission. 

The steering wheel at the front of the car, has a spring 
device for locking it in any position. 

The 1908 model of this airship was constructed for.the 
purpose of selling it to the Government. Among other 
requirements is a 12-hr. flight without landing, and a 
sufficient speed to maneuver against a 22-mi. wind. A 
third and larger airship of this type is now under con- 
struction. 

THE ZEPPELIN.—The Zeppelin airship, of which there 
have been four, differs from all others in that the envel- 
ope is rigid. Sixteen separate gas bags are contained in 
an aluminum alloy framework having 16 sides, covered 
with a cotton and rubber fabric. The pressure of the 
air is taken up by this framework instead of by the gas 
bags. The gas bags are not entirely filled, thus leaving 
room for expansion. 

The rigid frame is 446 ft. long, 42% ft. in diameter, 
and has ogival-shaped ends. It is braced about every 
45 ft. by a number of rods crossing near the center, 
giving a cross-section resembling a bicycle wheel. Ver- 
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tical braces are placed at intervals the entire length of 
the frame. The 16 gas bags are completely separated 
from each other by partitions of sheet aluminum. Under 
the framework is a triangular truss running nearly the 
entire length, the sides of the triangle being about 8 ft. 
The total volume of the gas bags is 460,000 cu. ft. which 
gives a gross lift of about 32,000 lbs. 

Suspension.—The two cars are rigidly attached directly 
to the frame of the envelope, and a very short distance 
below it. 

Cars.—The two cars are built like boats. They are 
about 20 ft. long, 6 ft. wide, 316 ft. high; are placed 
about 100 ft. from each end and are made of the same 
aluminum alloy. To land the airship, it is lowered until 
the cars float on the water, when it can be towed like a 
ship. A third car is built into the keel directly under 
the center of the framework, and is for passengers only. 

Motors.—The power is furnished by two 110-HP. Daim- 
ler-Mercedes motors, one placed on each car. Each 


weighs about 550 lbs.; sufficient fuel for a 60-hr. run 
can be carried. 
Propellers.—A pair of three-bladed metal propellers 


about 15 ft. in diameter is placed opposite each car, 
firmly attached to the frame of the envelope at the 
height of the center of resistance where they are most 
efficient. 

Stability.—In addition to the long V-shaped keel under 
the rigid frame, on each side at the rear of the frame 
are two nearly horizontal planes, while above and below 
the rear end are vertical fins. 

Steering.—A large vertical rudder is attached at the 
extreme end of the rigid frame, and an additional one is 
placed between each set of horizontal planes on the 
sides. For vertical steering, there are four sets of mov- 
able horizontal planes placed near the ends of the rigid 
frame, about the height of the propellers. Each set con- 
sists of four horizontal planes placed one above the 
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other and connected with rods, so that they work on the 


principle of a shutter. These horizontal rudders serve 
another very important purpose, due to the reaction of 
the air. When these planes are set at an angle of 15° 
and the airship is making a speed of 35 mi. per hr., an 
upward pressure of over 1,700 Ibs. is exerted, and conse- 
quently all the gas in one compartment could escape and 
yet by the manipulation of these planes, the airship could 
return safely to its starting point. 

Its best performances were two long trips made during 
the past summer. The first, July 4th, lasted exactly 12 
hours, during which time it covered a distance of 235 
miles, crossing the mountains to Lucerne and Zurich, and 
returning to the balloon house at Friedrichshafen on 
Lake Constance. The average speed on this trip was 
32 mi. per hr. On Aug. 4 this airship attempted a 24-hr. 
flight, which was one of the requirements made for its 
acceptance by the Government. It left Friedrichshafen 
in the morning with the intention of following the Rhine 
as far as Mainz, and then returning to its starting point 
straight across the country. A stop of 4 hrs. 30 mins. 
was made in the afternoon of the first day on the Rhine 
to repair the engine. On the return, a second stop was found 
necessary near Stuttgart, due to difficulties with the mo- 
tors and the loss of gas. While the ship was anchored to 
the ground a storm came up, and broke loose the anchor- 
ages; and as the balloon rose in the air it exploded and took 
fire, due to causes which have never been actually deter- 
mined and published, and fell to the ground, resulting in 
its complete destruction. 
On this journey, which 
lasted in all 31 hrs. 15 mins., 
the airship was in the 
air 20 hrs. 45 mins. and 
covered a total distance of 
378 miles. 

The patriotism of the 
German natlon was aroused. 
Subscriptions were immedi- 
ately opened and in a short 
space of time $1,000,000 had 
been raised. A Zeppelin 
Society was formed to direct 
the expenditure of this fund. 
Eighty-five thousand dollars . 
has been expended for land 
near Friedrichshafen; shops 
are being constructed and it 
has been announced that 
within one year, the construc- 
tion of 8 airships of the Zep- 
pelin type will be completed. 
Recently the Crown Prince 
of Germany made a trip in 


the airship in flight. He decorated Count Zeppelin with 

the Order of the Black Eagle. German patriotism and 

enthusiasm has gone further, and the “German Associa- 

tion for an Aerial Fleet” has been organized in sections 

throughout the country. It announces its intention of 

building fifty garages (hangars) for housing airships. 
UNITED STATES. 

SIGNAL CORPS DIRIGIBLE NO. 1.—Due to lack of 
funds, the United States Government has not been able 
to undertake the construction of an airship sufficiently 
large and powerful to compete with those of European 
nations. However, specifications were sent out last Janu- 
ary for an airship not over 120 ft. long and capable of 
making 20 mi. per hr. Contract was awarded to Capt. 
Thomas S. Baldwin, who delivered an airship last Au- 
gust to the Signal Corps, the description of which fol- 
lows: 

Gas Bag.—The gas bag is spindle shaped, 96 ft. long, 
maximum diameter 19 ft. 6 in. with a volume of 20,000 
cu. ft. A ballonet for air is provided inside the gas bag, 
and has a volume of 2,800 cu. ft. The material for the 
gas bag is made of two layers of Japanese silk, with a 
layer of vulcanized rubber between. 

Car.—The car is made of spruce, and is 66 ft. long, 244 
ft. wide and 2% ft. high. 

Motor.—The motor is a 20-HP. water-cooled Curtiss 
type. 

Propeller.—The propeller is at the front end of the car, 
and is connected to the engine by a steel shaft. It is 
built up of spruce, has a diameter of 10 ft. 8 in. with a 
pitch of 11 ft., and turns at the rate of 450 r.p.m. A 
fixed vertical surface is provided at the rear end of the 
car to minimize veering, and a horizontal surface at- 
tached to the vertical rudder at the rear tends to minimize 
pitching. A double horizontal surface controlled by a 
lever and attached to the car in front of the engine, 
serves to control the vertical motion and also to mini- 
mize pitching. 

The position of the car very near the gas bag is one 
of the features of the Government dirigible. This reduces 
the length and consequently the resistance of the sus- 
pension, and places the propeller thrust near the center 
of resistance. 

The total lifting power of this airship Is 1,350 Ibs., of 
which 500 Ibs. are available for passengers, ballast, fuel, 


etc. At its official trials a speed of 19.61 mi. per hr. 
was attained over a measured course, and an endurance 
run lasting two hours was made, during which 70% of the 
maximum speed was maintained. 

‘‘Dirigible No. 1,” as this airship has been named, has 
already served a very important purpose in initiating 
officers of the Signal Corps in the construction and 
operation of a dirigible balloon. With the experience 
now acquired, the United States Government is in a posi- 
tion to proceed with the construction and operation of 
an airship worthy of comparison with any now in exist- 
ence, but any efforts in this direction must await the 
action of Congress in providing the necessary funds. 

BALLOON PLANT AT FORT OMAHA, NEBRASKA.— 
In anticipation of taking up the subject of aeronautics 
on a scale commensurate with its importance, a complete 
plant has been constructed at the Signal Corps post at 
Fort Omaha, Nebraska. This plant comprises a steel 
balloon house 200 ft. long, 84 ft. wide, and 75 ft. high; 
that is, large enough to house a dirigible balloon of the 
size of the new French military airship ‘‘Le Republique.” 
For furnishing hydrogen gas, an electrolytic plant has 
been installed capable of furnishing 3,000 cu. ft. of gas 
per hr. A gasometer of 50,000 cu. ft. capacity has been 
provided to store a sufficient supply of gas for emer- 
gencies. 8 

In connection with the hydrogen plant is a compressor 
for charging under pressure the steel tubes in which the 
gas is transported. A hydraulic pump for testing steel 
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the "Zeppelin No. 3,” which had been called back into 
service, and within a very few days the Emperor of Ger- 
many visited Friedrichshafen for the purpose of seeing 


tubes at high pressure is a part of this equipment. A 
steel wireless telegraph tower 200 ft. high has been com- 
pleted, and probably will be used in connection with 
wireless experiments with dirigible balloons. 


SOME GENERAL CONSIDERATIONS WHICH GOVERN 
THE DESIGN OF A DIRIGIBLE BALLOON. 
BUOYANCY AND SHAPE.—Although many data are 
needed for the proper design of a dirigible airship, yet 
the experience already available in the construction and 
performance of such ships built on different plans is 
sufficient to enable the engineer to proceed with the 
design of a dirigible balloon to accomplish definite results 
along fairly accurate lincs. In the case of this class of 
lighter-than-air ships the following general equation ob- 

tains: 


where 
W = weight of balloon, env Jope, car and aeronauts 
V = volume of balloon 
g = density of the air. 
n = density of alr as compared with gas 
w = weight of air displaced by car and aeronauts and 
envelope of balloon. 
If we call the weight of the gas in the balloon M, then 
we can write this equation in the following manner: 
WT MH = w+ nM 
from which we find that 


1 


thus obtaining the volume of gas required. If the volume 
of the gas bag, car, aeronauts, etc. = v, then w = vo: 
so that (3) may be written 


v= (==) (= -) —.—. 6 


Thus far, certainly, no dirigible balloon has ever been 
developed which, has attained an indepedent speed 
greater than 40 mi. per hr. It will readily be admitted 
that an airship so designed as to reach a speed of 50 or 


and 


. (3) 


60 mi. per hr. would be regarded as a most decided step 
forward in the art, since this differ:nce of velocity is 
just the increment needed to place such craft on a prac- 
tical basis capable of maneuvering in the air in all ordi- 
nary weather. This advancement, although requiring 
much consideration, would fully compensate in practical 
results. 

The first point to be decided upon in the design of an 
airship is the method of maintaining the shape of the 
gas bag against the pressure encountered at the maximum 
velocity to be attained. There are two schools of design 
in his respect, each having its adherents. One maintains 
the shape of the gas bag by a rigid interior frame, and 
the other by means of the internal pressure of the gas 
itself. 

Upon the selection of the type depends to a large extent 
the particular shape of the envelope. If the envelope is 
to maintain its shape by interlor pressure of gas, evi- 
dently it must be so designed that the maximum pr s- 
sure of the air developed at the speed contemplated shall 
not be sufficient to cause deformation of any part of the 
envelope. This can be effected only by making the uni- 
form internal pressure at least equal to the maximum 
external pressure. Since the maximum external pressure 
occurs over the prow of the airship, this evidently is the 
particular part which must receive most careful attentioa 
with this system. 

The desirable shape of head would evidently be one 
where the distribution of external pressure due to air 
resistance at the velocity used is uniform. In addition 
to preventing deformation of the gas bag, a prime requi- 
site also is that the shape shall be such that the total 
resistance, comprising head resistance and skin-friction 
shall be a minimum for a given displacement and ve- 
locity. 

This immediately forces the question of the law of re- 
sistance of the air. On this subject there are numerous 
aerodynamic data for low velocities, and also for very 
high velocities, but such data are incomplete for the 
range of velocities here considered. In fact, the law of 
resistance of the air for surfaces of revolution as experi- 
mentally determined, is known to vary not with any 


constant power of the velocity, but by a range of expon- 


ents from the first to the cube, if not higher. For exam- 
ple, in the enormous velocities attained by modern artil- 
lery, where bodics weighing a ton or more, are hurled 
through the air at 2,000 ft. per sec., it is known that th) 
physical phenomena b:come entirely different in nature 
from those found when dealing with moderate velocities 
such as are met in transportation devices. 

RESISTANCE OF THE AIR TO THE MOTION OF A 
PROJECTILE.—In the expression for the retardation of 
oblong projectiles the velocity enters with an exponent, n, 
whose accepted values are as follows: 


Ft. per sec, Mi. per hr. 
m = 1.55 for velocities greater than 
’ = 1,773 
n = 1.7 for velocities between 
„600 and 1,800 = 1,773 and 1,227 
n = 2. for velocities between 
,800 and 1,370 = 1,227 and 934 
n= 3. for velocities between 
1,370 and 1,230 = 934 and 836 
n = 5. for velocities between 
1,230 and 970 = 836 and 639 
n = 3. for velocities b tween 
70 and 790 = 639 and 592 
n = 2. for velocities less than 
790 = 592 


14-in. and 16-in. Guns.—The 14-in. guns fire a projectile 
weighing 1,660 lbs. Service muzzle velocity 2,150 ft. 
per sec., which gives with an elevation of 15° a range of 
15,000 yds. 

The 16-in. guns fire a projectile weighing 2,400 lbs. 
The Service muzzle velocity is 2,150 ft. per sec., or 1,465 
mi. per hbr., which gives, for an elevation of 15° a range 
of 15,558 yds., or nearly nine miles. 

ANALOGY TO AIRSHIP.—Great guns are now con- 
structed which throw masses of steel weighing as high 
as 2,400 lbs. to maximum distances approximating 15 to 
20 miles, and with such high momentum that ordinary 
winds have little effect, as shown by the remarkable 
target practice of the Army and Navy. The shapes of 
these heavier-than-air flying machines are figures of revo- 
lution, and the longitudinal and lateral stability are 
maintained by imparting to the projectile a rotary motion 
about its longer axis by means of the rifling inside the 
bore of the gun. Such machines are 5,000 or 6,000 times 
heavier than air and travel at speeds far beyond any 
other engine constructed by man. No peripheral speeds 
attained with any machinery approach these velocittes. 

It is noted that these projectile air-machines have a 
mass two and a half times that of the Wright aeroplane, 
and attain a velocity through the air thirty-six times 
as great. 

It thus appears that the resistance of the air to the 
motion of bodies through it is in reality a complicated 
function of the velocity, and the best that can be said 
is that this velocity varies as a constant power only 
within certain limited ranges. In the velocities considered 
for airships, it is approximate to regard the resistance 
as varying as the square. 

As the velocity increases the form of the head becomes 
more and more important, and moderate velocities lead 
to a shape approximating torpedo form, which is well 
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known. In very high speed projectiles the shape of the 
rear is not so important, since the velocity is so much 
greater than the velocity of sound in air, that a partial 
vacuum is formed behind the projectile which cannot well 
be obviated. 

If the rigid system be employed where an internal 
frame prevents deformation of the envelope, the stress:s 
due to external pressure are taken up by the framework 
itself, and the gas required for flotation is usually con- 
tained in several separate receptacles or ballonets similar 
to compartments employed in ships. In this system, 
therefore, we are concerned only in securing such a shape 
of the rigid frame as will fulfill the condition of mini- 
mum total resistance for a given displacement and ve- 
locity. 

Once the shape of the bag is determined from the con- 
siderations already enumerated, the dimensions become 
immediately fixed when the tonnage is assumed, or con- 
versely, if any linear dimension is assigned the tonnage 
is thereby determined. 

In addition to the two general systems above consid- 
ered, there are various types involving some of the prin- 
ciples of each, which are classed in general as semi-rigid 
systems. Such systems usually comprise a rigid frame, to 
which is attached the gas-bag above, and the load below. 

AERODYNAMIC ADJUSTMENTS.—The next step is one 
of structural design along strictly engineering lines. The 
aerodynamic features of airship construction may be 
considered under the heads: (a) static balance; (b) dyna- 
mic balance; (c) stability; (d) -natural period and oscil- 
lation. 

Static Balance.—The dimensions of the gas-bag being 
determined, the lift of each transverse segment thereof 
is immediately known, and the design of the frame may 
proceed by approximate trial and correction as in other 
structural work. The weight of each segment of the 
envelope itself is readily computed, which added to the 
corresponding segment of the frame gives the total weight 
of each segment, and this total subtracted from the lift 
of each segment gives the net lift for that complete seg- 
ment. From the magnitude and position of these net 
forces the position of the resultant lift is known, and 
this determin:s the vertical line through the center oi 
gravity. Such procedure evidently insure static balance 
of the machine as a whole, and an approximate distri- 
bution of the load. 

Dynamic Balance.—The dynamic balance must also b2 
carefully considered; and here a difficulty has been ex- 
perienced on account of the inability to place the re- 
sultant thrust coincident with the line of resistance of th? 
ship as a whole. Heretofore, it has been customary to 
balance the thrust-resistance couple by means of suitable 
horizontal rudders or planes, so situated and at such 
angles, that the resultant moment of the system should 
be zero at uniform speeds of travel, though not neces- 
sarily zero for accelerated motion. 

If, however, the line of thrust be made coincident with 
the line of resistance, the disturbing moment in question 
will be eliminated at uniform speeds. If, furthermore, 
the center of mass be located on the line of thrust and 
sufficiently forward to form a righting couple with the 
resistance when the wind suddenly veers, the evil effects 
of a disturbing moment will be obviated for variable 
as well as for constant speeds. The ship is then dyna- 
mically balanced. 

This, of course, requires that the form of hull be such 
that a quartering wind shall exert a force passing to the 
rear of the center of mass. To illustrate, a good ex- 
ample of dynamic balance is found in a submarine tor- 
pedo, or a fish. ? 

Stability.—The foregoing adjustments still allow the 
center of mass to be placed below the center of buoyancy. 
This is a provision that is important in aeronautics as 
well as in marine architecture, indeed it is the only prac- 
tical provision for keeping an even keel and preventing 
heeling when the ship is at rest, or simply drifting with 
the wind. If the center of gravity be well below the 
center of buoyancy, the vessel is proportionately stable, 
but, of course, the stability is pendular, and may ad- 
mit of considerable rolling and pitching due to shifting 
loads, sudden gusts of wind, etc., unless special devices 
be used to dampen or prevent these effects. 

Natural Period and Oscillations.—It may happen also 
that the equilibrium of the ship is disturbed by periodic 
forces whose periods are simply related to the natural 
period of the ship itself. In this case the oscillations 
will be cumulative and may become very large. Such 
effects are well known to marine engineers, and may be 
treated as in ordinary ship design. 


Aviation. 

This division comprises all those forms of heavier- 
than-air flying machines which depend for their support 
upon the dynamic reaction of the atmosphere. There are 
several subdivisions of this class dependent upon the 
particular principle of operation. Among these may be 
mentioned the aeroplane, orthopter, helicopter, etc. The 
only one of these that has been sufficiently developed 
at present to carry a man in practical flight is the aero- 
plane. There have been a large number of types of 
aeroplanes tcsted with more or less success and of these 
the following are selected for illustration. 


REPRESENTATIVE AEROPLANES OF VARIOUS 
TYPES. 

The Wright Brothers’ Aeroplane.—The general condi- 
tions under which the Wright machine was built for the 
Government were, that it should develop a speed of at 
least 36 mi. per hr., and in its trial flights remain con- 
tinuously in the air for at least one hour. It was designed 
to carry two persons having a combined weight of 350 lbs. 
and also sufficient fuel for a flight of 125 miles. The 
trials at Fort Myer, Va., in September of 1908, indicated 
that the machine was able to fulfill the requirements of 
the government specifications. 

The aeroplane has two superposed main surfaces 6 ft. 
apart with a spread of 40 ft. and a distance of 6% ft. from 
front to rear. The area of this double supporting sur- 
face is about 500 sq. ft. The surfaces are so constructed 
that their extremities may be warped at the will of the 
operator. 

A horizontal rudder of two superposed plane surfaces 
about 15 ft. long and 3 ft. wide is placed in front of the 
main surfaces. Behind the main planes is a vertical rud- 
der formed of two surfaces trussed together about 5 ft. 
long and 1 ft. wide. The auxiliary surfaces, and the 
mechanism controlling the warping of the main surfaces, 
are operated by three levers. 

The motor, which was designed by the Wright brothers, 
has four cylinders and is water cooled. It develops 
about 25 HP. at 1,400 r. p. m. There are two wooden 
propellers 8% ft. in diameter which are designed to run 
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FIG. 9. THE AEROPLANE, “JUNE BUG,” 


at about 400 r. p. m. The machine is supported on two 
runners, and weighs about S00 lbs. A monorail track is 
used in starting. 

The Wright machine has attained an estimated maxi- 
mum speed of about 40 mi. per hr. On Sept. 12, a few 
days before the accident which wrecked the machine, a 
record flight of 1 hr., 14 min., 20 sec. was made at Fort 
Myer, Va. Since that date Wilbur Wright, at Le Mans, 
France, has made better records; on one occasion re- 
maining in the air for more than an hour and a half with 
a passenger. 

THE HERRING AEROPLANE.—The Signal Corps of 
the Army has contracted with A. M. Herring, of New 
York, to furnish an aeroplane under the conditions enu- 
merated in the specification already referred to and 
shown in the appendix to this paper. Mr. Herring made 
technical delivery of his machine at the aeronautical test- 
ing ground at Fort Myer, Va., on Oct. 13. 

In compliance with the request of Mr. Herring the de- 
tails of this machine will not be made public at present, 
but the official tests required under the contract will be 
conducted in public as has been the case with other 
aeronautical devices. Opportunity will be afforded any 
one to observe the machine in operation. 

This machine embodies new features for automatic con- 
trol and contains an engine of remarkable lightness. 

THE FARMAN AEROPLANE.—The Farman flying ma- 
chine has two superposed aerosurfaces 4 ft. 11 ins. apart 
with a spread of 42 ft. 9 ins. and 6 ft. 7 ins. from front 
to rear. The total sustaining surface is about 560 sq. ft. 

A box tail 6 ft. 7 ins. wide and 9 ft. 10 ins. long in rear 
of the main surfaces is used to balance the machine. 
The vertical sides of the tail are pivoted along the front 
edges, and serve as a vertical rudder for steering in a 
horizontal plane. There are two parallel, vertical par- 
titions near the middle of the main supporting surfaces, 
and one vertical partition in the middle of the box tail. 
A horizontal rudder in front of the machine is used to 
elevate or depress it in flight. 

The motor is an eight-cylinder Antoinette of 50 HP., 
weighing 176 lbs., and developing about 38 HP. at 1,050 
8 

The propeller is a built-up steel frame covered with 
aluminum sheeting, 7% ft. in diameter, with a pitch of 
4 ft. 7 ins. It is mounted directly on the motor shaft 
immediately in rear of the middle of the main surfaces. 

The framework is of wood, covered with canvas. A 
chassis steel tubing carries two pneumatic-tired bicycle 
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wheels. Two smaller wheels are placed under the tail. 
The total weight of the machine is 1,166 lbs. The main 
surfaces support a little over 2 lbs. per sq. ft. The ma- 
chine has shown a speed of about 28 mi. per hr. and no 
starting apparatus is used. 

On Jan. 13, 1908, Farman won the Grand Priæ of the 
Aero Club of France in a flight of 1 min. 28 sec., in 
which he covered more thán a kilometer. It is reported 
that on Oct. 30, 1908, a flight of 20 miles, from Mourme- 
lon to Rheims, was made with this machine. 

THE BLERIOT AEROPLANE.—Following Farman’s 
first flight from town to town, M. Bleriot with his mono- 
plane aeroplane made a flight from Toury to the neigh- 
borhood of Artenay and back, a total distance of about 
28 kilometers. He landed twice during these flights 
and covered 14 kilometers of his journey in about 10 
minutes, or attained a speed of 52 mi. per hr. 

THE JUNE BUG.—The June Bug” was designed by 
the Aerial Experiment Association, of which Alexander 
Graham Bell is President. It has two main superposed 
aerosurfaces with a spread of 42 ft. and 6 ins., includ- 
ing wing tips, with a total supporting surface of 370 
sq. ft. 

The tail is of the box type. The vertical rudder above 
the rear edge of the tail is 30 ins. square. The hori- 
zontal rudder in front of the main surfaces is 30 ins. 
wide by 8 ft. long. There are four triangular wing tips 
pivoted along their front edges for maintaining transverse 
cquilibrium. The vertical rudder is operated by a steer- 
ing wheel, and the movable 
tips by cords attached to the 
body of the aviator. 

The motor is a 25-HP., 8- 
cylinder, air-cooled, Curtiss 
type. The single wooden 
propeller immediately behind 
the main surfaces is 6 ft. 2 
ins. in diameter and mounted 
directly on the motor shaft. 
It has a pitch angle of about 
17° and is designed to run at 
about 1,200 r. p. m. - 

The total weight of the 
machine, with aviator, is 650 
lbs. It has a load of about 
1% Ibs. per sq. ft. of sup- 
porting surface. Two pneu- 
matic-tired bicycle wheels are 
aitached to the lower part of 
the frame. 

With this machine, Mr. G. 
H. Curtiss, on July 4, 1908, 
won the ‘Scientific Ameri- 
can” trophy by covering the 
distance of over a mile in 1 min. 422 sec. at a speed of 
about 39 mi. per hr. 


SOME GENERAL CONSIDERATIONS WHICH GOVERN 
THE DESIGN OF AN AEROPLANE. 

The design of an aeroplane may be considered under 
the heads of (a) support, (b) resistance and propulsion, 
(c) stability and control. 

SUPPORT.—In this class of flying machines, since the 
buoyancy is practically insignificant, support must be 
obtained from the dynamic reaction of the atmosphere it- 
seif. In its simplest form, an aeroplane may be con- 
sidered as a single plane surface moving through the air. 
The law of pressure on such a surface has been deter- 
mined and may be expressed as follows: 
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in which P is the normal pressure upon the plane, k is a 
constant of figure, g the density of the air, A is the area 
of the plane, F the relative velocity of translation of the 
plane through the air, and q the angle of flight. 

This is the form taken by Duchemin's formula for small 
angles of flight such as are usually employed in practice. 
The equation shows that the upward pressure on the plane 
varies directly with the area of the plane, with the sine 
of the angle of flight, with the density of the air, and also 
with the square of the velocity of translation. 

It is evident that the total upward pressure developed 
must be at least equal to the weight of the plane and its 
load, in order to support the system. If P is greater 
than the weight the machine will ascend, if less, it will 
descend. 

The constant k depends only upon the shape and aspect 
of the plane, and should be determined by experiment. 
For example, with a plane 1 ft. square k g = 0.00167, as 
determined by Langley, when P is expressed in lbs. per 
sq. ft., and V in fi. per sec. 

Equation (1) may be written 

P 
A V? = — . 

2 * O sin a 

If P and qa are kept constant then the equation has 
the form 

A. V= constant scios N ALA 


Principle of Reefing in Aviation.—An interpretation of 
(2) reveals the interesting relation of supporting area 
varying inversely as the square of the velocity. For ex- 
ample, in the Wright aeroplane, the supporting area at 
40 mi. per hr. is 500 sq. ft., while if the speed is in- 
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500 


2 


a” 
= 222 sq. ft., or less than one-half of Its present size. 
At SO mi. per hr. the area would be reduced to 125 sq. 
ft., and at 100 mi. per hr. only 80 sq. ft. of supporting 
arca is requir d. These relations are conveniently ex- 
hibited graphically on Fig. 10. 

It thus appears that if the angle of flight be kept con- 
stant in the Wright aeroplane, while the speed is in- 
creased to 100 mi. per hr., we may picture a machine 
which has a total supporting ara of 80 sq. ft., or a 
double surface cach measuring about 2144 by 16 ft. or 4 
by 10 ft. if preferred. Furthermore, the discarded mass 
of the 420 sq. ft. of th: original supporting surface may 
he added to the weight of the motor and propellcrs in 
the design of a reduced a'roplane, since in this discus- 
sion the total mass is assumed constant at 1,00) Ibs. 

In the case of a bird's flight, its wing surface is 
“recfed’ as its velocity is increased, which instinctive 


cras d to 60 miles per hour this area necd be only 
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Fig. 10. Velocity Area Curve for ‘‘Reefed’’ Aero- 


plane. 
(Computed from Results with the Wright Aeroplane.) 


action serves to reduce its head resistance and skino- 
frictional area, and the cons quent power required for a 
particular speed. 

Determination of A for Arched Surfaces.—Since arched 
surfaces are now commonly uscd in aeroplane construc- 
tion, and as the above equation (1) appli s to plane sur- 
faces only, it is important to determine experimentally the 
value of the cocificient of figure k, for each type of 
arched surface employed, especially as k is shown in some 
eascs to vary with the angle of flight a; i. e., the incli- 
nation of the chord of the surface to the line of transla- 
tion. 

Assuming a constant, however, we may compare the 
lift of any particular arched surface with a plane sur- 
face of the same projected plan and angle of flight. 

To illustrate, in the case of the Wright aeroplane, let 
us assume 


P = 1,000 lbs. = total weight = W. 
A 700 sq. ft. 
k = 40 mi. per hr. = 00 ft. per sec. 
a = T° approximately. 
P ' 1,000 
Whence ko = = 


2.4 F sing 2 x SOU x OOF x Uy 
0.0022 (V = ft. sec.) 
0.005 (V = mi. hr.) 


Comparing this value of k g with Langley's value 0.004 
for a plane surface V being in miles per hour, we see 
that the lift for the arched surface is 25% greater than 
for a plane surface of the same projected plan. That is 
to say, this arched surface is dynamically equivalent to a 
plane surface of 25% greater area than the projected plan. 
Such a plane surface may be defined as the ‘equivalent 
plane.” 


RESISTANCE AND PROPULSION.—The resistance of 
the air to the motion of an aeroplane is composed of 
two parts: (a) the resistance due to the framing and 
load; (b) the necessary resistance of the sustaining sur- 
faces, that is, the drift, or horizontal component of pres- 
gure: and the unavoidable skin- friction. Disregarding 
th. frame, and considering the aeroplane as a simple 
plane surface, we may express the resistance by the 
equation 


ann ³ðAA ewes (3) 


in which R is the total resistance, W the gross weight 
sustained, a the angle of flight, f the friction per square 
unit of arca of the plane, A the area of the plane. The 
first term of the sccond member gives the drift, the 
second term the skin-friction. The power required to 


propel the aeroplane is 
N 


in which 77 Is the power, F the velocity. 

Now W varies as the second power of the velocity, as 
shown by equation (1), and f varies as the power 1.85, as 
will be shown later. Hence we conclude that the total 
resistance R of the air to the aeroplane varies approxi- 


mately as the square of its speed, and the propulsive 
power practically as the cube of speed. 

Most Advantageous Speed and Angle of Flight.—Again, 
regarding W and A as constant, we may, by equation (1), 
compute a for various values of V, and find f for those 
velocities from the skin-friction table to be given pres- 
ently. Thus a, R, and H may be found for various veloci- 
ties of flight, and their magnitudcs compared. In this 
way the values in Table I. were computed for a soaring 
plane 1 ft. square weighing 1 1b., assuming k g = 0.004, 
which is approximately Langley’s value when V is in 
miles per hour. 


TABLE I.—COMPUTED POWER REQUIRED TO TOW 
A PLANE ONE FOOT SQUARE, WEIGHING ONE 
POUND, HORIZONTALLY THROUGH THE AIR AT 
VARIOUS SPEEDS AND ANGLES OF FLIGHT. 


Ve- Tow- Lift per 
locity. Angle i line tow- 
Mil s of Computed resistance. power. line 

per flight. Drift. Friction. Total. Ft.-lbs. HP. 

hr. Degrees. Lb. Lb. Lb. per sec, Lbs. 

30 8.25 0.145 0.0170 0.162 7.13 77.1 

35 5.94 0.104 0.0226 0. 1266 6.51 84.3 

40 4.52 0.790 0.0289 0.1079 6.32 86.7 

45 3.55 0.0621 0.0360 0.0981 6.39 86.1 

50 2.88 0.0500 0.0439 0.0939 6.59 89.2 

60 2.03 0.0354 0.0614 0.0062 8.50 64.7 

70 1.47 0.0257 0.0814 O. 1071 11.00 50.0 

80 1.12 0.0195 O. 1045 0.1240 14.56 35.8 

90 0.88 0.0154 0.1300 0.1454 19.17 25.7 
100 0.71 0.0124 0.1584 0.1708 25.00 22.0 


Column two, Table I., giving values of a for various 
speeds, is computed from quation (1). 


Column three is computed from the term “W tana” in 
equation (3). 

Column four is computed from the term “2 f H,“ in 
equation (3), f being taken from the skin-friction table to 
be given presently. 

The table shows that if a thin plane 1 ft. square, weigh- 
ing 1 Ib. bə towed through the air so as just to float 
horizontally at various velocities and angles of flight, the 
total resistance becomes a minimum at an angle of slight- 
ly less than 3°, and at a velocity of about 50 mi. per hr.; 
also that the = skin-friction approximately equals the 
drift at this angle. The table also shows that the pro- 
pulsive power for the given plane is a minimum at a 
speed of between 40 and 45 miles per hour, the angle of 
flight then being approximately 4.5° 

The last column of the table shows that the maximum 
weight carried per borse-power is less than 90 Ibs. This 
‘‘horse-load’’ may be increased by changing the foot 
square plane to a rectangular plane and towing it long- 
side foremost; also by lightening the load, and letting the 
plane glide at a lower speed; but best of all, perhaps, 
by arching it like a vulture’s wing and also towing it 
long-side foremost as is the prevailing practice with 
aeroplanes. 

These relations are exhibit«d graphically in the dia- 
grams, Figs 11 and 12. 

STABILITY AND CONTROL.—The question of stability 
is a serious one in aviation, especially as increased wind 
velocities are encountered. In machines of the a.roplane 
type there must be some means provided to secure fore 
and aft stability and also lateral stability. 

A large number of plans have been proposed for the ac- 
complishment of these ends, some based upon the skill 
of the aviator, others operatcd automaticaliy, and still 
others employing a combination of both. At the present 
time no acroplane has yet been publicly exbibited which 
is provided with automatic control. There is little differ- 
ence of opinion as to the desirability of some form of 
automatic control. 

The Wright aeroplane does not attempt to accomplish 
this, but depends entirely upon the skill of the aviator 
to secure both lateral and longitudinal equilibrium, but 
it is understood that a device for this purpose is one of 
the next to be brought forward by them. Much of the 
success of the Wright broth:rs has been due to their 
logical procedure in the development of the acroplane, 
taking the essentials, step by step, rather than attempt- 
ing everythiag at once, as is so often the practice with 
inexperienced inventors. 

The aviator’s task is much more difficult than that of 
the chauffeur. With the chauffeur, while it is true that 
it requires his constant attention to guide his machine, 
yet he is traveling on a roadway where he can have duc 
warning through sight, of the turns and irregularities of 
the course. 

Tho fundamental difference between operating the aero- 
plane and the automobile, is that the former is travcling 
along an aerial highway which has manifold humps and 
ridges, eddies and gusts, and since the air is invisible he 
cannot see these irregularities and inequalities of his 
path, and consequently cannot provide for them until he 
has actually encountered them. He must feel the road 
since he cannot see it. 

Some form of automatic control whereby the machine 
itself promptly corrects for the inequalities of its path is 
evidently very desirable. As stated above, a large num- 
ber of plans for doing this have been proposed, many of 
them based on gyrostatic action, movable side planes. 
revolving surfaces, warped surfaces, etc. A solution of 
this problem may be considered as one of the next im- 
portant steps forward in the development of the aero- 
plane, 


Hydromechanic Relations. 


SOME GENERAL RELATIONS BETWEEN SHIPS IN 
AIR AND WATER. 


At the present moment, so many minds are cngaged 
With the general problem of aerial navigation that any 
method by which a broad forecast of the subject can be 
made is particularly desirable. Each branch of the sub- 
ject has its advocates, each believing implicitly in the su- 
periority of his method. On the one hand the adherents 
of the dirigible balloon have little confidence in the future 
of the aeroplane, while another class have no energy to 
devote to the dirigible balloon, and still others prefer to 
work on the pure helicopter principle. As a mattcr of 
fact, each of these types is probably of permanent im- 
portance, and each particularly adapted to certain needs. 

Fortunately for the development of each type, the ex- 
periments made with one class are of value to the other 
classcs, and these in turn bear close analogy to the types 
of boats used in marine navigation. The dynamical prop- 
erties of water and air are very much alike, and the 
equations of motion are similar for the two fluids, so 
that the data obtained from experiments in water, which 
are very extensive, may with slight modification be ap- 
plied to computations for aerial navigation. 

Helmholz’s Theorem.—Von Helmholz, the master physi- 
cist of Germany, who illuminated everything he touched, 
has fortunately considered this subject, in a paper writ- 
ten in 1873. The title of his paper is On a Theorem 
Relative to Movements That Are Geometrically Similar 
in Fluid Bodies, Together With an Application to the 
Probl'm of Steering Balloons.“ 

In this paper Helmholz affirms that, although the dif- 
ferential cquations of hydro-mechanics may be an exact 
expression of the laws controlling the motions of fluid, 
still it is only for relatively few and simple experimenta! 
cases that we can obtain integrals appropriate to the 
given conditions, particularly if the cases fovolve vis- 
cosity and surfaces of discontinuity. 

Hence, in dealing practically with the motion of fluids, 
we must depend upon experiment almost entirely, often 
being able to predict very little from theory, and that 
usually with uncertainty. Without integrating, however, 
he applies the hydrodynamic equations to transfer the 
observations made on any one fluid with given models 
and speeds, over to a geometrically similar mass of an- 
other fluid involving other speeds, and models of different 
magnitudes, By this means he is able to compute the 
size, velocity, resistance, power, etc., of aerial crait 
from given, or observed, values for marine craft. 

He also deduces laws that must inevitably place a limit 
upon the possible size and velocity of aerial craft with- 
out, however, indicating what that limit may be with 
artificial power. Applying this mode of reasoning to large 
birds he concludes by saying that, It therefore appears 
probable that in the model of the great vulture, nature 
has already reached the limit that can be attained with 
the muscles as working organs, and under the most fav- 
orable conditions of subsistence, for the magnitude of a 
creature that shall raise itself by its wings and remain a 
long time in the air.’’ 

In comparing the behavior of models in wat'r and air, 
he takes account of the density and viscosity of the 
media, as these were well known at the date of his writ- 
ing, 1873; but he could not take account of the sliding, 
or skin-friction, because in his day n ither the magnitude 
of such friction for air, nor the law of its variation with 
velocity had been determined. 

Skin-Friction in Air.—Even as late as Langley’s experi- 
ments, skin-friction in air was regarded as a negligible 


Computed Resistance: Pounds. 


Angle of Flight + Degrees. 


Fig. 11. Resistance Characteristics of a Foot- 
Square Piane Towed Horizontally Through 
the Air. 


quantity, but due to the work of Dr. Zahm, who was the 
first to make any really extensive and reliable experi- 
ments on skin-friction in air, we now can estimate the 
magnitude of this quantity. As a result of his research 
he has given in his paper on atmospheric friction the fol- 
lowing equation: 
f = 0.00000778 1 — n y 1°... (v = ft. per sec.). 
= 0. 0000158 1 — 9°% y 1:8... (v = mi. per hr.) 
in which f is the average skin-friction per square foot, 
and 2 the length of surface. 
From this equation the accompanying table of resist- 
ances was computed, and ts Jnserted here for the conveni- 
ence of engineers: 
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TABLE II.—FRICTION PER SQUARE FOOT FOR VARIOUS SPEEDS AND LENGTHS OF SURFACE. 


Wind — Average Friction in Lbs. per Sq. Ft. 
speed. 1-ft. plane. 2-ft. plane. +-ft. plane. S-ft. plane. 16-ft. plane. 32-ft. plane. 
mi. per hr. 
5 0.000303 OESS TETIN 6. 12 OOO 0.00023 

10 6.00112 6.00105 6.00101 . (un u7 6.001922 0.00878 
15 6.0027 6.00226 6.00215 6.6.5 0.00195 0.00186 
20 0.00102 0.00384 0.00.05 6.003 49 9.00332 0.00317 
25 0. C0006 9.005709 0.00551 6.00527 9.6501 0.00478 
30 0.00850 66.110810 95.699772 Oh BH UKHO] 0.00668 
35 0.01130 9.0108 90.0103 0.0008 0.132 0.00888 
40 0.0145 6.0138 6.0132 0.0125 0.0125 6.0114 
50 0.0219 9.0209 0.0199 0.0190 6.0181 9.0172 
60 0.0307 6.0203 6.0279 0.0265 6.0253 0.0242 
10 60.0407 0.039 6.0370 0.0 0.60337 6.0321 
SO 9.0322 0.0 9.9474 9.0452 0.0431 0.0411 
er 0.0650 6.0621 6.0590 606.0050023 0.6536 0.0511 
100 6.0792 0.0685 0.0652 


0.0755 6.0719 


The numbers within the rul.s represent data coming 
within the range of observation. These observations 
show that 
“the frictional resistance is at least as great for air as 
waler, in proportion to their densities. In other words, 
it amounts to a decided obstacle in high speed transporta- 
tion. In aeronautics it is one of the chief elements of 
resistance both to hull-shaped bodies and to aero-surfaces 
gliding at small angles of fight.” 

Relative Dynamic and Buoyant Support.—Peter Cooper- 
Hewitt has given careful study to the relative behavior 
of ships in air and in water. He has made a spccial 
study of hydroplanes, and has prepared graphic repre- 
sentations of his results which furnish a valuable fore- 
cast of the problem of flight. 

Without knowing of Helmholz’s theorem, Cooper-Hewitt 
has independently computcd curves for ships and hydro- 
planes from actual data in water, and has employed these 
curves to solve analogous problems in air, using the rela- 
tive densities of the two media, approximately 800 to 1, 
in order to determine the relative values of support by 
dynamic reaction and by displacement for various weights 
and speeds. 

An analysis of these curves leads to conclusions of im- 
portance, some of which are as follows: 


(1) The power consumed in propelling a displacem nt 
vessel at any constant speed, supported by air or water. 
is considered as being two-thirds consumed by skin-re- 
sistance, or surface resistance, and one-third consumed 
by head resistance. Such a vessel will be about ten 
diameters in length, or should be of such shape that the 
sum of the power consumed in surface friction and in 
head resistance will be a minimum (torpedo shape). 

(2) The power required to overcome friction due to 
forward movement will be about one-eighth as much for 
a vessel in alr as for a vessel of the same weight in 
water. 

(3) Leaving other things out of consideration, higher 
speeds can be obtained in craft of small tonnage by the 
dynamic reaction type than by the displacement type, 
for large tonnages the advantages of th -> displacement of 
type are manifest. 

(4) A dirigible balloon carrying the same weight, other 
things being equal, may be made to travel about twice 
as fast as a boat for the same power; or be made to 
travel at the same speed with the expenditure of about 
one-eighth of the power. 

(5) As there are practically always currents in the air 
reaching at times, a velocity of many miles per hour, 
a dirigible balloon should be constructed with sufficient 
power to be able to travel ata speed of about 50 mi. per 
br., in order that it may be available under practical 
conditions of weather. In other words, it should have 
substantially as much power as would drive a boat, 
carrying the same weight, 25 mi. per hr., or should have 
the same ratio of power to size as the “Lusitania.” 

Motors.—It is the general opinion that any one of sev- 
eral types of internal combustion motors at present 
available is suitable for use with dirigible balloons. 
With this type, lightness n.ed not be obtained at the 
sacrifice of efficiency. In the aeroplane, however, light- 
ness per output is a prime consideration, and certainty 
and reliability of action is demanded, since if by chance 
the motor stops, the machine must immediately glide to 
the earth. A technical discussion of motors would of 
itself require an extended paper, and may well form the 
subject of a special communication. 

Propellers.—The fundamental principles of propell-rs 
are the same for air as for water. In both elements, the 
thrust is directly proportional to the mass of fluid set 
in motion per second. A great variety of types of pro- 
pellers have been devised, but, thus far only the screw- 
propeller has proved to be of practical value in air. The 
theory of the screw-propeller in air is substantially the 
same as for the deeply submerged screw-propeller in 
water, and therefore docs not seem to call for treatment 
here. There is much need at present for accurate aero- 
dynamic data un the behavior of screw-propellers in air, 
and it is hoped that enginecrs will soon secure such data, 
and present it in practical form for the use of those 
interested in airship design. 

Limitations.—Euclid’s familiar ‘‘square-cube’’ theorem 
connecting the volumes and surfaces of similar figures, 
as is well known, operates in favor of increased size of 
dirigibles, and limits the possible size of heavier-than-air 
machines in single units and with concentrated load. 


6.0622 


It appears, however, that both fundamental forms of 
acrial craft will likely be developed, and that the lighter- 
than-air type will be the burd n-bearing machine of tha 
future, whercas the heavier-than-air type will be limited 
to comparatively low tonnage, operating at relatively high 
velocity. Ths helicopter type of machine may be consid- 
ered as the limit of the aeroplane, when by constantly 
increasing the speed, the arca of the supporting surfaces 
is continuously reduced until it practically disappears. 
We may then picture a racing aeroplane propelled by 
great power, supported largely by the pressure against its 
body, and with its wings reduced to mere fins which 
serve to guide and steady its motion. In other words, 
starting with the aeroplane type; we have the dirigible 
balloon on the one hand as the tonnage increases, and 
the helicopter type on the other extreme as the speed 
increases. Apparently, therefore, no one of these forms 
will be exclusively used, but each will have its place for 
the particular work required. 


Aerial Locomotion in Warfare. 
Whatever may be the influence of aerial navigation 
upon the art of war, the fact which must be consid.red at 
present is, that each of the principal military powers is 
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Fig. 12. Relations Between Velocity and Lift and 
Power Required of a Foot-Square Plane Towed 
Horizontally. 


displaying feverish activity in developing this auxiliary 
as an adjunct to the military establishment. 

If each of the great powers of the wo.ld would agree 
that aerial warfare should not be carried on, the subject 
would be of no great interest to this country as far as 
our military policy is concerned, but until such an agree. 
ment is made this country is forced to an immediate and 
serious consideration of this subject in order to be pre- 
pared for any eventuality. The identical reasoning which 
has led to the adoption of a policy of providing for in- 
creasing our navy year by year to maintain our relative 
supremacy on the sea, fs immediately applicable to the 
military control of the air. If the policy in respect to the 
navy is admitted, there is no escape from the deduction 
that we should proceed in the development of ships of 
the air on a scale commensurate with the position of the 
nation. 

The question as to whether or not the powers will ulti- 
mately permit the use of aerial ships in war is not at 
present the practical one, because in case such use is 
authorized it will b2 too late adequately to equip our- 
selves after war has been declared. 


ACTION OF THE HAGUE PEACE CONFERENCE. 


The following is the declaration signed by the dele- 
gates of the United States to the Second International 
Peace Conference held at The Hague, June 15 to Oct. 
19, 1907, prohibiting the discharge of projectiles and ex- 
plosives from balloons, ratificd March 10, 1908. 

Declaration: 

The Contracting Powers agree to prohibit, for a period 
extending to the close of the Third Peace Conference, 
the discharge of projectiles and explosives from balloons 
or by other new methods of a similar nature. 

The delegates of the United States signed this declara- 
tion. The countries which did not sign the declaration 
forbidding the launching of projectiles and explosives 
from balloons were: Germany, Austria-Hungary, China, 
Denmark, Ecuador, Spain, France, Great Britain, Guate- 
mala, Italy, Japan, Mexico, Montenegro, Nicaragua, Para- 
guay, Roumania, Russia, Servia, Sweden, Switzerland, 
Turkey, Venezuela. 


It appears that the Unit.d States is the only first-class 
power which signed this agreement, and an analysis of the 
text Of the agrecmient itself shows that no serious attempt 
was mad: tu settle th. question finally. For instance, 
while the war balloon may not discha:ge projectiles or 
explosives from above, yet no reciprocal provision is made 
preventing such war balloon from being fircd upon from 
the arth below, yet the law of self-difense evidently 
obtains. Furthermore, naval experts will tell you that 
they fear no enemy quite as much as a submarine mine, 
Whose location is unknown and which gives no warning 
When it is approached. Our own cxperivcnes shows that 
the battleship “Mainc? could be completely destroyed in 
time of peace without any one detecting the pr parations 
for its accomplishment. 

If, then, a nation can submerge a mine for the destruc- 
tion of ships from undirneath the water, why can it not 
drop an aerial mine upon a ship from above? And if it 
should be allowed to drop an daerial mine upon an enemy's 
fortiticd ship at sea, it certainly should be allow. to drop 
such an acrial mine upon a fortified place on land, 

INFLUENCE ON THE MILITARY ART. 

The military art, up to the pres ut time, has been 
practically conducted in a plane Where the armis con- 
ce:ned have boen limited in their movements iu time aal 
place by the physical character of the terranes. A large 
army, for instance, canuet move faster than about 12 
miles a day by marching, and the use of railroads as 
applicd to the art of war was first ricogniz d in the 
Franco-Prussian war. By their use, the mobilization of 
the great Prussian army and its accurate assembling in 
the th.ater of Operations, within ten days, contributed 
an initial advantage not before possibile. 


The very essence of Strategy is surprise, and thier- 
never were better oppuortuuiti s than at present tov a 
constructive general to achicve great victories. But thos> 


victories to be really great, must be founded upon some 
new development or use of pow.r not heretofore Known 
in war. They must also tend to produce results with the 
minimum loss of human life. In other words, the senti- 
ment of the world demands that the military art shall 
always aim to capture, not destroy. It may be said, 
that the consummation of military art is found in maneu- 
vering the enemy into untenable situations, thereby forc- 
ing a decisive result with a minimum loss of life and 
treasure. As to Che technical use of ditigible bailoous 
and aeioplanes in warfare we have nothing but theory 
at present to guide us. It would appear, however, in th: 
case of dirigible balloons that two different classes of 
such ships should be developed: 

(1) This is a comparatively small dirigible type with a 
capacity of from 50,000 to 100,000 cu. ft., to be used 
principally for scouting purposes and to a limited exgent 
for carrying explosives fur demolitioas or fur incendiary 
purposes, such as destroving bridges and supply depts 
close to the mobile army or coast defense fortress. Re- 
connoitering dirigibles of this class, in order to be safe 
during daytime, will bave to mancuver at an altitude 
of about a mile, but experiments show that telephoto- 
graphic apparatus will operate from this height to give 
much detail. At night, such dirigibles may descend to 
within a few hundr.d feet of the ground with safety and 
thus obtain much valuable iniormation. Equipped with 
wircless telegraph or telephone apparatus, military data 
could be obtained and transmitted without undue risk. 
Due to the small carrying capacity of such sizes, the 
radius of action would probably be limited at present to 
about 200 miles. 

(2) This type of dirigible may be developed for burden- 
bearing purposes. It has been pointed out above that the 
larger the airship the greater the speed it may be given, 
and the greater its radius of action. There is no reason 
to doubt, that airships of capacity, from 500,000) to 
1,000. O cu. ft. may be ultimately developed to attain 
speeds of 50 to 75 mi. per hr. With a capacity for such 
specd, the aerial craft becomes a powerful practical ecn- 
gine of war which may be used in all ordinary weather. 
By keeping high in the air in daytime, and descending at 
night, they may launch high explosives, producing great 
damage. Being able to pass over armies and proceed at 
great speeds, their objectives would not usually be the 
enemy’s armies, but their efforts would be directed 
against his base of supplies; to destroy his dry docks, 
arsenals, ammunition depots, principal railway centers, 
storehouses, and indeed the encmy’s navy itself. 

It is thought that there will be little difficulty in 
launching explosives with accuracy, provided good maps 
and plans are available. Due to the small cast of such 
ships as compared with naval vessels, the risk of loss 
would be readily taken. 

The element of time has been a controlling 
factor in warfare. It is oftem a military necessity to cou- 
duct a reconnoissance in force to develop the enemy's dis- 
positions. This requires at times a detachment of scveral 
thousand men from the main army, for a considerable 
period of time to accomplish this end. With efficient 
military airships, these results may be attained with a 
very few men in a small fraction of the time heretofore 
required, 

Delimitation of Frontiers.—The realization of acrial 
navigation for military purposes, brings forward new 
questions regarding the limitation of frontiers. As long 
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as military operations are confined to the surface of the 
earth, it has been the custom to protect the geographical 
limits of a country by ample preparations in time of 
peace, such as a line of fortresses properly garrisoned. 
At the outbreak of war these boundaries represent real 
and definite limits to military operations. Excursions 
into the enemy’s territory usually require the backing 
of a strong military force. Under the new conditions, 
however, these geographic boundaries no longer offer the 
same definite limits to military movements. With a third 
dimension added to the theater of operations, it will be 
possible to pass over this boundary on rapid raids for 
obtaining information, accomplishing demolitions, etc., 
returning to safe harbors in a minimum time. We may, 
therefore, regard the advent of military ships of the air, 
as, in a measure, obliterating present national frontiers 
in conducting military operations. 

One of the military objectives in warfare is usually the 
enemy's capital city, his ministers and his chief execu- 
tive. This objective has heretofore becn protected by 
large armies of soldiers, who, in themselves are not so 
important to the result. In order to attain the objective, 
it has been frequently necessary to subdue large numbers 
of soldiers needlessly. 

With the advent of efficient ships of the alr, however, 
small parties may pass over these protective armies on 
expeditions aimed at the seat of government itself, where 
reside the body of particular individuals most responsible, 
so that the ultimate result will be to deter a rash en- 
trance into war for personal ends; since now for the 
first time responsible individuals of state may be in im- 
mediate and personal danger after the declaration of war, 
which heretofore has not been usually the case. 


‘INTERIOR HARBORS. 


In the development of these larger types of dirigible 
balloons the main difficulty will be in providing suit- 
able harbors or places of safety, for replenishing supplies 
and for secking shelter in times of stress. As long as the 
dirigible balloon remains in the air it may be regarded 
as tolerably safe, both in itself, and as a conveyance for 
observ.rs. If its engines are disabled, it is at least a 
free balloon and may be operated as such. When brought 
in contact with the ground, however, it is in considerable 
danger from high winds. The momentum of such an 
enormous airship is great, and the comparatively fragil: 
structure of the craft makes it an easy prey to the 
pounding which it is likely to rzeccive when landing. 
Just as marine ships must seek a sheltzred harbor or put 
to the open sea in times of storm, so in case of ships of 
the air, it is much more necessary either to brave the 
storm in the open, or to seek some sheltered harbor on land. 

Fortunately, in this case, certain suitable harbors for 
very large ships may be provided at small expense, by 
using narrow and deep valleys and ravines, surrounded 
by forests or other protection, or prepared railway cuts, 
etc., where the airship may descend and be reasonably 
safe from the winds above. These harbors should, of 
course, be known to the pilot, and carefully plotted on 
his maps b:forehand. The compass bearings of each 
harbor from prominent points on land must be known 
and plotted, to assist as far as possible in navigating the 
airship in thick weather; and such harbors may be indi- 
cated to the pilot at night by vertical searchlight beams, 
or by suitable rockets, etc. 

The aeroplane, as has bren pointed out, is likely to 
prove a flying machine of comparatively low tonaage and 
high speed. It is not likely to become a burden-bearing 
ship, at least in single units, but will be extremely useful 
for reconnoitering purposes; for dispatching important 
ordcrs and instructions at high speed; for reaching inac- 
cessible points; or for carrying individuals of high rank 
and command to points where their personality is needed. 

One of the bloodiest contests the world has ever seen, 
was the Japanese attack on 203 Meter Hill,” yet, the 
sole object of this great slaughter, was for the purpose 
of placing two or three men at its summit to direct the 
fire of the Japanese siege guns upon the Russian fleet in 
the harbor at Port Arthur. 

If the United States had possessed in 1898 a single 
dirigible balloon, even of the size of the one now at 
Fort Myer, Viriginia, which cost less than $10,000, the 
American army and navy would not have long remained 
in doubt of the presence of Cervera's fleet in Santiago 
harbor. 

The world is undoubtedly growing more human? year 
by year. We have arrived at a conception of the prin- 
ciple of an efficient army and navy, not to provoke war, 
but to preserve peace, and it is belleved, that, following 
this principle, the perfection of ships of the air for mili- 
tary purposes will materially contribute, on the whole, 
to make war less likely in the future than in the past. 
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FLOOD PREVENTION at Kansas City, Mo., is to be 
provided by the Kaw Valley Drainage Board. It is pro- 
posed to remove obstructions which restrict the channel 
of the river and retard the flood outflow, and also to 
construct dikes along the banks in certain localities. A 
bond issue of $375,000 has been voted by the district to 
be benefited by the improvements. It is proposed to make 
the clear channel of the river 734 ft. in width. 


THE RELATION OF RAILWAYS TO CANALS.* 
By JOHN F. STEVENS, M. Am. Soc. C. E. 


Within sixty years—about one hardy business lifetime 
—our railway main lines have risen from nothing to 
225,000 miles, over which traffic, both freight and pas- 
senger, is carried, at speeds equal to, and at rates, 
generally speaking, lower than in other countries, where 
the cost of labor and material is much less than with 
us, and where the density of tonnage is far greater. 
But a time has now come when the railways, considered 
as a unit, are not capable of handling satisfactorily the 
interchange business of the country, even supplemented 
as they are to a certain extent by water lines. 

The gigantic strides our internal commerce has made, 
have demonstrated that while railways serve a purpose 
which waterways can never do, they need to be supple- 
mented by a cheaper, if a slower carrier. There are im- 
mense volumes of low-grade traffic, which to be moved 
at all require very low rates. Such traffic is now 
being handled by the railways to the detriment of their 
other and faster-moving business, resulting in a loss 
to themselves and to the public also. 

There seems to be a general impression that the rail- 
ways are opposed to the exploitation and construction of 
canals. That there is good ground for such opinion, th2 
writer does not believe. The consensus of opinion among 
our ablest, most far-sighted railway owners and execu- 
tives is undoubtedly that canals, properly planned, hon- 
estly financed and constructed, will not only aid the de- 
velopment of the country, but will create new business, 
and be of assistance and value to the railways them- 
selves. 

It is improbable that private capital can be found 
to finance—excepting, possibly, in a few unimportant in- 
stances—such systems of canals as the public needs may 
find necessary; and if the demand—which is already in- 
sistent—that the national government take up the mat- 
ter, is granted, then it clearly devolves upon the national 
authorities to see to it that such systems are so planncd, 
and the work is so executed, that the greatest good to 
the greatest number will result. And such work will 
naturally divide itself into three classes: the improvement 
of harbor facilities; the enlargement and control of 
rivers; and the creation of new and the rebuilding upon 
more generous lines of existing canals. 

The improvement of harbors, and the fitting of such of 
them as may be most available, in connection with in- 
terior transportation lines, to become suitable terminals 
for foreign business, is in itself a great and important 
work; and the mistake of spending millions for deep 
water, for ample room with safe anchorage, and n:glect- 
ing to provide means for cheap and quick exchange be- 
tween ships and interior lines, must be avoided. By the 
lack of such foresight, New York has built up Baltimore, 
Norfolk and Newport News, and the business which now 
avoids her port, because it can be done cheaper else- 
where, will never come to her coors. In fact, the pro- 
viding of ample and well-arranged terminals is the 
greatest single item among the many which go to make 
up the total of efficient transportation facilitics. 

The matter of building a railroad at the present day 
is a different proposition than it was in years past. Now, 
as a first preliminary, the amount, nature and probable 
revenue of all prospective traffic seeking movement, is 
carefully estimated. These factors, with such reasonable 
additions as future development may seem to warrant, 
fix the character of the road to be built, from right of 
way to equipment, and hence, the amount of the in- 
vestment in the proposed enterprise. And the same 
sound principles should be observed in the planning of 
canals. They should be fitted for the work they will 
be called upon to do, as far as it can be predicated. 

First, and foremost, should come the big trunk lines, 
to be built where no doubt can exist that the 
business waits, or will develop, for them, and where 
nature has provided, without prohibitory cost, physical 
conditions which make them feasible. 

After such trunk line or lines are decided upon, then 
the question of branch or feed r lines should be given 
the same careful consideration, and the relations of such 
minor links in the general scheme, to the whole, tnclud- 
ing the railways, should be thoroughly worked out; and 
the dimensions which govern the capacity and consequent 
cost of operation of every one, trunk and branch lines 
alike, should only be decided after the most intelligent 
and painstaking inquiry, remembering always, that the 
cost and delay of transferring freight from on? vehicle to 
another is generally more than the hauling of it for many 
miles. 

The construction of a canal, or of a system of canals, 

“is a simple matter, as compared to the conception of, 
and the corr ct solution of all the preliminaries. 

Once financial means are assured, once we establish the 
policy that such adjuncts to our present lines of traffic 
are to be provided, a wild and senseless scramble will 
ensue for “a slice from the pork barrel.” Every little 
town, every city—not to mention every state—will de- 


*Extract from a paper read at the first annual con- 
vention of the Atlantic Deeper Waterways Association, 
Baltimore, Nov. 17-19, 1908. 


mand to have its own little pet canal, and such demands 
once conceded, would not only cover the face of nature 
with uselcss and unsightly scars, but would drive the 
nation, and probably some of our states, nearly to bank- 
ruptcy. The only way to prevent such wasteful results 
wili be to take the whole matter absolutely out of poli- 
tics—as much so as are the deliberations of our national 
supreme court. 

We might have a commission large enough in numbers 
so that the details of work could be divided and yet not 
large enough to become unwieldy, the members to be 
selected, not by reason of party proclivities, or geo- 
graphical distribution, but because of their known ability 
as business and transportation men, in the broadest mean- 
ing of the terms. Such men should be paid salaries com- 
mensurate with those they can earn in private life, and 
the tenure of their office should be fixed, not by the 
caprice of political necessity, but by a natural age limit 
of retirement, with a fair pension thereafter until the 
end of life. If we are going to spend, as has been sug- 
gested, from fifty to one hundred million dollars each 
year for an indefinite period, we can spend none of it 
more wisely, than in providing the very best counsel 
and supervision that the talent of the United States 
affords. 

Such a commission should be given the final power of 
decision, not only as to details, but also as to the general, 
and, in fact, all features; with the authority to examine, 
accept or reject, as it saw fit, any project advanced for 
consideration; to plan and to carry into execution, by 
contract, or otherwise, any work it might decide upon as 
proper to be done, subject, of course, only to regulated 
financial limitations. 

And such a course would, it is believed, meet with the 
approval of leading men of the railway world, in com- 
mon with all other thinking citizens. It would be as 
much—probably more—to the benefit of the railroads to 
have the locating, planning and construction of water- 
ways carried along on sound business principles, as it 
could possibly be to the rest of the commercial interests 
of the country. 

Looking into the future, there is another factor, which, 
although a side issue, may become a very important one. 
In the construction of canals, as a natural result, there 
will be the development of a large amount of water- 
power, which, properly handled, can be made to produce, 
at a low cost, power, heat and light, through the medium 
of electricity. This will enable us to conserve our coal 
supply, and thus to add millions to our material re- 
sources which we are drawing so heavily upon. And no 
inter.st is more concerned in the cheapness of power— 
whether produced from coal or any other agency—than 
the railroads. For this reason alone, they should feel a 
deep concern in the successful inauguration of a canal 
system from which they are bound to derive such substan- 
tial benefits. 
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THE NEW BASCULE DRAWBRIDGE of the Chicago & 
Northwestern Ry., crossing the north branch of the Chi- 
cago River at the throat of the prescnt Wells St. ter- 
minal station, Chicago, is said to be the largest and 
heaviest single-leaf double-track bascule bridge in the 
world. It is of the Strauss trunnion type and has an 
overhead counterweight. It will carry about 260 trains 
daily, in addition to switching movements, and will be 
opened about 1,000 times per month for the river traffic. 
The trunnion pier is carried 115 ft. to bed rock, to pio- 
vide ample stability in the event of the widening and 
deepening of the river channel. The clear span is 140 
ft. The counterweight is a 1,200-ton concrete block car- 
ried by pivots at the tail end of the bridge. This stands 
normally above the tracks, but descends to within a short 
distance from the rails when the bridge is opened. Th 
28-in. trunnions are in the top chord. The bridge is oper- 
ated by two 50-HP. motors, geared to driving pinions 
which engage with two racks having pin teeth. There 
are two sources of 500-volt direct-current supply, anl 
also a pneumatic driving system and a hand driving sys- 
tem. These are provided to ensure against any failure 
of power to operate the bridge, which would block a heavy 
and important traffic. It is stated that the bridge can b> 
operated easily by hand. There are solenoid and hand 
brakes, with an automatic device for applying the brakes 
when the bridge has reached the end of its movement. Th2 
locking mechanism includes a front support for taking liv2 
load off the trunnion, and a truss lock at the rear end. 
These are operated by a 3-HP. motor which is automati- 
cally cut out when the movements are completed. The 
rail joints are miter:d and are self-locking. The bridge 
requires about 45 HP. and can be swung in about one 
minute. 

The design for the superstructure was made by the 
Strauss Bascule & Concrete Bridge Co. The foundations 
were built by the Great Lakes Dredge & Dock Co. The 
superstructure material was built by the Toledo-Massil- 
lon Bridge Co., and was erected by the Kelly-Atkinson 
Construction Co. The work was under the direction of 
Mr. E. C. Carter, Chief Engineer of the Chicago & North- 
western Ry.; Mr. W. H. Finley, Assistant Chief Engi- 
neer, and Mr. I. F. Stern, Bridge Engineer. Mr. W. C. 
Curtis was Resident Engineer. 
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REINPORCED-CONCRETE FREEZING TANKS.* 
By WILLIAM M. TORRANCE. f 


Concrete, properly made, is an ideal substance to use 
for freezing tanks. Reinforced-concrete engineers now 
have the subject of stresses and strains in their specialty 
as well in hand as in the case in the design of steel work, 
and reinforcing steel is easily placed in the concrete base 
and walls of the tank where needed to keep the structure 
from cracking open from hydraulic or temperature 
stresses. Competent concrete constructors can be found 
who know how to make and place the concrete properly 
so as to make it water-tight and so as to avoid planes 
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of cleavage or of weakness sometimes found in the work 
of less competent contractors. The forms must be de- 
signed and the work laid out so that there will be no 
stoppage of work, no places where new work has to be 
joined to old work, but the work must all be done for 
any one tank so as to make it truly monolithic. 

The concrete tanks with which the speaker has had ex- 
perience were made as shown in Fig. 1. The reinforce- 
mnt was cold twisted steel bars 5-in. square, placed 
12 ins. c. to c. in each direction, so that the entire area 
of base and sides was gridironed. By calculation for 
range of temperature of from —10° F. to +90° F. these 
rocs were found sufficient to take care of tempcsrature 
strains. The vertical rods in the side were made continu- 
ous with those crossing each other in the base, the bend 
at the corner being made cold so as to preserve for the 
steel the extra strength due to twisting the rod in the 
first place. This bend is near the inner surface of the 
concrete, while the general location of rod is near the 
center of the slab. This is brought near the inner surface 
to take care of the stresses induced at the corner by the 
hydraulic pressure of the brine against the sides of the 
tank. 

In these tanks the insulation consisted of screened 
cinders filled with coal-tar pitch. [Not shown in the 
cut.—Ed.] This kind of insulation is not recommended 
by some, but, nevertheless, it has much to recommend it. 
Cinders cost nothing but transportation as a rule—very 
little more than that, in any case—and coal-tar pitch be- 
sides being comparatively inexpensive is impervious to 
moisture as well as being a fairly good insulator. There 
can be Httle question but that, being a mineral substance, 
its life as an insulator will exceed that of a purely vege- 
table substance. Being incapable of absorbing moisture it 
will always remain insulating. If the cinders are well 
and truly scrcened of all dust and the spaces between the 
individual pieces of cinders deposited loosely, are well 
and truly filled with the boiling hot pitch, one could not 
ask for a better result than will be obtained, provided, 
of course, that sufficient thickness of the insulation be 
used. Another great advantage of this type of insulation, 
whether used outside a steel tank or outside a concrete 
tank, is its additional property of non-absorption of 
moisture, being, if well placed, a waterproofing. Thus, 
a ——— — — — 

epaper delivered before the annual meeting of the 


American Society of Refrigerating Engineers, New York 


City. Nov. 30-Dec. 1, 1908. 
*Coastructing Engineer, 253 Broadway, New York City. 


FIG. 1. DETAILS OF REINFORCED-CO 


if the brine, or any portion of it, could find an opening 
through the steel or concrete it could not leak away 
through or into this form of insulation, thus being 
wasted and spoiling the insulation at the same time. 

The insulation on the top of the foundation was placed 
before the tank was built. That on the sides was placed 
afterwards, the outside concrete forms being moved back 
and the cinders and tar being placed in the space be- 
tween them and the finished concrete wall. 

After consultation with such authorities as were ob- 
tainable it was decided that the concrete itself has about 
the same insulation coefficient as a brick wall or about 
half that of the cinders and tar, so that for the same 
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(Cinder and tar insulation described in the article is not shown in the cut.) 


degree of perfection in insulation several inches of the 
thickness of this cinder and tar mixture were saved, or 
the insulation value was incr:ased to that extent, which- 
ever way you look at it, by use of the concrete tank in- 
stead of a steel one. 

Often we hear of steel tanks that are worn out after 
only a few seasons of use. This is often due to the habit 
of the operatives of strengthening their brine by adding 
common salt (Na Cl) instead of the calcium chloride 
(Ca Clz), which they should have on hand, but which is 
either lacking or from the operatives standpoint, too ex- 
pensive. This common salt, of course, rusts the tank out 
very rapidly. While to many this might not be consid- 
ered a recommendation for concrete this practice would 
not injure a concrete tank, as neither Na Cl brine, nor 
Ca Cle brin? would have any chemical effect on well- 
made concrete. In fact, with a concrete tank installa- 
tion it might be found to be cheaper to use Na Cl alto- 
gether and not get the more expensive Ca Cl. 

For the benefit of those of you who would not use any- 
thing but cork board or similar insulation, I have devised 
a tank of reinforced concrete with this insulation. Of 
course, in the use of such a substance not perfectly im- 
pervious to moisture, we must protect it on both sides. It 
would not do to simply place two or three inches of cork 
board in place of the eight inches of tar and cinders 
and let it go at that, but means must be employed to 
keep it from becoming saturated with moisture from the 
outside. 

Fig. 2 shows the scheme for doing this. This shows 
the tank proper, built outside the insulation, the rein- 
forcement being of same type as in Fig. 1. This rein- 
forcement need not be so heavy, however, as it will not 
be subjected to the same temp<rature conditions as is the 
case in the other scheme. 


In construction this tank would be built perfectly mono- 
lithic, as in the other case, the reinforcement being made 
long enough at the top to be bent over the top of the in- 
sulation and down in front, as shown. On the inside of 
this wall so built, a coating of hot tar would be placed 
on the inside surface immediately after the forms are re- 
moved and against this a 2-in. layer of cork board would 
be secured by fastening it with wire or other appliances, 
previously partially imbedded in the concrete. Then in- 
side this cork board, a 5-ply felt and tar waterproofing, 
or equally effective waterproofing, would be placed. This, 
as shown, would consist of six layers of tar alternating 
the five layers of felt and would be about an inch thick, 


adding considerably to the insulation. After this is 
placed and the ends of the reinforcement rods bent over 
and down, as shown, a protecting layer of 2-in. thick- 
nesses of concrete would be placed. Light chicken wire 
reinforcement in the middle of this 2 ins. will insure 
perpetual absence of cracks in this protection concrete. 

Complicated as this scheme seems, it is comparatively 
inexpensive, when compared with a steel tank of 5/16-in. 
metal with 4 ins. of corkboard outside of it. It is in- 
comparably more impervious to leakage than this last 
mentioned construction, as it would not leak at all, and 
while the two schemes start out about even as to in- 
sulation, in the case of the special concrete construction, 
the insulation is absolutely protected against ever absorb- 
ing moisture and thus being spoiled, while in the other 
case, unless additional expense for drainage or protection 
be adopted, the insulation would in a short time becom 
saturated and spoiled, elther from leakage from within 
or from ground water from without. Then, of course, 
this construction has the same advantage in allowing the 
use of Na Cl brine, previously discussed, as well as being 
absolutely waterproof. 


[In the discussion of this paper considerable op- 
position was developed against the use of the 
tar-and-cinder insulation, but those opposing its 
use had had experience with it only in wooden 
and steel tanks and not in instances where thc 
concrete wall offered additional protection. The 
author stated that the style of construction 
shown in Fig. 1 would cost the contractor about 
60 cts. per sq. ft. of surface, insulation included, 
but the contractor’s profit and guarantee would 
add to the cost to the ice-making company. 

In further criticism of the paper, one member 
denied the statement that Na Cl was more de- 
structive to steel tanks than Ca Cls, and claimed 
that, from an extensive experience with both, 
it might be said that the sodium salt is the safer 
to use.—Ed.] 
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RAILWAY SLIDES AND WASHOUTS.* 


SLIDES. 

Slides may be classified as follows: (1) slips of ma- 
terial on the sides of the embankment, away from the 
roadbed; (2) slips of portions of the cut toward the road- 
bed; (3) slides of land moving down to a lower level. 

Slides of embankments are endless in variety and mag- 
nitude. They always occur in wet weather. The earth 
becomes surcharged with water, which increases its 
weight and at the same time lessens its cohesion. The 
slide starts on a plane of rupture, usually curved, and 
often cumulates in a lobe or heap at the foot of the 
slope. 

Slides in excavation are especially annoying, as they 
block the roadbed and stop drainage. 

As to land slides, when a field or a country side or 
a mountain spur slides, it is usually beyond human con- 
trol, and we are compelled to allow the irresistible 
forces of nature to have full sway. 

The underlying cause of nearly all slides is water. 

The radical cure of slides in most cases is a problem of 
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Fig. 2. Suggested Detail of Corner of Reinforced- 
Concrete Freezing Tank Insulated with Cork 
Board. 


drainage, surface and subterranean, and is often difficult 
and costly. 

The driving of piles on both embankment and excava- 
tion to hold sliding masses is very often resorted to. 
It is never more than a temporary expedient, and is 
advisable only in special cases. 

Retaining walls at foot of slope may sometimes be 
necessary where right-of-way is restricted. But in the 


*Abstract of a circular issued by the Roadway Com- 
mittee of the American Railway Engineering and Main- 
tenance-of-Way Association. 
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open country in nearly all cases where the ground can 
be obtained, the flattening of the slope is the most eco- 
nomical, the most efficient and permanent method of 
treatment. The lobe at lower end of slide often gives 
a good point of support or foothold for the filling used 
in restoring the roadbed. 

In embinkment slides, the roadbed can be restored 
after it is dried out in a measure, by filling in with 
suitable material. Usually the steam shovel will be the 
best method to uss. 

The way to get rid of slides in cuts, is to take them 
out by the cheapist and spe:diest way possible. Only 
in rare instances are other methods of treating effi- 
cient. 

WASHOUTS. 

It is assumed thot washouts can only occur when the 
water in streams overlows the sides of their channels, 
spreads over low-lying lands, and attains velocity enough 
to carry away the material of which the roadbed is 
built. 

Flcod waters in nearly all cases carry on their de- 
structive work in on of the three following modes: (1) 
They scour around the ends of embankments, bridges or 
other structures near the water courses; (2) the waters 
force themselves threugh «embankments at the weakest 
points: (3) they overtop the embankment and overflow 
the track crossing the valleys. 

The remedy for the first is to reinforce the wings of 
bridges and other structures projecting into the floods 
with meterial which is sufficiently hard, durable and 
heavy to resist the eresion, dissolving action and forces 
of th: flood water. 

The material eminently acapted to this is rfprap of 
stone or any available substance. The riprap is pre- 
ferably built up in symmetrieal shape in rough courses 
by hand about exposed places to above the flood hight. 
Sometimes it is as good and more economical to throw 
in the riprap pellmell, and let it take its permanent 
place under the fore s of gravity, current, silt deposit, 
etc., plying upon it. The judgment of the intelligent, 
responsible man in charge of maintenance of the district 
can be rclicd upon to determine the details. 

As to the second distructive flood mood, where it 
forces itself through the cmbankment, interrupting the 
traffic and carrying uway more or less of the permanent 
way, there is to be considered: (A) the cause of the 
break; (B) the means of speedily resuming traffic; (C) 
the permanent r storation of the roadbed; (D) the pre- 
vention of a recurrence of the trouble. 

(A) The predominating cause of breaks through em- 
bankmicnts has been the partial or sometimes nearly 
complete blocking up of the waterway with obstructions 
of drift or other things. Wherever water runs there 
may be assumed to have b.en provided a waterway of 
some kind. This becoming obstructed, forces the water 
to rise until it overtops the embankment, and cats its 
way down through it, or the pressure forces the water 
along the outside of pipe or culvert through partial 
voids or weak spots, and accomplishes the same destruc- 
tive work. 

(©) If the flood is of short duration, the quickest and 
cheapest woy is to kt it run out, and then restore the 
beak. If the flood lasts a considerable length of time, 
exeessive carrying away of embankment should be pre- 
vonted by means of gunny sacks or other available 
means. The usual way of restoring the track, and the 
specdicst way of restoring the track so traffic can be 
resumed if the break is of small dim: nsions, is to crib 
up with old timber or tics as soon as men can be se- 
eurel to do the work. The water will nearly always 
b> low cnough to work by the time material for crib- 
bing is lond d and moved to the scene of operations. 

If a flood continues to pour through the break, or if 
th: break is long or decp, resort to pile driving is the 
Dot thing. For this a pile-driver is essential which 
can reach forward one or preferably two b-nts. In 
very Jeng breaks thore should be a pile-driver on each 
end. working day aud night without stopping until the 
break is bridged. An abundant force of bridgemen is 
n otd to put on eans, stringers and rail, so as to cause 
no delay, A prime requisite is an ample and conven- 
int supply of bridge material close at hand. For a 
large break on dry ground it will pay well to build a 
temporary track alongside to truck the material for- 
ware. It can be floated if thire is water. 

If the bottom is hard rock, which will not admit of 
penetration of piles, it may he necessary to use frame 
bents, anchored against the force of the current, with 
ropes and other devices. 

(C) When once traffic is resumed, the work of per- 
manent restoration of roadway may be proceeded with 
more letsurely, the object being, not as in temporary 
repairs to get trains over in the shortest possible time, 
but to make it of good flood-resisting material, placed 
in the most substantial manner, so the break will not 
occur again. 

(D) Even rore important than again rebuilding with 
flood-resisting material to prevent recurrence of break 
is to provide ample waterway. While the working out 
of a sultable formula for the size of openings draining 
limited areas is hoth interesting and profitable, for all 
practicable purposes the allowing of 1 sq. ft. of opening 


for a minimum of four and a maximum of six acres 
drained, has prevented breaks from floods where it has 
been applied during the past generation. In large 
basins, the only safe and defensible way is to provide 
ample openings. The rule practiced by the late emi- 
nent irrigation engineer, Col. Nettleton, of Denver, is 
worthy of consideration. His method was to get all 
known high-water marks, average all the known data, 
and then provide just twice as much flood opening. 
As to the third class of destructive flood work, by the 
overflow of flood water, the roadbed shouid be bullt 
of material which will stand much washing. It is of 
great advantage to have the track ballasted with hard 
angular broken stone, which will not readily be carried 
away with the current. The track on all bridges sub- 
ject to overflow should be sccurely anchored. On em- 
bankment subject to frequent overflow, the track should 
be secured by driving stout stakes against lower end of 
ties, or by driving stakes on upp:r side and wiring 
track to them, tying to trees or by other available 
means. If there is only slack water, it is best to do 
nothing but run trains through the water, having care 
to provide a firm roadbed. If the water rises slowly, 
walls of gunny sacks can be made on one side or other. 
Sometimes the upper side is best, and sometimes the 
lower side. The object to prevent cutting away of em- 
bankment should be kept in view. Riprap on lower 
side of embankment subject to overflow is of vast bene- 


fit. The permanent cure is to raise a strong embank- 


ment well above flood heights. 
SIDE WASH ALONG ALLUVIAL STREAMS. 

If there is a shallow rock bottom, it can be pro- 
tected by riprip. If the depth of rock is considerable, 
the side of roadway may sometimes be most cheaply 
reinforced and protected with steam shovel work. If 
material largely composed of rock can be obtained, the 
material can be handled much more economically by 
machinery than by hand. The washing away of a large 
portion of it by the currents may still leave this the 
cheaper method of protection. 

If the bank is alluvial and the rock deep or absent, 
the work of protection with rock is interminable: ths 
soft bottom will swallow up more rock than can be fur- 
nished. In thcse cases, protection by means of woven 
willow mats of suitable width, with graded slopes above 
the low water, paved with stome as developed by the 
Misouri River Commission, is the best and cheapest 
method. Full details of this method are to be found in 
the reports of the Missouri River Commission. The 
cost of this work for railway embankment protection has 
been found to be $6 to $7 per lin. ft. of roadway, with 
a mat 45 to 60 ft. wide and corresponding revetment of 


somewhat less width. 
— ͤ— — — . — 


COAL BRIQUETTING. 


A paper on “Coal Briquetting,” by Mr. Carl 
Scholz, Vice-President of the Rock Island Coal 
Mining Co., was read before the Western So- 
ciety of Engineers on Nov. 18. The paper did 
not deal with the mechanical side of the ques- 
tion, but mainly with its commercial aspects. 
Briquetting is generally considered in regard to 
(1) the utilization of fine coal, or (2) the pro- 
duction of a fuel which is superior to raw coal. 
The first is a very large problem, owing to the 
surplus of fine coal and the increasing percent- 
age of the smaller sizes. The latter is of interest 
to engineers and consumers when high efficiency, 
smokeless combustion and storage qualities are 
essential. 

Several briquetting plants have been estab- 
lished in this country, but most of the plants 
were short lived, and the production of bri- 
quettes is still small. The unsatisfactory results 
were due probably to insufficient Investigation 
of the conditions, and to reliance upon experi- 
ence in foreign countries, where the difference 
between the selling prices of lump and fine coal 
is greater than in this country. Owing to the 
development of mechanical stokers and the in- 
crease in industrial plants there is in some 
section of the United States (including the cen- 
tral coal field, with Illinois and Indiana) very 
little difference in the selling price of the coarser 
and finer sizes. 

The investigations made by the U. S. Geological 
Survey have shown that no one process of bri- 
quetting can be applied successfuly to the va- 
rious classes of coal. In general, lignite and 
light coals should be made into briquettes of 2 
to 3 lbs. in weight; bituminous coals, 10 to 24 
oz.; anthracite coal and coke dust, 1% to 6 oz. 

The advantages of briquetting include the fol- 
lowing: (1) greater efficiency of combustion; (2) 
absence of clinker and cinders; (3) reduction of 
smoke due to more perfect combustion; (4) ab- 


sence of dust; (5) better storage; (6) decreased 
loss due to degradation. With raw coal, the 
heating in the furnace causes the coal to crack, 
resulting in an escape of gases which cannot 
obtain the proper admixture of oxygen. With 
briquettes, their compactness retards the pro- 
cess of combustion, which can only proceed at 
a uniform rate. 

The briquetting machines in use are mainly of 
the rotary type (with molds. formed in two rolls 
whose faces are in contact), and the plunger 
type. A large item of expense in this country is 
the binder. This is usually made from pitch, 
varying in proportion according to the quality 
and hardness of the coal. Mr. Scholz uses about 
7% of pitch which has a melting point of 137° F. 

The Rock Island Coal Mining Co. has a bri- 
quetting plant in Oklahoma. The coal is screened, 
and the coal and pitch are then mixed in a 
Jeffrey disintegrator. The conveyors run at 
Such speed as to deliver 93% of coal and 7% of 
the cracked pitch. The mixture is heated by 
steam in vertical cylinders having revolving 
agitators, and is then fed to a Renfrow briquet- 
ting machine, which is of the plunger type. This 
machine was described and illustrated in our 
issue of Sept. 6, 1906. The briquettes weizh 
about 13 oz., and the capacity of the machine is 
10 tons per hour. The product (known by the 
trade name of ‘“carbonets’’) is used mainly for 
domestic purposes, but it is expected that it will 
be adopted for thrashing and other engines 
Where the grate area is comparatively small. 

If the cost of binder could be reduced, the fuel 
might be used’ for locomotive and steam pur- 
poses, but at present the high cost makes this 
prohibitive. The briquettes can be stored for 
two years without appreciable loss in heat value. 

The discussion was not very favorable to the 
briquetting of coal as a commercial proposition. 
Mr. A. Bement stated that he has had experi- 
ence with many projectors and inventors in this 
line, and as a rule they had no knowledge of 
market or trade conditions, and did not want 
any information of this kind. All were convinced 
that they had good machines and good projects, 
and that they only needed money to start a 
profitable business. One inventor proposed to 
buy ordinary coal, crush it, make briquettes of 
it, and sell the product at a higher price than 
the cost of coal owing to the superior quality of 
the briquettes as fuel! 

There is a marked difference in the briquetting 
of washed and unwashed coal. The latter con- 
tains fine dust which fills the voids and makes 
a compact briquette with only a small amount 
of the binding medium. Briquettes of cylindrical 
shape, with rounded ends, are well adapted for 
good combustion, as they pack together in the 
furnace and still leave air spaces for the draft. 

Mr. J. K. Deering, of the Deering Coal Co.. re- 
marked that coal men are interested, as they 
want to find some way of making their small coal 
available. The briquetting system seems to 
promise a solution of the problem. If Illinois 
slack coal can be briquetted and then burned 
without smoke, the briquettes may command a 
higher price than the raw material. 

Mr. Scholz stated, in closing the discussion, that 
a pound of coal in briquette form will evaporate 
more water than a pound of the same coal in its 
raw state, owing to the more favorable conditions 
for complete combustion at a uniform rate. 

eO o oi O 

A POWER SHOVEL FOR UNDERGROUND WORK has 
been put into use by the American Zinc, Lead & Smelt- 
ing Co., Joplin, Mo., and the installation of a second 
and third shovel is contemplated. This machine dit- 
fers essentially from the ordinary steam shovel only in 
the use of compressed air instead of steam for driving 
its engines. In the second shovel to be installed, it is 
planned to further reduce the height and radial reach. 
In a descriptive article published in “The Engineering 
and Mining Journal” for Nov. 28, the clearance width 
of this second shovel is given as 7 ft. 6 ins.: clearance 
height, 12 ft.: swing of boom, 16 ft.; horizontal travel ot 
trolley, 4 ft. 6 ins.; capacity of dipper, %-cu. yd. Three 
compressed air engines will be provided: One, 5 ins. x 
6 ins. for hoisting, and two 4 ins. x 5 ins. for swinging 
and crowding, respectively. The machine now in use 
was built by the Thew Automatic Shovel Co., of Lorat, 
Ohio, and is a modification of their standard steam 
shovel. 
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REINFORCED-CONCRETE PIPE WITH REINFORCED 
JOINT. 


The Lock Joint Pipe Co., of New York, is man- 
ufacturing reinforced-concrete pipe which is 
novel in having the reinforcement utilized also 
for making the joint between successive lengths. 
The sketch Fig. 1 herewith, a longitudinal section 
of the joint, shows how this is done. The mesh 
reinforcement projects from the concrete at both 
hub and spigot, and these projections overlap in 
the joint. Cement mortar filled into the dove- 
tailed recess at the 
inside of the joint 
locks the overlap- 
ping metal together 
and at the same 
time makes the 
joint tight. A bet- 
ter idea of the ap- 
pearance of the un- 
jointed pipe as well 
as of the jointing is 
given by the view 
Fig. 2, which shows 
in the foreground 
the unjointed spigot end of a length of pipe at 
the rear, inside, a joint just being made up. 

This pipe is made in diameters of 24 to 72 ins., 
usually in 3-ft. lengths (the 24, 27 and 30-in. pipe 
is made in 4-ft. lengths). In laying the pipe, the 
lengths are simply pushed together, the rein- 
forcing metal (expanded metal) which projects 
from the spigot being entered into that of the 
bell. Cementing the joints need not be done at 
this time, in fact it should not, as the operation 
of laying the adjoining lengths of pipe might dis- 
turb the setting of the cement. With the larger 
sizes, backfilling may be done before the jointing, 
as the work is done from the inside. 

A 1:2 mortar is used for the jointing. In the 
smaller sizes of pipe the joints are poured or 
grouted from the outside, against a spring-steel 
ring clamped into the pipe over the joint-space. 
A small piece must be chipped or broken out of 
the bell to admit the grout. The head obtained 
is sufficient to fill the joint solid without the use 
of a pump. Where the pipe is large enough to 
permit working inside conveniently, the lower 


Fig. 1. Meriwether 
Lock Joint for Re- 
inforced - Concrete 
Pipe. 
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Fig. 2. View of Spigot End of Lock-Joint Pipe. 


(Vent joint partly filled with mortar. The pipe photo- 
graphed was specially made for a test of greatest attain- 
able strength of joint, for which reason the expanded 
metal was placed with larger dimension of mesh length- 
wise of the pipe. For ordinary cases the meshes run the 
other way, giving something over twice as great a burst- 
ing strength.) 


half or two-thirds of the joint is troweled (the 
mortar being mixed to a suitable consistency) 
and then the remaining upper part is filled by 
Pumping grout behind a semi-circular steel form 
strip braced upward against the pipe. 


A test of the longitudinal strength of this type 
of joint was made recently at the plant of The 
Snead & Co. Iron Works, Jersey City, N. J. The 
3-ft. lengths of 36-in. pipe were cast, and after 
they were some weeks old they were placed to- 
gether and jointed, forming a 9ft. length. When 
the joint mortar was 10 days old, the pipe was 
laid on supports about 7 ft. apart, as a beam, 
and load was applied at the center by cast-iron 
blocks and columns laid on a saddle on the pipe. 
The ends of the pipe having been dammed up, 
water was poured into the pipe to show if the 
joints should leak. A total load of 10,550 Ibs. 
was applied, but no crack could be detected in 
the pipe and no water leaked through the joints. 

This load would give a bending moment of 
about 24 x 5,400 = 127,200 in.-lbs. at the joint. 

wd *t 


With a moment of resistance, , calculated on 
4 
a diameter of 36 ins., or I/c = 1.018t, this gives 


127,200 


a tension at the bottom of the joint of 
1,018¢ 


125 lbs. per lin. in. of joint. 
is generally manufactured at 
The molds for 


The pipe itself 
the site where it is to be laid. 
making it are detailed by 
Pig. 2: thie is: for -4 
236-in. pipe, but the same 
details, in substance, 
apply to other sizes. 
The shape and length of 
bell and spigot are the 
same for all sizes, viz.: 
Spigot, 3½ ins. long over 
all, 2% ins. long to back 
of bevel; Bell, 5% ins. 
deep; Joint, 3 ins. wide 
at back, 184 ins. wide at 
front, with average depth 
equal to half the thick- 
ness of pipe. The pipe 
thickness varies from 
3 ins. for 24-in. pipe to 
7 ins. for 72-in. pipe. 

The construction of 
the molds, comprising a 
one-piece cast-iron base 
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outer shell to produce a 
truly circular form, needs 
no explanation other than 
Fig. 3 gives. The pipe 
is usually made of 1:2:4 
concrete, with gravel 1 
in. and less in size. The ' CI. 
recess in the base ring 
for the bell projection 
of reinforcement is fill- 
ed with sand around the 
expanded metal, to give 
a bed for the cement. At 
the top, the cement is 
leveled off in continua- 
tion of the sloping mold as shown by full lines. 
Recently, the molds have been made as shown by 
dotted lines, to facilitate working the concrete 
into the top of the mold, but the end is troweled 
off to the beveled outline as before. The top ring 
and shells are removed 24 hrs. after casting, but 
the pipe is allowed to stand undisturbed on the 
base ring for three days longer. 

Where special requirements make desirable, the 
bell of the pipe is provided with a short ring of 
reinforcement, lapped with or wired to the main 
reinforcement. When this is used, the bell por- 
tion is molded of mortar (omitting the gravel). 

The joint described is the invention of Mr. 
Coleman Meriwether, M. Am. Soc. C. E.; the pipe 
is made by the Lock Joint Pipe Co., 165 Broad- 
way, New York City. The intake conduit for 
the new high-service reservoir of Baltimore will 
be furnished by this company. It is to be a 48- 
in. pipe, with 5-in. wall, reinforced with ex- 
panded metal of No. 10 gage, 3-in. mesh. 


ring, parted inner and * 
outer shells, and a top sf 
ring, together with angle- oF 
iron rings, which are RE 
slipped inside the inner 31 
shell and outside the PN 
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MACHINES FOR TESTING FLAT-SPOT IMPACT ON 
RAILS AND RAIL DURABILITY. 

A proposal to measure the unknown destruc- 
tive effect on rails of flat spots on car wheels 
was made recently by Prof. C. H. Benjamin of 
Purdue University in a paper read before the 
Western Railway Clyb at Chicago. One of the 
important possibilities of such a machine is that 
it may give means for fixing an allowable limit 
for imperfections of car wheels, so that longer 
life of railway rails may be secured. 

The essential parts of the machine are as fol- 
lows: An axle with two wheels, one of them 
being the test wheel having flat spots while the 
other is a good or truly round wheel, is set under 
a ram which can apply a downward load to the 
axle through a yoke which bears on the journals 
of the axle. On the middle of the axle is a pul- 
ley by which it can be driven by a belt from a 
suitable source of power. The good wheel rests 
on the top of an idler or bearing wheel journaled 
in fixed bearings; this idler is best made as large 
as the car wheel, or larger, as its only duty is 
to support one end of the axle with as little fric- 
tion as possible. The test wheel, at the other 
end of the axle, bears on the head of a rail bent 
to a circle, forming the rim of a horizontal wheel 


Developed Elevation of Inner Shell, 
Showing Latched Joint of Sections. 


FIG. 3. MOLD FOR 36-IN. LOCK-JOINT PIPE. 


some 7 or 8 ft. in diameter (or as much larger 
as may be thought desirable). This horizontal 
Wheel can revolve on a fixed pin, and its func- 
tion is simply to supply an endless track on 
which the test wheel can roll; the test wheel 
being fixed in location, the track is arranged to 
move along under it, by turning about its fixed 
center pin. The wheel-load is not carried by 
this track as a whole, but is taken up by a sup- 
port under the erail directly beneath the test 
wheel which support also contains the device by 
which the impact is measured. 

This support consists of an anvil on which {s 
a block carrying in its top surface two small 
wheels or rollers, one ahead of the other, whose 
shafts are parallel to the axle of the test wheel. 
The rail track runs on these rollers, so that the 
load on the test wheel is transmitted to the 
block. In the bottom face of the block is fixed 
a hardened ball, and between this ball and the 
upper face of the anvil lies a strip of soft metal, 
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arranged to be drawn along under the ball while 
the track is in motion. A hammerblow of the 
test wheel on the track will produce an indenta- 
tion in the soft strip, and by comparing this in- 
dentation with indentations produced by known 
energy of fall in a drop press, the energy of the 
blow may be measured. To relieve the soft im- 
pression strip of the normal wheel-load, so that 
it may be drawn along readily, the roller-block 
is fixed to an arm carried by the pier on which 
the track center pin is supported.’ This pier is 
constructed of wood blocking or other compres- 
sible material, so that while strong enough to 
carry the wheel-load easily, it will yield under a 
hammerblow sufficiently to allow the block to 
force the ball into the impression strip. 

Prof. Benjamin advocates the use of such a 
machine for practical study of the effect of flat 
spots on railawy car wheels, to supplement theo- 
retical inferences. An elementary mathematical 
study of the impact due to a flat spot is easily 
made, showing that the energy of the blow va- 
ries as the square of the speed of train, as the 
square of the length of flat, and inversely as the 
square of wheel-diameter. By comparing the 
results of such a calculation with the drop tests 
prescribed for acceptance tests of rails, it is 
shown that the factor of safety of rails under 
wheel-loads of 20 to 25,000 lbs. at speeds of 60 
mi. per hr., with flats of say 2% ins. length, is 
not much over 2. The theory, however, is not 
well able to take account of numerous modifying 
factors, so that while it indicates the probability 
of serious conditions, the actual extent of the 
effect should be studied by experiments designed 
to reproduce in the laboratory the conditions of 
regular service. . 

A machine somewhat similar to the above-de- 
scribed, but having a rather different purpose, 
has been built by the Pennsylvania Steel Co., 
and was exhibited at the convention of the 
American Street & Interurban Railway Associa- 
tion in October. It was described briefly in our 
report of that convention (Eng. News, Oct. 22, 
1908, p. 448). This machine is for testing the 
durability of rails. It has a fixed circular rail- 
track mounted on a circular cast-iron girder sup- 
ported at points equally spaced around the cir- 
cumference. On the track run two wheels 
mounted on separate axles at the ends of an 
arm extending diametrically across the circle 
and rotated about a center pin by an electric 
motor. Vertical loads of different amounts can 
be applied to the arm while it rotates, and the 
wheels can be pressed horizontally outward 
against the rails. This simulates the forces be- 
tween wheel and track in service. The joints in 
th- circular track rail similarly are subjected to 
impact effects like those occurring under trains. 
This machine, of course, gives comparative 
rather than absolute results, the track being 
constructed to contain a piece of rail of Known 
quality and a piece of the rail to be tested. 

— — 8 —— 

LITIGATION OVER MECHANICAL FILTER PATENTS 

was referred to on p. 548 of our issue of Nov. 19. A 


fuller statement has been furnished us as follows: 


The New York Continental Jewell Filtration Co. has 
brought suit against the city of Harrisburg, Pa., for al- 
leged infringement of patents No. 546,738—Reissue No. 
11,672 and No. 64,137. The patents in sult relate to 
the method of and the apparatus for using a down-draft 
outlet pipe and are generally spoken of as the ‘‘negative 
head’’ patents. The city of Harrisburg has Instructed 
its Board of Public Works to defend these suits and the 
City Solicitor, the Hon. D. S. Seitz, has secured the co- 
operation of ex-Judge M. W. Jacobs, patent attorney, and 
Mr. James H. Fuertes, of New York, consulting engineer, 
to the Board of Public Works, Harrisburg. 

As the filters at Louisville, Ky., Columbus, O., New 
Orleans, La., and those of the Hackensack Water Co. 
at New Milford, N. J., are built in a manner similar to 
those at Harrisburg, the cities and companies owning the 
four filter plants resembling the one at Harrisburg have 
decided to cooperate in making a defense in this suit. 

On Nov. 6, 1908, a conference was held at Columbus, 
O., of representatives of the above mentioned cities and 
water companies and there was appointed a joint com- 
mittee to conduct the affairs of the associated cities and 
companies in cooperating. with Harrisburg tn making 
this defense. This committee consists of Messrs. Geo. 
W. Fuller, Consulting Engineer, 170 Broadway, New 
York City, Chairman: Theo. A. Leisen, Chief Engineer 
and Superintendent, Louisville Water Co., 549 Third St., 
Louisville, Ky., Treasurer: and Geo. W. Rightmire, Pa- 
tent Attorney and President of City Council, 44 East 
Broad St., Columbus, O. 

The Joint Committee has secured the services of Mr. 
Allen Hazen, Consulting Engineer, New York City, and 
Prof. J. W. Langley, Patent Expert, Ann Arbor, Mich. 
Ample funds have been plac d at the disposal of the 
Joint Committee with the stipulation that the suit shall 
not be compromised and that if the suit is pressed it 
shall be prosecuted to a final judgment. 


RESULTS OF A TRAFFIC CENSUS ON PUBLIC ROADS 
IN ILLINOIS.* 


There are now in Illinois 71 traffic stations, at which 
points the number of vehicles passing over certain roads 
is counted. These stations are distributed in practically 
every section of the state. There has now been com- 
pleted one year's record at all stations, and at a number 
of the stations nearly two years. 


RELATION OF TRAFFIC TO POPULATION.—The first 
investigation undertaken was the relation of the amount 
of traffic over a particular road to the size of the town in 
the vicinity of which the road is situated. For this 
purpose there were selected practically all of the sta- 
tions which were in the immediate vicinity or on the edge 
of the towns in question, and the daily average of the 
number of vehicles passing for a complete year obtained. 
This average daily traffic was compared with the popula- 
tion. A diagram plotted from the results shows that 
roads with less than 100 vehicles per day are situated 
near some of the largest towns as well as near some of 
the smaller. In general, there is apparently no connec- 
tion between the amount of traffic and the size of the 
town towards which the road leads. As in nearly every 
instance the roads extend into farming country, it would 
be evident that it is the density or the population in the 
country and not that in the city which would affect the 
number of people using a given road and consequently 
the number of vehicles passing over it. 

The conclusion is, that certain individual roads in the 
vicinity of even very small towns are as important as 
the roads near larger centers, and as a road’s worth is 
in proportion to its use, a community is warranted in 
expending as much money on certain sections of roads 
leading into a small village as on certain sections of 
other roads leading into very much larger cities, 

The conclusion here stated should not be confounded, 
however, with the idea that there is no greater number 
of vehicles going into the larger cities than into a small 
one, for this is not usually true, from the fact that the 


_ larger city has a much larger number of roads leading 


into it. But the fact remains that Individual roads into 
the larger cities may be not (and oftentimes are not) as 
much traveled as some other roads into much smaller 
places. 

THROUGH TRAFFIC.—To throw some light on the 
amount of traffic on various portions of a road, com- 
parison of the traffic at those stations located on the 
same road will be taken. A table of the average daily 
number of vehicles passing certain stations located on the 
same road shows that the amount of traffic three or four 
miles from a center towards which traffic is moving is 
very much less than close to town. It is evident that a 
community would be warranted in spending on the first 
mile or two nearest town, four or five times as much as 
on sections of the road more remote; then the expendi- 
ture would be somewhat in proportion to the amount of 


traffic. 


These conclusions should not be construed to mean 
that it is necessary to spend four or five times as much; 
although it may not be as profitabl2 to a community to 
place as expensive construction eight or ten miles out, as 
on the first mile. The results do, however, point to the 


TABLE SHOWING VARIATION IN AMOUNT OF TRAF- 
FIC AT DIFFERENT DISTANCES FROM A GIVEN 
CENTER. 


“gi. 26 2783 25 
of 8 A » . 
Town. Road. of _ N 3 of. 9 8 8 
Pel 5 fea s% 8 Res 
25 8 23 0 LET 
Q Qe < o> 2 DQ < 2 
East St. Louis. Falling Springs. 1 122 3% 56 
Elgin..... „ en 1 182 4½ 132 
Jersey ville... . Fieldon . . 1% 117 3% 83 
Mt. Vernon....Fairfield ...... 1 156 4% 132 
Peoria........Knoxville ..... 2 142 4 72 
Rockford Traskbridge..... 1 568 1% 123 
Springfield....Clear Lake. 1 299 4 67 
Springfield....South 6th St... 2% 101 4 60 


absence of so-called through travel, that Is, any consid- 
erable amount of traffic from one large town to another, 
and that the present agitation for construction of such 
roads, as is stated elsewhere in this report, is premature 
and is not what the present needs demand. 

In comparing diagrams of traffic one is struck in some 
instances with the great variation in the amount of traffic 
during the year, and in other cases with its comparative 
uniformity. This may be explained in part by the vary- 
ing pursuits in the neighborhood of the various roads 
on which the traffic is shown. It would naturally b2 ex- 
pected to find in a dairy country (where the products 
must be transported daily) a somewhat more uniform dis- 
tribution of the traffic than in sections where the pursuits 
were of such a nature that daily use of the roads was not 
needed. 

On certain days, the traffic was very much less than 
usual at nearly all stations. These days were usually 


*From the annual report of the Illinois Highway Com- 
mission for the year 1907. The traffic census system was 
organized by Mr. A. N. Johnson, State Highway Engineer 
(Springfield, II), and was described in Engineering News, 
March 21, 1907. 


during very stormy weather prevailing in all sections of 
the state. At many stations the traffic immediately pre- 
ceding Christmas is exceptionally large, probably oc- 
casioned by the Christmas shopping. Usually the Sunday 
traffic is found to be much less than that of other days 
at the same time of the year. 


TRAFFIC AS THE MEASURE OF THE VALUE OF A 
ROAD.—A traffic census offers a basis from which to 
compute how much a road is worth to a community and 
to determine how much per mile can be spent yearly in 
the construction and maintenance of roads. Many sta- 
tistics on this subject have been presented from various 
standpoints, computing in some instances the tonnage that 
is hauled over the roads; in other cases, taking the land 
values as a guide to determine the worth of the road 
to the community. 

A traffic census affords another and perhaps more log- 
ical basis of computation, from the fact that such a com- 
putation considers exactly the amount a road is used, 
which reasonably may be inferred as the measure of its 
value. 

Let us first consider two roads having approximately 
the same amount of traffic, that is, the same amount of 
good weather traffic during good road conditions. In 
one instance it is found that for this amount of traffic 
a community has expended for the construction of a cer- 
tain stretch of road perhaps $5,000 or $6,000 a mile, and 
has thereafter not only maintained but extended this 
character of construction. The second road is supposed 
to be unimproved. With similar occupations in the 
vicinity of the two roads, it is not illogical to draw the 
conclusion that if one community found it profitable to 
spend $5,000 or $6,000, it would be equally profitable to 
the second community which makes as much use of its 
road as the first community. 

Another investigation as to how much per mile a com- 
munity might be able to afford, could be undertaken in 
the following manner: It first is necessary to ask the 
question how much per mile is a given trip worth. 
That is, if one has an errand that will necessitate a four- 
mile journey to town or eight miles for the round trip, 
how much would he be willing to pay to make this trip 
over roads in good condition rather than roads in bad 
condition. 

The answer to this question is hard to ascertain, but 
let us estimate that it is worth 1 ct. per mile. It would 
therefore be worth 1 ct. for each vehicle that passes a 
certain point. If there is an average of 100 vehicles a 
day, this mile of road would be worth to the community. 
excluding Sunday, $313 per year, or $626 per year for a 
road averaging 200 vehicles per day. That a cent per 
mile is well within what one would be willing to pay is 
borne out by experience in those sections where toll roads 
are still maintained, and where the charge per mile is 4 
or 6 cts. for a two-horse vehicle, and it is seldom less 
than 3 cts. a mile. : 

A large percentage of the roads on which the traffic 
was counted have an average of over 100 vehicles a day. 
As $313 a year is at least three times, if not four times, 
what would be necessary to maintain gravel or macadam 
roads, the conclusion is evident that with the traffic 
averaging considerably less than 100 vehicles a day, it 
would, if the use of the road is worth one cent per mile 
per vehicle, warrant an outlay suffictent to build what 
are usually regarded as very expensive roads.“ 

This analysis as to the worth of a road to a com- 
munity takes into account the use of the road not only 
for the purposts of hauling, but for social purposes as 
well. It, therefore, measures more nearly the value of 
the road than any method which considers only the com- 
mercial view point. 


— EE TD, 


THE BOSTON AND EASTERN RY is brought to the 
front again in the long-expected decision of the Massa- 
chusetts Board of Railroad Commissioners which was an- 
nounced Nov. 18. The effect of the decision is set forth 
in two paragraphs which we quote: 


The statute of 1906 authorizes after appropriate pro- 
ceedings the construction and operation of electric rail- 
roads. The first step in these proceedings is an adjudi- 
cation that public conveniences and necessity require the 
construction of a railroad of this character, and the 
board finds that such public convenience and necessity 
have been shown and that the general plan as now de- 
veloped by the petitioner will afford the additional facili- 
ties demanded in the densely populated territory north 
of Boston. 

It is agreed, however, by all parties before us that no 
certificate of exigency so called should issue at this 
time, for the reason that the scheme as a whole contem- 
plates a service by means of a tunnel and subway 
not authorized by existing law, and that tn order to make 
this decision effective the petitioner must have recourse 
to the General Court. 


The report was signed by Walter P. Hall and Geo. W. 
Bishop as Commissioners. The third member of the 
board, Mr. Clinton White, did not sign it. 


*This comparison to be accurate should include the in- 
terest on the cost of macadamizing as well as the cost of 
a mile of macadam road at $6,000, the interest charge 
alone at 5% will be $300 per annum. Either a larger 
average value than 1 ct. per mile per vehicle must be 
assumed therefore or else it must be concluded that a 
traffic considerably in excess of 100 vehicles per day must 
exist to justify improvement.—Ed. 
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The purchase of electric current from the 
Commonwealth Edison Co., of Chicago, by the 
electric railway companies of that city, was 
noted briefly in our issue of Oct. 29. We have 
since obtained further particulars of the method 
used in determining the rate to be paid for cur- 
rent by these railway companies. In the first 
place, the electric power company recognizes that 
the railway companies, by virtue of the high 
load factor of their business, are entitJed to an 
exceptionally low rate for power, and that the 
higher the load factor, the lower the rate which 
the power company can afford to make to them. 
The latter company, therefore, enters into a con- 
tract with the railway company for the sale of 
power at the very low rate of 0.4 ct. per KW.- 
hr., and includes in the contract a condition 
which virtually penalizes the railway company 
in proportion as it does not use the power at an 
even rate during the 24 hours. | 

This penalizing is done by charging the rall- 
way company at the rate of $15 per KW. per 
year for the maximum draft which it has made 
at any one time. Thus, if a railway company 
should use say 10,000,000 KW.-hrs. a year at 
an even rate day and night throughout the en- 
tire period, the average load would be, say, 1,- 
138 KW. It would pay for its power for the 
year as follows: 10,000,000 KW.-hrs. at 0.4 ct., 
$40,000; 1.138 KW. of station capacity at $15, 
$17,070. 

It is impossible, of course, for the railway to 
use current at anything approaching an even 
rate, the traffic conditions causing an enormous 
variation in demand. The peak of the load 
during the rush hours of the morning and even- 
ing is far in excess of the draft during the mid- 
dle of the day, while there is a very slight draft 
between midnight and 5 a. m. In the case of 
Chicago, the maximum draft is about double the 
average draft, on a year’s business. Supposing, 
then, that the railway used the same amount of 
power as above, but that it had at some time 
used the power at double the average rate. 
Then the bill for current would be figured as fol- 
lows: 10,000,000 KW.-hrs. at 0.4 ct., $40,000; 
2,276 KW. of station capacity at $15, $34,140. 


For the purpose of determining the maximum have or can attract the greatest volume of 


demand for power which the railway company 
makes at any one time, the day is divided into 
two equal parts; midnight to noon, and noon to 
midnight. The maximum amount of current 
furnished during any one hour of each of these 
two halves is averaged together, and is called 
the maximum for the day. It is based upon the 
average for the highest hour, and not upon the 
actual maximum reached by the peak of the 
load. The figures of the daily maximum for 
consecutive days are averaged together, and the 
highest average for any three consecutive days 
of a period is called the maximum demand for 
that period. Upon this maximum the $15 charge 
is based. 
— — 

We present to our readers in this issue the 
first authoritative account of the remarkable oil 
well near Tampico, Mexico, concerning whose 
antics many lurid stories have recently been 
going the rounds of the newspapers. Mr. Floy, 
the author of the paper, makes it clear that 
most of the newspaper statements were wild 
exaggerations. The real facts regarding this 
well, however, are remarkable enough to deserve 
general attention. 

If there be any other case on record where the 
drilling of a well has created a veritable geyser 
through the erosion and enlargement of the hole 
by the issuing stream, we have never heard of 
it. 

— ee 

In the discussion of the construction of rein- 
forced-concrete freezing tanks at the annual 
meeting of the American Society of Refrigerat- 
ing Engineers, noted on another page of this 
issue, it was stated on the floor without con- 
tradiction that, provided conditions were such 
that continuous construction could be carried 
out, it would be perfectly safe to build in an 
integral section 100 ft. long a plate-ice tank of 
concrete, amply reinforced. In view of the ex- 
perience with reinforced-concrete retaining and 
reservoir walls which, though under moderate 
ranges of temperature, generally crack at in- 
tervals of from 50 to 75 ft., unless provided 
with expansion joints, it seems hardly good prac- 
tice to recommend the construction of freezing 
tanks, under large temperature ranges, for any 
length above 50 ft. without some opening for 
expansion. The very nature of these tanks, 
made up as they are of numerous smaller 
boxes, makes very easy the building of a double 


wall at every 50 ft. and avoids the necessity of 


the extra heavy reinforcing against tempera- 

ture stresses, a reinforcement that is at least of 

doubtful value for extreme lengths. 
ooo 

A projectt is under discussion in Pennsylvania 
for the building of a macadamized road clear 
across the State, or from Philadelphia to Pitts- 
burg. Similar projects for creating through 
lines of communication over macadamized roads 
are under discussion in other States. In con- 
sidering any such project, it might as well be 
recognized that the real beneficiaries from any 
such through road, taken as a whole, are the 
automobile tourists. 

It needs no demonstration to prove that horse- 
drawn vehicles on a highway, no matter how 
improved, do not and cannot compete with rail- 
way trains for long distance traffic. The question 
of through highways, therefore, becomes simply 
a question as to how much the State ought to 
expend for the benefit of pleasure tourists. 

In a State like Massachusetts, where highway 
improvement has already been carried out on a 
large scale, it is certainly reasonable now to 
complete short links between the different net- 
works radiating out from the larger cities. In 
many cases, by building comparatively short 
Stretches of improved road, a through line of 
communication will be completed. These short 
links will have some value, of course, to the 
locality where they are placed, in addition to 
their value as links in the through line. 

On the other hand, since in every State the 
mileage of improved roads which can be built 
is strictly limited, the roads which have the 
greatest claim to consideration are those which 


traffic, and these are the roads in the vicinity 
of the centers of population and not the through 
lines. 

An interesting highway traffic census has been 
carried out in Illinois by Mr. A. N. Johnson, 
State Highway Engineer, and is described on 
another page of this issue. This investigation 
revealed that the bulk of trafic on common 
roads is of vehicles going to and from the towns 
and villages. Comparisons with the amount of 
travel on a road a't points one mile, two miles, 
three miles, etc., from a given center, shows a 
very rapid falling off with increasing distance 
from the town. In other words, there appears 
to be very little traffic over the highways from 
one large town to another. 

Of course this result of the traffic census is 
exactly what would be expected by any one 
from mere general knowledge of conditions. 
Horse vehicles on the highway are too expensive 
and too slow to carry either goods or passen- 
gers from one town to another, 15 miles or 
more distant, if railways are available. The 
bearing of this fact upon the proposal to build 
State and interstate through highways is evi- 
dent. Automobile traffic, and automobile traffic 
alone, will be the only justification for such 
through highways, considered apart from the 
local traffic which they will serve along the line. 
It is doubtful whether the general public is yet 
ready to be taxed to build through highways 
for automobiles. 


SO ee 


IS MR. TIMOTHY WOODRUFF TO BE THE NEXT STATE 
ENGINEER OF NEW YORK? 

Who is to be the State Engineer of New York 
after Jan. 1? Mr. Frank M. Williams was elected 
to that office by the voters of the State on Nov. 
3, but if we may believe the newspapers, an- 
other man has now been brought forward by the 
Republican political leaders and announced as 
ready to discharge the duties of Mr. Williams’ 
position. The “Sun” of Dec. 5 contained the 
following remarkable item: 


There was a conference of New York State Republicans 
at the Republican Club in East 40th St. yesterday. Only 
‘state officers-elect or thelr proxies or personal represen- 
tatives and Republicans connected with the organization 
in whose territories the coming state officers lived were 
present at the conference. At the close of the conference 
there was no disposition to speak of what had occurred, 
but finally this statement was authorized: 

“The conference held at the Republican Club to-day 
was for the purpose of cementing the harmonious rela- 
tions which exist between President-elect Taft, Secretary 
Root, who is to be elected United States Senator in Mr. 
Platt's place, and Chairman Woodruff of the State Com- 
mittee, who is to remain State Chairman for the next 
two years. Under no circumstances will Mr. Woodruff 
accept any appointment. He is to remain head of the 
State Committee, and the State officers-elect and their 
representatives have come to an agreement that Chair- 
man Woodruff ts to be the clearing house man through 
whom all appointments are to be made to the State 
Departments of Comptroller. Secretary of State, State 
Treasurer, Attorney-General and State Engineer and 
Surveyor. Those present at the conference to-day are to 
make no requests of Gov. Hughes for appointments.” 

All Republicans connected with the organization, it was 
declared, are to be recognized in all ways, including pat- 
ronage and measures, in order that the maintenance of 
harmony in the state organization for the next two years 
may be made as perfectly as possible. 

Influential Republicans who took part in the conference 
insisted that its only purpose was to bring the organiza- 
tion up to a greater efficiency and into greater accord 
with the Taft administration, and also the recognition 
of Chairman Woodruff, head of the state organization, 
through whom all recommendations for appointments in 
the state departments at Albany must pass. 

Such frankness is refreshing. It helps the 
voters of the state to know where they stand. 
They will be interested without doubt to know 
that the hundred million odd dollars which they 
are laying out on the barge canal is to be 
expended under the direction of men se- 
lected under the expert guidance of Mr. Timothy 
Woodruff. Of course with his broad knowledge 
of engineering and engineers he will select men 
of professional ability and experience, and above 
all of unimpeachable integrity; engineers who 
can be relied upon to hold a contractor to the 
requirements of his agreement and protect the 
state’s interest no matter what political pull the 


*Italics ours.—Ed. 
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said contractor may possess. Of course that is 
what is meant by “patronage” and “building up 
the organization” in the above quotation. 

The office of State Engineer of New York is 
one of great importance. Candidates for it 
ought to be men of large professional experi- 
ence and high -reputation—engineers of as high 
rank as would be selected for similar large re- 
sponsibilities by a private corporation. A few 
incumbents of that office in the past have meas- 
ured up to this standard; but more, we regret to 
say, have ranked far below it. And this will 
continue as long as the office of State Engineer 
is filled by popular vote. If a newly elected 
State Engineer owes his nomination to the party 
boss who happens to be in power, he must be 
a man of unusual backbone if he disregards 
political pressure in making his appointments. 

We know nothing derogatory to the newly 
elected State Engineer of New York. He is a 
young man suddenly promoted to a high office 
which gives him a remarkable opportunity to 
mike for himself a reputation. We have no 
knowledge that he is a party to the agreement 
above quoted, that appointments of his deputies 
and subordinates are to be made through the 
Republican State Chairman. 

In the interest of the people of the state and 
of sound and economic engineering, we venture 
to express the hope that the new State Engineer 
may disappoint his would-be bosses. We hope 
that Mr. Williams may prove to have the 
ability and the firmness to be himself the State 
Engineer. We hope he may follow true profes- 
sional standards and carry out unswervingly the 
spirit of his oath of office. If he does this—if 
he sticks to efficiency, honor and honesty as the 
sole criterions by which to select his subor- 
dinates, he will not only protect the interests of 
the public but will render better service to the 
purty that nominated him than could possibly 
be rendered if he were to relinquish the chief re- 
sponsibilities of his office to Chairman Woodruff. 


Whether he does this or not, however, the les- 
son as to public policy is plain. The State En- 
gineership of New York or of any other state, 
as we pointed out editorially a month ago, ought 
to be an appointive instead of an elective office. 
We shall draw some blanks of course in high 
positions even then; but we shall stand much 
better chance of placing efficient men in po- 
sitions demanding expert ability than under the 
system where nominations to such offices are 
made by a party boss. 


— — — 


WHAT ARE PLYING-MACHINES GOOD FOR ? 


At the meeting last week of the American 
Society of Mechanical Engineers, two sessions 
were devoted to papers and discussions on recent 
developments in the art of aeronautics. One of 
these, prepared by Major George O. Squier, of 
the Signal Corps, U. S. A., we publish in this 
week’s issue. Major Squier’s paper is by far the 
best general review of the progress up to date 
in this new field of engineering that has ap- 
peared anywhere. That the subject is of great 
popular interest was evident at the meeting on 
Wednesday evening, when a popular lecture on 
the subject. by Lieut. Lahm, was presented. The 
large auditorium in the Engineering Societies 
Building was filléd to overflowing—the first 
time, in fact, that it has been so filled since the 
Engineering Societies Building was opened. 

Major Squier’s paper is, however, of more 
than popular interest. In the recent develop- 
ment of the flying-machine, the methods of the 
engineer have been substituted for those of the 
inventor. Important investigations have been 
mide and constants worked out with reference 
to the resistance of air to the motion of a body 
through it, and the skin friction of bodies in air. 
Some of these data are likely to prove useful in 
other fields than aerial navigation. 

And now, giving full credit to Major Squier for 
his interesting and valuable paper, it seems de- 
sirable to point out the limitations that seem 
likely to set a hard and fast restriction upon the 
Cevelopment of aerial navigation. We are well 
aware that the tendency in current publications 
is all the other way. The recent successes of 


hundred-horsepower 


the Wright brothers and of Farman and Zeppelin 
are currently compared to the successes of 
George Stephenson with his early locomotives; 
and the general public is ready to believe that 
as great development in acrial locomotion is to 
take place in the future as the last three-quar- 
ters of a century has seen in the field of loco- 
motion on land. The engineer, however, fa- 
miliar with the hard and fast limits set by the 
strength of materials and the possibilities of 
power development, can appreciate, as the lay- 
man cannot, how small are the probabilities 
in aerial flight. 

It has seemed well, therefore, to present in 
these pages a word of caution to the sanguine 
inventors and investors who are likely to ex- 
aggerate the commercial possibilities in this field, 
just as the commercial possibilities of liquid air 
were exaggerated a dozen years or more ago. 
Every new scientific discovery that particularly 
appeals to popular interest is taken advantage 
of by fakirs to float stock and swindle credu- 
lous investors. Only a few weeks ago it was 
announced in the newspapers that a company 
had been incorporated to operate a line of freight 
and passenger air-ships between Boston and 
New York. Undoubtedly there will be plenty 
of such companies advertised within the next 
few years. We may expect also that companies 
to build and to sell and to operate new types 
of flying-machines will be seeking stock sub- 
scriptions in every city in the country. It is 


well, therefore, to ask the practical question, 
what the flying-machine is good for commer- 
cially. 


So far as the possibilities in freight trans- 
portation are concerned, it may be passed with 
a word. Wherever ordinary methods of trans- 
portution on land are available, it will be absurd 
to carry goods of any sort through the air. The 
cost of such transport would be measured not 
in mills per ton mile, as in rail or water car- 
riage, or cents per ton mile, as in wagon haul- 
age, but in dollars or hundreds of dollars per 
ton mile. It is true that for exploration in @iffi- 
cult country, as over the Arctic ice or in rough 
mountain regions, there are possibilities in the 
air-ship. But such use, of course, is rather 
scientific than commercial. 

For the carriage of passengers, the necessary 
risks attendant upon flight through the air, 
either with the dirgible balloon or the aeroplane, 
are certain to limit passenger traffic to the field 
of sport and amusement. This is, of course, a 
much more considerable field than is often 
realized. The public is willing to pay very high 
prices for mere amusement, and it is altogether 
probable that a few years hence aeroplane flights 
will be a drawing card at county fairs and other 
public occasions, just as ordinary balloon as- 
censions have been for a century past. The ex- 
perience of the high-speed automobile, too, has 
proved the existence of a very large leisure class 
of wealthy men who find vent for their surplus 
energies in undertaking all sorts of risky ex- 
ploits. Flight through the air may very likely 
become as popular a fad a few years hence as 
automobile racing is to-day; but it will have 
just as little relation to the serious, practical, 
every-day business of carrying freight and pass- 
engers for the great workaday world, as have the 
automobiles that break 
speed records in France or America. 

But the promoter of an aerial navigation com- 
pany who is seeking to unload his stock on a 
confiding public, is sure to bring forward the 
argument of government patronage. Major 
Squier’s paper, unfortunately, we believe, de- 
clares that the flying-machine is to play a most 
important part in future warfare. We took 
strong ground in opposition to this idea in an 
editorial published some months ago.“ and not- 
withstanding the claims made by Major Squier, 
we see no reason to alter the position then as- 
sumed. It is said that the leading military 
nations are vying with each other at the present 
time in the development of military air-ships, 
but this does not prove that these structures can 
be made practically useful in the serious busi- 
ness of actual warfare. Major Squier truly 
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says that we can only theorize concerning this 
matter, since no practical use of air-ships in 
warfare has yet been made; but enough is 
known of the possibilities to enable us to theorize 
With fair accuracy. 

Of all the apparatus ever proposed for use on 
the battle-field, a flying-machine is beyond all 
question the most vulnerable. It offers an ideal 
mark to the bullets of the enemy. Its limita- 
tions of weight forbid its protection by any 
sort of armor. Had the flying-machine been de- 
veloped 40 or 50 years ago, when projectiles were 
limited to small velocities and short ranges, it 
might have performed some service in observing 
the enemy’s forces; but with modern infantry 
rifles discharging projectiles with an initial ve- 
locity of 2,700 ft. per second, and with light 
artillery fitted to discharge a perfect hailstorm 
of bullets having equal velocity and range, the 
rise of an air-ship at any point within several 
miles of a hostile army would be merely the 
signal for its immediate destruction. 

Major Squier in his paper makes the surpris- 
ing statement that air-ships at a height of one 
mile would be safe from the enemy; but the 
bullet from an infantry rifle will rise to an ele- 
vation of a mile in little more than two seconds. 
The sharp-shooters in an army would enjoy 
nothing better than the opportunity of taking 
pot-shots at the unfortunate navigator of any 
air-ship which might appear above the horizon. 
Major Squier argues that at night an air-ship 
might approach within a few hundred feet of a 
hostile army with comparatively little danger, 
but there are few nights so dark that either an 
aeroplane or a dirigible balloon would not be 
plainly visible to an enemy’s pickets. If, per- 
chance, the night was so black or the fog so 
thick that an approaching air-ship could not be 
perceived, then the air-ship would be unable to 
either gain any information or to find any point 
where it might desire to do damage. 

Major Squier suggests the possibility that an 
air-ship might sail over a battle-ship and drop 
explosives upon it, and might likewise do injury 
to dry-docks, arsenals, ammunition depots, etc. 


It must be remembered, however, that the de- 


structive effect of high explosives extends over a 
very small radius; and, as already pointed out, 
the air-ship would have very small chance of 
reaching its objective point before it would be 
destroyed by some hostile shot. 

There is, however, one possible field of use- 
fulness for the aeroplane, should it be developed 
to be reasonably reliable, which seems to have 
some promise. This is the bearing of dispatches 
across friendly territory. It is doubtful whether 
the dirigible balloon, with its enormous bulk and 
the vast amount of material required to handle 
it, could be of any practical service to an army 
in the field, even within its own lines. If, how- 
ever, an aeroplane can be developed which can 
ascend and alight at any desired point, it might 
be made use of to carry messages back and forth 
between the posts of an army operating in the 
field. 

We have deemed it a duty to make these com- 
ments upon Major Squier’s paper, to offset in 
some degree its possible misuse in the future by 
those who engage in the development of aerial 
navigation from the commercial instead of the 
scientific point of view.. Safe advice to give to 
the would-be inventor of or investor in an air- 
ship is: “Don’t.” 


LETTERS TO THE EDITOR. 


Calculating the Intersection of Any Two Grade Lines. 


Sir: The letter of Mr. Arthur J. Rector in your issue 
of Nov. 19. p. 563, in which he gives a formula for 
the calculation of the intersection of any two grade lines, 
seems to me to be one of a numerous class which appar- 
ently seeks to involve perfectly simple operations, gen- 
erally relating to curves and grades on railroad work, 
in a certain amount of mystery. 

Of course bis formula is a comparatively simple one, 
but nevertheless it is more involved than is necessary. 
The method commonly used by locating engineers, and 
which they use almost as mechanically as the multiplica- 
tion table, is that shown below, and the only thing one 
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has to remember is that in all these cases one grade is 
to be produced to a point opposite the end of th: other 
grade, the remaining operations then being perfectly 
obvious. 

In the first case (Fig. 1) the +0.4% grade is produced to 
Sta. 450 giving an elevation at point A of 740; the dif- 
ference between this elevation and the elevation of the 
grade at Sta. 450 is 28 ft.; this divided by the algebraic 
sum of the grades taken from the ends towards the 
center which is 1.4 gives the distance in stations (20) 
from A to the point of intersection. 

In the case of two ascending (or descending) grades of 
different rates the principl> is the same, as for example 


450 


Fig. 2. 


in Fig. 2, the elevation of A is 735 and 749 — 735 = 14. 

Algebraic sum of grades, from ends towards center 
(40.3 — 10) — . 7. 

lt + 0.7 = 20. = distance (No. of stations) from A to 
point of intersection. 

As a matter of fact on the location of new lines, where 
the rates of grade can generally be fixed at the nearest 
even tenth of a foot per cent. and where the breaks in 
the grade should always be fixed at an even station, the 
point of intersection can be generally fixed graphically 
on the profile paper without resorting to any computa- 
tion. 

There are still a few engineers who endeavor to give 
their profiles an appearance of great refinement by using 
grades with rates expressed to hundredths and even 
thousandths of feet per cent. and break their grades at 
odd stations. When the uncertainties as to what the 
construction will develop, and the changes invariably 
made before the roadbed is ready for track, are con- 
sidercd, however, it should be realized that these refine- 
ments are useless and involve not only time wasted in 
fixing them, time which the locating engineer should be 
ill able to spare, but also many hours to the construc- 
tion engineers, which generally involves their sitting up 
into the small hours of the morning, and seldom if 
ever benefits the line by cheapening its cost. 

Yours very truly, 
F. Lavis, M. Am. Soc. C. E. 

134 Elm Ave., Mt. Vernon, N. Y., Nov. 21, 1908. 


[The simple solution given above has also been 
submitted by Mr. F. L. Gilbert, of Detroit, Mich. 
The problem is in fact too easy to warrant the 
complication of a quadratic equation or even of 
any set formula whatever. The simple geomet- 
rical relations, as explained by Mr. Lavis, give 
the solution without delay.—Ed. ] 


—— —üU 


River Improvement: The Continuous Woven Mattress 
Revetment Compared to the David Neale System. 


Sir: The writer had not considered the ‘‘David Neale 
System of Bank Protection” worthy of serious consid- 
eration as a work of permanent river regulation until 
the appearance of an article on the subject in your issue 
of Oct. 22, 1908, by Mr. Charles H. Miller, Engineer of 
River Protection, Missouri Pacific Ry. But when that 
flimsy system is proposed for general use, to curb the 
mighty Missouri, it is thought high time to bring out 
the points of this system in comparison with the con- 
tinuous revetment, so that anyone interested in bank 
protection may stop and think befcre expending money 
in a manner that is worse than useless whether he be 
a railway official trying to protect railway tracks, or a 
farmer making a desperate effort to save his little home. 

The writer is not prejudiced in any way and would 
be ready at any time to endorse and adopt any method 
of bank prctection that could be devised to do the work 
as well as continuous revetment, for less cost than that 
work. During 20 years of service he has seen hundreds 
of thousands of dollars spent in a desperate effort to 
find some means of protecting banks at a lower cost than 
that of cuntinuous revetment. But all experiments along 
this line have failed, and it is now conceded by thinking 
men that the continuous revetment is about as near 
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permanent protection as can be obtained at reasonable 
cost. 

Continuous Revetment.—This type of work was fully 
described by the writer in an article in your issue of 
June 3. 1902, but a short description follows: 

The bank is first graded tu a slope of 1 on 2 or 
flatter. and this should be done in extreme low water to 
get good results. Then a mattress, made of ordinary 
willow brush, is woven, strengthened by a system of 
wire cables. This mattress is about 12 ins. thick and 
75 to 100 ft. wide. It is sunk to the river bed by being 
ballasted with one-man stone, the inner or shore edge 
of the mattress being at the fcot of the graded slope. 
Spawls are placed just above the shore edge of the 
mattress in sufficient quantity to fair up the slope and 
to prevent surface wash under the mattress. 

The slope is then paved with one-man stone from 
the top to the water surface, each stone being set up by 
hand. This work is carried from the top down the 
slope rather than from the bottom up the slope, so that 
when finished, the stoncs will be slanting up hill. Thus 
they will catch any sediment brought in by waves, and 
also will be self supporting. This paving has a depth 
of about 12 ins. Below the water surface a layer of 
one-man stone is cast on the mattress until a contour 
below any possible low stage of river is reached. On 
top of the paving, a layer of spawls is cast and thor- 
oughly raked in, filling all voids and cementing the sur- 
face, making it impervious to attack. 

This, in a few words, is continuous revetment. When 
the work is properly done, a ragged, ugly bank, invit- 
ing eddy action and destruction, is changed to one of 
straight lines and gentle curves, along which the current 
flows serencly and peaceably, all fight taken cut of it. 
A brick house can safely be built at the top of the slope, 
and the inmates nightly lulled to sleep from the cadence 
of the wave action along the stable rocky shore. 

To be properly done, the work must commence at 
the head of a bend (generally at a rock bluff contact) 
and extend to the foot of the bend, beyond any attack 
of the river. In this way the ends are protected and 
in the body of the work there is only a solid rock sur- 
face exposed to attack. 

This work has been done at a minimum cost of $6 
per lin. ft. of bank protected. A trip over the river 
will show Mr. Miller miles of it that is anywhere from 
5 to 25 years old. Mr. Miller states that his experi- 
ence with this class of work has not been so favorable 
as that of the army engineers. And why? Simply be- 
cause the work was not properly dene. Generally, only 
a short piece was put in and that possibly right in the 
bight of the bend; and possibly the mattress was put 
in hurriedly and not properly sunk to a good contact 
with the river bed, so that destruction commenced even 
before the contractor could get his money and get away. 
Then the only report made was to the effect that revet- 
ment was tried and failed. 

Mr. Miller quotes from my statement to the Inland 
Waterways Commission that my estimate of plant for 
this work was $27,000, including pile driver. He got 
the figures right, but is entirely in the dark as to the 
meaning of my statement. The plant, costing $27,000, 
was proposed to carry on all classes of work on a 100- 
mile stretch and to complete work in that stretch in 
five years. He failed to quote the paragraph which 
states that the matress could easily be woven on a raft 
costing $100. 

The David Neale System.—What is it? A few bundles 
of brush and brush-cribs anchored to the bank in spots, 
weighted down with rock, and projecting out into the 
stream. This spur dike of brush at once forms an 
obstruction to the Turrent, and this creates head, and 
head creates velocity. The water-surface above the 
dike being higher than that below, the water makes a 
desperate effort to seek a lower level. It whirls around 
the end of the dike, creating a destructive eddying 
whirlpool above and below, and in a little while the 
bank is caving rapidly on each side of the dike, worse 
than before the dike was built. A little later the dike 
is cut on a point connected with the main land by a 
neck of sand. Finally, the water makes a mad rush 
through this neck of sand and, like a monster devouring 
its prey, the river literally gobbles up the dike, and it 
is no more. 

From Mr. Miller’s statement this work costs $5 per 
lin. ft. of bank protected. Which is the cheaper work? 
It is certainly not difficult to decide. 

Mr. Miller also speaks of this system of work as 
being carricd on in the improvement of the Missouri 
River. The only work of this nature on the Missouri 
River is that done by the Missouri Pacific Ry. (with 
which company Mr. Miller holds the position of ‘Assist- 
ant Engineer), and that done by a few farmers induced 
to try it by Mr. Miller. 

This work looks good” to the farmer, first on ac- 
count of its cheaper first cost. Then one, two or three 
dikes are built at the head of a bend where the river 
smiles by them in a placid mood. One month, two 
months, three' months roll around and they are still 
protecting“ the bank as the farmer timidly approaches 
the river, day after day, and peeps over the bank. This 
gives him confidence and he proceeds to mortgage his 
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farm to build a few more dikes down in the bend, and 
gets his neighbors to help, and thus save hundreds of 
acres of fine bottom land. But the old Missouri is 
hungry and has just left those piles of brush under 
that rock point as a bait to the farmer, and can hardly 
wait to get busy. More dikes are built down in the 
bend and when the farmers have put up all their spare 
cash, a rise comes along and the feast on brush dikes 
begins. 

If this is not the case, why did Mr. Miller build con- 
tinuous revetment between his brush dikes at Marion 
Station, and why did he have to move his tracks back 
from where bis brush dikes were built at Sandy Hook? 

The subject of bank protection is well worth consid- 
eration by river engineers and he that devises a method 
at a much lower cost than that of continuous revetment 
will have made his fortune as well as conferred a last- 
ing benefit on the country at large, but it is a waste 
of time and muney to go back and try all over again, 
experiments that have proved failures. 

W. R. De Witt, 
U. S. Assistant Engincer. 

Kansas City, Mo., Oct. 29, 1908. 


[A proof of the above letter was submitted to 
Mr. Miller and we append his reply.—Ed.] 

Sir: In presenting the article on river improvement 
work which you published in your issue of Oct. 22, 1908, 
it was the aim of the writer to bring out discussion of the 
David Neale system, and on this account he’ wishes to 
thank Mr. De Witt very much for his efforts in that 
direction, although the criticism is not up to the standard 
of excellence that would ordinarily be expected from one 
engaged in river work. á 

The first supposition is that the critic is strongly 
prejudiced, but he states that he is not in any way, and 
this is accepted as the truth. The next supposition would 
naturally be that he lacked experience and opportunity to 
know the facts about river work in general and the Mis- 
souri River works in particular; but he states that he has 
had 20 years’ experience. This forces us back to the 
last stand, and tbat is that the facts do not bear out his 
claims, if, as his discussion seems to indicate, he is en- 
deavoring to prove the correctness of his statement be- 
fore the Inland Waterways Commission to the effect that 
continuous revetment or mattress when properly con- 
structed will ordinarily stand for 20 years with very 
little or no expenditure for maintenance. 

After reading the sixth paragraph of Mr. De Witt’s 
letter you are inclined to believe that if you once get 
continuous revetment, the balance will be ‘‘one grand 
sweet song;’’ and you are very much tempted to take 
just one glance out of the back door and down over the 
slope to sce if you can not observe mermaids dancing to 
“the cadence of the wave action along the stable, rocky 
shore.” Your thoughts are almost wafted heavenward 
by the sweet strains! 

An examination of the Century Dictionary discloses the 
fact that the first definition given after the word ‘‘ca- 
dence” is, A fall, a decline, a state of falling or sink- 
ing.” Now this is not mentioned to break up the har- 
monious chords of my brother engineer, but merely to 
explain my mention of the back door in the previous par- 
agraph, having had in mind the general superstition that 
it is bad luck to leave a house by that door: and that 
if the wrong kind of a ‘‘cadence’’ came along, the fool- 
hardy Individual that built his brick house in such a 
location, would be unable to leave through the lucky 
exit, without taking chances regarding his personal 
safety. i 

Having before me your issue of June 5, 1902 in which 
Mr. De Witt “fully described” continuous revetment, the 
following is quotcd from the paragraph describing the hy- 
draulic grading: 

With a pressure of 100 Ibs. per sq. in., this outfit 
throws a cutting stream that grades the bank, throwing 
all surplus material out into the current which carries 
it away, and leaves the sloped bank in the rear as true and 
smooth as if a plane had passed over it. The grading 


force at work, and the manuer of handling the stream of 
water are shown in Fig. 3. 


This figure referred to is a reproduction from a photo- 
graph, and it also shows some graded slope that is not 
“true and smooth’; and thoroughly corroborates the ex- 
perience of the writer on a similar class of work on the 
Mississippi River, where we generally found it necessary 
to do considerable dressing of the slope with shovels, and 
at times with teams and scrapers, after the grader had 
left it. 

The writer has not made any extendcd trips over the 
Missouri River, partly because of the uncertainty of being 
able to take passage on a boat at any regular time (in 
fact there are very few regular through, or even local,. 
boats plying on that stream, and these run only during 
a part of the year), but mainly because there are one or 
more good railways on each side of this river. Between 
1884 and 1903 the Government expended $7,325,000. on 
the improvement of this river (see Report of Chief of: 
Engrs., U. S. A., for 1903, p. 406). A large part of this 
money, however, went into the protection of harbors and 
other local interests, and did not directly benefit naviga- 
tion. ' i à 

An apology is due from the writer in not clearly stat- 
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ing upon what extent of experience he based his conclu- 
sions; and the sentence in the original article was at 
fault in this particular. What he really meant was that 
from his long experience with the U. S. Engineers in 
building mattress work on the Mississippi River, he had 
not notcd the good results as to permanency that were 
claimed by Mr. De Witt for the Missouri River work. A 
careful reading of the part of the article just following 
would, however, throw some light upon this point, which 
no doubt was missed by Mr. De Witt, for otherwise he 
would hardly have made such positive statements in the 
closing of his eighth paragraph. All of the work re- 
ferred to was built by Government forces under ap- 
proved plans, and none of it by contract. 

Let us now examine into the record of continuous 
revetment work on the Missouri River as it is published 
in the various annual reports of the Chief of Engrs., 
U. S. A., which are usually abstracted from the reports 
of the several Assistant Engineers in charge of the work 
at the time. Is it possible that Mr. De Witt has for- 
gotten these reports? We brief from the report of Asst. 
Ener. W. R. De Witt to Major H. M. Chittenden as shown 
in the annual report for 1905, page 1698, as follows: 
(Note.—The annual report for any one year covers the 
period from July 1 of the previous year to July 1 of the 
year mentioned.) 

Omaha—Repairs to revetment, $2,458.79; Nearman 
Bend—Repairs, $959.91; Murray Bend—This revetment 
showed a stretch of 1,800 lin. ft., beginning at a point 
1,000 ft. below its head and extending down stream, of 
upper bank work that was beginning to disintegrate. 
Temporary relief was had by placing 682 brush and rock 
fascines at a cost of $3,655.93. It is a question of only a 
short time when this revetment must either be rebuilt 
or protected with pile dikes; St. Aubert Revetment—Built 
in season of 1895 to 1896, slightly damaged by having a 
pocket gouged out of upper bank, 110 brush and rock 
fascines placed at a cost of 58663. 34. 

From the annual report of 1904, page 2313, we abstract 
the following: 

Murray Bend—The work in this bend, 10,117 ft. of re- 


vetment, was badly damaged by the 1903 flood, 1,300 ft. 
being scoured out at the head and the bank badly scoured 


out back of the revetment at three points near the foot., 


775 fascines 4 ft. in diameter, 16 to 20 ft. long; and 3 
fascine dikes of total length of 350 ft., were built at a 
cost of $6,017.37. St. Aubert Bend Revetment—In good 
shape except at foot where it was rapidly being destroyed 
by eddy action, a fascine dike was built at a cost of 
$676.70. (Above was reported by Mr. De Witt.) 

In the report of 1903, p. 1562, U. S. Asst. Engr. S. 
Waters Fox, after an examination of the works in the 
St. Joseph reach on July 18, 19, reported as follows re- 
garding the conditions: 

Bon Ton Bend—A breach in the revetment 2,500 ft. 
(estimated) in length in the locality of 5,000 to 7,500 ft. 
below the head of the work. Belmont and Elwood Bends— 
A breach in the Elwood revetment 600 ft. in length (es- 
timated) in the locality of 3,500 to 4,100 ft. above lower 


end of the work. Below St. Joseph—Revetment and dikes 
in good condition. 


In the Supplement to the Annual Report for 1902 and in 
the report of the Missouri River Commission is given a 
brief description of works built under the direction of the 
Commission since July 5, 1884; from which, and under 
the locations mentioned, the following quotations are 
made, beginning on p. 194: 

Sioux City, Iowa—The revetment of 1889 and 1890 proved 
efficient until the high water of July, 1898, when, from 
flanking at the head, about 2,700 ft. of it was washed out, 
the bank thus exposed was covered by the railroad com- 
pany, whose roadbed it protected; another break of 
about 1,600 ft. at the foot of the first break, occurred 
during the spring flood of 1899, this break was also cov- 
ered by the railroad company. 

Rulo, Neb.—Under a specific allotment of $50,000 in the 
Act of Aug. 11, 1888, made by Congress from the general 
appropriation for the river, the bank at the head of the 
bend was revetted for a distance of 4,922 ft. (No other 
funds were available until the sundry civil act of June 
6, 1900.) At this time the first revetment had been en- 
tirely destroyed by flanking, and the bank, which it had 
protected, had receded from 500 to 1,400 ft. 

St. Joseph, Mo.—These revetments have received a large 
amount of repair work and renewals, and at the present 
time stand in need of a considerable amount of repairs; 
but they have been and are effective in preventing a 
cut-off in the river 


There are other instances mentioned wherein the con- 
tinuous revetment has had to be repaired extensively in 
order to hold it effective, but it is useless to take up 
more space with additional examples, and these citations 
will end with calling your attention to Fig. 1 in your 
issue of June 5, 1902, whereon is shown at the left-hand 
side of the figure: Government Revctment Built in 
1881.’ This must have been entirely destroyed to have 
permitted the building of the willow mattress in 1889 
at a location 500 ft. and more behind the location of the 
1881 revetment. 

It is only fair to say that there are other instances 
showing .more favorable results than the ones cited; and 
all that the writer wishes to prove by the above quota- 
tions is that the continuous revetment is not permanent 
work. It is fair to presume, however, that the reports 
published are favorable reports in so far as the facts will 
permit. He is firmly of the opinion, based upon a per- 
sonal acquaintance with many of the officers and men in 
charge of the same, that the work accomplished was full 
value received for the money expended in accordance 
with the best plans in vogue at the time. and had funds 
for repairs been available at the proper time, very much 
tbat was eventually lost would have been saved, effective. 


It is not claimed that the David Neale or any other 
intermittent dike system will not invite eddy action, and 
will not show a more ragged bank than when continuous 
revetm_ot is placed; but a great part of this difference in 
appearance is due to the fact that the entire upper bank 
(the only part that can be seen) is graded off and nicely 
paved above the revetment or mattress work; while with 
the dike system most of this part of the bank is not 
touched. The part of the bank below the low water line 
is not changed to any appreciable extent when building 
revetment, and as the river banks in their natural con- 
dition consist of pockets and points, it is fair to presume 
that if you made a trip over the river and examined the 
continuous rcvetment works now in place, you would 
find many eddies and projecting points within the limits 
of the revetments. 

To be properly done, revetment should be commenced 
at the head of a bend, and continued to the end of the 
same, beyond any attack of the river, as is stated by 
Mr. De Witt; but the roadbed of the railway is usually 
attacked at a point where the caving is very active, which 
is always some distance below the head of a bend. And 
if, as was the case at Marion Station, Mo., the caving 
extended right up to the ends of the ties (on an em- 
bankment 10 ft. high) with the river at bank-full stage 
and strong eddy with a depth of over 50 ft. of water ata 
distance of less than 100 ft. from the track, before pro- 
tection work was started; we know of no possible way 
in which continuous revetment could have been placed in 
a short enough time to have saved the remainder of the 
embankment, as was done by the use of the David Neale 
system. 

And let me call your attention to a more recent oc- 
currence, viz., at Pine Bluff, Ark., where during the 
present month the costly court-house and a fine and 
expensive hotel were saved from destruction by the use 
of this system in checking th2 caving by the Arkansas 
River, and this, too, while the Government fleet was 
being hurried to the point to put in protection work. It 
is the combined evidence of all that were engaged in this 
work that under the extreme conditions and great emer- 
gency it would have been impossible to have placed any 
other system of protection in the short time left to save 
the above-mentioned property. Later on the river again 
attacked very severely, additional fascines were placed, 
the bank in front of the fine hotel was thoroughly sge- 
cured, but the loss of some 20 ft. or more at the Court- 
House further down stream has permanently endangered 
the annex to the same; below this the caving has pro- 
gressed quite rapidly and much valuable property has 
been lost. The problem was of such magnitude that it 
was impossible to hold, or even attempt to hold all of 
the caving. It is only fair to add that because of the 
cutting off of a point in the bank opposite the city, the 
severe attack moved down stream gradually, thereby re- 
lieving the pressure immediately in front of the hotel 
during the latter days of the flood. There is no shadow 
of a doubt but that this property would have gone into 
the river except for the David Neale system. The Gov- 
ernment fleet has arrived in the mean time; but it was 
a physical impossibility to build and place any mattress 
work under the severe conditions obtaining; in fact their 
snag boats (being of the usual size for such boats on this 
river) were unable successfully to stem the current at 
times; and the officers in charge displayed good judg- 
ment in removing these boats to a place of safety, and 
in turning all their forces and energies into the construc- 
tion of the fascines. 

The comparison made regarding the cost of the dif- 
ferent systems is not a fair one. Although it is true that 
continuous revetment has been placed at a minimum cost 
of $6 per lin. ft., that price was obtained several years 
ago, and when labor and materials were much cheaper. 
We note that the U. S. Engineers in estimating this 
work usually do so at $10 per ft. The best bids the 
railway company has been able to get range from $8 to 
$10 per lin. ft. And on work actually accomplished with- 
in the past two years it has had to pay its share at a 
rate amounting to $15 per ft. In giving the cost of the 
David Neale system, the maximum rate of $5 per lin. ft. 
is stated and the minimum of $2 is ignored. 

Regarding the $2 work recorded in the original article, 
and which was built at Myrick, Mo., we have, since 
writing that article, made a survey and examination and 
submit the following additional information: During the 
season of 1906-07 five dikes were placed, the distance 
from No. 1, the upper one, to No. 5, the lower one, being 
about 5,100 ft.; this work has now pass:d through two 
high waters. The recession of the bank in the vicinity 
of Dike No. 5 from April, 1905, to June, 1906, was 350 
ft.; from June, 1906, to December 1907, was 100 ft., all 
of it taking place before the dikes were built. Since 
the dikcs have been constructed the recession has not 
averaged over 25 ft. except between dikes 3 and 4, where 
it averages about 50 ft. It may be stated that these dikes 
were placed far apart, against the advice of Mr. Neale, 
as an experiment, the intention being to add intervening 
ones when it became necessary, thereby getting protec- 
tion at small first cost and spreading the total cost out 
over several years. It is now decided to place some 
additional work around some of these dikes and hold the 
bank through another high water, at least, before build- 
ing the intervening dikes. 


Regarding my quotation from a statement by Mr. 
De Witt to the Inland Waterways Commission relative 
to the cost of the necessary plant for river tmprove- 
ment work, it was intended to show by comparison that 
the plant for the David Neale system would cost much 
less than that needed for the standard system; and a 
further study of that entire statement in the light of the 
explanation given in the criticism does not disclose any 
unfairness in the comparison as made. It is true as he 
explains, that a part of the plant would be used 
a part of the time on other classes of work, and it is 
also true that the estimate of $17,000 given as the cost of 
the necessary plant for the David Neale system is con- 
siderably above the actual needs. 

Since writing the original article, the Missouri Pactfic 
Ry. Co. has purchased a plant, as follows (all second 
hand): a gasolene boat, $1,200, and 4 barges, 20 ft. x 
60 ft., for 5800; making a total of $2,000. The same was 
worth about $3,500 when new. With this we are working 
a force of 75 men, and the rate of progress, figuring the 
amount of bank protected, is as gcod as could be accom- 
plished with the more expensive plant doing standard 
mattress work. 

Mr. De Witt does not mean to say that with a $27,000 


plant he can do all classes of work on a 100 mile stretch 


of river in five years; this must be an error. Under all 
classes of work is included the construction of contraction 
works as well as of bank protection, and he would use 
the pile driver almost exclusively on that class of work. 
But such contraction works are very easily built by the 
use of the David Neale system, and without a pile 
driver. Neither do we need a grader for the Neale sys- 
tem, because only a very small amount of grading is 
necessary. 

In the last sentence of the paragraph under discussion 
he called attention to my failure to quote his statement to 
the effect that the mattress could be built on a raft costing 
$100. As nothing was allowed in his estimate of $27,000 
for mattress boats, and this $100 seemed small in the 
face of his so stated liberal estimate, it was not added 
as it really should have been. He certainly does not 
intend to convey the impression that continuous mattress 
work can be placed with a plant costing $100. If he does 
figure upon this basis, then he would have to provide 
teams or other mcans for bringing the brush and other 
materials to the top of the bank at the site of the work. 
Under such an arrangement, we can with the David Neale 
system, save the $100, because no raft or weaving barg es 
are needed. 

The David Neale system is characterized as, “A few 
bundles of brush and brush cribs anchored to the bank 
in spots, weighted down with roch. Mr. De Witt 
has had special opportunity to learn that we do not use 
a pound of rock to sink or weight down the fascines or 
bundles of brush and brush cribs. A very small quan- 
tity of rock (probably sufficient to cover one-tenth of the 
surface) is placed on top of the bank work as a pre- 
caution against a quick rise in the river. By referring 
to the original article you will note that the average size 
of the fascines is about 70 ft. long and 7 ft. in diameter, 
with walls and partitions 6 to 12 ins. thick; roughly fig- 
uring the cubical contents we get 100 cu. yds., fully 
three-fourths of which will be solid sediment or earth; 
about seven of these are placed as a foundation, and the 
mud-cell dike, or much larger part of the construction, 
is placed on top, the whole constituting a bank dike, 
having in some cases a total height of 35 ft. at the outer 
corner; a mass of such large size that the mighty Mis- 
souri” cannot move it very easily from the position in 
which it is placed, nor can it be so injured during one 
season of high water but that repairs and additions can 
be made and tied on to it so that it will hold against an- 
other flood. But when the thin layer of mattress work 
begins to break up, one flood will very often clean out 
1,000 or more feet of it and leave the bank entirely un- 
protected, so that an equal or greater amount of new work 
must be built to replace it. 

The work being placed by the railway company is pri- 
marily for the protection of its roadbed, and that by the 
farmers is for the protection of their property; and the 
same was termed an improvement of the Missouri River 
under the broader interpretation of the question; it not 
being understood by the writer that such work must 
have the brand or stamp of the United States before it 
may be classed as improvement work. With reference 
to some thirty petitions for protection work, Major H. 
M. Chittenden, U. S. A., in annual report of Chief of 
Engrs., U. S. A., for 1904, p. 2301, states in substance as 
follows: ‘‘The difficulties of navigation are mostly due 
to bars and snags, these result in the main from the 
erosion of the banks.’’ 

The history of the improvement of the river shows that 
the most effective works in improving the navigable chan- 
nel are those which keep the banks from caving in, but 


that the protection of abutting property is not recognized 


as a legitimate purpose of appropriations for improving 
rivers and harbors. 

In the supplement to the Report of the Chief of Engrs., 
U. S. A., for 1902, p. 177, we note the following in regard 
to the same subject: 

To illustrate this, it may be stated that in a distance of 


only 18 miles in the vicinity of Jefferson City, Mo., the 
area of new land formed by the rectification works 
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amounted to 5,500 acres, and the area of land protected 
was 12,500 acres. Computing this at a price of $50 per 
acre, the sum of $915,000, or over $50,000 per mile of 
river, was added to the wealth of the country as in- 
cidental to the improvement of navigation. 

Mr. De Witt asks about the continuous revetment be- 
tween the dikes at Marion, Mo. 
necessary to explain that it is dangerous to use any dike 
system to protect an embankment when the caving has 
reached up to the same, on account of the eddies that 
may be started thereby even before the dikes are com- 
pleted. As stated in a previous paragraph, the attack 
reached into the embankment, necessitating a lining 
back of the track a few feet at one place, and the driving 
of an addition to a pile bridge, before active work in 
checking the caving could be started. As usual the at- 
tack was from a very rapidly advancing eddy (about 50 ft. 
in ten days). This was first checked by placing a num- 
ber of large fascines. Then a dike was started some 
distance above the eddy with the hope of preventing 
further attack, but it could not be placed quickly enough 
to become effective in holding further caving of the small 
margin intervening between it and the track, and solid 
mattress work, although much more expensive, had to be 
placed. 

Mr. De Witt visited this work during its progress, ad- 
vising that we should have moved the track back, graded 
the bank down, and placed a standard mattress; predict- 
ing that we would be unable to hold our line at that 
point. This would have meant the expense of building 
considerable new embankment (10 ft. high), and placing 
additional sharp curvature, as well as doing the river 
protection work, which would be needed to hold the 
back line in any event, it being a case where it was 
much cheaper to hold the front or present line even with 
considerable additional expenditure for river work. 

It is generally a fact that the cost is much more care- 
fully considered by the railway company than by the 
U. S. Government, particularly as pertains to the entire 
proposition. Nor is the Government Engineer limited, as 
a rule, as to the exact point at which no further caving 
dare take place, as is the railway engineer with his 
fixed track. 

Before the Marion work was completed the force had to 
be moved to Sandy Hook, Mo., where another very severe 
attack took place, where we had to move our tracks back 
about 12 ft., and throw the side track on the inside of 
the main line before we got sufficient mattress in place 
to hold the caving. We did not attempt to build dikes at 
this point to check the caving as it was then too close 
to the tracks, but placed 2,000 ft. or more of mattress, 
then filled out on top of the same with material dumped 
from cars, a sufficient distance to permit of the final 
replacing of the main line in its original location in a 
year or so and after settlement has ceased. We expect 
to hold this new filling with the three large David 
Neale dikes which were constructed on top of the mat- 
tress. At Marion we have already moved the track back 
to its old position, and have filled in the bridge that was 
driven temporarily, expecting to save a large part of the 
Material that was used therein. 

In referring to brush dikes that were built at Sandy 
Hook, Mr. De Witt must mean the ones that were placed 
by David Neale six or eight years ago and upon which 
not one dollar's worth of repair work was placed, and 
which still seem to be doing service. Owing to changes 
in the river above and on the other side, the attack 
this year took place mostly below the old work, although 
including the lowermost of the old dikes, which one 
was dropped down to the bottom of the river, and has 
been used as a foundation for one of the dikes just 
placed. 

Dikes were placed at Marion also six or more years 
ago, and can still be found in place; the attack this 
year being entirely below the same. 

We expect to place protection work this season at 
Lupus, Mo., and will have to use mattress for a certain 
distance because the river is right up to the track; 
but below the mattress, and where we will be further 
away from the track, we will place several dikes. 

Near Wooldridge, Mo., we are using the dike system 
entirely because the work has been started before the 
river got nearer than 150 ft. to the track. 

The writer would be very glad if it were a fact that 
he successfully induced the farmers, mentioned by 
Mr. De Witt, to try this system, but they took it up 
upon their own judgment. The railway company has 
since joined in with one of their associations and is ald- 
ing it because of mutual benefit derived. To another body 
of farmers we have furnished a survey and report. 

Yours very truly, 
Chas. H. Miller, Engr. River Protection. 
Missouri Pacific Ry. 
Little Rock, Ark., Nov. 27, 1908. 
— — 


Acetylene Lights fer Use ia Mines. 

Sir: For several years acetylene has been used in 
miners’ lamps in France, Germany and Belgium to a 
large and steadily increasing extent, until at present it is 
used almost exclusively in over 200 mines and by ap- 
proximately 50,000 men. The use of acetylene saves 
nearly 50% of the cost of lighting a mine, while giving 
more and better light. Nevertheless the introduction of 


To begin with it is 


acetylene into mines, up to the last two years, has been 
very slow in this country. Its use is now, however, 
coming to be recognized as an important advance, and it 
promises shortly to replace all other means of illumina- 
tion, except in special cascs. 

Candles, which are largely used throughout our west- 
ern mines, remove seven times as much oxygen from the 
air and kerosene five times as much oxygen as acety- 
lene. The products of combustion given off by candles 
are ten times and from kerosene nine times as great in 
volume as are given off by acetylene. While acetylene mine 
lamps give no smoke whatever, every miner is familiar 
with the difficulty from the smoke given off by other il- 
luminants. The actual amount of illumination given by 
candles and kerosene is lessened by a very large per- 
centage by the smoke and mist which rapidly accumu- 
late. - 

It has been found, in actual experience, that in entries 
which are 60 to 70 ft. ahead of the air, there is not the 
slightest particle of smoke from an acetylene lamp and 
the entry is just as clear at the end of the shaft as it is 
at the beginning. 

The acetylene flame is not easily blown out, the motion 
of the miner does not cause it to flicker badly, and it burns 
brilliantly in an atmosphere so foul that candles flare 
and go out. In fact, acetylene will not deprive the miner 
of light until the atmosphere is so bad that it will not 
support life. 

For underground surveying and mine inspection, the 
use of acetylene is of great importance. Maps and 
records escape the usual accompaniment of grease and 
smudge. The acetylene flame is so small and clear that 
it affords an accurate point on which to sight instru- 
ments. 

Another use for acetylene in somewhat larger units is 
found where the rays are concentrated by a reflector, in 
which case a brilliant illumination can be thrown into 
inaccessible places where distant bays, high backs, caved 
places and other difficult and otherwise hidden parts of 
the mine can be explored with convenience, and in case 
of emergency, without danger. 

In actual practice, it has been found that 4 oz. of 
calcium carbide at 4 cts. per Ib. will give nearly ten 
candle power clear illumination without smoke for five 
hours. Candles in many parts of the country, counting 
four candles to the ten-hour day, would cost 5 cts. per 
day. There seems, therefore, to be no reason why 
acetylene should not be introduced provided a proper 
lamp at an economical price can be devised. As a mat- 
ter of fact, practical experience has demonstrated that 
some of the miners’ lamps now upon the market meet all 
the necessary requirements both as to economy, lasting 
quality and practicability in use. 

Acetylene miners’ lamps are now frequently found in 
mines throughout the country, Pennsylvania, New Jersey 
and Illinois leading, though many other states are using 
the new light. The greatest number used by any one 
concern in its mines is probably by the New Jersey 
Zinc Co., which has adopted acetylene illumination for 
all its mines. The number of miners’ lamps in use in the 
mines of this company is about 3,000, and it has been 
found, in practical use, that the saving is at least 2 cts. 
per day for every miner. 

The subject of better illumination in mines is worthy 
the attention of every mine owner and engineer. It is 
equally worthy of the attention of every mining organi- 
zation, as well as every individual miner, because a 
change to better illumination at half the cost, with 
greater output, safety, comfort, and above all, good 


health, are matters of such vital importance that no care- 


ful manager will fall to investigate the subject. 
Yours very truly, A. C. Morrison. 
Secy. International Acetylene Association. 
157 Michigan Ave., Chicago, III., Dec. 3, 1908. 
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SILT IN THE PROPOSED RESERVOIRS OF THE OHIO 


BASIN. 
By HERMAN STABLER.* 


An interesting side light upon the system of 
reservoirs proposed by Mr. M. O. Leightont for 
flood prevention, navigation improvement, and 
water power in Ohio River basin is furnished by 
a consideration of the question of silting up of 
reservoirs with consequent loss of effective ca- 
pacity. This matter has been touched upon by 
engineers in published discussions of the pro- 
posed system as being a possible cause for its 
rejection. Modern practice in storage reservoir 
construction has dealt with the silt problem 
effectively. Inasmuch as streams bearing 50 to 
100 times as much suspended matter as the 
tributaries of the Ohio have been utilized effect- 
ively for storage purposes in the Far West, silt 
accumulation under the worst conditions in the 
Ohio valley should be viewed as a factor to be 
eliminated by design rather than as a cause for 
abandoning the reservoir system without in- 
vestigation. 

How far the plans of such a system should be 
modified on account of river sediment is one of 
the many questions involved in the comprehen- 
sive investigation Mr. Leighton has recom- 
mended. Fortunately, data upon this subject, 
sufficient to warrant an estimate of probable 
silt accumulations, has already been accumu- 
lated. The stream gaging work of the Water 
Resources Branch of the United States Geo- 
logical Survey and the recent series of analyses 
of stream waters made by the same branch 
under the direction of Mr. R. B. Dole form the 
chief basis of the accompanying tabulated esti- 
mate. The writer desires to express his thanks 
to Mr. Leighton for the use of storage data and 
determinations of suspended matter, not all of 
which have been published previously. 


- Column 4 in Table I. is the continued product 
of column 2, column 3 and the factor 0.985. 
Where no analyses are available the figures in 
column 4 are estimated from known data on ad- 
jacent streams. In the case of the small tribu- 
taries, the highest value for the large tributaries 
was arbitrarily selected. Column 4 multiplied 
by .02105 gives column 5, the volume of sediment 
in thousands of cubic feet upon the assumption 
that 95 lbs. of dried suspended solids will pro- 
duce a cubic foot of sediment. With reservoirs 
of the size proposed it is fair to assume that 
all suspended matter will be deposited as a 
sediment accumulation unless special means be 
provided for its removal. The product of col- 
umns 5 and 6 divided by 1,000 will therefore 
give column 7, the annual sediment accumulation 
in millions of cubic feet. Finally, comparison 
of columns 7 and 8 gives column 9. It is this 
last column that is of greatest interest and pre- 
sents a set of figures that will doubtless sur- 
prise those who have not given the matter care- 
ful study. Although an effort has been made 


*Assistant Engineer, Water Resources Branch, United 
States Geological Survey. 


TABLE I—ESTIMATED RATE OF SEDIMENT ACCUMULATION IN RESERVOIRS IN VARIOUS PARTS OF 
THE OHIO DRAINAGE BASIN. 


Annual sedi- Years re- 
mentaccum- Capacity of quired to re, 


Average Suspended —Annual sediment— Area 
annual run- matter, per square mile. above ulation. reservoirs. duce capac, 
off (sec. ft. parts per Short 1,000 reservoirs. (1,000,000 (1.000, 000 ity of reser 
Stream. per sq. mile.) million. tons. cubic ft. (8q. miles.) cu. ft.) cu. ft.) voirs 1020.7 
Tennessee River 9 1 8 ae 5.05 23,030 116.2 861,420 740 
Knoxville, Tenn............. 1.56 156 240 5.05 = aseeco CO ETETETT nai 
Gilbertsville, R&—ꝶiãroꝑkůc gs 1.60 127 200 4.21 3 Boyse.. e oes 
Cumberland River ..........- ducks sas ae 4.78 4,090 19.6 130,040 670 
Kuttawa, RRůyy))) ee eaee 1.40 165 227 4. 7c „ «eager a’ tive 
Kentucky River meal rete Bach et 4.69 2,340 11.0 101,100 920 
Frankfort, KůꝶXAyũh¶ 1.60 142 223 4.30 ”‚e‚ aaao eee ee Sie 
Licking Rivterr eer 8 220 4. 63 600 2. 8 23,300 830 
dy ] anawha 
ea eee pence 5 i EARR 8 200 4.21 4,540 19.1 226,872 1,190 
Kanawha River. aes ele 180 3.79 12,540 47.5 321.330 680 
Monongahela River. svete ` 203 4.27 3,222 13.8 173,340 1,260 
Elizabeth, Pfg.... 1.80 84 149 oa ates ere Sela we es 
McKeesport, Pa. (Youghio- 
gheny River)...........- 2.30 163 369 tease 8 N howd bier 
Allegheny River ee he 77 1.62 2, 714 4.4 106,092 2,410 
Kittanning, Pa.........eeees 1305 48 e eis 9 Gans eana Bas 
Brilliant, Pa.f .........ceeee z 8 e Esame å aw date Su 
Scioto River. i CPP Gant . 68 1.43 1.267 1.8 8.990 500 
Small tributar ies e nerti ee 240 5.00 4,119 20.8 193.265 930 
Total! e s : 8 Feia 58,462 257.0 2,145,749 835 


*This estimate agrees closely with the sediment accumulations at Catlettsburg, Ky., reported by Patton in 


Engineering News of October 4, 1906. 
+Report of Pittsburg Filtration Commission. 


Analyses under direction of Allen Hazen. 


The estimate agrees 


well (within 10 per cent.) with sediment accumulations for a term of years in Pittsburg water supply reservoirs 


as given by Marsh, “Engineering Record,” Sept. 3, 1904. 
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to present the worst probable conditions of known 
data, it appears in the result that from 500 to 
2.410, with an average of 8.35 years are required 
for a 10% reduction in capacity of the proposed 
reservoirs. 

The variability in the figures illustrates a 
point to be considered in the selection of reser- 
voir sites. The Tennessee River carries the 
most sediment, but the reservoirs proposed for 
its basin do not lose capacity as rapidly as those 
in several other river basins. The Scioto River 
carries the smallest load of suspended matter, 
but the reservoirs accredited to its drainage area 
are nevertheless the most quickly filled with 
silt. The Allegheny reservoirs receive one- 
eighth more sediment per square mile than those 
for the Scioto, but accumulate sediment only 
one-fifth as rapidly, filling more slowly than any. 
Were the estimate extended to individual reser- 
voirs, these seeming eccentricities would doubt- 
less be even more apparent. The controlling 
factor is clearly shown to be the relation of 
reservoir capacity to tributary drainage area. 
A Storage reservoir capable of retaining the en- 
tire annual flow of its tributary streams will 
obviously fill only half as fast us one upon the 
same site with capacity merely sufficient to 
store 50% of the annual flow. 

A practical example of rapid silting is fur- 
nished by a diversion dam and reservoir upon 
the Tuolumne River at La Grange, Cal., where 
recent measurements of silt deposits show the 
reservoir to have lost more thun ök% of its 
capacity in ten years. The silt stored represents 
OGT of the volume of the stream. Analyses 
of water samples collected below the dam show 
that .0043% additional silt is carried past the 
dam site, making the total silt load 0.011% of 
the volume of the stream. The capacity of the 
reservoir was but 0.125% of the annual stream 
flow. In the following Table is shown the time 
in years required to reduce by 10% the ca- 
pacity at La Grange of reservoirs of various 
assumed capacities with the partial and total 
silt load factors given above. 

Yars required to reduce 


Capacity of capacity of reservoir 10%. 


reservoir. —— E ² 
(Per cent. of annual Silt = OTE- Silt = .011%% 
stream flow.) stream volume. streani volume. 
0.125 1.56 14 
1.0 14.8 9.1 
23. 71. 227 
500. 742. 45 
75. 1.113. 682. 
100. 1,484. HH) 


The relation of silt load and relative reservoir 
‘apacity are both clearly indicated by this table. 
The Tuolumne River carries no more silt than 
several streams of the Ohio valley. The La 
Grange reservoir has lost its capacity not be- 
cause it is located upon a heavy silt-bearing 
stream but because the silt from a compara- 
tively large stream is deposited in a small stor- 
age basin. 

To illustrate this point further and to show 


that the results given for Ohio River reservoirs’ 


are by no means unusual, the suspended matter 
determined from analyses covering a period of 
approximately one year or more compiled from 
various sources, silt load (estimated upon as- 
sumption that 95 Ibs. of silt will produce a cubic 
foot of sediment), and time in years required to 
fill reservoirs of various assumed capacities are 
given in Table II. for 177 streams of the United 
States. 

Streams of classes 1, 2 and 3 include, respect- 
ively, 4, 6 and 7 tributaries of Ohio River. All 
Streams east of the Mississippi River, including 
the turbid rivers of the Southern States, belong 
to the first four classes. Classes 7 and 8 include 
only streams of the arid West. In class 8 are 
found the Gila River at Florence, Ariz., a stor- 
age site rejected by the Reclamation Service 


TABLE II.—REDUCTION OF RESERVOIR CAPACITY BY SILT UNDER VARIOUS CONDITIONS 


because of the excessive silt load, and the Rio 
Grande at El Paso, Tex., where, in flood, the 
Stream moves enormous quantities of sand and 
silt. The table shows clearly the desirability, in 
selecting storage sites in the Ohio basin, of 
choosing thuse points where reservoirs capable 
of storing at least 50% of the annual stream 
flow can be economically constructed. Obviously, 
however, such sites would be selected from a 
consideration of the requirements of river regu- 
lation. 

Although the sediment observations are insuffi- 
cient to warrant detailed estimates for silt accu- 
mulation in the individual reservoirs proposed 
by Mr. Leighton, if these storage basins be ex- 
amined with reference to the data of the 
foregoing table, it will be seen that very few 
may be expected to lose 10% of their capacity in 
less than 500 years; yet these sites were ten- 
tatively chosen for river regulation without a 
detailed consideration of the silt problems in- 
volved. Hence the importance of the silt ques- 
tion, even in influencing a choice of reservoir 
sites, does not appear to be very great. 

The reservoir system, if built, should be de- 
signed and constructed with a view to its value 
to posterity, but it can scarcely be «xpected that 
the present generation will undertake any great 
outlay entirely for the benefit of those who may 
inhabit the Ohio valley several hundred years 
hence. As the silt accumulations increase, the 
engineers of the future will have to decide 
Whether the annual addition of 9,450,000 cu. yds. 
(for the reservoirs here listed) can be removed 
to best advantage by sluicing, dredging or other- 
wise. The engineer of the present will have done 
his full share by providing sluice gates and se- 
lecting storage sites of high relative capacity, 
matters necessary for river regulation if the 
stored water were clear as crystal. 


ACCURACY OF ESTIMATES. 

For the benefit of those who may question the 
estimates in Table I., the following discussion 
of their probable accuracy is appended: The 
value of the estimates presented depends upon 
the accuracy of the stream flow data, the relation 
assumed between weight of suspended matter 
and volume of sediment accumulation, the ac- 
curacy of values used for suspended matter, and 
the method of calculation. The flow data is the 
average of stream measurements for a term of 
years and probably is within 10% of the true 
value. 

The relation assumed between weight of sus- 
pended matter and volume of sediment accumu- 
lation (95 lbs. of suspended matter per cubic 
foot of sediment) is one that appears to be on 
the side of conservatism. Extremes are repre- 
sented by the determinations of Humphreys and 
Abbott* upon sediments at the mouth of Mis- 
Sissippi River, 165 to 175 lbs. per cu. ft., and 
by those of Follett and Hall, who found that 
a cubic foot of Rio Grande sediment contained 
but 53 lbs. of solid matter. For an average of 
Mississippi River sediment, Humphreys and 
Abbott assumed a specific gravity of 1.9, cor- 
responding to 119 Ibs. per cu. ft. 
values would indicate, respectively, 1,500 years, 
1,050 years, or 470 years instead of 835 years 
as the average period before a 10% reduction 
in capacity will occur. The following weights 


‘per cubic foot for various substances are taken 


from the Physical Tables of the Smithsonian 
Institution: Gravel, 94 to 112; dry sand, 87 to 
103; marl, 100 to 156; clay, 122 to 162; dry 
earth, 100 to 120; mud, 102. The addition of 
moisture to dry materials of this character will 
swell the volume and therefore smaller weights 


»The Physics and Hydraulics of the Mississippi River, 


p. 143. 


tThird Ann. Report, U. S. Reclamation Service, p. 401. 


Suspended Max. silt load 
Number matter in for class. (Per Original capacity of reservoir. (Per cent. of annual flow.) 
of parts per cent. of 25 50 75 100 
Class. btreams. million, stream flow.) Years required to reduce capacity 10 per cent. 

J he a Sree 47 0 to 50 0033 700 1.520 2.270 3.030 
VCC 9 51 to 100 AE 3 TOD 1,140 ` 1.520 
C 36 101 to 200 0132 190 380 570 700 
J eae eee a 9 201 to 300 0197 130 250 380 510 
J re eee ere D 401 to 0 0329 76 1M) 230 300 
J; n Ekan A 15 501 to 1,000 A658 3S 16 110 150 
TEA a ETA ES 24 1,001 to 10,000 0580 4 — 8 11 15 
ö; wake we 2 14,100 9300 3 5 8 11 


These three. 


flow and average suspended matter. 


than those shown will be required to produce a 
cubic foot of moist material. In the Ohio 
basin the Suspended matter is largely argil- 
laceous and will form compact sediments. The 
estimates indicate that a long period of time 
will ensue before sediment removal wil] become 
a necessity. With increase of time greater 
compactness is to be expected. Much of the 
sediment will be subject to great pressure from 
Supernatant water in the reservoirs, another 
condition tending toward a high degree of com- 
pactness. It is believed, therefore, that there is 
much greater probability of the sediments as- 
Suming less rather than greater volumes than 
those used in the estimates. 

A chance for error appears to lie in the values 
taken for suspended matter. These are based 
upon actual determinations of suspended mat- 
ter from samples of river water collected daily 
for a period of approximately one year. How 
far this average for a single year may vary 
from the average for a term of years is a mat- 
ter of conjecture, for determinations of sus- 
pended matter upon Ohio River tributaries for 
a term of years are not available. Such a set 
of yearly averages for the Mississippi are given 
in the Report of the Chief Engineers, U. S. A. 
1894, p. 1345. Of fifteen years’ results only three 
Vary more than 20% from the mean. The aver- 
age deviation is but 29% of the mean and the 
probable error of the average for a single year 
is less than 17% of the mean. Inasmuch as Ohio 
River tributaries are not subject to such great 
range in content of suspended matter as the 
Mississippi, there is no reason to expect a greater 
error than the foregoing in basing estimates 
upon a single year’s determinations, though in 
streams of the arid and semi-arid regions a 
series of years would be required for an equally 
reliable estimate. In streams such as those to 
Which the estimates of this article relate, sus- 
pended matter will usually vary directly with 
discharge. The determinations of suspended. 
matter which have been used were made in 
years for which the discharge was somewhat in 
excess of the average. This would indicate 
that the values for suspended matter are also 
somewhat in excess of the average. It can be 
stated, therefore, with a considerable degree of 
confidence, that the values used are not too 
small. 

Another factor to be considered is the pos- 
sibility of an amount of saltatory matter suffi- 
cient to effect appreciably the estimates. So 
far as the writer is aware, no reliable determina- 
tions of the quantity of such material are avail- 
able. Humphreys and Abbott estimated the ma- 
terial pushed into the Gulf of Mexico along the 
bottom of the Mississippi as about 11% of the 
suspended matter, but this can be considered as 
little more than a guess. Undoubtedly, the silt 
deposits of each stream would receive an in- 
crement from matter rolled along the river bot- 
tom. That such material is usually small in 
amount as compared with the load of suspended 
matter is a commonly accepted belief. In the 
opinion of the writer it will not greatly affect 
the value of his estimates. 

Finally, the greatest chance for error, but 
one for which no correction can be applied, is to 
be found in the attempt to estimate average silt 
accumulation from the product of average stream 
The sum 
of the products of the corresponding terms of 
two ascending series is greater than the products 
of the sums of the series. It is probable that 
some reasonably simple law governing approxi- 


mately the relation of suspended matter to. 


stream flow could be deduced for small streams. 
With increased drainage area (particularly if 
the tributaries ‘be large, the character of soil 
and cultural features diverse, and the width of 
the stream basin comparatively great), the law 
becomes hopelessly complex and we may find 
the greatest amount of suspended matter co- 
incident with a medium or low stage of flow. 
Nevertheless, there will always be found a tend- 
ency toward increase of Suspended matter with 
increase of flow if a sufficient number of obser- 
vations be taken. This tendency produces an 
ultimate effect similar to that noted for the 
case of two ascending series and the product of 
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average flow and average suspended matter will 
be less than the true silt load, which can only 
be found by adding the products of flow and 
suspended matter for each infinitesimal of time. 

In order to obtain some idea of the error thus 
introduced, the silt load was estimated on two 
streams of the Ohio valley by taking the product 
of average discharge and average suspended mat- 
ter for a year and the sum of the products of 


centage value of a correction such as this it 
should be noted that the per cent. correction 
will usually be greatest for streams of nearly 


_ equal run-off when the weight of suspended mat- 


ter is least, and therefore when the rapidity of 
silt accumulation is least. The importance of 
the correction, viewed practically, is therefore 
less than might appear at first glance. 

From a consideration of the results of these 


ommendation of Mr. J. E. Muhlfeld, who in the mean- 
time had become General Superintendentof Motive Power, 
the Baltimore & Ohio ordered one engine of this type, 
which was built at the Schenectady Works of the Amer- 
ican Locomotive Company during the winter of 1903 and 
1904, to suit the conditions of that railway. 

Propositions for building the Mallet type of engine had 
been made both by Mr. S. M. Vauclain, General Man- 
ager of the Baldwin Locomotive Works, and by the 
but the 


writer, several years prior to the above date, 
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MALLET ARTICULATED COMPOUND FOR FREIGHT SERVICE, ERIE R. R. 


(The heaviest and most powerful locomotive in the world. Built by the American Locomotive Co.) 


ten-day averages of discharge and suspended 
matter for the same period. One of these 
streams, the Allegheny at Kittanning, has a 
Narrow basin, is fed by small tributaries, and 
drains an area of comparatively uniform con- 
ditions of geology and culture. The quality of 
the water varies with the stage of flow in an 
almost ideal manner. So close and simple is the 
relation, indeed, that the dissolved mineral con- 
stituents can be expressed as a simple function 
of the gage height. The relation of suspended 
matter to gage height is more complex, but a 
marked tendency for increase of suspended mat- 
ter with a power of the gage height between 
the first and second is evident for most stages. 
In addition, wide range of flow and low 
pended matter combine to make this a good 
example for the Ohio valley of a stream subject 
to great extremes of silt load, whose floods will 
carry a large proportion of the year’s total 
sediment. The comparison above noted indi- 
cates that the product of average discharge by 
average suspended matter should be increased 
by 50% to give the true silt load, and that the 
largest flood of 1907 carried nearly a third of the 
annual total. If results were available for years 
of greater flood, a greater variation would be 
expected. Comparison of turbidities at Pitts- 
burg for the flood of 1907 and that of 1905, how- 
ever, indicates that the increase in discharge 
for the very high stages is accompanied by a 
much smaller increase in suspended matter. A 
year of several floods of medium height would 
therefore be accompanied by a greater total silt 
load than one of a single great flood. 

The second river examined was the Tennessee 
at Knoxville. This river is formed by the junc- 
tion of two large streams a short distance above 
the city. That these streams are subject to 
widely diverse conditions is evidenced by the 
fact that the dissolved mineral constituents at 
Knoxville appear to bear little relation to the 
river stage. A relation between stream flow and 
Suspended matter is even less apparent. The 
year for which results are available (1906-7) in- 
cludes one of the great floods of the Tennessee. 
The silt carried past Knoxville, however, was 
less during this flood than during a smaller flood 
at another time of the year. Possibly the great 
flood was caused chiefly by a comparatively clear 
water stream and the lesser by a turbid tribu- 
tary. In this case the great flood carried less 
than a tenth and the smaller flood less than a 
sixth of the year’s silt load. This condition was 
found, although the Tennessee is a stream of 
rapid floods and flashy discharge. The com- 
parison made indicates that 108% of the prod- 
uce of average discharge and average suspended 
matter is the true basis for estimating silt load. 
In connection with a consideration of the per- 


sus- 


streams and the probable relations that other 
tributaries of the Ohio bear to them, it seems 
likely that a mean additive correction of per- 
haps 10 to 15% should be applied on account of 
using average values for suspended matter and 
runoff.: The available data is insufficient to 
warrant detailed estimates, and the whole matter 
is so largely speculative that no such correction 
was applied. 

Summarizing the probable accuracy of the es- 
timates, the assumed relation between weight 
of suspended matter and volume of sediment and 
the values accepted for suspended matter are 
such as to magnify the rapidity of silt accumu- 
lation. On the other hand, the use of averages 
for computation and the neglect of saltatory 
material. have the opposite tendency. It is the 
opinion of the writer that these sources of error 
will about neutralize each other so that the 
tabulated average of 835 years is not in error 
by more than 10 to 15% at most. Estimates for 
individual streams are more questionable but 
are believed to be well within 50% of the true 
value in every case. This view is corroborated 
by the close agreement between the estimates 
and actual measurements of silt in reservoirs at 
Pittsburg and Catlettsburg, as cited above. 


ARTICULATED COMPOUND LOCOMOTIVES.* 
By C. J. MELLIN, f M. Am. Soc. M. E. 


The constantly increasing demand for heavier power, 
made by most railways in the country during the last 
decade, and especially by those roads having heavy 
gradients combined with sharp curves, brought out vari- 
ous designs which on account of rail pressure limitations 


required so many coupled wheels that the length of the, 


rigid wheel base made them unwieldly to operate with 


efficiency. This demand for greater power was, of course, 
greatest in mountain districts where heavy grades and 


sharp curvatures generally go together, necessitating, 
for safe operation, comparatively short wheel bases, re- 
duction in engine resistance and wear of wheel flanges 
and rail, together with moderate weight of the working 
parts of the engine. 

In striving to meet this demand, locomotive designers 
and builders were brought face to face with an unsur- 
mountable barrier to further progress In the enlarge- 
ment of engines on the old lines; and in 1902 the Amer- 
ican Locomotive Company decided to work out a design 
of a heavy, powerful locomotive for the Baltimore & 
Ohio. R. R., having two sets of engines under one boiler 
capable of adjusting themselves independently to the 
alinement of roads with curvatures up to 30°, on the 
principle developed by the prominent French engineer 
Anatole Mallet of Paris. Mr. Loree, then President of 
the Baltimore & Ohio R. R., considered the question 
seriously; but it was first thought that it would be no 
advantage to the Baltimore & Ohio R. R.. even if it 
proved successful, and the subject was left undecided 
for some time. In the latter part of 1903, on the rec- 

*Condensed from a paper presented before the Ameri- 
can Society of Mechanical Engineers, December, 1908. 

American Locomotive Co., Schenectady, N. Y. 


one under consideration is, so far as the writer is aware, 
the first engine of this type completely designed and 
constructed in the United States. The original Mallet 
type of engines built in Europe date back to the early 
‘00's, but its history would be too extended to embody 
in this paper. 

GENERAL ADVANTAGES.—This Baltimore & Ohio lo- 
comotive, which was of unusual dimensions for that 
time, was exhibited at the Louisiana Purchase Exposi- 
tion at St. Louis in 1904. A great number of locomo- 
tives of this type, of various sizes, have since been built 
for other roads as forerunners of what promises to be 
the most powerful and efficient type of the freight en- 
gine of the future. The form permits of the applica- 
tion of cylinders of largest dimensions, as well as of the 
largest boiler capacity, by the distribution of the 
weight over a long wheel base and over many driving 
axles. Up to the present date a tractive power of about 
125,000 Ibs. has been reached, whereas the ordinary types 
of engines rarely exceed 44,000 lbs. (See Table I for 


Fig, 2. 


Front View of Articulated Locomotive 
Rounding a Curve. 


comparison between a heavy Mallet and the heaviest en- 
gines of ordinary types.) 

The Mallet articulated arrangement presents the ad- 
vantages of enormous tractive power concentrated in 
the combination of the two sets of engines with prac- 
tically no increase in the individual weights of the 
moving and wearing parts over those of engines of the 
ordinary types; double expansion of the steam: sim- 
plicity and ease in operation; and a short rigid wheel 
base, with the weight distributed over a long total wheel 
base, resulting in the greatest flexibility and ease on 
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track and bridges. It was also found possible at the 
very first to provide an engine under the control and 
operation of a single crew, having double the power of 
the largest engines of the ordinary type. These advan- 
tages are most clearly evidenced by the comparisons in 
Table I. The comparison in Table II, however, between 
one of the lighter designs of Mallet engines and a few 
engines of the ordinary types, having approximately the 
same power, clearly shows that the same tractive power 
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FIG. 3. CENTERING SPRINGS OF FORWARD ENGINE OF 
ARTICULATED LOCOMOTIVE. 


is obtaincd with weights of moving and wearing parts 
equivalent to those of an ordinary engine of half the 
tractive power. 

THE ARTICULATED CONSTRUCTION.—In general, 
the Mallet articulated locomotive consists of a front 
system with its frame work, low-pressure cylinders with 
their attachment of guides and rods, one set of driving 
wheels, cross-ties and boiler supports; and a rear sys- 
tem with the high pressure cylinders and frame work, 
fixed to the boiler as though an ordinary engine were 
placed under the rear part of the boiler. 

The support of the rear system on the front engine 
must be capable of sliding laterally to allow the front 
engine to enter a curve and form an angle with the 
rear engine. For this reason the two engines are hinged 
together by vertical swivel pins located, preferably, 
slightly ahead of a point midway between the two wheel 
sets, because the swivel point being so located aids the 
guiding of the rear engine into curves. A lateral spring 
applied in the front part of the leading engine permits 
an elastie yielding of that engine into a curve and re- 
stores alinement in leaving it (Fig. 3.) 

It is not practical to place the sliding support on the 
theoretical location because the front engine would then 
be unstable and tip one way or the other, like a scale 
beam, with the slightest disturbance due to change of 
weight on grades, but it should be on a convenient lo- 
cation in front of the virtual one. This, of course, would 


Fig. 4. Hanger Bolts Connecting Side Frames of 
Forward and Rear Engines. 


allow the front engine to tip forward as the imposed 
weight on that point would be less and the arm from 
the driving wheel base center, shorter. To correct this 
disturbance, vertical hanger bolts are applied between 
the upper member of the frame at the extreme rear end 
of the front engine and the lower member at the extreme 
front end of the rear frame (Fig. 4). With these bolts 
or hangers, the proper alinement of the front engine may 
be adjusted at will and the effect of the combined sup- 
ports is restored to the virtual supporting point. This 
method reduces the pressure on the sliding plate and 
imposes load on the bolts in proportion to the respective 
distances of the two supports from the virtual support- 
ing center. 


It is evident that the supporting bearing must be self 
adjusting to bear evenly at all alinements of the engine. 
To accomplish this, the lower, or what we may call the 
pillow plate, has a ground surface on its upper 
side on which a corresponding upper plate can slide 
with the movement of the boiler; while its under side 
is slightly curved to allow a longitudinal rocking. This 
Pillow plate is held in position by means of two dowel 
pins of about 2 ins. in diameter recessed about -in. into 


reduced. It is therefore evident that a rear truck is a 
necessity when a front truck is used, where backing is 
to be considered, thus curing one evil with another. 

Even with the application of a rear truck the objec- 
tions caused by the application of the front truck will 
be only partly compensated for, as the following very 
essential objections still remain: 


(a) The application of a front truck increases the dis- 
tance of the front buffers from the first pair of drivers 


the plate and an equal by 15 to 20%, and consequently throws the front draw- 
nt d led into the head of the engine further out from the center of the 

= aon owe track on curves than where no front truck is used. 
cross-tie on which it rests (b) It increases the total wheelbase of the engine about 


approximately in the middle 
of the convex or curved part. 
In this way the pillow plate 


present a uniform bearing for 
the upper or sliding plate 
at any alinement of the en- 
gine. 

Opinions on the use of a 
truck in the articulated en- 
gine are divided, but becausa 
of the many objections 
connected with the applica- 
tion of a front truck In freight 
service as to the first cost, 
maintenance, dead weight 
and unfavorable distribution of the machinery some- 
times causing serious obstructions, nothing is gained 
by this objectionable feature, as it is practically tb- 
Same as puttng a truck ahead of a truck. The front 
engine in going ahead being a truck in itself, the first 
pair of drivers has a leverage in its favor in entering 
the curve. The reason for this is that the virtual sup- 
port of the weight of the rear system, which is carried 
by the front, falls back on the latter and in the rear 
of the sliding bearing; thus allowing a great part of 
the load of the rear engine to be carried by the hanger 
bolts between the two frames, Fig. 4. This alone re- 
duces the pressure very materially on the sliding plate 
which, together with the short arm for friction resist- 
ance and long guiding arm for the flanges, reduces the 
pressure on them to a small fraction of the total fric- 
tion load on the sliding plate; and comparatively light 
centering springs will therefore suffiee for this purpose 
and still further reduce the flange pressure. 

These same leverages and resistances act equally favor- 
able in backing, as it is simply a reversed operation and 
the rear drivers have to swing the boiler against these 
resistances. Therefore, it is important that these should 
be small and with the shortest possible leverages, which 
naturally also minimizes the flange pressure on the rear 
wheel, that is, the last wheel of the engine, which then 
has to do the guiding. 

With the use of a front truck, the center of support 
is shifted forward, and with it the virtual and actual 
supporting points of the 
weight of the rear engine 
carried on the front system. 
Tho weight on thig support 
must, therefore, be increased 
by the amount of the car- 


rying capacity of the truck, Road Erie D. & H. P. B. & L.E. 8. F. 

with little or no opportun- Ei eee 
ity for transferring any of Builder.. A. L. Co. A. L. Co. A. L. Co. A. L. Co. 
this load through the hanger TTT Articu- Consol. Consol. | Decapod 
bolts, practically doubling Siasi i lated 0880 280 280 2100 

both the load on the slid- mple or compoun mp.4cyl , Comp.4cyl. 
ing plate and the length of cylinders articulated Simple Simp lo tanden 


the resistance arm. At the 


same time, by the applica- Diameter and stroke... 


TABLE I.—COMPARISON 


25 & 39 23 by 30 in. 24 by 32 in. 174 & 30 


8 ft. 6 ins., requiring an 80-ft. turntable to take an 
average sized engine with its tender. 

(c) Additional dead weight to b2 carried by the truck 
must be provided and the expenses in maintenance and 


is kept in position with- e the use of it are items that should not be 
overlooked. 

out destroying its ability (d) The long arms for friction resistances on the slid- 

to adjust itself so as to ing plate with increased load on them, due to the front 


truck, will not be lessened by the application of a rear 


truck. 
(e) When only a front truck is applied, the boiler 


is necessarily moved so far forward that it leaves scant 
room for the valve motion on the rear engin>. The re- 
sult of this is that the width of the firebox is necessarily 
limited to about 72 ins. 

In the case of passenger engines, however, large 
wheels would be used. and only four pairs of drivers 
can or need be applied. A four-wheel front truck with 
rigid center-pin, and rigid trailing wheels, works in 
conveniently in the place of a third pair of drivers in 
each engine, front and rear respectively, which other- 
wise with their large diameter make the engine unduly 
long. 

Continuing with the construction of an engine without 
a truck, the spring rigging and equalization are next 
to be taken into consideration. The springs are most 
conveniently located above the boxes and frame, except 
under the firebox where they must be placed between 
the adjacent wheels with yokes over the boxes in the 
usual manner. On the front engine, all springs on each 
side are equalized together with a cross equalizer be- 
tween the front springs. The rear engine is equalized 
in the same manner, except that the cross equalizer is 
omitted. This makes a three-point suspension of the 
whole engine and prevents any excessive local stresses 
of a diagonal nature on an uneven road, as the front 
engine accommodates itself very freely to the rear en- 
gine. The wheels then follow the rail comparatively 
freely and easily on the twisting parts; at the rising of 
the outer rail, on entering and leaving curves, as well 
as on any other unevenness of the road. 


THE COMPOUND FEATURE.—The high-pressure cyl- 
inders, as previously stated, are located under the cylin- 
drical part of the boiler, generally slightly in the rear 
of the middle of the barrel. They are provided with a 
cast-steel saddle, bolted or riveted to the shell of the 
boiler by its upper flange and to the cylinder half sad- 
dle by its lower flange. The cylinder saddles, however, 
are not divided in the center of the engine, but suffi- 
ciently to one side to allow the receiver pipe with its 


OF PRINCIPAL DIMENSIONS AND WEIGHTS OF 
INDIVIDUAL PARTS OF HBAVIEST MALLET ENGINE AND HEAVIEST) 
DESIGNS OF ORDINARY TYPES. 


A. T. & A. T. & 


10 & 32 24 by 28 in. 


tion of a front truck, the by 28 in. by 34 in. | by 32 in. 

. — 

guiding point is moved kor: Boiler presurss iis. 215 lb. 210 lb. 210 lb. 225 ww. 210 wb. 210 w. 
ward so that the leverage Diameter of driving ` 

has becm increased to omset Wheels. Slin. | 57 in. Sain. | 57 in. 57 in. 52 in. 
the increased side resistance Tractive power 94 800 Ib., 49 690 Ib. 60 900 Ib.| 55 300 1b.62 500 Ib.*| 55 350 Ib. 
of the engine. The guid- T. P. working simple. . . 120 000 lb. 63 000 lb.] 64 100 Ib. 


ing power of the truck, | Total weight.......... 410 000 Ib./246 500 1b.|250 500 Ib. 259 800 Ib. 266 500 Ib. 268 000 Ib. 
however, is limited to its 
swing resistance. This, Weight on drivers...... 410 000 Ib./217 500 Ib. 225 500 Ib. 232 000 Ib./237 000 1b./243 000 Ib. 
therefore, may leave as much Factor of adhesion..... 4.33 4.38 3.7 4.20 3.82 4.39 
or more guiding to be done Rigid wheel base....... 14 ft. 3 in.] 17 ft. 15 ft. 7 in. 20 ft. 20 ft. 4 in.] 19 ft. 
by the front drivers as Average load per wheel 
where no truck is used, on rail 25 625 lb.] 27 200 lb.] 28 200 lb.] 23 200 Ib.) 23 700 Ib.] 24 300 Ib. 
because of the increased mo- ’ 
ments of resistance of the Weight of main rod. Ses 968 Ib 985 Ib. 1144 Ib. 817 Ib. 1028 Ib. 1050 Ib. 
engine in curving. A more Weight of inter. rod. 406 lb 681 lb. 424 lb. 574 lb x 449 Ib. 
serious matter, however, is Weight of front rod.... 133 lb 188 lb. 260 Ib. 158 Ib x 187 Ib. 

é . Weight of back rod..... 135 Ib 208 Ib. 200 lb. 158 Ib x 190 Ib. 
the backing with a front 

Weight of back inter. 

truck. The high resistance od 4 5 5 190 tb. 
moments in the front must emia Wp eRe egy oR 
be overcome by the rear Weight of h. p. piston 
drivers; en ee COME |< eee, 790 Ib.| 782 lb. 693 Ib. | 830 Ib. 
the guiding, and it is easy to Weight of l.p. piston and 1130 lb 1075 Ib 
understand how fast the fod EE 993 lb. 


flange pressure is multiplied 
by this displacement of the 
load and the safety margin 
for derailing dangerously 


* Calculated by the formula used by the Baldwin Locomotive Works for figuring the 
tractive power of 4-cylinder tandem compound locomotives. 
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TABLE II.—COMPARISON OF PRINCIPAL 


DIMENSIONS AND WEIGHTS OF 
INDIVIDUAL PARTS OF MALLET ENGINE AND DESIGNS OF ORDINARY | 


against the curved walls of 
the crown, is entrapped at 


TYPES OF FREIGHT ENGINES HAVING APPROXIMATELY SIMILAR | its base and forced down 
TRACTIVE POWER. through a central passage 
a — — — — — back to the boiler by the 
Central Railwa > A ey inertia exerted in the trap. 
OM EE E ERA AEE T of Brazil y N. Y.C. Lines Erie e 
i li id moisture that is abruptly 
pe R a eee A. L. Co. A. L. Co. A. ies Co. l arrested allows no chance for 
ö ²·¹⸗A Kade ATAT Articulated 0660 | Consolidation 280 Consolidation 280 the water particles, once 
Simple oF COMpoUnds 925.555; psi tere ao | n Si brought into contact with the 
articulate 
Cylinders diameter and stroke. 17} in. 28 by 26 in. 23 by 32 in 22 by 32 in. CHEVER Wall Of the COWD, 
Boiler pressure. 200 Ib. 200 Ib. | 200 Ib. to escape the trap. The 
steam in relieving itself from 
Diameter of driving wheels. 50 in 63 in. 62 in. the moisture makes the turn 
cc | 42 420 lb 45 700 lb. 42 500 lb. into the valve opening di- 
Tractive power working simple. 52 000 Ib. rectly at the top and through 
Weight on drivers............ | 206 000 Ib. 208 000 Ib 179 000 Ib. the valve body to the lower 
Total weight ee SEPE LEETE | 206 000 lb. 234 000 Ib 202 000 Ib. openings as will be seen from 
Factor of adhesion........... | 8 és oe ate. the cut. 
Rigid wheel base. t. . 6 in. 
Average load per aoe on rail 17 166 Ib 20 000 tb 23 S5 ayasa arpes ties 
eight of main rod........... | 417 | 21 Ib. , 
5 . 10d 403 lb. | 509 Ib unusual construction of the 
Weight of front rod........... 208 Ib. 185 Ib. 246 lb passages until we reach 
Weight of back rod........... 92 lb. 201 Ib. 210 Ib the intercepting valve which, 
although not specially 
Weight of h.p. piston and rod... 297 Ib 664 Ib. 516 Ib designed for this engine, 
Weight of l.p. piston and rod. 459 lb | should be considered in this 


| 


ball joint to be placed in the center line of the engine 
(Fig. 5). 

The low-pressure cylinders, Fig. 5, are fixed to the 
front engine with so-called “half-saddles,” but are not 
connected to the boiler except by the flexible exhaust 
pipe. With the large low-pressure cylinders required for 
the desired power, there will naturally be considerable 
suction of cold air through the cylinders in running 
with the steam shut off, which is very objectionable for 
several reasons, one of which is the sudden cooling of 
the cylinder walls and passages. To obviate this, by- 
pass valves are located in the cylinder castings. These 
automatically open communication between both ends 
of the cylinder when the throttle is closed, so that a 
certain amount of air can circulate through this passage 
to and fro with the movement of the piston, and thereby 
prevent the sudden changes in the temperature and re- 
lieve the pumping of air through the exhaust nozzle, and 
also minimize unnecessary agitation of the fire. 

The steam enters the high-pressure cylinders directly 
from the dome, where the throttle is located, as usual, 
and it exhausts into the high-pressure cylinder saddles 
on each side and meets at a point where the steam en- 
ters the intercepting valve. After passing through into 
the receiver pipe placed in the center of the front 
engine at a convenient height above the axles,it branches 
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Sections of high-pressure saddle. 


off through a “Y” pipe to each of the low-pressure cylin- 
der saddles and through passages in these saddles to 
the steam chest. The exhaust from the low-pressure 
cylinders returns through the saddles and meets in a 
pipe delivering to the common exhaust pipe and the 

In order to obtain high efficiency and emergency 
power, various special details that may be of interest 
have been brought into use in these designs. 

The throttle shown in Fig. 6 is provided with a steam 


separator at the extreme top, where the steam enters 


in an upward direction and after entering meets a sharp 
turn downward whereby the entrained water is thrown 


connection as a most im- 
os n portant factor; as it controls 
the pressure for the receiver and low-pressure cylinders, 
supplies steam direct from the boiler at a proportional 
pressure to the large cylinders in starting, prevents 
this pressure backing up against the high pressure 
piston and makes it possible to increase the power of 
the engine about 20% at critical moments, by permitting 
the engine to be changed in such emergencies so as to 
work live steam in all cylinders with equivalent distri- 
bution of the work. With the exception of changing 
the engine into simple while under way, all its move- 
ments are automatic. This intercepting valve (Fig. 6) 
consists principally of two valves intimately combined, 
the one effecting the closing of the other; and a change 
valve by which the former is unbalanced in turning 
the engine into simple working when under way. 

The main valve closes the receiver and prevents the 
reduced live steam pressure from backing up against the 
high-pressure piston in starting and working simple, 
and by closing the exchange valve the accumulation of 
exhaust from the high-pressure cylinders automatically 
opens the main valve to the low-pressure side of the 
receivers and simultaneously closes the admission and 
reducing valve, wuereby the engine is changed into 
compound. The live steam admission and reducing valve 
has the form of a sleeve placed on the stem of the main 
valve; and, as seen in the cut, is allowed a limited 


longitudinal play to perform its double function. The 
third, or change valve, has two functions to perform 
and is operated by the engineman in emergencies; and 
is, therefore, known as the emergency valve. Its use 
is resorted to only when the engine is about to stall 
on a heavy grade or at a difficult starting place. The 
first function of this valve is to unbalance the inter- 
cepting and reducing valves so that the former cuts off 
the low-pressure side of the receiver; and the second 
function is that of an outlet valve for high-pressure 
cylinder exhaust steam in working simple, which later 
is led in an independent pipe to the stack. 

The next features of importance are the ball joints 


in the receiver and exhaust pipe (Fig. 7) which are 
peculiar to this type of engine. They consist, Fig. 6; 
of ball bearings, gland and packing. The latter is made 
of eight %-in. square rings of Vulcabeston or fibrous 
packings laid in pairs, in the middle of which a brass 
ring of an elongated diamond section is inserted. Be- 
ing just the width of the packing space, this ring seals 
all joints in the packing rings proper and forces them 
tightly against the inside of the box and against the 
ball. 1 


The flexible exhaust pipe has two ball joints and one 
slip joint, as it is subject to a greater angle of deflection 
and elongation than the receiver pipe, which has its 
ball joint in the vertical center line of the pivot pin 
between the two sets of engines. 

The valve motion in each set of engines is of the 
Walschaert type, driven by the respective main axles 
and crossheads and operated with a common reversing 
gear which simultaneously changes the motion of all the 
valves. Because of the lateral motion of the front 
engine in curving, means must be provided for flexibil- 
ity in the operating gear so that this movement does 
not interfere with the motion of the valves. This is 
accomplished by using an exceptionally long lifting link, 
shown in Fig. 8, having a double jaw in its upper end 
and a universal joint or ball bearing at the radius bar, 
which allows its lower end to follow the movement of 
the engine transversely relatively to the rear engine, 
as well as the longitudinal movement of the valve in 
any angularity of the engine within the required limit 
of the swing. 171 

The valve gear is operated by a hydro-pneumatic 
reversing mechanism, Fig. 9, consisting of one air and 
one oil cylinder, with the common piston rod connected 
to the main reversing lever. On a suitable location on 
the main lever is pivoted a second lever for operating 
the gear. A forward movement of this lever throws its 
lower end backward, turning the valves of the air and 
oil cylinder and thus making eommunication with the 
rear end of the afr cylinder for air pressure to force 
the piston forward and, with it, thy entire gear. The 
oil cylinder serving as a lock and regulator has, by this 
moveinent, established communication between both sides 
of its piston,.allowing the latter to follow the move- 
ment of the gear, to which it gives a moderate and 
uniform motion because of the contracted passage for the 
oil through the valve. By stopping the movement of 
the operating lever, the gear moves the main lever up 
to the given relation to the former; and then, automat- 
ically, shuts off the air supply and locks the oil cylin- 
ders. 

In unlatching the operating lever, the same move- 
ment raises the main latch which cannot drop until 
again in the given relation to the former, when the 
valves of both air and oil cylinders are closed and a 
positive locking of the gear is secured in addition to 
that of the oil lock. The handle part 
of the main lever is made for the pur- 
pose of operating the engine by hand 
in the absence of air pressure or in 
ease of disorder of the gear. 

These illustrations show only a few 
parts peculiar to this special type 
of locomotive as ordinarily constructed 
by the American Locomotive Company. 
These locomotives have proved very 
satisfactory in every respect, and 


Sections and elevations of low-pressure saddle. 
FIG. 5. CYLINDERS AND SADDLES. 


have practically become a standard with these builders, 
but are of course subject to variations as may suit 
various service conditions. The most striking variation 
in any of these details is probably the intermediate 
draft coupling of this type of locomotive turned out by 
the Baldwin Locomotive Works, shown in Fig. 10, where 
a lateral play is provided for, and the draft pin is held 
in a central position by a series of springs. 

With the exception of some articulated engines built 
by them for service in Porto Rico in 1904, the first of 
this type built by the Baldwin Locomotive Works were 
those constructed for the Great Northern Railway, the 
pivot connection of which is shown in Fig. 10. Of this 
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design 67 engines are now in service on the Great 
Northern, 3 on the Chicago, Burlington & Quincy and 
16 on the Northern Pacific. These engines are giving 
universal satisfaction and the present number is the 
result of repeat orders without any change whatever in 
design. These builders have also excluded the use of 
by-pass valves, double ported slide valves, and the inter- 
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cepting valve in their cylinder construction, the starting 
being effected by simply letting live steam into the re- 
ceiver. 

SUPERHEATING.—The question of superheating the 
steam in connection with this type of locomotive has 
been considered practically from the outset. Superheat- 
ing would further increase the efficiency of the engine, 
but it has so far been deemed advisable to leave it off, 
to avoid complications until this type becomes more gen- 
erally known. Fig. 11 illustrates a design of Mallet 
locomotive prepared in accordance with instructions from 
Mr. Kendrick, Vice-President of the Atchison, Topeka 
& Santa Fe Railroad, now being constructed under his 
patents by the Baldwin Locomotive Works. In this de- 
sign a combustion chamber, which is also fitted. with 
superheater device, is used. 

REDUCTION OF SLIPPING.—Among the various dif- 
ferences between the articulated compound and the 
ordinary type is the action when loaded to the slipping 
point. While the former is less liable to slip than the 
latter, due to a more uniform pressure on the pistons, 
it will not be considered loaded to anywhere near its 
capacity until slipping takes place, and consequently 
slipping does occur on heavy grades. With the ordinary 
engine, slipping at such times is a serious matter, 28 
the train is losing speed and may stall on that account 
after a few repetitions. 

In the case of the articulated engines, the loss in 
power by the slipping of one engine is practically gained 
by the other, in the increase of unbalanced pressure that 
thereby results. This difference in the unbalanced press- 
ure has the opposite effect on the slipping engine, usually 
causing it to stop slipping after a few revolutions, with- 
out the necesssity of closing the throttle. This is ex- 
plained by the fact that, when the low-pressure engine 
slips, the receiver pressure naturally falls and reduces 
the back pressure on the high-pressure piston, as well 
as the forward pressure on the low-pressure piston, 
causing the latter engine to stop slipping under the 
reduced receiver pressure. When the high-pressure en- 
gine begins to slip, the receiver pressure increases by the 
more rapid supply of steam, and with this the back- 
pressure on the high-pressure piston is increased, caus- 
ing the latter engine to resume its grip on the rail, and 
the power of the low-pressure engine is increased until 
normal power is restored in the high-pressure engine. 

it is further to be noticed, that a simultaneous slip- 
ping of both engines ts a very rare occurrence, due 
to the fact that there is one position of the crank where 
the turning effort is greater than in other positions, 
and this is where the slipping generally starts, at irreg- 
ular intervals of revolutions, depending on the condition 
of the engine as necessity for repairs. If the wheels are 
of a very close approximation to the same ‘diameter and 


running on a straight track, these intervals are longer, 
because the opposition between the wheels requiring re- 
adjustment is less frequent than when the wheels are 
unevenly worn. In either case, there is the greatest 
liability for this adjustment in the neighborhood of the 
greatest turning moment, say every fourth or fifth revo- 
lution, in normal rail condition. There being two inde- 
pendent engines, the coincidence of these conditions is 
very infrequent. The slipping of one engine may follow 
that of the other due to the temporary increase in 
power, but one is seldom found to start slipping before 
the other has stopped slipping, and it can therefore 
be said without much exaggeration that this type of 
engine is in effect a non-slipping engine. 

When working live steam in all cylinders, generally 
known as working simple, the slipping is even less per- 
ceptible, although over 20% more power is developed ; 
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6. THREE DETAILS OF THE AMERICAN LOCOMOTIVE COMPANY’S MALLET 
LOCOMOTIVE DESIGNS. 
(Steam-separating throttle-valve, intercepting valve and ball joint 


in receiver pipe.) 


because the live steam supply to the low-pressure cylin- 
ders and the direct exhaust from the high-pressure cyl- 
inders are restricted to a very moderate piston speed. 
From the beginning of the slip, the low-pressure piston 
gets a rapid motion which causes a sudden fall in the 
pressure, and the slip generally stops after a few inches 
movement of the piston, under normal weather and rail 
conditions. The restricted supply port being fully open, 
however, the pressure is restored practically simultane- 
ously with the stopping of the slipping. The high- 
pressure engines are not so sensitive; but after a couple 


‘of exhausts under slipping, the wheels regain their grip 


on the rail with comparatively small loss of power and 
in a period of short duration. 

The effect on cars and draft gears in starting heavy 
trains by this type of engine, as well as convertible 
compound engines’ on the same principle, is a most 
important feature, as it is accomplished with a so- 
called dead pull, without the necessity of taking advan- 
tage of the slack in the train with its destructive jerks. 
These locomotives are, therefore, easier on the draft 
gears than simple engines of half their size loaded to 
their full capacity. The reason for this is found in the 
great starting and emergency power, previously referred 
to, with which these engines are provided, so that ie 
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slack is taken up under very slow speed. This is gen- 
erally done with light throttles. The front cars start 
successively under a slight acceleration of the engine, 
gradually going over to a retardation before the last 
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cars get into motion, after which the engine is given 
full throttle. In other words, the train is stretched first 
and then it is started under direct pull, so that there 
need not be any but slight shocks or jerks. 

These engines are adaptable to a greater variety of 
conditions than the older types, rendering it possible to 
double the engine power on a given rail weight; and 
their advantages are most pronounced as displayed on 
heavy grades and sharp curvatures. Over a hundred 
locomotives of this type have been built up to the pres- 
ent date in this country, ranging in weight on drivers 
from 106.000 Ibs. to 410,000 Ibs. and from 20,000 Ibs. to 
125,000 Ibs. in tractive power. The largest of these is 
taking the place of three ordinary locomotives, in push- 
ing service, and is doing its work very satisfactorily. 
Their success in freight service will undoubtedly lead 
to their adoption in passenger service; especially in cer- 
tain localities to avoid double heading, as the Pacific 
type locomotive is practically the upper limit for one 
set of drivers. It, therefore, appears that further de- 
velopment will have to be in the flexible driving wheel 
base or articulated type. Mallet type locomotives for 
passenger service, fitted with re-heater between the 
high and low pressure cylinders and feed water heater 
in combination therewith, for the Atchison, Topeka and 
Santa Fe R. R., are now under construction at the 
Baldwin Works. 

It should also be remarked that. due to absence of 
jerks and slack in starting, as well as the more uniform 


Fig. 8. Joint In Radius Bar Lifter. 


Spherical 


cylinder pressure, the stresses on the machinery and 
framework are considerably reduced; and, further, that 
the milder exhaust produces a less intense heat and a 
better utilization of it, all of which contribute to a re- 
duction in the repairs of the locomotive as a whole, 
compared with a simple engine, if it were practical tv 
construct one of this type. This has never been ad- 
vanced as a feature to the credit of the articulated 
engine because it is difficult to give it any definite 
value; but is referred to as a reply to the often repeated 
supposition that these engines are hard to keep in re- 
pair. As a matter of fact the opposite is the case, 
because on account of the subdivision of the work in 
two engines the parts are lighter and easier to handle 
in repairs and renewals. . r 
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LONGITUDINAL SECTION, SHOWING STEAM PIPES. 


One of the fundamental principles in locomotive engi- 
neering, as applied to conditions as they exist in the 
United States, is simplicity of construction. This has 
led to a general reluctance on the part of American 
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railroad officials to accept complications as long as 
they could avoid it. The tendency toward heavier trains 
has, however, made it necessary to supply units of 
larger hauling capacity than have heretofore been neces- 
sary anywhere in the world. For the most exacting 
freight service, locomotives are required which have 
entirely outgrown the possibilities of ordinary construc- 
tion, in very much the same way as marine require- 
ments have outgrown the types of propelling engines 
which were entirely satisfactory a generation ago. In 
fact, the demand for units of larger power compels spe- 
cial construction in order that the large units may be 
operated without damage to the track and structures, 
and to avoid increasing the size of the moving parts of 
the locomotive to a prohibitive point. The articulated 
locomotive represents the highest development in this 
branch of engineering and the development is sufficiently 
important to justify the presentation of the subject in its 
present stage before a body of engineers who have had 
much to do with the corresponding developments in sta- 
tionary or marine practice. 

For the data and illustrations contained in this paper, 
the writer wishes to express his indebtedness to the 
american Locomotive Company and to Mr. Samuel 
Vauclain, General Manager of the Baldwin Locomotive 
Works. 

— 
THE ANNUAL MEETING OF THE AMERICAN SOCIETY 
OF MECHANICAL ENGINEERS. 

The 29th Annual Meeting of the American So- 
ciety of Mechanical Engineers was held at the 
Engineering Building, in New York City, last 
week, and was by general consent the most suc- 
cessful convention which the Society has ever 
held. The number of members in attendance 
broke all the Society’s past records. 

In addition to the technical work of the con- 
vention in the reading and discussion of papers, 
a large amount of time was devoted to excur- 
sions and sight-seeing. A very efficient local 
reception committee, under the chairmanship of 
Mr. H. F. Holloway, had charge of the enter- 
tainment of out-of-town members and guests, 


and its courtesies were greatly appreciated by 
the notable ex- 
took part 


the visiting members. Among 


cursions in which the vistors were 
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FIG. 9. AIR-OPERATED REVERSE GEAR, AND DETAIL OF 
OPERATING AND OIL-CUSHION CYLINDERS. 


visits to the new Queensborough and Manhattan 
Bridges across the East River; the two newest 
skyscrapers, viz., the Singer Building and the 
Metropolitan Life Insurance Company’s tower; 
for achievements in the opposite direction, down- 
wards, there were visits to the new Pennsylvania 


Railroad tunnels under the North and East 
Rivers. Various manufacturing plants also 


opened their doors to the visitors. 


Contrary to the custom of previous years, no 


single afternoon of the week was given up en- 


tirely to excursions, the 

very full program of | ANN 
— = 7 1 > 

papers requiring steady WOU g 


* 
work each morning and 


afternoon to complete the 
schedule. While this 
necessarily resulted in 
the absence of many 
members on excursions 
during the sessions, the 
attendance at the meet- 
ing was so large that all 
the were well 
attended. 


sessions 


The opening session of 
the convention was on 
Tuesday evening. Presi- 
dent M. L. Holman, of 
St. Louis, delivered the 
annual address, taking 
for his subject “The 
Conservation Idea as Ap- 
plied to the American 
Society of Mechanical 
Engineers.” President 
Holman represented the 
Society at the White House Conference last May, 
and his address was in part a report of that 
notable gathering, and in part a discussion of 
the position of the members of the Society with 
respect to the conservation question. Notable 
among his suggestions was the proposition that 
the law of water-rights should be revised so 
that the practice obtaining in the Far West, 
where beneficial use of water is the requirement 
for ownership and where riparian rights do not 
obtain, should be much more widely extended. 
In concluding his address, he made the novel 
suggestion that the So- 
ciety should undertake 
the compilation and pub- 
lication of an engineer's 
handbook for practical 
mechanical engineers. 

Following this address 
came the conferring of 
honorary membership 
upon Dr. John A. Bra- 
shear, of Allegheny, Pa., 
the eminent physicist 
and mechanician. Pro- 
fessor Brashear gave an 
illustrated address be- 
fore the Society at its 
Detroit meeting, last 
summer, on “Stellar 
Photography,” and at 
the request of the So- 
ciety he again addressed 
it upon the same sub- 
ject, on Tuesday even- 
ing. The address was 
one of the most interest- 
ing and enjoyable ever 
delivered before the So- 
ciety. 

On Wednesday morn- 
ing the regular sessions 
for professional papers 
began, the first one on 
the program having as 
its title “The Engineer 
and the People.” Its 
author, Mr. Morris L. 
Cooke, of Philadelphia, 
urged that the profes- 
sion owed a duty to the 
public and that this 
should be more clearly 
recognized by its mem- 
ters and by the professional organizations than 
has hitherto been the case. He gave many ex- 
amples of cases where the services of the expert 
engineer would be of great value in preventing 
serious mistakes and loss in the administration 
of public affairs. Discussions upon Mr. Cooke’s 


FIG. 


paper were contributed by President Hadley, of 
Yale University; by Frank Miles Day, of the 
American Institute of Architects, and by Talcott 
Wiliams, of Philadelphia, editor of the Phila- 
delphia Press.“ Mr. Williams’ discussion was 


— 
Q — 
Yr, * 
. — 77 A 
7 4 * 


2 
LA 
e É 


se aI 
aie Ss 
N § $ Awe: 


rere Z Ww Pa 
ee 1 RM iS F ZW 
Ai, — A ve . 


F > 


10. BALDWIN LOCOMOTIVE WORKS’ SPRING-CUSHIONED FRAME 
PIVOT CONNECTION FOR ARTICULATED LOCOMOTIVES. 


so novel and interesting that we print it in full 
as follows: 


The suggestion in this paper is the natural and for- 
tunate product of the joint experience of the mechanical 
engineer and journalist. Mr. Cooke has pointed out 
why the calling which gives this age its crowning differ- 
ence from other ages, has less weight in public affairs 
and on public opinion than any other. Engineering 
creates modern life. Take away engineering, and we are 
what our predecessors were. Add engineering, and the 
modern world is. 

Yet this creation pays less attention to the word of 
its creator than to any other factor in its daily being. 
What engineer has not seen money wasted to-day or 
waste made sure in the near future, in some public 
work or design for lack of engineering advice. The 
contractor overrides the engineer. The builder gets 
the better of the designer. The politician controls the 
technician. When I became a reporter, nothing amazed 
me more, after I had read in the technical journals of 
the brilliant skill with which some engineer had made 
the impossible possible, than to go to report the ‘‘open- 
ing! and find everybody on hand and sometimes every- 
body’s name on the work, save the one man, who had 
made the work famous, but not himself known. Some- 
where in the back of the platform, if he was lucky 
enough to get there, strolling uneasily around, unno- 
ticed, was the man who had a right to say: ‘I am it.” 
As Proverbs has it, when the poor wise man had saved 
the city,” no man “regarded his name.” 

The army engineer officer, it is true, rarely has to 
suffer this. He has his full share of the limelight. 
But there are several hundred civilian engineers work- 
ing on government jobs, some of them of great ability, 
as we know who read behind and see through the official 
reports, who have not the position, recognition or pay, 
their work calls for. Would it be possible for these 
men, some grown gray in government service, to stand 
where they do, if engineering as a calling,- had the 
public ear and attention Mr. Cooke urges and proposes 
to secure? Is it not true, that the engineer oftener than 
any other highly educated man sees 


“Art made tongue-tied by Authority, 
And Folly, doctor-like, controlling skill.” 


The engineer has the disadvantage of a silent pro- 
fession. Much of his work is incomprehensible to the 
average man. How few men, not engineers, can read 
with comprehension the two recent reports on the fail- 
ures of two great bridges at Quebec and New York? It 
is true of most engineering problems and their solution, 
that even the educated man, much less the mass of 
men, can only understand results. The engineer who 
secures these results, as I have already pointed out, too 
often fails to get credit. Failing to get credit, he fails 
to have weight with the community, which blunders and 
wanders for lack of his guidance. 

The time of a good engineer is too valuable to civiliza- 
tion to be used up in mere personal agitation. There is, 
besides, something in the engineer's training which 
makes him an intellectual aristocrat; what. he knows, 
he knows. He loathes personally putting himself for- 
ward. He is not made that way. Words are not his 
tools. 

The practical result is that there is no class at once 
so able and so silent. None so Visible in its work and 
so invisible in its personalities. There is to-day no body 
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GENERAL ELEVATION OF SUPERHEATED STEAM LOCOMOTIVE OF MALLET TYPE. 


(Now being built for Atchison, Topcka & Santa Fe R. R. by Baldwin Locomotive Works.) 


FIG. 11. 
Gage of k oÜW ¹ A 4 ft. 814 ins. 
Diameter of cylinders.......... h. p. 25 ins.; l. p. 39 ins. 
Stroke of pistognmngdg‚s;w/⅛‚ü;ö tc eweeey 28 ins. 
Diameter of driving Wwheehs eevee 51 ins. 
Outside diameter of boiler at front end 84 ins. 


(Boller fitted with combustion chamber.) 


Working presüuee eweiawwes 215 Ibs. 
Length of red e Sa eRe wee eee 126 ins. 
Width: ot reden keer ee ees 114 ins. 
Number of kü bes ease 2 404 

Outside diameter of tubes 2% ins. 
Length of tubes e Shean 21 ft. 


Driving wheel basses 39 ft. 2 ins. 
Rigid wheel base 14 ft. 3 ins. 
Total weight in working order 410,000 Ibs. 
Weight on driving wheels ......... Ga ean eae 410,000 Ibs. 
Tröste peer eee oases 94,800 lbs. 
Tractive power, working simp[lMMggggqga 120,000 ibs. 
Factor of adheslonnnnun mn 4.33 


of men, knowing so much, which influences public opin- 
fon so little. Who of you does not know of engincering 
blunders and engineering wastes because the large public 
of voters and the small public of directors are ignorant 
of what has been done in engineering? Both aro ignor- 
ant because your profession does less than any other, 
to educate the public. Look at the work for public 
health done by doctors, for new laws by lawyers, by my 
own calling in awakening the public. 

. The engineer will never stand where he should in the 
modern state, until he, too, discharges his duty at this 
point. The doctor has his societies. The lawyer his 
associations. Are your societies doing their share? 
Neither doctor nor lawyer speaks individually. Nor need 
the engineer. Let local and national engincering socie- 
ties speak. 

Take the stationary engine. We all know that it is in 
this country insufficiently protected against injuring 
‘and maiming and killng those at work about it. Some 
day you will face a fool law on these and other points 
of danger, hampering all your work as mechanical en- 
gineers. Why ought not your societies to guide and 
frame the laws we are sure to have to make our engines 
and machines safer? 

A large concrete construction collapsed in Philadelphia 
not long ago, slaying helpless men, because a contractor 
found it easier to steal professional plans than to hire 
professional skill. Suppose on the heels of that disaster 
a Philadelphia society of engineers had spoken through 
the newspapers clearly, emphatically and authoritatively ? 
Was this not as much their duty as for a medical so- 
ciety to deal with deaths from pestilence? 

Bach year our state legislatures have before them 
dubious legislation on engineering issues. Some is sen- 
timental ignorance. Some is ignorant sentiment. Some 
is sheer “strike.” Some is wise. Medical societies take 
up medical laws. Legal committees and associations edu- 
cate the public on their subjects. Why should not state 
and city engineering societies have their committees on 
legislation? The newspapers will always gladly print 
this collective, authoritative opinion. They worry you 
now, individually, for half-baked verbal utterances, hast- 
fly given and inaccurately reported. 

If failures in construction or in design in public work 
had lucid, authoritative exposition from engineering so- 
cleties, if legislation were followed, if expert remedies 
were proposed by engineers for known evils, the public 
would come to look to these engineering societies for 
advice; and so looking, the entire status and position of 
the engineer would change. He would have the weight 
he should have as the maker of our current civilization, 
because he would be doing his duty in educating the 
great public, our sovereign, yours and mine, our larger 
self. 

The next subject on the program was a paper 
on “Military Aeronautics,” by Major George O. 
Squier, Acting Chief Signal Officer, U. S. A. The 
paper was the first presentation of what may be 
termed the “engineering of aeronautics” before 
one of the national engineering societies, and 
was of such interest that we have printed it 
nearly in full in the present issue. A similar 
review of the subject, but in a more popular 
vein, was delivered in the evening by Lieut. 
Frank P. Lahm, of the Signal Corps, U. S. A. 
Lieut. Lahm has won fame as an aeronaut, hav- 
ing captured the James Gordon Bennett Cup in 
the International Balloon Race of 1996. Popular 
interest in the subject of aeronautics was evi- 
denced by the crowd which filled the auditorium 
to hear Lieut. Lahm's lecture. For the first 


time since the building was opened, this large 
auditorium was filled to overflowing, every seat 
being taken and the entire rear of the hall 
being occupicd by those standing. 

STEAM AND POWER-PLANT PAPERS.—The 
professional session of Wednesday afternoon 
was occupied by four papers; two of these were 
highly theoretical and two were essentially 
practical. 

Mr. A. R. Dodge, of Schenectady, N. Y., in the 
paper A Method of Obtaining Ratios of Specific 
Heats,” gave some details of a method of de- 
termining specific heats of superheated and 
saturated steam, the results of which have been 
previously reported. (Engineering News, June 
6, 1907.) The results then published received 
such adverse criticism that the additional in- 
formation was published. 

Mr. H. N. Davis, Harvard University, said that 
he had been allowed to study Mr. Dodge’s work 
and data at length and in detail, and that 
while it was a most stupendous and careful in- 
vestigation there was an unexplained discrep- 
ancy of about 13° F. on the low-side tempera- 
tures. The most careful analysis of the theory 
and practices of the method had failed to lo- 
cate the trouble. 

“The Total Heat of Saturated Steam,” by Mr. 
H. N. Davis, was a study of the classic data of 
Regnault on the total heat of saturated steam, 
as well as those obtained by more recent work- 
ers, such as Grindley (1900), Griessmann (1904), 
and Peake (1905). It was found that Reg- 
nault’s accepted straight-line formula 


H = 1091.7 + 0.305 (t — 32) B. T. U. 
was not as correct as the second-degree equation, 


H = 1150.3 + 0.3745 (t — 212) — 0.000550 (t 
— 212). 

The range of this formula is from 212° to about 

400° F., with an accuracy of 1/10 of 1%. 

In discussing this paper, Prof. C. H. Peabody, 
of the Massachusetts Institute of Technology, 
said that the paper was to be accepted and 
that it was necessary to recompute all our 
steam tables. As far as practical uses were 
concerned, he showed, there was an error of 
only % of 1% in the middle range of total heat 
figures. The entropy tables recently published 
need only one correction that of quality (x) or 
dryness. 

“Fuel Economy Tests at a Large Oll-Burning 
Electric Power Plant Having Steam-Engine 
Prime Movers,” was contributed by Mr. C. R. 
Weymouth, of C. C. Moore & Co., San Francisco, 
Cal. This plant, in which the excellent fuel 
economy (about 24,000 to 26,700 B. T. U. per 
KW.) was attained, has 15.000 KW. capacity 
and is located at Redondo Beach, near Los 
Angeles, Cal. This plant and similar tests to 
those reported in this paper were described in 
Engineering News, Sept. 17, 1908. 

The paper entitled ‘‘Unnecessary Losses in 
Firing Fuel Of] and an Automatic System for 
Eliminating Them,” also by Mr. Weymouth, 
took up the details of the oil-flring system in 


the Redondo plant. Briefly an olbpump gov- 
ernor is actuated by variations in the boiler 
pressure as the load varies. This governor does 
not regulate the main stream of oil fed to one 
panel of boilers but acts on a certain proportion 
which is by-passed. Therefore the greater 
fluctuations of load at different parts of the day 
must be taken care of by hand. The steam re- 
quired to atomize the oil and the proper amount 
of air for good combustion are similarly oper- 
ated from the pressure in the oil main. 

A MACHINE SHOP SESSION.—While the 
American Society of Mechanical Engineers 
is largely made up of men interested in 
machine-shop work, a surprisingly small amount 
of data relating to such work has ever found its 
way into the Society’s Transactions. To remedy 
this in some degree a special machine-shop ses- 
sion was arranged for this meeting, and this 
took place on Thursday morning. The first 
two papers were devoted to milling machine 
practice. The first, by Mr. A. L. De Leeuw, of 
Cincinnati, described some tests of the effi- 
ciency of mllling machines and milling machine 
cutters made in the course of developing a new 
Style of machine. The paper showed that a sur- 
prisingly large amount of the power absorbed 
by a milling machine is absorbed in the feed 
mechanism. It also showed that improvements 
in the cutting tools offer promise of great im- 
provement in efficiency. 

Mr. F. W. Taylor, of Philadelphia, in discussing 
this paper said that it needed a supplement 
giving the engineering work rather than mere 
accomplishments. Especially it was urged that 
something should be given as to the train of 
gears employed as that largely determined effi- 
ciency. . 

“The Development of a High-Speed Milling 
Cutter with Inserted Blades for High-Power 
Milling Machines” was presented by Messrs. 
Wilfred Lewis and W. H. Taylor, Philadelphia. 
This described the design of a cutter with blades 
whose cutting edges were true helices. Much 
stress was laid on the increased efficiency ana 
improved quality of work made possible by 
pumping lubricant onto the tool. This point 
was attacked by Mr. F. W. Taylor, who claimed 
that for a cutting tool having a pressure at the 
cutting surface of 180,000 Ibs. per sq. in. there 
could be no lubrication and that the improve- 
ment was wholly due to the cooling of the 
“lubricant.” This view was not accepted by 
the many others who discussed the paper. 

“Metal Cutting Tools Without Clearance” was 
the title of a paper by Mr. James Hartness, 
President of the Jones & Lamson Machine Co., 
of Springfield, Vt. Mr. Hartness is well known 
to mechanical engineers as the producer of the 
flat turret lathe. During recent investigations 
in connection with the work of lathes of this 
class, he has developed a new turning tool and 
holder which will cut absolutely without clear- 
ance. By the use of this tool it becomes pos- 
sible to use a sharper cutting edge and thereby 
to considerably reduce the pressure upon the 
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tool. The paper gave a careful detailed analysis 
of the operation of metal cutting tools, and will 
be studied with interest by all who are in- 
terested in machine-shop practice. 

The two remaining papers at this session were 
devoted to gearing. In the first, Mr. Ralph E. 
Flanders, of New York, urged that a new form 
of tooth should be developed and standardized 
for certain types of heavy slow-speed gearing. 
The second paper, by Mr. Norman Litchfield, of 
New York, described practice with the spur 
gearing on heavy railway motor cars used in 
the New York Subway. The paper is printed 
elsewhere in this issue. 

The discussion on the machine-shop papers was 
so active and developed so much interest that 
the morning session was not sufficient to com- 
plete it, and a special session was held in the 
afternoon for those who desired to continue the 
discussion further. As a session of the Gas 
Power Section of the Society was also scheduled 
for the afternoon, there were, for the first time 
in the history of the Society, three sessions for 
the reading and discussion of papers in progress 
simultaneously. It may be added that so much 
interest was taken in the machine-shop session 
that preliminary steps were taken looking to 
the organization of a special section of the So- 
ciety to be devoted to machine-shop practice. 

GAS POWER SECTION.—Only two papers 
were presented at the single session of this 
section, the most of the time being consumed by 
business and committee affairs. Mr. T. R. Lull 
was elected President of the section and Mr. 
G. A. Orrok Secretary. As an addition to the 
work of the Standardization Committee, Prof. 
L. S. Marks, Boston, offered a discussion on the 
relation of hydrogen content to the heating value 
of a coal. 

In “Reminiscences of a Gas-Engine Designer,” 
Mr. L. H. Nash, of the National Metal Co., New 
York, described some of the peculiar lines of in- 
vention on which he had worked in earlier years. 

Prof. F. C. Wagner, Terre Haute, Ind., in 
“Some Possibilities of the Gasolene Turbine,” 
took up the theoretical advantages of a prime 
mover where the gas was burned to complete 
combustion, expanded in a nozzle of refractory 
material and thrown in contact with a velocity- 
type turbine wheel. The author believed that a 
reliable and efficient prime mover could be de- 
veloped on these lines. This paper was re- 
printed in Engineering News Dec. 3. 

PAPERS OF EXPERIMENTAL DATA.—"The 
Physical Properties of Carbonic Acid and the 
Conditions of Its Economic Storage for Trans- 
poriation,” by Prof. R. T. Stewart, Pittsburg, 
was presented by the author as a complete 
monograph on the physical properties of this gas 
and on the design of cylinders to contain it. It 


Was claimed that fhe present cylinders were a. 


- Source of considerable danger and that all cyl- 
inders should be designed to provide certain con- 
tingencies. The general opinion of the discus- 
sion was that the author had greatly over- 
estimated the danger, as shown by accident re- 
ports. It was generally held that contingencies 
likely to cause tank explosions should be cared 
for by safety devices rather than by the design 
‘of the tank. 

“The Slipping Point of Rolled Boiler-Tube 
Joints,” by Profs. O. P. Hood and G. L. Christen- 
- Sen, Houghton, Mich., showed the results of 
studies on the behavior of rolled boiler-tube 
joints. The scope of the paper is shown by the 
authors’ conclusions. l 


(a) The slipping point of a 3-in. 12-gage Shelby cold- 
drawn tube rolled into a straight smooth niachined hole 
in a l-in. sheet occurs with a pull of about 7.000 Ibs. 
Ib) Various degrees of rolling do not greatly affect the 
point of initial slip. (c) The frictional resistance of 
such tubes is about 750 Ibs. per sq. in. of tube-bearing 
area in shects Min. and 1 in. thick. (d) For a higher 
resistance to initial slip other resistance than friction 
must be depended upon. (e) Serrating the tube seat in 
a straight machined hole by rolling or cutting square 
edged grooves about 0.01 in. deep and ten pitch will 
raise the slipping point to three or four times that in a 
smooth hole. (£) It is possible to make a rolled joint 
that will offer a resistance beyond the elastic limit of 
the tube and remain tight. 


Col. E. D. Meier, New York City, in the dis- 
cussion, pointed out the necessity of preventing 
any traces of oil in the rolled joint, whether 
smooth or not, in order to prevent lubrication 
and early slip. i 


In “Test of Friction Clutches,” Prof. R. G. 
Dukes, Cleveland, O., described a half dozen of 
the types of machine-shop or power-transmission 
friction clutches found on the market, and gave 
the data from tests of them to determine maxi- 
mum capacities and maximum loads picked up. 

Prof. W. F. Durand, Leland Stanford Univer- 
sity, in “An Averaging Instrument for Polar Dia- 
grams,” described a sort of plainmeter for ob- 
taining the mean value of pressure, temperature, 
voltage, etc., as recorded on a revolving- dial 
recorder. ` 

MISCELLANEOUS 
on various subjects, 
the regular session on 
The first of these was by Mr. Amasa Trow- 
bridge on Liquid Tachometers.” This is 
a speed-recording instrument which has been 
developed by the Veeder Manufacturing Co., of 
Hartford, Conn., and operates on the principle 
of the centrifugal force developed in a liquid 
When rotated at a certain specd. The pressure 
due to this speed forces the liquid up an in- 
dicating tube. Speed indicators on this prin- 
ciple have been developed which are suitable for 
use on automobiles and locomotives. 

Following this came a paper which attracted 
as much attention, perhaps, as any presented at 
the convention, to wit. “Training Workmen in 
Habits of Industry and Cooperation,” by Mr. H. 
L. Gantt, of Pawtucket, R. I. Mr. Gantt has 
been for many years engaged in the reorganiza- 
tion of factory plants, to place them on the so- 
called bonus system of payment to workmen. 
Special features of this bonus system are the 
Systematic instruction of the workers and the 
careful setting of tasks. The paper was declared 
by those who took part in the discussion to be 
one of the most important presented at the con- 
vention. In a later issue we shall present a 
Summary of the paper and the discussion upon it. 

The next paper, by Mr. George B. Willcox, of 
Saginaw, Mich., had for its subject “The Manu- 
facture of Salt.” It described some features of 
modern brine evaporating plants, which are 
likely to be useful to engineers engaged in other 
branches of industry. 

The paper on “Industrial Photography,” by Mr. 
S. A. Hand, which was printed in our issue of 
Nov. 19, was then presented with lantern slide 
illustrations. The subject is a novel one in en- 
gineering litcrature, and the details of practice 
presented are of much practical usefulness. 

The finul paper of the session was by Mr. C. 
J. Mellin, Designing Engineer of the American 
Locomotive Co., and described the recent prac- 
tice with the Mallet articulated compound loco- 
motive in this country. The paper is reprinted 
elsewhere in this issue. Mr. S. M. Vauclain, of 
the Baldwin Locomotive Works, discussed the 
paper, showing various locomotives of this type 
Which his firm had designed and built. 

On Thursday evening the regular annual re- 
ception was held in the Engineering Societies 
Building. The guests were received in the So- 
ciety’s headquarters, on the eleventh floor, by 
the retiring and incoming presidents and other 
officers of the Society. 


PAPIERS.—Five papers, 
were scheduled for 
Thursday afternoon. 


— — — . —T— — 


ANNUAL MEETING OF THE AMERICAN SOCIETY OF 
REFRIGERATING ENGINEERS. 


The fourth annual meeting of the American 
Society of Refrigerating Engineers was held Nov. 
30 and Dec. 1 at the Engineering Societies’ Build- 
ing, New York City. At the business session the 
following officers were elected: President, Lewis 
Block, New York City; Vice-President, Homer 
McDaniel, Cleveland, Ohio; Treasurer, Walter C. 
Reid, New York City. Directors, Madison Cooper, 


New York City; N. H. Hiller, Carbondale, Pa.; 


wW. H. Manus, Waynesboro, Pa. 

At the first technical session Mr. J. C. Sparks 
(New York City) read a paper on “The Relative 
Bacteriological Contents of Can, Plate and Nat- 
ural Ice Under Various Conditions.” The author 
pointed out the infection of ice shown by local 
and federal investigations of many “hygeia” ice 
manufacturing companies. This was attributed 
to improper sanitation of the premises. 

“Ethyl Chloride Refrigeration” was the title of 
a paper, by C. C. Palmer (New York City), tak- 


ing up the properties of this agent, a neutral 
product of grain alcohol and hydrochloric acid 
gas. The arrangement of the machinery neces- 
sury to work this agent under a partial vacuum 
was taken up in a general way. 

In “The Construction and Actual Results Ob- 
tained from an Ice Making Plant of Moderate 
Size, Mr. Chas. Dickerman (Philadelphia) de- 
scribed the arrangement and operation of a small 
plant which some might consider modern and 
some ancient enough for a junk pile,” as the 
author described it. 

One session had for its main topics, waterproof- 
ing and concrete tanks. The paper on “Rein- 
forced-Concrete Freezing Tanks,” by Mr. W. M. 
Torrance, is reprinted, with discussion, on p. 641 
of this issue. Mr. Edward W. De Knight devel- 
oped his well-known theory of the “membrane” 
method of waterproofing as an adjunct to refrig- 
eration, in a paper entitled “Waterproofing in 
Refrigerating Work.” He maintained that as 
insulation is the ‘‘very corner-stone of successful 
refrigeration,” and as there can be no insulation 
where water penetrates, it is absolutely neces- 
sary for every refrigerating unit to be amply 
waterproofed. This being granted, then the only 
way to guarantee insulation is to provide some 
exterior impervious and elastic coating which 
will prevent the passage of water and will also 
preserve its integrity under any movement or 
abrasive action. ' 

In “Standard Method of Testing Refrigerating 
Machines,” Prof. D. S. Jacobus (Stevens Insti- 
tute) presented the ideas expressed at meetings 
of the American Society of Mechanical Engineers 
and at the International Congress of Refriger- 
ating Industries as to the advisability of imposing 
standard conditions for the performance of this 
class of apparatus. He advocated the formation 
of a joint committee with the American Society 
of Mechanical Engineers to consider units and 
conditions. Such a committee, representing the 
refrigerating engineers, was elected as follows: 
J. E. Starr (New York City), Lewis Block (New 
York City), Thomas Shipley (York, Pa.), W. E. 
Parsons (New York City); F. E. Matthews (New 
York City). 

The paper “Performance of Ammonia Com- 
pression Machines,” by Prof. C. E. Lucke (Co- 
lumbia University), was a careful and lengthy 
analysis of the results of a series of comparative 
tests at the Rochester works of the Eastman 
Kodak Co., on a refrigeration machine equipped 
with a “De La Vergne” oil compressor, for one 
series, and with two “York” single-acting com- 
pressors for the other series. The Eastman Co. 
hoped to test the hostile contentions of the two 
classes of apparatus. The result of the long ana- 
lytical discussion was “nothing proven.“ Such 
a view was, of course, disapproved by Mr. Thos. 
Shipley, representing the makers of the “York” 
apparatus, 

Does Ammonia Disintegrate in Absorption 
Plants?” This query which arises annually, Mr. 
Herman Dannenbaum (Philadelphia) answered in 
the negative, stating that the foul gases gen- 
erally accumulating in holders were largely hy- 
drogen and that they were due probably to the 
decomposition of the water. 


“Refrigeration Applied to Air Supply for Blast 
Furnaces,” by Mr. Bruce Walter (Pittsburg) was 
a discussion of this comparatively recent devel- 
opment in the metallurgy of iron. Formerly, 
while great attention was paid to measuring, 
fuel, ores, etc., it was stated that the air required 
for a run was measured by the piston displace— 
ment of the blowers without regard to moisture 
content or temperature. In 1897 the Carnegie 
Steel Co., under the supervision of the late James 
Gayley began to study the problem of providing 
dry air at definite temperature under all weather 
conditions. The first practical dry-blast plant 
was begun in 1903 at the Isabella plant of the 
U. S. Steel Corporation and was designed to fur- 
nish 40,000 cu. ft. per min. There are now four 
other plants in successful operation. In addition 
to more advantageous working of the metal, 
there is an appreciable decrease in the cost of 
making pig iron. 

Mr. H. G. Powell, U. S. Department of Agricul- 
ture (Washington, D. C.), told of the “Investi- 
gations in the Handling of Perishable Products.” 
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Briefly it may be said that precooling after pack- 
ing, but before transportation had the effect of 
decreasing the amount of spoiled fruit on arrival 
at the destination. This loss was found due to 
the entrance of decay organisms through bruises 
given in picking, and if proper care was taken in 
picking and handling to prevent bruising more 
benefit was obtaned than by expensive precool- 
ing. These remarks were largely confined to the 
California products, especialy to the citrus 
fruits. They were held to appiy to a consider- 
able degree to the grapes, which California is 
raising in increased amounts, except that these 
are more tender and inherently shorter lived 
than the citrus fruits. 


a 


THE EFFECT OF CALCIUM ALUMINATE ON VARIOUS 
LIME AND NATURAL CEMENT MORTARS. 


As a part of an extensive investigation into the 
effect of the addition of separately prepared cal- 
cium aluminate to ordinary mortars Mr. Henry 
S. Spackman, of the H. S. Spackman Engineering 
Co., of Philadelphia, Pa.. has made a consider- 
able number of tension briquette tests. 

The tests are abstracted below under seven 
separate heads, numbered consecutively from I. 
to VII. Under each heading is given the chemical 
composition of the various ingredients. In the 
accompanying table each of these separate tests 
is recorded under sub-letters as Ia, Ib, ete., the 
proportion of each ingredicnt used, the times of 
set and the tensile values for different intervals. 
All these strength tests are the standard tensile 
tests made with one part of the cementing mix- 


ture and three parts of Ottawa sand. Those 
briquettes marked “(air)” remained in the air 
until the time of breaking; those marked 


“(water)” were allowed to set one day in air and 
the balance in water. Each figure is the average 
of at least three briquettes. 

I.—Shale from California, Hydrated Lime and 


Calcium Aluminate. 
Calcium Hydrated 


Shale. aluminate. lHme. 

CC Ce 9 
Silica (SiO) ..... ot id exalts 69.02 1.16 1.02 
Alumina (Al2O3) ........ 5.31 erat -42 
Iron Oxide (Fez O0) 2.35 4.51 3 
Lime (Cao;)):o:r 5.22 31.46 7.3. 58 
Magnesia (MgO) ....... 3.12 72 1.12 
Loss on ignition 11.96 02 23. 66 


II.— Clay from Wisconsin, Hydrated Lime and 
Calcium Aluminate. 


Hydrated 
Clay. Aluminate. lime. 
o % 2 
Silica (SiOZ)ù))))0 r 68.84 1.16 1.02 
Alumina (AlzO0a ) 12.07 62.41 42 
Iron Oxide (Fez O03) 7.17 4.51 i 
Lime G 8 1.16 31.46 73.58 
Magnesia (MgO) ....... 1.37 ae 112 
Loss on ignition ........ 9.5 U2 23.06 


This was rather coarse grained field clay con- 
taining more sand. 


III.—Finely Ground Sandstone, Hydrated Lime 
and Calcium Aluminate. 


Sand- Calcium Hydrated 

stone. aluminate. lime. 
90 70 % 

Silica (SiO2) ........00. 90.26 1:16 1.02 
Alumina (Alz) t 3.82 62.41 } 42 
Iron Oxide (Fe03).... ; 4.51 S 
Lime (Caohy)))):: .60 31.46 73.58 
Magnesia (MgO) ....... 42 nie 1.12 
Loss on ignition ........ .90 -02 235.66 


The sandstone was ground to a fineness of 92% 
on a No. 200 sieve. 

IV.—Calcium Aluminate and Trass and Lime 
Mortars. 

The materials used in the investigation were 
trass from D. Zervas & Son, Cologne, Germany, 
and high calcium hydrated lime and calcium 
aluminate made in the laboratories of the Henry 
S. Spackman Engineering Co., Philadelphia, Pa. 

These materials were found to contain: 


Trass. Ch, Hy- 
Silica (SiOz) ........ 55.02 drated 
Alumina (AlzOa) . 22.06 Lime. o 
Iron Oxide (Fe2Q3)... 1.63 Silica (SiO) .. 102 
Lime (Cao) .. 1.82 Alumina (AlzOz) .. 42 
Magnesia (MgO) .... 54 Iron Oxide (Fe20a). J eie 
Soda (NaO) ....... . 6.01 Lime (CaO)......... 73.58 
Potash (K0) ....... 1.71 Magnesia (MgQO)..... 1.12 
Loss on ignition.... 10.16 Loss on ignition..... 233.00 
Calcium Aluminate. 
Ch, 

Silica. - s 2255.5 a teen 3.40 

Alumina (AlsO3). 0... ccc eens 45.16 

Iron Oxide (Fez 0a) 12.80 

Ele a5 see ioe eee owe es 35.10 

Magnesia ,. sear ees te 

Loss on ignition .O4 


satisfactory 
amounts of iron and silica not being found objectionable. 
In the tests given above, in order that they may be com- 


TABLE SHOWING STRENGTHS OF VARIOUS MIXTURES WITH CALCIUM ALUMINATE AND HYDRATED 
LIME IN MORTARS. 


Percentage of Mixture. 


= 0 
E£ 3 * 
2 2 A : 
3.8.8 = 2.4 5 
Cao x ES Pa go> a. 2& 
aus 2 S OF & g 
eam A 2 2 ba Oas CS y 
eG Mies 5 =j Žo a 
— T E . a va — 2 * 
2 2 T U Z N) b 
(Water) la 12 45 40 zš sji 
IONET. II. Ans 12 29 a 59 A 98 
(Water) lll. = Bolg 33l 33g . si 
(Water III... wa 7 35 35 os 
CAITR) III cent ARA ws 8 a San ae Me 
(Water) III. ae yee 10 55 8 „ 3 
ir. be eee Ds ae be 
(Water) IVa. AS 10 0 60 
(Water) IVb....... A 10 45 45 
(Water) IL. T 8 6635 33 
(AIT): Va bse ess 93 5 908 
(Air) / v 88 q 10 
(Air) C .. SS 10 bes ae Stee ares Ve 
(Air) vc. . . 93 n 4258 oe Sib tale: i cate 
(Air) VEPs cbs eek 88 10 
(Water) ! 90 10 
(Water) KO .. 17 A s 
(Water) Vla....... tie ha 5 7 eve Pin. dane! aks 
(Water) Vib....... 10 10 ive e R 
(Water) Vila...... a a a) 5 8 
(Water) VIIb...... „ «» 10 10 


„Same as Ve, except that a better calcium aluminate was used. 


V.—Addition of Calcium Aluminate to Hy- 
drated Limes. 


Calcium High Magne- 
Alumi- Calcium sian 
nate Lime Lime 
— a CC 
Silica, (SiO) sos av aus 9.14 2.77 2.30 
Alumina and lron Oxide 
Cr. ets 50.80 6.99 0.92 
Lime (Cao j) . 31.32 70.67 43.34 
Magnesia (MI g ao)! SO 1.38 29.46 
Loss on ignition 2.08 24.10 24.14 
VI. Calcium Aluminate and Calcined Rock 
Analysis: 
Hy- 
Natural drated 
Cement Aluminate Lime 
Go. 9 o 
Silica: i “20.22 1.16 1.02 
Alumina (AlOPl!. nn ... 9.99 pce 0.42 
Iron Oxide (FesQ3)...... 263 4.51 ere: 
Lime (Caoůh)ʒ:;)r 54.72 31.46 73.58 
Magnesia (MgQO)........ ba 6.72 1.12 
Loss on ignition. 5.74 0.02 23.66 


The natural cement was received in the form 
of burned rock and to this was added 5 parts of 


aluminate, and 5 parts of hydrated lime. The ma- 
terial was then ground and 2 parts plaster of 
Paris incorporated therewith. This material 


when tested according to the standard specifica- 
tions for cement gave the results shown in the 
table under VIa. „ 

The cement was then mixed in the proportions 
of 80 parts calcined rock, 1) parts calcium alum- 
inate, 10 parts hydrated lime, 2 parts plaster of 
paris. The results are shown under VIb. 

VII.—Natural Cement. 

The above tests were then repeated on com- 
mercial samples of natural cement to which was 
added the calcium aluminate and lime, six dif- 
ferent samples being tested, tests being repeated 
on cach sample at least twice and the total tests 
covered by the average is over 30. These were 
mixed in the proportions, by weight, of 90 parts 
cement, 5 parts calcium aluminate, 5 parts lime. 
To this mix 2 parts of plaster of paris was 
added. The average results obtained on this se- 
ries of tests are shown under VIIa. 

The same cements were then tested with the 
addition of 10 parts aluminate, 10 parts hydrated 
lime; 2 parts plaster of paris being added. The 
average of these tests is shown under VIIb. 

The average of the cement as received tested 
in the ordinary manner was: 


7 days. 
119 lbs. 


24 hours. 
lbs. 


28 days. 
179 lbs. 


3 mos. 
289 lbs. 


In connection with the experiments Mr. Spach- 
man says: 


The experiments show that very definite results were 
secured by using the aluminate with hydrated lime alone. 
The incorporation of the aluminate material with trass- 
lime compositions gave striking results and natural ce- 
ments, also, are greatly improved in their early strengths, 
hardness, and resistance to abrasion by the use of a 
small percentage of the aluminate. 

Tests were also made with aluminate prepared from 
bauxite and other matcrials, such as kaolin, high alumina 
clays, slags, etc., all of which were found to work in a 
manner. The presence of considerable 


Burned Cement 


2 Qai 
. Tensile stréngth 
— Es S 2 Set in 115 per sq. in. 
5 58 T mm —— 
“~ SO Sd. Initial Final 24 7 28 3 12 
2. A. h. m. h. m. brs. dys. dys. mos. mos. 
3 2 00 400 78 106 307 380 ‘ 
ae ede. . kad . 105 259 342 8 
. 035 1 15 . 225 318 380 : 
3 130 430 ; 93 138 113 8 0 
.. 130 4 30 .. 115 107 aie Jà 
. 2 50 8 00 s% 72 53 113 a 
.. 2 50 8 00 . 101 153 «iy 
s ote? Sa 25 145 285 307 8 
ve me Di 58 208 305 370 a: 
es sae T 3 58 205 266 ae 
2 aa 8 = 50 125 118 172 
2. ida. Wied si 2 155 152 182 
2. Seed aes sh 68 135 163 188 
3 88 37 78 90 170 
r .. 101 94 125 9 
a3 | ae TA 5 62 105 110 a 
- 90 2 100 130 203 358 458 520 s 
80 D bse fave .. 375 500 527 ` 
; 9 2 114 2 9 103 201 315 362 
80 22 106 206 312 438 os 


parative, only those made with aluminate approaching 
the mono-calcic formula are given. 

In view of the fact that the work is still in progress, 
no specific conclusions have been drawn at this time 
as to how the addition of the aluminate produces the 
striking results shown by the tests given. The tests, 
quoted, however, are typical and are borne out by the 
many other tests on similar materials made in the course 
of the extended investigation of the subject. 

In every instance neat pats were subjected to acceler- 
ated tests in steam and boiling water and proved sound. 


— — = Ge Pe 


THE EXPLOSION OF A BAR MILL FURNACE in the 
Spang. Chalfant & Co. plant at Etna, Pa., fatally in- 
jured four men and about 20 others were seriously 
burned or wounded by flying debris. The mill had just 
commenced operations after having been shut down for 
more than four months. The explosion took place while 
the furnace was being charged. 

— ——4 

FLOODS IN THE ARKANSAS RIVER at Pine Bluff, 
Ark., have undermined and damaged or destroyed a num- 
ber of buildings on the water front, including the annex 
to the Jefferson’ County court-house. Some relief was 
afforded by blowing off a portion of a point in the river 
bank, opposite the city. Some of the river protection 
work at Pine Bluff is briefly mentioned in the course of 
a long letter by Mr. Chas. H. Miller, M. Am. Soc. C. E., 
which appears in our Letters to the Editor, this week. 

— 

AN ACCIDENT IN A BLAST FURNACE plant of the 
Toledo Furnace Co., at Birmingham, East Toledo, Ohio, 
Nov. 29, resulted in the fatal injury of three men, while 
two others were seriously burned. The high-pressure, 
hot-blast pipe of one of the furnaces suddenly burst and 
the stream of air, preheated to about 600° F., was turned 
upon the five workmen. 

—d — 


AN EXPLOSION IN A COAL MINE at Norwood, W. Va., 
Dec. 3, killed two miners and seriously injured two 
Others. The accident occurred in the King mine and 13 
men were in the mine at the time of the explosion. It 
is believed that the explosion was due to the ignition 
of gas, escaping from abandoned workings, by a blown- 
out shot. The mine is owned by the Tidewater Coal & 
Coke Co. 

— 712. —— 


AN EXPLOSION IN A POWDER MILL at Maynard. 
Mass., Dec. 5, demolished the mill and killed two work- 
men, the only ones in the building at the time of the 
accident. The mill was the property of the American 
Powder Co. 

— ie — 

A TYPHOON ON THE JAPANESE COAST wrecked 35 
fishing boats Dec. 2 in Kawatsu Bay. It is reported that 
more than 300 fishermen were drowned. 

— 7e 

TEN FISHING VESSELS WERE WRECKED on the 
Newfoundland coast in a storm which began Dec. 1 and 
lasted 48 hours. A northerly gale was accompanied by a 
heavy snow fall, causing the ships to lose their bearings. 
Reports state that 17 men were drowned. 


— ä —kũmßũP.à— 


A WATERFRONT FIRE AT PORTLAND, ME., com- 
pletely destroyed two of the eight storage docks of the 
Grand Trunk Ry. and ruined a large amount of the 
freight on the adjacent docks. The steamship ‘‘Cornish- 
man’’ of the Dominion Line was tied up at one of the 
docks and was heavily damaged before it could be towed 
out of danger. The total loss resulting from the fire is 
estimated at $600,000. 
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A HIGH CAR TORE OUT A BRIDGE at Haverhill, 
Mass.. on the evening of Nov. 25. A highway bridge 
approach crossing the Boston & Maine Ry. tracks by a 
timber span was wrecked by a furniture car of excessive 
height in a freight train passing below. Of the several 
persons on the span, none were injured: an electric car 
had passed over the span only a few minutes before the 
accident. 

— e —U— 

RAILWAY ACCIDENTS occurring between Dec. 3 and 
5 resulted in the death of six persons and seriously in- 
jured twelve others. The Memphis Fast Mail” on the 
Chicago & Rock Island Ry. was partially derailed Dec. 
4 at Kerrs Station, eleven miles east of Little Rock. Ark. 
The engineer and fireman were killed and two others 
were injured. The locomotive and the mail, baggage 
and chair cars were derailed, the locomotive and mail car 
being completely wrecked. The accident is ascribed to 
a defective switch. 

The boiler of the locomotive of a freight train on the 
Erie R. R. exploded Dec. 4, six miles east of Mansfield, 
Ohio. The engineer, fireman and two brakemen were 
killed. 

The wrecking of a freight train on the Lake Shore & 
Michigan Southern Ry., near Toledo, Dec. 4, blocked the 
tracks for seven hours. The accident was caused by a 
broken rail. The locomotive and several cars were de- 
railed and overturned, blocking both tracks. The inter- 
ruption to traffic was prolonged by the failure of a cable 
of the wrecking crane while it was lifting the locomo- 
tive The “20th Century Limited’’ of the New York 
Central Lines, eastbound, was delayed six hours. 

A passenger car on the Worcester Consolidated Street 
Ry. Co. s line from Worcester to Clinton, Mass., ran at 
high speed through an open switch north of Worcester, 
Dec. 5, and crashed into a gravel car on the siding. 
Eight persons were seriously injured. It is stated that 
the motorman had been warned that the gravel train 
was at work at the point where the accident occurred and 
that he had been told to run slowly past the gravel bank 
spur. 

— 

A TYPHOID OUTBREAK AT READING, PA., had re- 
sulted in 502 reported cases up to Saturday night, Dec. 
5. The beginning of the outbreak is given as Nov. 18. 
Mr. F. Herbert Snow, M. Am. Soc. C. E., Chief En- 
gineer of the State Department of Health, and Dr. A. B. 
Moulton, Chief Medical Inspector, with a large staff of 
assistants, have been aiding in the endeavors to suppress 
the outbreak. Dr. Samuel G. Dixon, State Commissioner 
of Health, is reported as having concluded that the out- 
break is not due to the milk supply. From the somewhat 
scanty information now at hand it appears that this is 
another example of infection of an unfiltered surface 
water supply by the dejecta from a typhoid case in the 
drainage of a portion of the city water supply. It is 
stated that portions of the city which enjoy a filtered 
water supply are relatively free from typhoid. 

— — 

THE FREIGHT-CAR SITUATION remained stationary 
during the two weeks ending Nov. 25, 1908. The car 
surplus as reported increased by 12,000 (from 121,174 to 
132,820), and the countervailing shortages decreased from 
11,659 to 9,210; on the other hand, the number of cars in 
shop decreased by 10,000, which accounts for the larger 
part of the increased surplus and shows that the number 
of cars actually employed has remained about the same. 

— — — — 

A LEGAL DECISION ON FERRY SERVICE rendered 
in New York on Dec. 3 establishes a certain obligation 
to continue a long-established public-service enterprise, 
but places this obligation on the public authorities, who 
own the leaschold, and not on the operating company. 
The New York Terminal Co. has been planning to dis- 
continue operating five ferry lines across the East River 
between Manhattan and Brooklyn boroughs in New York 
City. Suit for an injunction to prevent discontinuance 
was begun by certain taxpayers against the company and 
the city as owner of the terminals. Justice Blackmar of 
the Supreme Court decided that the company cannot 
be compelled to continue a losing service, but that the 
city may be ordered to continue the service by leasing 
the ferries at public auction; a writ of mandamus to this 
effect was directed to issue. The lines in question have 
suffered a great loss of traffic as the traffic facilities of 
bridges and tunnels across the East River have increased. 
A special feature of the case is that the franchise for the 
five ferry lines belongs to the city in perpetuity, under a 
very old charter. 

ees — 

THE U. S. CRUISER “YANKEE,” which was stranded 
on Spindle Rock, Buzzards Bay, ten weeks ago, as noted 
in our issue of Oct. 1, was floated and removed from the 
rocks on the afternoon of Dec. 4 at four o'clock and 
sank twelve hours later in Buzzards Bay, near Penikese 
Island. She is tn comparatively shallow water and it is 
expected that comparatively little difficulty will be en- 
countered in raising her. After the Government engi- 
neers had failed in repeated efforts to remove the ‘‘Yan- 
kee” from Spindle Rock, Mr. John G. Arbuckle, of 
Brooklyn, N. Y., was awarded a contract to float her by 


means of compressed air pumped into her hold. 


It was 
found possible to expel the water by this means and, 
after repairs had been made to the damaged hull, the 
vessel was successfully pulled from the reef by means 
of steam winches acting on long cables attached to heavy 
anchors. While the cruiser was being towed to New Bed- 
ford, Mass., the hawsers parted several times, due to 
the heavy sea prevailing, and, after one of these acci- 
dents, she was accidentally rammed by one of the tugs 
during the effort to put in place a new tow line. The 
compartment struck was that in which the air compres- 
sors were working which kept the vessel afloat, and it 
was found impossible to keep her from sinking. 


— — . — 
PANAMA CANAL EXCAVATION during November to- 
taled 2,920,494 cu. yds., a daily average of 126,978 cu. 


yds. for 23 working days, as against 3,252,276 cu. yds., 
a daily average of 121.565 cu. yds. for the 27 working 
days of October. The record for the past two months is 
as follows: 


Steam Shovels. November. October. 
Atlantic divisiolͥʒ¹zꝑKk˖ n 130,710 155,142 
Central divisiON......suasesecseso 1,521,692 1,501,409 
Pacific division 115.553 135, 876 

Dredging: ; f 
Atlantic division................ 570.8832 5.200 
Pacific division .,.........+.6-. 711,479 705,876 

Canal prism total........... 2,850,266 3,114,003 

Accessory works outside canal prism: 

By steam Shovellalalaladmi . 70, 228 111.075 
By dred gings 8 WVR 57,688 
Total excavation............. 2,920,494 3,282,276 


The rainfall during November was 11.66 ins. against 
10.51 ins. in October. 

— . — 

A CONTRACTORS’ SUIT AGAINST A RAILWAY 
company was decided in Newburgh, N. Y., on Nov. 25. 
The suit was brought by John F. Dolan & Co., of Eliz- 
abeth, N. J., against the Delaware & Eastern R. R. 
Co., the claim being that the engineers of the railroad 
company had omitted from their final estimate large 
quantities of work which had been performed by the 
contractors, and had not properly classified the material 
excavated, much material being classified as earth which 
the contractors had to blast. The suit was tried before 
a referee, Hon. A. H. F. Seeger. and judgment was ren- 
dered against the railroad company for $57,930. 

— — . — 

A POWER- HOUSE CORNER STONE.— The unique cer- 
emony of the laying of the corner stone of an indus- 
trial building by a Masonic lodge took place at Plant 
City, Florida, Nov. 28. The building was the power- 
house of the Coronet Phosphate Co.. three miles southeast 
of Plant City. This building will house a 2,500-KW. 
steam turbine plant. The power-house is a part of a 
complete phosphate mining plant designed by Mr. C. G. 
Memminger, M. Am. Inst. M. E. 

——__—_—_ mm 

FOREST FIRE LOSSES IN NEW YORK STATE dur- 
ing 190% are placed at nearly $800,000 by State Forest 
Commissioner Whipple. The property loss is given as 
$644,000 and the cost of fire fighting as 8138.0. Of 
700 fires reported 90 are attributed to hunters, and 
nearly 400 to railway locomotives, but of the latter only 
86 became serious before they were extinguished. The 
total area burned over is given in acres as 177,476, of 
which 147,000 were previously burned areas, and 50,488 
were state lands. 

— — 9 — 

THE COST OF TREATING SEWAGE AT MANCHES- 
TER, ENGLAND, has increased from about 12 cts. to 
about 23 cts. per capita during the five years beginning 
with 1903-4 and ending with 1907-8. This increase ap- 
pears to be largely due to renewals of contact bed ma- 
terial during the past two or three years. Thus, in 
1907-8 the maintenance cost of filtration was £3,474 and 
the renewal cost £10,072. These figures apply to the 
Davyhulme works, where the sewage is located by sedi- 
mentation, septic tanks and contact beds. The fore- 
going figures are taken from the annual report for 1907-8 
of Mr. John Frowde, Chairman of the Rivers Department 
of the City of Manchester. 

ed 


EXPANSION JOINTS IN A CONCRETE CONDUIT 
supplying the Spiez hydraulic generating station of the 
Vereinigte Kander & Hagnek Werke Co., of Berne, Switz- 
erland, are constructed as follows: The conduit has rec- 
tangular section, 75 x 79 ins. inside, with 6-in. walls (re- 
inforced); it crosses the valley of the Kander River 
on a stone arch viaduct. At intervals of 120 ft. is left 
a transverse expansion space of 6 ins. The ends of 
the abutting portions of the conduit are faced with 6-in. 
channels bolted back into the concrete. A band of 
1/32-in. sheet copper encircles the expansion space. It 
laps inside the inner flanges of the edging channels, 
being fastened to them by cover plates bolted through the 
sheet to the channels. Between channel and copper, 
and between copper and cover plate, rubber sheet is in- 
terposed to make the joint perfectly tight. The copper 
band is sufficiently wider than the expansion space to 
bulge outward in semicircular shape, thus giving op- 
portunity for several inches contraction of the conduit 


and at the same time being adapted to take up any ex- 
pansion virtually up to 6 ins. This conduit carries water 
under a head varying from 214 ft. to 5% ft. It rests on a 
sheet of asphalted felt which rests on a gas-tar coating 
painted over the cement surfacing of the top of the 
bridge. 

o 


CAVING IN OF SURFACE LANDS in the anthracite 
coal regions is attracting general attention. Hon. J. 
Benjamin Dimmick, Mayor of Scranton, invited the au- 
thorities of cities and towns in the anthracite region to 
meet on Dec. 2 and consider measures to secure legis- 
lation for the protection of surface property owners 
from damages due to the caving in of mines. 

— . — 

A SUIT TO PREVENT THE BUILDING OF A SEW- 
age disposal plant is to be brought by the Borough of 
Sharon, Pa. The State Board of Health of Pennsylvania 
recently ordered the boroughs of Sharon, South Sharon 
and Sharpsville to build a sewage-disposal plant to pre- 
vent the further pollution of the Chenango River. The 
borough officials claim, however, that Sharon has al- 
most reached the limit of its borrowing capacity fixed by 


law, and hence is financially unable to build such a 
plant. It therefore brings suit to have the decree set 
aside. 


— 2 


DAMAGES FOR LOSS IN THE SAN FRANCISCO 
CONFLAGRATION are claimed by 100 property owners 
from the Spring Valley Water Co., owner of the San 
Francisco water-works. The complaints in the suit were 
filed in the federal courts of San Francisco on Nov. 17. 
The ground for the damages is the claim that the water 
company failed to locate its water mains in proper ter- 
ritory and upon solid bedding and foundation. It is 
stated that this is only the first of a series of suits which 
is to be brought, and that nearly 4,000 property owners 
have joined their claims in these actions. 


— . — — 


PROGRESSIVE IMPROVEMENT OF SIGNAL PER- 
formance has been so marked in the automatic signal 
equipment of the Baltimore & Ohio R. R. in the last 
seven years that the number of correct signal movements 
per signal failure is now eight times as great as in 1901. 
It is believed that more careful maintenance supervision 
of signals has been the chief factor in bringing about this 
improvement. The following table gives the figures 
recorded by the railway company: 


Perfect Correct 
signal movements 
No. of move- per Failure, 

Year signals. ments. Failures.“ failure. per cent. 
WOOL... 2... D 686.187 434 1.581 0.32 
I 37 4,795,318 1.075 4.460 ll 
TOO eee 08 5.604, 875 1.154 4,856 .10 
IN 2.3) 6,170,208 1.014 6.085 00 
1905.. 217 7.237. 797 682 10,612 .08 
111. 308 9,011,758 651 14,843 .O4 
TSH Toots aoas 388 10.657.912 DOS 17,852 .O4 
1118 478 5.983,619 281 21.204 02 


In computing failures, each regular train improperly 
stopped by a signal was counted as one: i. e., if a signal 
remained deranged long enough to stop four trains it 
counted as four failures. 

Six months of the year 1908. 

As explained by the note below the table, the recorded 
failures are more than the number of separate derange- 
ments of signals. If the latter alone were recorded, the 
percentagcs of failure would be very much lower. As 
greater promptness in restoring deranged signals would 
improve the record, even without a decrease In the num- 
ber of derangements, the table is primarily an exhibit of 
improved attendance rather than of lowered susceptibility 
of signals to derangement. However, the latter factor 
doubtless is concerned equally with the other in produc- 
ing the reduction of failure from 0.32% to 0.04% in seven 
years. 

— . — 


ANOTHER SKEW BASCULE BRIDGE is to be built 
in the canal system of New York State [the North Sa- 
lina St. bridge over the Oswego Canal at Syracuse was 
described in our issue of Sept. 24, 1908]. The Lyell 
Ave. bridge over the Erie Canal in Rochester, with a 
span of 45 ft. at right angles to the canal axis, will be 
located on a skew of 30°. It is to have a 38-ft. roadway 
and two S-ft. sidewalks, and will cost about $30,000. It 
will be of the trunnion style; plans for it have recently 
been completed by the State Engineer's office. Designs 
have also been made for another trunnion bascule over 
the Erie Canal in Rochester, a square crossing of 48 ft. 
span on Allen St. 

— —— 


PENNSYLVANIA HIGHWAYS aggregate 99,041 miles 
of which 1,101 miles are privately owned toll roads. This 
is an average of 2.19 milcs of road per square mile of 
area in the whole state. On Dec. 31 last there were 220 
miles of road under contract. and bids had been re- 
ceived for about 80 miles more. In the year 1907 the 
state contributed $125,000 toward road maintenance, 
which was expended on 1.058 miles of road. The above 
figures are from the report of Mr. Jos. W. Hunter, the 
State Highway Commissioner, 
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PERSONALS. 


Mr. W. W. Andrews, Borough Engineer of Carnegie, 
Pa., has been succeeded by the firm of Trimble & Miller, 
of Pittsburg, Pa. 


Mr. Manual Parra has become Division Master Me- 
chanic of the Mexican Ry. at Apizaco, succeeding Mr. 
J. B. Cozart, whose resignation was noted in our last 
issue. 


Mr. T. L. Lewis, President of the United Mine.Work- 
ers, has been appointed an ex-officio member of the na- 
tional advisory board having general supervision over 
mine explosion investigations. 


Mr. O. G. Gano, Civil Engineer in charge of the New- 
castle, Pa., city survey and engaged in making the city 
maps, has resigned to become Chief Engineer and Gen- 
eral Superintendent of the Shenango Limestone Co. 


Mr. William K. Hatt, Assoc. M. Am. Soc. C. E., Pro- 
fessor of Civil Engineering at Purdue University, has 
been appointed a member of the U. S. Advisory Board 
of Fuels and Structural Materials. 


Mr. F. H. Yost, for several years Football Coach of the 
University of Michigan, at Ann Arbor, has become Gen- 
eral Manager of the Great Falls River & Power Co., of 
Chattanooga, Tenn., succeeding Mr. C. H. Fiske, de- 
ceased. 


Mr. J. K. Russell, Superintendent of Motive Power of 
the Pennsylvania R. R., at Pittsburg, Pa., retired Dec. 1. 
Mr. Russell has served the Pennsylvania R. R. for 51 
years and is to receive a pension. Upon retiring, he was 
presented by the officials of the company with a hand- 
some ‘‘grandfather’s’’ clock, and the engineers and fire- 
men gave him a silver service. 


Mr. Ellis Soper, Assoc. M. Am. Soc. C. E., Vice-Presi- 
dent of the Hunt Engineering Co., Iola, Kan., and Super- 
intendent of the Dixie Portland Cement Co., South Pitts- 
burg, Tenn., has resigned both those positions to become 
President of the Soper Co., which has been organized for 
the purpose of dealing in all standard cement machinery 
and doing general cement engincering work. Mr. Soper's 
headquarters will be at 1110-11 Ford Bidg., Detroit, Mich. 


A number of changes have been made in the officials 
of the Canadian Pacific Ry.: Mr. George S. Cantlie, Mon- 
treal, Que., has been appointed General Superintendent 
of Car Service, with jurisdiction over all divisions. Mr. 
Allan Purvis, Superintendent at Souris, Man., has been 
transferred to Nelson, B. C. Mr. D. C. Coleman, Super- 
intendent at Nelson, B. C., has been transferred to Win- 
nipeg, Man. Mr. James II. MacGregor, Assistant Super- 
intendent of Car Service at Winnipeg, has resigned. 


Mr. W. D. Elam (and not Mr. W. E. Elam, Jun. Am. 
Soc. C. E., of Greenville, Miss., as erroncously reported 
in this column Oct. 1) has resigned as Chief Engineer 
of the Board of Commissioners of the Orleans Levee Dis- 
trict and is now engaged in private practice as a civil 
engineer and surveyor with office at 127 Carondelet St., 
New Orleans, La. Mr. Sidney F. Lewis, M. Am. Soc. 
C. E., was elected Sept. 17, 1908, to succeed Mr. W. D. 
Elam and had previously been connected with the State 
Engineer Department of Louisiana since 1877. 

Mr. James B. French, Mem. Am. Soc. C. E., and Mr. 
Charles G. French, Landscape Architect, have opened an 
office in the Hudson Terminal Building, 30 Church St., 
New York. Mr. James B. French was formerly con- 
nected with the Long Island Railroad Co. as Bridge En- 


gineer for the Atlantic Avenue Improvement, the Bay 


Ridge Improvement and for all of the company’s lines on 
Long Island. Mr. Charles G. French graduated from 
Cornel! University in 1891 and has practiced as a land- 
scape architect since 1891. ; 

Mr. Edward Lowrey Woodruff, M. Am. Soc. C. E., has 
resigied his position as Assistant Engineer of the Ninth 
Light-House District and contemplates entering into 
practice as a consulting engineer and architect in Los 
Angeles, Cal. Mr. Woodruff has been associated with 
the U. S. Light-House Establishment for several years 
and designed many light-house structures, notably the 
Racine Reef light near Racine, Wis., and the light-house 
now in course of construction on White Shoal near the 
Straits of Mackinac, Lake Michigan. He also designed 
the U. S. Light-Ilouse Tender “Hyacinth,” which is now 
in use on the Great Lakes. l 


Obituary. 


Edwin H. Jones, President of the Vulcan Iron Works, 
of Wilkes-Barre, Pa., dicd Dec. 2 at his home in that 
city at the age of 641 years. 


E. L. Du Barry, for cight years Superintendent of Ter- 
minals of the Norfolk & Western Ry., at Norfolk, Va., 
died Dec. 4 from apoplexy. He was 68 years old. 


James W. Leahy, County Engineer of Hudson County, 
N. J., died Dec. 5 at his home in Jersey City from heart 
failure. Mr. Leahy was born in Philadelphia, Pa., in 
1860. l 

Gustav W. Garvens, Assistant Engineer in the Irriga- 
tion Division of the Bureau of Public Works, Manila, 
P. I., died in Manila of Asiatic cholcra on Sept. 9, 1908. 
Mr. Garvens was formerly employed in irrigation work 


in the Indian service of the United States and entered 
the Philippine service in April, 1908. 


D. D. Waldo, Resident Engineer of the New York State 
Department of Highways, at Albion, N. Y., died at Al- 
bion, Nov. 30, after a short illness. Mr. Waldo was 
Engineer in charge of the construction of the Goat Island 
bridge at Niagara Falls and took part in the harbor 
construction of the, Erie Canal at Buffalo, N. Y. 


Edward F. C. Young, President of the Joseph Dixon 
Crucible Co., and formerly President of the Consolidated 
Traction Co., of Jersey City, N. J., died Dec. 6 at his 
home in that city from cancer. Mr. Young was born 
on a farm near Morristown, Morris Co., N. J., in 1835 
and was educated in the public schools of Jersey City. 
His first work was as a bank clerk and he eventually be- 
came President of the First National Bank of Jersey City. 
He was a director of several railway, insurance, trust 
and gas companies. 


William M. Aiken, Consulting Architect of the Bor- 
ough of Manhattan, New York City, from 1901-08, died 
at the New York Hospital Dec. 7, after an illness lasting 
ten days. Mr. Aiken was born at Charleston, S, C., in 
1855 and received his education at the University of the 
South, Sewanee, Tenn. He afterward (1877-9) took up a 
special course in architecture at the Massachusetts In- 
stitute of Technology. 
ing: Charleston High School, 1874-6, Cincinnati Art 
Academy, 1894-5, and Columbia University, 1599. He 
began independent practice as an architect in Cincinnati, 
Ohio, in 1556 and in 1895 became Supervising Architect 
of the U. S. Treasury Department, remaining in this 
position for two years. During this period he designed 
Government exposition buildings at Atlanta, Nashville 
and Omaha, mint buildings at Philadelphia and Denver 
and numerous postoffice and custom-house buildings. 
From 1597 to 1901 he was engaged in practice in New 
York City. Mr. Aiken was a Fellow of the American 
Institute of Architects and a member of several other 
architectural societies, and was a collaborator with Mr. 
Russell Sturgis in the preparation of the “Dictionary of 
Architecture.” 

DEEA a 


ENGINEERING SOCIETIES. 


COMING MEETINGS. 
AMERICAN INSTITUTE OF ARCHITECTS. 
Dec. 15-17. Annual convention at Washington, D. C. 
Secy., Glenn Brown, “The Octagon,” Washington, 
D. C. 


AMERICAN INSTITUTE OF CHEMICAL ENGINEERS. 

Dec. 28-29. Annual meeting at Pittsburg, Pa. Secy., 

John C. Olsen, Polytechnic Institute, Brooklyn, N. Y. 
NATIONAL ASSOCIATION OF, CEMENT USERS, 

Jan. 11-16. Annual convention at Cleveland, Ohio. 
Secy., Geo. C. Wright, Harrison Bldg., Philadelphia, 
Pa. 

IOWA ENGINERING SOCIETY. 

Jan. 13-14. Annual convention at 

Secy., A. H. Ford, Iowa City, Iowa. 
MICHIGAN ENGINEERING SOCIETY. 

Jan. 12-15. Annual convention at Ann Arbor, Mich. 
Secy., Alba L. Holmes, 574 Wealthy Ave., Grand 
Rapids, Mich. 

INDIANA ENGINEERING SOCIETY. 

Jan. 14-16. Annual convention at Indianapolis, 
Secy., Charles Brossman, Union Trust Bldg., 
anapolis, Ind. 

AMERICAN SOCIETY OF HEATING AND VENTILAT- 
ING ENGINEERS. 

Jan. 19. Annual meeting at New York City. Secy., 

W. M. Mackay, P. O. Box 1818, New York City. 
AMERICAN SOCIETY OF CIVIL ENGINEERS. 

Jan. 20. Annual meeting at New York City. Secy., 

Charles W. Hunt, 220 West Sith St., New York City. 
OHIO ENGINEERING SOCIETY. 

Jan. 26-28. Annual convention at Columbus, Ohio. 

Secy., Paul Hansen, Harrison Bldg., Columbus, Ohio. 


ILLINOIS SOCIETY OF ENGINEERS AND SURVEY- 
ORS 


Jan. 27-29. Annual meeting at Chicago, III. Secy., 
E. E. R. Tratman, 1636 Monadnock Block, Chicago. 
CANADIAN SOCIETY OF CIVIL ENGINEERS. 
Jan. 28. Annual meeting at Toronto. Secy., C. H. 
McLeod, 413 Dorchester St., W., Montreal, P. Q. 


Waterloo, Iowa. 


Ind. 
Indi- 


ENGINEERS’ CLUB OF BALTIMORE.—At the meeting 
held Dec. 5, Major Joseph W. Shirley, Chief Engineer of 
the Topographical Survey Commission of Baltimore pre- 
sented a paper entitled “Topographical Surveys.” 


THE SWEDISH ENGINEERS’ SOCIETY OF CHI- 
CAGO.—Meetings are held on the first Saturday of each 
month, The society has been recently formed with the 
intention of effecting a closer relationship among the 
Swedish enginecrs throughout the United States. The 
secretary is Mr. G. A. Akerlind, 303 Wabash Ave., Chi- 
cago, Il. 


THE STEVENS ENGINEERING SOCIETY.—This_ so- 
ciety has become affiliated with the American Society of 
Mechanical Engineers as the first Student Section. At 
the meeting held at the Stevens Institute of Technology, 
Dec. 3, a lecture on ‘Skyscrapers and the Singer Build- 
ing’’ was delivered by Mr. Chas. G. Armstrong, of New 
York City. l 


CANADIAN SOCIETY OF CIVIL ENGINEERS.—At the 
meeting of the Mechanical Section Dec. 3, Mr. Kenneth 


He spent several years in teach- 


Moodie presented a paper on ‘‘Force or Press Fits for Ar- 
mature or Fly-Wheel Hubs.” This paper discusses the 
practice of the Westinghouse, Western Electric and Gen- 
eral Electric companies, and includes curves showing 
hub thicknesses, diametral allowances and pressures for 
different shaft diameters. A meeting of the Mining Sec- 
tion will be held in Montreal, Dec. 17. 


BROOKLYN ENGINEERS’ CLUB.—The annual meet- 
ing is to be held at the Brooklyn Germania Club House 
Dec. 10. The following list of nominations has been pre- 
sented: President, James C. Meem; Vice-President, 
Winfred H. Roberts; Secretary, Joseph Strachan; Treas- 
urer, William T. Donnelly; Directors, James W. Nelson 
and Chas. M. Spofford. At the annual dinner, which 
will immediately precede the meeting, addresses will be 
made by William T. Sedgwick, Andrew McLean, Alfred 
T. White and Richard C. Maclaurin. 


INDIANA ELECTRIC LIGHT ASSOCIATION.—The in- 
augural meeting was held in Indianapolis, Ind., Nov. 26. 
The membership is made up of owners, Managers, super- 
intendents and others interested in electric light plants 
and it is the purpose of the Association to establish a 
closer relationship between the members and to facili- 
tate the exchange of ideas and experiences in methods 
of operation. Mr. Thomas McReynolds of Kokomo, Ind., 


was elected to the presidency and the Secretary is Mr. 
Fred Leslie, Muncie, Ind. 


AMERICAN RAILWAY ENGINEERING AND MAIN- 
TENANCE-OF-WAY ASSOCIATION.—The Board of Di- 
rectors has appointed a standing committee on electricity 
to consider subjects in connection with the electrified 
sections of steam railways. The scope of its work is 
Stated to cover electric traction and transmission as 
affecting the design, construction, maintenance and op- 
eration of railways. Mr. Gco. W. Kittredge (Chief En- 
gineer of the New York Central) is Chairman, and Mr. 
J. B. Austin, Jr. (Long Island), is Vice-Chairman. The 
other members of the committee are as follows: F. A. 
Bagg (T. & G.), R. D. Coombs (Pa. Tun. & Term.), W. 
W. Drinker (Erie), E. P. Dawley (N. Y., N. H. & H.), G. 
A. Harwood (N. Y. Central), C. E. Lindsay (N. Y. Cen- 
tral), H. R. Talcott (B. & O.). 


AMERICAN MINING CONGRESS.—Among the papers 
presented at the eleventh annual session at Pittsburg, 
Pa., Dec. 2-5, were the following: Report of Commit- 
tee on Prevention of Mine Accidents,” H. Foster Bain, 
Urbana, III.: “Report of Committee on Investigation of 
the National Forest Service and Its Effects Upon the 
Mining Industry,” A. G. Brownlee, Denver, Colo. Con- 
servation in the Coal Industry; Protection of Life and 
Prevention, of Waste,” John Mitchell, Indianapolis, Ind., 
G. W. Traer, Chicago, III., J. B. Zerbe, Cleveland, Ohio, 
J. V. Thompson, Uniontown, Pa.; “Formal Opening of 
the Government Stations for Investigation of Mine Ex- 
plosions,“ James R. Garfield, Washington, D. C., O. W. 
Underwood, Birmingham, Ala.: The New Mining Indus- 
try: The Rare Metals,” Herman Fleck, Colorado School 
of Mincs; “Secondary Mining Education, H. H. Stoek, 
Scranton, Pa. 

The attention of the congress was particulariy directed 
to the question of the prevention of accidents. On Dec. 
3 the Government laboratory and testing station re- 
cently established at Pittsburg was formally opened and 
a series of tests were performed in the presence of the 
members. These tests related chiefly to dust explosions 
and ‘‘safety’’ explosives, and in connection with the tests 
was given an exhibition of the utility of the Draeger 
oxygen apparatus. A resolution was {introduced recom- 
mending the provision of a tax of % ct. per ton on all 
coal mined to provide for pensions and relief in case of 
mine accidents. 


WESTERN SOCIETY OF ENGINEERS.—At the meet- 
ing held at the Society’s rooms in Chicago on Dec. 2, 
Mr. H. H. Evans presented a paper on “The Electrifi- 
cation of Railway Terminals,” relating particularly to the 
present public movement towards inducing the Illinois 
Central Ry. to introduce electric traction on its lines in 
Chicago. The paper opened with a discussion on the gen- 
eral advantages and economics of electric traction, and 
with some remarks on the improvement of terminal fa- 
cilities. 

The author then gave particulars of numerous electric 
railways in this country and abroad, but several of these 
have no particular relation to terminal traffic. Thus the 
London underground railways and other rapid transit 
lines were mentioned although nothing was said about the 
electric elevated and underground rapid transit lines of 
American cities. The New York terminals of the New 
York Central Ry. and the New York, New Haven & 
Hartford Ry. were mentioned, together with the St. Clair 
tunnel and some interurban lines. 

The Illinois Central Ry. terminal station is used by 
four other roads and has about 100 trains per day, in- 
cluding freight trains. There is also a suburban terminal 
at Randolph St., with about 260 trains per day. The 
total mileage, which it is considered should be equipped 
for electric traction is about 325 miles of track. This 
would include not only the suburban service, but also 
main line passenger and freight service, and all yard 
and switching work within the city. 
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THE IMPROVEMENT OF THE DETROIT RIVER FOR 
NAVIGATION. 

In order to provide for the increase in traffic 
on the Great Lakes, and for the increase in the 
size of steamers engaged in this traffic, the 
United States Government has for several years 
been at work upon improvements to the harbors 
on the Great Lakes and to the straits (or so- 
called rivers) which connect these lakes. The 
straits have many shallow places, and most of 
the improvement work has been in the establish- 
ment of wide and deep channels for navigation. 
An important piece of work of this kind is now 
in progress for the improvement of the Detroit 
River, which is the southern part of the strait 
connecting Lake Huron with Lake Erie. A map 
of the lower section of the river, showing the 
deep water channels, is given in Fig. 1. The 
work is under the direction of Lieut. Col. C. McD. 
Townsend, Corps of En- 
gineers, U. S. Army, to 
whom we are indebted 
for information as to the 


general project. Mr. 
Chas. Y. Dixon, Assist- 
ant Engineer, is in 


charge of the work. 
PRESENT AMHERST- 
BURG CHANNEL. 

The project adopted 
in 1892 provided for a 
minimum channel width 
of 600 ft. all the way 
from the city of Detroit 
to Lake Erie, with a 
depth of 20 ft. of water 
at a mean stage of Lake 
Erie 572.8 ft. above sea 
level. In 1902, this was 
changed to a depth of 
21 ft. below low water in 
Lake Erie (stage 571 ft. 
above sea level). The 
route adopted for this 
channel begins in mid- 
stream just below Fighting Island and swings 
over to the Canadian shore, passing through 
the narrow reach between Bois Blanc Island and 
Amherstburg, Ontario. It then swings back 
again towards midstream. The present condi- 
tion of this channel, called the Amherstburg 
Channel, is as follows (see Fig. 1): 

The Ballards Reef channel has a width of 600 
ft. and a depth of 19.2 ft. and has not yet been 
deepened to the project depth. 

The Limekiln Crossing channel has been prac- 
tically completed, with the exception of the 
upper part. There the channel has the full 
depth for 450 ft. on the west side, and the 
widening of the easterly 150 ft. is at present 
under contract with the Dunbar & Sullivan 
Dredging Co., of Buffalo, N. Y. This work will 
be finished this fall. 

The Amherstburg Reach channel has 600 ft. 
width and 21 ft. depth. 

The Hackett Range has a width of 600 ft. and 
a depth of 21 ft., with the exception of a small 
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area on the east side of the channel. The com- 
pletion of this is under contract with Mr. M. Sul- 
livan, Buffalo, N. Y., and the work will be fin- 
ished this vear. 

The Bar Point Shoals channel has the easterly 
700 ft. unimproved, with a least depth of 18.2 
ft. The westerly 400 ft., to deep water in Lake 
Erie, is improved to 21 ft. depth. 

From the above (and to the southeast of the 
Detroit River Light House, Fig. 2) to deep water 
in Lake Erie, the channel is under improvement, 
and nearly finished for a width of 800 ft. and 
depth of 22 ft., under the Livingstone Channel 
contract. 


THE NEW LIVINGSTONE CHANNEL. 


In 1907, Congress passed an act authorizing the 
further improvement of the facilities of navi- 
gation for large vessels of deep draft by the 
formation of a new and direct channel, which is 


practically a chord to the arc formed by the 
present deepwater channel, described above. This 
is to be known as the Livingstone Channel, and 
Will have a minimum depth of 22 ft. of water at 
a Lake Erie stage of 571 ft. above sea level. 
The width is 300 ft. for the upper part, widen- 
ing to 800 ft. from abreast of Bar Point to deep 
water in Lake Erie. This channel is expected 
to be completed in the spring of 1911. It will 
be used by down-bound vessels, up-bound ves- 
sels taking the Amherstburg Channel. 

The improvement of this new channel is being 
done under four contracts, as follows: 

Section 1: 10,000 ft. long, 300 ft. wide and 
22 ft. deep. The Great Lakes Dredge & Dock 
Co., Chicago, IIl. ; 

Section 2: 8.500 ft. long, 300 ft. wide and 23 
ft. deep. Grant Smith & Co. and Locher, Grosse 
Isle, Mich. 

Section 3: 18,250 ft. long, 300 ft. wide and 22 
ft. deep. P. B. McNaughton and O. G. Dunbar, 
Buffalo, N. Y, 
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DRILL BOAT FOR ROCK EXCAVATION UNDER WATER; IN USE ON THE DETROIT 
RIVER IMPROVEMENT. 7 


Section 4: 29,000 ft. long, 800 ft. wide and 22 
ft. deep. G. H. Breymann & Bros., Toledo, O. 

The heaviest and most interesting part of the 
work is on Sections 1 and 2. About one-third 
of Section 1 and three-fifths of Section 2 are 
enclosed by cofferdams, as shown on the map. 
The cofferdams for the middle part are com- 
pleted and pumping is under way. After the 
enclosed area was partly drained, excavation of 
the channel commenced and will be continued 
summer and winter until completed. The chan- 
nel above and below the cofferdams will be exca- 
vated in the wet by means of drill boats and 
dredges. These two methods may be described 
separately. 


ROCK EXCAVATION IN DEEP WATER. 


The general method employed is to drill blast 
holes by means of drills mounted on barges or 
drill boats, and to remove the rock by dredging. 
The rock is a compact 
limestone, but with 
seams in the lower 
FF strata. The contract for 
; the north end of the 
channel is held by the 
Great Lakes Dredge & 
Dock Co., of Chicago. 
This section is 5,800 ft. 
long and 300 ft. wide, 
and has a net area of 
180,000 sq. yds. The rock 


is practically bare of 
overlying material, and 
the average depth of 


water is 16 to 18 ft. The 
work on this section is 
described below, from in- 
formation furnished by 
the contractors. 

The drill holes are 3 
ins. diameter, with an 
average depth of 8 ft. 
and a maximum depth of 
12 ft. They are about 
6 ft. apart in both di- 
rections. An 8-ft. hole can be put down in 
about 20 minutes, and the plant (operating nine 
drills) can finish about 250 holes per eight-hour 
day. The charge for an Oft. hole is 8 lbs. of 
60% dynamite. A dipper dredge having an 8-yd. 
dipper fitted with steel teeth excavates the 
loosened rock to the proper grade. A sweep, 
consisting of a long steel rail suspended from a 
barge at the required depth, is then towed over” 
the excavated section. The small lumps en- 
countered by this are removed by blasting. The 
boulders are removed by a derrick scow, the 
grapples of which are attached by divers. The 
plant used comprises two drill boats (one with 
five and one with four drills), a dipper dredge, 
a derrick scow, and the necessary equipment of 
dump scows and tug boats. The excavated ma- 
terial is deposited at a dumping ground estab- 
lished by the U. S. Government at a maximum 
distance of two miles. 

The larger of the two drill boats was built 
specially for this work, and is built entirely of 
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steel. It was built by the contracting company 
at its Cleveland shops, and is said to be the 
first steel drill boat on the Great Lakes. A 
view of this drill boat is shown in Fig. 2. The 
hull is 132 x 33 ft., and 7 ft. deep, with a normal 
draft of 4 ft. It is divided into five watertight 
compartments by steel bulkheads, and there are 
no doors or other openings in these bulkheads. 
The boiler room, pump and engine room, coal 
bunker (40 tons capacity), store room, repair 
shop, office, and living rooms are all contained 
within a steel deck house. This is set to one 
side of the center line of the hull, in order to 
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Section 4 


FIG. 2. 


give a wider platform along that side of the 
deck which has the drilling apparatus. The 
drills: are suspended in vertical frames or lead- 
ers, which are attached to carriages running on 
rails on the deck. The carriages are operated 
by hydraulic power, for which purpose two large 
pumps are provided. Steam is supplied by a 
marine boiler carrying 125 lbs. pressure. 

The engine room contains the pumps, the air 
compressor, and the engine and 125-KW. belted 
dynamo for electric lighting. There are about 
150 fixed and portable incandescent lamps, num- 
erous plug attachments being provided, so that 
the portable lamps can be placed wherever re- 
qured. There are also two search lights. At 
each end of the hull are two spuds fitted with 
racks and operated by steam power. These 
spuds are timbers 22 x 22 ins., 40 ft. long, with 
a maximum reach of 30 ft. below the bottom of 
the hull. The vessel has a crew of 17 men in all, 
when at work (including the engineman, drill 
men, and all other employees on board). 

The derrick scow is 95 x 27 ft., with a sta- 
tionary A-frame derrick having a timber boom 
68 ft. long. It can handle loads up to 15 tons. 
The cable is operated by a hoisting engine hav- 
ing two cylinders 9 x 13 ins., and is fitted with 
grapple arms. i 
ROCK EXCAVATION WITHIN COFFERDAM. 

Section No. 2 of the work is 7,500 ft. in length, 
and involves the excavation of about 1,352,000 
cu. yds. of rock and earth. The contract was 
let to the firm of Grant Smith & Co. and Locher, 
of Thorice, Mich. They decided to do the work 
in the dry, enclosing the work by a cofferdam, 
thus following the method successfully employed 
by them as subcontractors for the West Neebish 
Channel in the St. Mary’s River, below Sault Ste. 
Marie, Mich. (Engineering News. Oct. 10, 1907.) 
A convenient location for the camp and con- 
struction plant was afforded by Stony Island, at 
the west side of the upper end of the channel. 
This was leased by the contractors in order that 
they might have entire control of the camp and 
its surroundings. The contract provides for the 
completion of the work in 750 good working 
days. 

The Michigan Central Ry. formerly had a line 
extending from Grosse Isle (the present termi- 
nus, see Fig. 8) across Stony Island, with a pier 
extending into the river for connection with a 
car-ferry to the Canadian shore. The car- 
ferry and the line beyond Grosse Isle were 
abandoned several years ago. Since then, the 
two west spans of the combination through-truss 
bridge over the channel between the islands 
have been taken down to permit of navigation 


by small vessels of light draft. The only com- 
munication between Grosse Isle and Stony Island 
at present is by a row-boat or ferry. The con- 
tractors propose, however, to build a suspension 
bridge or a cableway over the gap, so that sup- 
plies can be brought in by rail by way of Grosse 
Isle during the winter. At present, supplies are 
brought down from Detroit by a steamer, and 
coal is delivered by barges to a chute on the 
cofferdam, near the end of the old railway pier. 

This pier was strengthened, and proved of 
great use as a landing and for construction 
work. It is protected from the running ice by 
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cribs or ice breakers a little distance up-stream. 
It may be noted that the water level in the river 
is very variable, and is liable to sudden fiuctua- 
tions according to the wind. It may rise 2 ft. 
(or even 4 ft. exceptionally) above the normal 
level, and this must be provided for in the 
cofferdams. 

The total length of the dry excavation on Sec- 
tion 2 will be 4,000 ft., but the first operation 
was to enclose within the cofferdams an area 
2,750 ft. long, with a mean width of about 1,600 
ft. This is marked A on the plan, Fig. 3. The 
reason for doing this was that at the lower end 
of the work there is a considerable amount of 
material over the rock which could be handled 
by dredging. The company also took a sub- 
contract from the Great Lakes Dredge & Dock 
Co. for 1,500 ft. of the work adjacent to the 
north end of Section 2. This contract amounts 
to about 200,000 cu. yds. The dredged material 
from the lower end of Section 2 could be used 
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Fig. 3. Plan of Cofferdam, etc., for Excavating the 
Livingstone Channel in the Dry; Detroit River. 


conveniently and economically for building the 
additional cofferdam at the upper end, to en- 
close the area (D) covered by the subcontract. 
The area A was first enclosed by a cofferdam 
built of material dredged on the inside, an open- 
ing being left at B, which was closed after the 
dredges had been floated out. The dredges then 
worked in the lower area C, the material being 
used to build the cofferdams for this area, and 
also for the additional area D at the north end. 
The cofferdam around the combined areas A, C 
and D is said to be probably the longest ever 
built. It has a total length of about 16,850 ft., 
and encloses an area 5,750 ft. long, with a mean 


width of about 1,600 ft. The cofferdam contains 
about 292,000 cu. yds. of dredged material. 

The cofferdams are formed simply by unload- 
ing dredged material from scows. There is no 
piling or sheeting. The material is clay with a 
sufficient mixture of stones and gravel to pre- 
vent rapid washing in the case of water topping 
the bank. The bank is about 5 ft. above the 
normal water level and 15 ft. wide at that 
level. No piling is used, the material being 
practically watertight. The depth of water 
along the line of the cofferdam varied from 5 
ft. to 22 ft. The material was deposited by the 
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MAP OF DEEP WATER CHANNELS FOR IMPROVING THE NAVIGATION OF THE DETROIT RIVER. 


dredges on decked scows which were towed to 
the unloading point. There a derrick boat was 
placed with its boom in line with the axis of 
the dam and extending across the scow. This 
boom carried a large scraper bucket, which was 
hauled to and fro across the deck of the scow by 
inhaul and outhaul lines. In this way a great 
mass of material was unloaded at each stroke 
of the bucket. The cost of unloading was but 
about 4 cts. per cu. yd., or only 20% of the cost 
of unloading by hand. 

A novel method was employed for unwatering 
the enclosed area. For the great bulk of the 


work the air-lift system was employed, with 


two 12-in. centrifugal pumps in addition. There 
were 50 air lifts, each consisting of a 20-ft. 
length of S-in. wrought iron pipe (as used later 
for the compressed air distribution main), with 
a 2-in. air pipe attached to it. Two elbows and 
a nipple on the lower end of the latter reached 
upward into the bottom of the 8-in. pipe. The 
Pipes were placed in four rows, inclined at an 
angle of about 40°; the lower ends were about 
12 ft. under water, and the upper ends dis 
charged into a wide wooden flume or spillway 
built across the cofferdam. An air pressure of 
about 7 lbs. per sq. in. was employed. The 
plant had a capacity of about 50,000,0.0 gals 
per day. 

Fig. 4 shows two views of this air-lift plant 
at work. The left-hand view (taken from the 
rear) shows the rear row of 2-in. air pipes; the 
8-in. pipes and the rest of the piping are con- 
cealed by the rush of water and spray. The 
discharge flume may be seen at the right of the 
pile of material on the cofferdam. Beyond the 
cofferdam are some of the ice-breakers or cribs. 
The right-hand view shows the outfall of the 
discharge flume. The stream is 8 ins. deep and 
14 ft. wide, with a velocity of 8 ft. per minute. 

The pumping was commenced on Oct. 5 and 
continued until Oct. 19. This lowered the water 
6 ft., which exposed sufficient surface to permit 
of commencing the excavation. The air was 
then shut off from the air lifts, and the two 
centrifugal pumps were used to complete the 
unwatering and to remove any water from seep- 
age or drainage. 

The water was from 6 to 15 ft. deep in the 
enclosed area. The depth of the overburden 
ranges from nothing to 40 ft., and the depth of 
rock excavation will range from 3 ft. to 18 ft. 
The rock is a hard limestone, but it is expected 
that a softer dolomite (with seams) will be 
reached in the lower part of the excavation. 

The rock is drilled and blasted, the charges 
being fired by dynamo blasting machines oper 
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ated by air-driven engines. Three steam shovels 
are used to load the material into skips of 2% 
cu. yds. capacity. These skips are handled by 
three cableways which span the work, and the 
material is dumped along the east side of the 
channel, leaving a berme of 50 ft. As the rock 
is removed to form a flat floor, the shovels are 
mounted upon wide-tired traction wheels, each 
having a solid plate disk at each side. This 
arrangement reduces the number of men re- 
quired and the loss of time incurred in the con- 
tinual shifting of tracks for the shovels. The 
shovels have dippers of 1% cu. yds. capacity. 
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(A) Rear View of Air Lifts at Work. 
FIG. 4. AIR LIFTS UNWATERING PORTION OF 


A cross-section of the work is shown in Fig. 
5. The three cableways have each a span of 726 
ft, covering the 300-ft. channel, two 50-ft. 
bermes and the dump pile. One machine will 
work on the overburden to strip the rock. The 
others will follow it to handle the excavated 
rock. In order to save time, they were all 
erected before the area was unwatered. For this 
purpose, islands of dredged material were 
formed at the sites for the towers. The tracks 
were laid out on these after a triangulation sur- 
vey by the contractor’s engineer (Mr. A. S. Rob- 
inson), it being absolutely necessary to have the 
opposite tracks parallel with each other and with 
the line of the channel. In this way, the cableways 
were ready for use as soon as the water was 
lowered sufficiently to allow of commencing the 
excavation. 

The cableways have the Locher dumping sys- 
tem with differential drum. As soon as the skip 
is over the location for the dump, the engine- 
man throws the skip cable on the larger diam- 
eter of the drum, and the rapid winding of this 
cable then tilts the skip. This system was first 
introduced on the Chicago Drainage Canal work 
by Mr. C. H. Locher. The hoisting engines are 
operated by compressed air, flexible tube con- 
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will be stored here for the winter. This is now 
brought down by a coal scow, fitted with a Mc- 
Myler unloading crane. The coal is loaded in 
14%-ton boxes which are stacked on the deck of 
the scow, and are loaded at the pier onto cars 
for transportation on the contractor’s railway 
to the storage pile at the power-house. 

It is of interest to note that all this construc- 
tion plant was brought by the contractors 
from their similar work in the St. Mary’s 
River. The work at Detroit being of the same 
character and on the same waterway, it was 
economical to transport the plant and use it 


(B) Discharge of Flume from Air Lifts. 
DETROIT RIVER ENCLOSED BY COFFERDAM. 


over again, although the equipment is large con- 
sidering the amount of excavation in this con- 
tract. The plant thus transferred includes the 
steam shovels, cableways, power plant, drills, 
piping, and all accessories. Most of it was 
loaded upon scows and towed to Detroit. The 
timbers of the towers were all carefully marked 
before the towers were taken down, so that they 
could be re-erected without difficulty on the new 
work. The frames for these towers were built 
lying upon the ground, and then raised to a ver- 
tical position by a hoisting engine. 

The construction camp, as already noted, is 
on Stony Island, and is under entire control of 
the contractors. At present about 125 men are 
employed, but when the work is fully under way 
there will be some 250 men. The buildings are 
of frame construction, sheathed with building 
paper on the outside. There are 35 cottages, be- 
sides bunk houses and shop buildings. A school 
house is provided for the children, and is used 
also for social gatherings. The buildings are 


laid out on streets, and there are separate groups 
of buildings for the Italian and American labor- 
ers. 
tractors. 
get their meals at the dining hall, 


There is a store, operated by the con- 
The unmarried American employees 
but the 
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and to the contractor’s engineer, Mr. A. S. Rob- 

inson, M. W. S. E. (who was also in charge of 

the West Neebish Channel work, noted above) 

we are indebted for much information used in 

this description. 

THE OLD RAILWAY CROSSING OF THE DE- 
TROIT RIVER AT STONY ISLAND. 

The old railway connection and car-ferry at 
this point have been mentioned already in con- 
nection with the cofferdam construction work. 
It is of interest to note that some 30 years ago 
a railway tunnel under the Detroit River at this 
point was projected, and that a railway car- 
ferry was operated between Amherstburg and 
the old pier on Stony Island. Particulars of 
this have been furnished us by Mr. W. S. 
Kinnear, M. Am. Soc. C. E., Chief Engineer of 
the present Detroit River Tunnel Co. 

The Toledo, Canada Southern & Detroit Ry., 
between Detroit and Toledo, was put in oper- 
ation in 1873. The branch from Slocum Junction 
to Grosse Isle and Stony Island (see Fig. 3) was 
built at about the same time by the Canada 
Southern Bridge Co. The train-ferry service be- 
tween Stony Island and Amherstburg was es- 
tablished about 1873. It was abandoned about 
1883, in which year the Canada Southern Ry. 
was leased to the Michigan Central Ry. and the 
cut-off was built from Essex to Windsor (op- 
posite Detroit), diverting the main-line traffic 
to Windsor, where a car-ferry was established. 
For eight or nine years later, however, the old 
slips and tracks at Stony Island and Amherst- 
burg were maintained, and were used occasion- 
ally to ferry cars across when the river at De- 
troit was in bad condition for navigation. The 
ferry service was finally abandoned about 1890, 
when the railway line between Grosse Isle and 
Stony Island was abandoned also. 

The Canada Southern Tunnel Co. was organized 
about 1877 to build a tunnel under the Detroit 
River near Stony Island. In 1887, a tunnel office 
was established in the vicinity of the railway 
yard at Amherstburg, and the enterprise was 
officially started by digging a small hole and 
giving a banquet at the site. This was done, 
probably, to meet charter conditions requiring 
the commencement of work within a specified 
time. The hole was very soon filled up, how- 
ever, and this was the end of the project. It is 
probable that some holes were drilled on Stony 
Island, possibly about 1880, in order to determine 
the character of the material that might be 


encountered. 
ũ— . — — 

IMPROVED BIG-GUN PROJECTILES.— During the 
past year the bureau has, with the aid of private firms, 
developed a new design for armor piercers which gives 
vastly improved accuracy and longer ranges without the 
loss of any of the qualities of the preceding design. This 
development constitutes such an improvement as to make 
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(Showing the method of excavation in the dry, by the use of cofferdams, with cableways for handling the material.) 


nections enabling each cableway to travel 100 
fÉ before the pipes have to be shifted. 
Compressed air will be used to operate the 
drills, channelers, cableways and pumps. For 
this purpose a large power plant has been es- 
tablished on Stony Island. This has two two- 
_cross-compound air compressors, with a 
capacity of 5,300 cu. ft. of free air per min. 
An 8in. main (with screw joints) runs east 
along the old pier, and has a branch of the 
same size extending south. From these the 
smaller connecting pipes will be laid as re- 
quired. Reheaters will be used on the branch 
lines during the winter. Near the power-house 
is a repair shop. A coal supply of 6,000 tons 


Italians do their own cooking. A hospital is 
provided. During the summer a doctor visits 
the island twice a week to look after the health 
of the men and the sanitation of the camp. In 
the winter there will be a resident doctor and 
a nurse. Hogs are kept at the camp for scaveng- 
ing purposes. No liquor is allowed to be sold, 
and no shanty boats are permitted to tie-up at 
the island. Under the law relating to govern- 
ment contracts, the contractors are allowed to 
work the men only an eight-hour shift each 
day. 

Mr. C. H. Locher, of the contracting firm, is 
in personal charge of the work, with Mr. George 
P. Locher as Superintendent. To the former, 


it the longest step in advance that has occurred in ord- 


nance material for several years. 
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The only important ordnance development during the 
year has been the adoption of a new form of projectile, 
to which the air resistance is much less than to the older 
form, resulting in a considerable increase of flatness of 


trajectory and striking energy at long ranges. 
è: è $ 


A series of experiments were conducted showing that 
great ballistic advantages can be obtained by increasing 
the radius of the ogival of all shell. Subsequent experi- 
ments show that armor-piercing shell can be so designed 
and capped as to preserve this advantage, while not sac- 
rificing the prime quality for which they are intended.— 
From Report of the Chief of the Bureau of Ordnance, 
Navy Department, 1903, 


Digitized by Google 


664 


ENGINEERING NEWS. 


Vol. 60. No. 25, 


SPUR GEARING ON HEAVY RAILWAY MOTOR 
EQUIPMENTS.* 
By NORMAN LITCHFIELD.t 


In the operation of ordinary street railway motors, the 
gearing is not a serious factor on account of the low 
horsepower required and it is not until the equipment 
becomes similar in proportions to that of a steam rail- 
road with congested traffic that its importance begins to 
be felt. With the installation of electric train service 
on the Manhattan Elevated Ry. in 1901, however, the 
gearing question forced itself on the attention of the en- 
gineers through the large number of failures immediately 


occurring. On the New York Subway equipments, the 
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ceived the attention it merited, but that the line of pro- 
gress followed most sedulously until very recently has 
been that of increasing the resistance to wear. That 
this is a highly desirable object cannot be denied, but 
our experience with the Interborough equipments has 
shown the most pressing need to be to overcome abso- 
lute failure. 

It is this phase of the question (absolute failure) which 
we have felt would be of interest to the society, and so 
present in this paper the data which we have brought to- 
gether on the subject. 

As is probably familiar to all, the electrical operation 
of the Manhattan Elevated was commenced some three 
years previously to the opening of the New York Subway, 


07. 


r 


A 
dplicrtion | | | | 


2 5 
42 


= | | 


m 


Time. 


GEAR TOOTH STRESS AND SPEED-TIME CURVES FOR NEW YORK SUBWAY 


EXPRESS CARS. 


(Stresses calculated 


breakages were still more numerous, for these trains 
are more powerful than any beretofore used, an eight- 
car subway express train having motors aggregating 2,- 


000 HP., equivalent to a locomotive of about the same 


power as the new electric locomotives of the New York 
Central Lines, but differing from the latter in that all 
the power is transmitted by gears, while the Central’s 
locomotives are gearless. 

It is evident that the greatest work done by the gear- 
ing on any locomotive is during the period of accelera- 
tion, and that for given mileage the total amount of work 
done will depend upon the acceleration, weight 
accelerated per gear, and total number of such acceler- 
ations or starts. During the evening rush hours in the 
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20-Deg. Involute Stub Standard 14½%-Deg. B. & S. 
Tooth (20 Teeth; 2% Tooth (20 Teeth; 2% Ins. 
Ins. Pitch). Pitch). 


Fig. 2. Outlines of New and Worn Teeth. 


New York Subway, the total load per gear is about 35 
tons, and this weight has to be accelerated at the rate 
of 1.25 miles per hour per second every third of a mile, 
that being about the average distance between stations. 

How serious a matter the breakage of one gear in the 
rush hour becomes will at once be realized when we 
state that at one of the many stub end terminals of the 
system 37 trains in and out per hour are handled during 
the pertod of maximum traffic. For the purpose of com- 
parison, the train movement at the Grand Central Sta- 
tion of the New York Central Lines may be cited, the 
maximum number of trains there being 35 per hour, and 
this ls. we believe, considered rather extraordinary con- 
gestion. One such breakage in the evening rush hour 
therefore means an inevitable delay to s*rvice of half 
an hour or more and the disruption of the train sched- 
ule for the rest of the day. thus entailing great discom- 
fort to the traveling public. 

Both the elevated and subway trains of New York are 
operated by the Interborough Rapid Transit Co., and 
there is no doubt that the conditions under which their 
trains operate are unique, further evidence being fur- 
nished by the failure of various apparatus other than 
gears which had proved entirely successful on other 
roads. We believe therefore that the data obtained by 
this company may be taken as measures of the limita- 
tion of power transmission by gearing in railway serv- 
ice. 

Extended studies which we have recently made tend to 
show that the question of strength has not heretofore re- 
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by Lewis Method.) 


and our earlier experience was therefore with the equip- 
ment for the former. The initial gearing installation on 
the 125-HP. motors consisted of wrought steel pinions 
and solid cast steel gears of three diametral pitch, 
this pitch being adopted on account of. the economical 
current consumption thereby obtained. The pinions at 
once began to fail at the rate of about 15 per month. 
The failures continuing, it was decided to withdraw all 
of the gearing, then in service and replace it with 
214-pitch on account of the greater tooth section thereby 
obtained, although, as before stated, this meant some 
loss in economy of current consumption. This change 
practically ended the failure of the pinions, but not en- 
tirely of the cast gears, and it was decided that greater 
reliability could be obtained by adopting a composite 
type of gear consisting of a cast steel center on which 
a wrought steel rim was shrunk. This combination of 
a wrought steel pinion and wrought rim gear of 2%-pitch 
has proved generally satisfactory for the elevated serv- 
ice, and the improvement to be looked for is therefore in 
the line of greater wearing life. 

On the Subway Division, the motors are of 200-HP. 
each and the original gearing equipment consisted of 
solid cast steel gears with wrought steel pinions, diamet- 
ral pitch 2%, and teeth of the Brown and Sharpe 
standard 14½ involute. As on the Manhattan Division, 
so on the Subway, it soon became evident that the de- 
sign was not proper, but in contrast to the elevated it 
was the gears which first caused the trouble. The cast- 
steel gears, therefore, were all scrapped and r2placed 
by the wrought rim type. (It should be stated that the 
idea of these composite gears was induced by the experi- 
ence of the Interborough Company, although they were 


FIG. 3. TWO VIEWS OF NEW YORK SUBWAY MOTOR PINION, 
SERVICE. 


first brought out in connection with the proposed elec- 
tric motor car equipments for the New York Central 
Lines. ) 

This improvement practically ended the gear breakage, 
but unfortunately the pinions began to go, the breakages 
averaging over one a day, and furthermore we find it un- 
safe to run a pinion the teeth of which measure less 


than 3/16-in. at the top. We are therefore compelled 
to scrap material which should be available for wear. 

To what then, shall we look as a remedy? Three sug- 
gestions have been advanced by the gear manufacturers: 

(a) Diametral pitch less than 2%. 

(b) Steel with elastic limit of 90,000 Ibs. per sq. in. and 
over as compared with our present 45,000. 

(c) 20° stub teeth. 

The first suggestion we are unable to accept on account 
of some local conditions, but the combinatfon of the other 
two seems to have possibilities of success and we are now 
replacing all our gearing with specially treated carbon, 
steel with stub teeth. 

Let us now consider the loads the teeth have to carry 
and determine why it is that we have to resort to the 
use of special designs and material in order to make our 
gearing stand up. 

Fig. 1 illustrates an express run in the subway, giving 
the power consumption per train of eight cars, five of 
which are motor cars, each carrying two motors, thus 
making ten gears per train. On the same diagram 
curves are plotted showing the fiber stress in a stand- 
ard 1414° involute and a special 20° involute tooth both 
worn to our present limit of 3/16-in. at top of tooth, 
the tooth outlines being shown in Fig. 2. The force ac- 
ting at the pitch line of the tooth has been figured from 


„the power consumption curve and the motor character- 


istics, and the fiber stress in the tooth has then been cal- 
culated by the method outlined by Mr. Wilfred Lewis in 
his paper before the Philadelphia Engineers’ Club in 1885. 
which consists in assuming that all the load is carried 
by one tooth across its entire face, but at the extreme 
top, so that the tooth is considered as a beam loaded at 
one end (the crest) and supported at the other (the 
base). He states that the force which can be safely 
transmitted lessens as the speed is increased and giver 
figures which may be used as safe working stresses at 
various speeds. These values when plotted give a curve 
which may be closely represented by the equation. 


600 
S = 8 - ———— 
in which 600 + Y 
S = safe working stress in Ibs. per sq. in. at no vel- 
ocity. 


’ = safe working stress in Ibs. per sq. in. at velocity 
VY, in ft. per min. 

V = velocity of pitch circle in ft. per min. 

Referring to the diagram it will be noted that the worst 
condition occurs just at the commencement of the mo- 
tor curve, this being the point at which the gearing is 
transmitting the maximum torque at the greatest 
speed obtained during the period of acceleration, the 
maximum torque occurring, of course, only during this 
period. Under the conditions shown the fiber stress 
at this point is 13,370 lbs. per sq. in. in the standard 
14 involute tooth, and at this instant the train is 
running at 17.3 miles per hour, with a corresponding 
gear speed of 1,168 ft. per min. On account of thie 
speed, therefore, we require a material which will per 
mit the use of a safe working stress at no speed. 

600 + 1,168 
S = 13,370 x = 39, 400 Ibs. per sq. in. 
600 
The elastic limit of the material we have had hereto- 
fore runs about 45,000 lbs. per sq. in. and we therefore 
have a factor of safety of only 1.1, which is obviously 
low. 

In these calculations we have considered the elastic 
limit of the material rather than the ultimate strength, 
on account of the dynamic character of the load, each 
pinion tooth receiving nearly 1,800 blows per mile. The 
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greater the ratio, therefore, between the elastic limit 
and fiber stress of the material (the other physical prop- 
erties remaining of proper value), the greater the life. 
and some relief should therefore be obtained by the 
adoption of the special 20° stub tooth which reduces the 
fiber stress nearly 30% and increases the mjnimum factor 
of safety from 1.1 to nearly 1,6, 


December 17, 1908. 


A much greater relief, however, may be looked for by 
the use of steel with a high elastic limit, say 90,000 
Ibs. per sq. in., which used in conjunction with a de- 
sign of stub tooth increases our minimum factor of 
safety to 3.2 as compared with our present 1.1. 

It will be noted that the foregoing calculations are all 
dependent upon the use of the Lewis formula, the funda- 
mental assumption of which is that the teeth bear across 
the whole face. Consideration, however, must be given 
to the fact that in practice it is not possible always 
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Fig. 4. End View of Pinion Shown in Fig. 3, 
Showing Cracked Teeth. 


to maintain perfect alinement between gear and pinion 
on account of the necessarily rough design of the motor 
and its assembly on the truck. The effect of this dis- 
alinement is shown in Fig. 3, which is a photograph of 
a pinion which broke in service, and in the side view 
it is seen that the lower half of the teeth have been bat- 
tered over by the loose piece Jamming between the gear 
and pinion. It is the upper half of the teeth which is 
cracked, however, showing that these cracks were not 
caused by the jamming of the loose piece, but by the 
gradual hammering of the pinion against the gear in 
service. It will be noticed that points a b c d e gave 
away successively until at last the loose piece was caught 
and ripped out, and we find that this is typical of all 
the failures. The break ordinarily starts at the inner 
face of the pinion, due to the natural tendency of the 
armature to cock that way, but in some cases it starts 
at the outside, probably caused by running a new pin- 
ion with a gear which had previously worn taper. 

Furthermore the breakages cannot be attributed to so- 
called crystallization or ‘‘gradual fracture,” for in many 
instances the teeth are practically new, having broken 
after an inconsiderable mileage. 

The necessity of having a high ratio between the the- 
oretical working stress and the elastic limit thus be- 
comes evident and justifies us in the adoption of the 
special means we have described to overcome the abnor- 
mal failures. 

The lack of alinement of gear and pinion above men- 
tioned is probably one of the chief causes which necessi- 
tated the use of these special means, and we have there- 
fore endeavored to find some other method of overcom- 
ing the difficulty. This led to the suggestion that as 
we are actually obtaining only a short bearing on the 
tooth it would be better to assure this bearing being at 
the center of the face rather than at the end, which 
might be accomplished by the use of a tooth something 
as shown in Fig. 6, in which the central portion is left 
the standard outline and the balance tapered off both 
ways toward the ends. No investigation has been made 
as to the practicability of cutting such a tooth or of 
its desirability, and it is suggested for consideration 
merely as one possible way of compensating for the lack 
of alinement occurring in railway motor gearing. 
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THE MANUPACTURE, ERECTION AND DEMOLITION OF 
FORMS FOR CONCRETE WORK. 
By FRANCIS W. WILSON.“ 


For the reason that wood is the cheapest and 
most adaptable material for making up the nec- 
essary forms and supports for reinforced-con- 
crete work, it has come about naturally that this 
important branch of the work has been left for 
carpenters to execute. The trade of carpentry 
is apparently as old as our history of civiliza- 
tion, and it is not to be wondered at that any 
operation involving the working of wood should 
be turned over to it, and yet without reflecting 
on either the skill or the ingenuity of carpenters, 
the writer considers that this has been a great 
mistake in many ways. 

It is not a part of the ordinary carpenter’s 
training to learn to design structures, either as 
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to their strength or with a view to economy. 
Carpenters, furthermore, have generally been 
accustomed to building structures which were 
intended to be more or less permanent, and it 
is a new field of work which demands a con- 
struction of wood which shall be strong enough 
to support heavy loads for a short time and yet 
which may easily be taken town and re-erected 
with the minimum of damage to the lumber. A 
carpenter in working on a frame house nails 
everything together securely with the idea that 
it is to be as rigid and enduring as possible. He 
would think it very strange if the owner of the 
house should want him to use as few nails as 
possible, and yet in form work for concrete the 
ideal design would be that which could be 
erected in a stable manner without the use of 
any nails, excepting the nails required in the 
manufacture of the various parts of the forms. 

The usual procedure when reinforced-concrete 
work is to be commenced is to order a quantity 
of lumber supposed to be sufficient for the forms, 
centering, shoring, etc., and then proceed to 
“pick up” a force of carpenters, who, under the 
direction of one or more foremen, are set to work 
to manufacture the forms, etc., and to erect 
and remove them as may be required. The only 
plans usually provided are the plans showing the 
concrete construction, and the carpenter fore- 
man is left to design his work to conform to the 
requirements as best he can. It is not strange 
under these conditions that numerous and costly 
mistakes are made. Every dimension and every 
connection must be studied out as the work 
proceeds, and in the case of complicated work, 
such as domes, gable window framing, etc., it 
certainly speaks well for the intelligence of the 
trade that such work can be executed in any 
reasonable length of time and without enormous 
expense. Done as it is, there is an immense 
waste of lumber, time, and labor, even on the 
plainest and most simple types of concrete con- 
struction. 

There are not many engineers who realize to- 
day that these conditions had their exact paral- 
lel in the building of iron bridges many years 
ago, and yet such is the case. The custom was 


ENG. NEWS. 


Fig. 5. Suggested Form of Tooth for Subway 
Motor Pinion. 


many years ago during the early construction of 
iron bridges, in some instances at least, to order 
the iron, and have it shipped to the site of the 
proposed bridge, and then the contract for mak- 
ing it up and erecting it was given generally to 
a boiler maker. The bridges were of the riv- 
eted lattice type, and the angles and plates were 
simply ordered a few inches longer than actually 
required and cut off to the exact length needed 
when the bridge was “framed” on the site. 

In this we surely have a parallel for the meth- 
ods now generally used for the manufacture and 
erection of form work. Such a system of build- 
ing bridges would de amusing if undertaken to- 
day, even for the smallest of truss bridges. It 
is doubtful, however, if such a method applied to 
bridge building to-day would result in a greater 
proportional loss of money than the usual sys- 
tem, as above referred to, for making and erect- 
ing falsework for concrete. 

The remedy lies along the same lines on which 
the building of bridges has developed, and that, 
stated briefiy, is to have the designing done in 
the office. The artisan, whether he be a worker 
in metal, or wood, has enough to do to execute 
his work properly, when only the mechanical 
operations of his trade are left to him, and it is 
surely asking a great deal to expect that he can 
also supply the functions of designer, draftsman, 
and inventor. If reinforced-concrete work is to 
continue to grow and assume its place as a per- 
manent type of building construction, then the 
matter of form work must receive more atten- 
tion from engineers. There should be detailed 
drawings prepared for the forms, centering, shor- 
ing and bracing, showing each part clearly with 
its exact dimensions, and plainly indicating all 
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work to be done on it. These drawings should 
be made similar to shop drawings for structural 
steel work, and to cooperate with them a com- 
plete erection plan, or plans, should be provided. 
With the work detailed in this manner it is not 
necessary that the forms, etc., should be made 
at the site of the work. The detail drawings 
can be sent out for bids, to mills, or to the large 
wood-working shops, and prices obtained on all 
material made up complete, and ready for erec- 
tion, and marked to correspond with the erection 
plan. 

Mills and wood-working shops equipped with 
modern tools and appliances can execute such 
work for a mere fraction of the expense incurred 
if the work is done at the site of the building, 
by a picked-up' gang of carpenters. I make 
this statement in positive terms because I have 
had experience with both methods a number of 
times, and the result of having the work done 
at a mill is that the forms, etc., invariably cost 
much less after adding the cost of erecting, 
handling, etc., than the cheapest job done in the 
field. 

Generally when the forms are made up at the 
site in the usual manner there is almost no salv- 
age value for the lumber after the work is com- 
pleted. In some cases it cannot even be given 
away, and teams must be employed to haul it 
off the site of the work. This wholesale destruc- 
tion of lumber is due very largely to the fact 
that it is nailed together so securely during the 
erection that it has to be pried off the finished 
concrete with the aid of “pinch bars” and sledge 
hammers. In the case of the work on which the 
writer has made detailed drawings of the form 
work and had it manufactured in wood-working 
shops or mills, the salvage value of the lumber 
when the work has been completed has ranged 
from $10 to $15 per thousand feet B. M. of the 
total amount of lumber purchased for the work. 
This in itself is an item of considerable size on 
any very large job, and would amply justify the 
methods herein suggested, even if there were 
nothing else in its favor. There are, however, 
many other considerations which commend the 
scheme of designing and detailing the forms and 
having them made up in mills, and not the least 
of these considerations is that by so doing the 
forms can be designed in such a manner that 
those parts which should be removed first can 
be taken down without in any way disturbing 
the remaining portions. A few years ago it 
was a common thing to find a foreman remov- 
ing all the centering and supports in one oper- 
ation, and with the persuasive power of heavy 
sledge hammers. Removing the falsework in 
this manner usually took place after the con- 
crete had been in place for a certain number of 
days, and there was not the least opportunity 
to examine the condition of the concrete before 
the forms came down. It was purely a “trust-to- 
luck” method, and if the work ‘‘stood up,” it 
was good work, and if it came down, it was not. 
It certainly is a good recommendation for rein- 
forced concrete as a building material that there 
have been so few accidents when we consider 
the methods which have been used in handling 
the falsework and, for that matter, which are 
still used in too many cases. There are a great 
many builders and general contractors in the 
country who are just beginning to realize that 
reinforced concrete has “come to stay,” and once 
they begin to admit this, they are anxious to 
build some work in this Hne, and as each of 
them must have a first job” in this line, the 
result will be that for a long time to come we 
will have important work of this kind entrusted 
to contractors who are absolutely unfamiliar 
with it. If these novices could be made to real- 
ize that concrete work can be put up with al- 
most no risk of accidents if the falsework is 
properly designed, and properly handled in the 
field, it would save a considerable amount of 
worry, not only on the part of such contractors, 
but for the owners and architects as well. Yet 
there is no doubt that such is the case, and a 
large number of the more experienced contrac- 
tors in concrete construction are thoroughly 
posted on this very important feature of the 
work. Briefly stated, these results as to safety 
can be attained if the centering, forms, shoring, 
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bracing, etc., are designed so that they can be 
removed in the following order: 

First—The column forms. 

Second—The sides of girder boxes. 

Third—The centering for slabs, excepting over 
one line of shores. Also all shoring and bracing 
under the slab, except one line of shores as 
stated. 

Fourth—Loosen the wedges under the remain- 
ing shores, and after examining the concrete, if 
found in good condition, remove all shoring and 
bracing which may remain. 

It should be understood that between each of 
these operations an interval of two or three days 
should elapse. For example: In good warm 
weather the column forms can generally be re- 
moved in about five days after they have been 
concreted, provided that the sample cubes in- 
dicate that the concrete has attained a reason- 
able degree of hardness. After removing two 
sides of one column box the concrete can be 
examined, and if it appears too green, the re- 
moval of the others of the same age may be 
postponed. But if the appearance indicates that 
it is ageing properly all the remaining columns 
of the same age may be stripped. It must be 
understood that when this is done, there must 
be no weight on any of the columns, except their 
own dead weight. 


All the weight of the girders and the slabs is 
being carried directly by the shoring. The sides 
of the girder boxes can be removed in fram two 
to three days later, and if a small force is used 
in removing the forms, as should always be the 
case, the same gung can generally go on with 
removing the girder sides as soon as they have 
stripped the columns. The bottoms of the 
girder forms are left in place, together with all 
supports under same, so that there is still no 
load being put on the green concrete. We have 
so far only exposed the columns and the sides 
of the girders to the air, and in this way assisted 
them to harden more rapidly. As fast as the 
forms are removed the concrete should be in- 
spected, and if any defective work is found there 
is an opportunity to remedy it, while the work is 
still thoroughly supported, and before it is 
trusted with supporting its own weight. 

In carrying out the third operation, if the slab 
spans are short, as for example under 7 ft. long, 
then it is generally safe to remove all the slab 
centering and all the shoring and bracing under 
same at one operation, but even in this case the 
first thing to be done is to loosen up the wedges, 
after having examined the appearance of the 
top of the slab, and being assured that the con- 
crete is in good condition so far as surface in- 
dications are concerned. If the slab spans are 
of any considerable length, it is better to have 
one line of supports so arranged that they bear 
directly on one board, and this board being at, 
or near, the middle of the span of the slab, the 
remaining slab centering and supports can be 
removed without disturbing the line of shores 
supporting the single board at the middle of 
span. This gives an opportunity to inspect the 
under side of the concrete slab, and if there are 
any imperfections in the work they can then be 
remedied, before the slab is trusted with any 
loads. If it is found in good condition, then it is 
best to leave it exposed to the air for a few 
days before finally loosening up the wedges under 
the line of shoring which still remains in place, 
and removing them. If this method is followed 
there is not the slightest danger of having ac- 
cidents on the work. But it is not possible to 
have any such program carried out if the forms 
are all nailed together as they usually are dur- 
ing the erection of the work, and to remove one 
part of the falsework without disturbing the 
remainder is out of the question. 

It is not to be expected that carpenters with- 
out any plans, except the plans of the concrete 
work, can design the forms in the field so as to 
meet these conditions; it is a class of work 
which should be studied out by engineers who 
have had an extensive experience in the field in 
close contact with concrete construction work. 
As to the particular way in which the forms are 
designed to meet these conditions, it is not es- 
sential to follow any one scheme, so long as the 


design is worked out with the idea in view 
that the parts may be readily removed in 
sequence, along the lines already indicated, and 
this can be done by using a fair amount of in- 
genuity, and by depending on the use of iron 
and wood clamps instead of nails for connecting 
the parts together. Of course it is not intended 
that the reader shall get the impression that no 
nails are “to be used in the manufacture of the 
work. 

The sides of girders, sides of column boxes, 
and the bottoms of girder boxes should be made 
up complete in the mill, and these should be 
thoroughly battened, and the boards comprising 
same should be thoroughly joined together by 
means of the battens nailed to them. Any parts 
which can be readily handled in the field should 
be made up complete in the mill and these 
should be securely nailed together. But it is 
in the field work that nailing should be avoided, 
and dependence placed on the use of clamps 
and interlocking devices which can be so well 
studied out in preparing the design that no nail- 
ing of any consequence will be necessary in 
erecting the forms. There are so many vari- 
ations of these details possible that there is lit- 
tle use to suggest any details of this kind, as it 
is better to study out the requirements of each 
individual case as it arises. It is not even 
recommended that any attempt be made to 
standardize the details of form work beyond a 
certain point, as this does not give the good re- 
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Fig. 1. Automatic Discharge Regulator, Using 
Venturi Meter Principle. 


(F. N. Connet, Providence, R. I., Inventor.) 


sults to be obtained by a special study of each 
job and its particular requirements. 

There is one other consideration which alone 
brings the designing of form work strictly 
within the province of the engineer, and that is 
that there is no other way, by which it is pos- 
sible to know in advance just what the false- 
work will cost on any particular piece of work. 
If this remains an unknown quantity, how is an 
architect or engineer to say that the design he 
has worked out for a structure is economical or 
otherwise? 

The cost of the falsework is such a large and 
important item in the whole cost of the work, 
that if it remains a matter of guess work, as it 
usually does, it is simply impossible for the en- 
gineer to say whether or not some other ar- 
rangement of the columns, girders, etc., would 
not result in saving a great amount of money in 
the first cost of the work. 

Where the falsework is manufactured at the 
site of the work there are often found layers of 
sawdust, chips, and sometimes blocks of wood, 
in the concrete, and especially in the columns. 
This source of danger is practically eliminated 
when the forms are not manufactured at the site 
of the work. 

There is another condition which generally ex- 
ists when the contractor for concrete work picks 


up a force of carpenters in the vicinity of the 
job and puts them to work to make up the 
forms, and that is, that the contractor, if he goes 
into a district where he does not know the local 
labor conditions, usually gets the very refuse 
of the carpenter trade in that locality. The local 
builders know the men who are worthless at their 
trade, and a contractor coming in from else- 
where does not. The result is that he generally 
gets the carpenters that cannot get employment 
from any one who knows them. And such mep 
are to be found in every district. 


—— —„ — 


AUTOMATIC DEVICES FOR MEASURING WATER USED 
FOR IRRIGATION. 
By F. W. HANNA.“ 


One of the most important features of the 
great question of conservation of the natural 
resources of our country is the extension of the 
possibilities of irrigation. The limit of the re- 
claimable land in the arid regions is not deter- 
mined by the extent of arable land but by the 
quantity of water available for the irrigation 
thereof. The future of irrigation growth there- 
fore depends on the economic and beneficial use 
of water. All of the arid states recognize the 
soundness of the doctrine of beneficial and eco- 
nomical use of water as the fundamental basis 
of the right of its use for irrigation, and many 
of them have incorporated in their irrigation 
codes this doctrine together with the equally im- 
portant principle of appurtenancy and insepara- 
bility of the water right and the land irrigated. 
The economical use of water for irrigation can 
only be obtained by charging for the amount of 
water delivered at the irrigator’s headgate. Such 
a basis for water charge involves the difficulty, 
therefore, of making accurate measurements of 
the water delivered. Many attempts have been 
made to devise satisfactory methods of handling 
the problem and it is the aim of this discussion 
to summarize the methods most generally in 
use and some of the most worthy American de- 
vices invented for the purpose. 

In Italy, where irrigation is many centuries 
old and where irrigators have long been accus- 
tomed to pay for water by volume, the meas- 
urement of water has reached a fairly high 
standard of excellence. So far as the writer 
was able to gather from inquiry and inspection 
while in the irrigated districts of northern Italy 
there are two general methods of measurement 
employed, that of Soldati involving the use of 
the orifice and that of Cippoiett! involving the 
use of the weir. In Soldati’s method the water 
to be measured is taken out of the supply canal 
through headgates into a short masonry chan- 
nel at the lower end of which is an orifice of 
appropriate dimensions opening into the dis- 
tributing ditch. ‘The head on the orifice is reg- 
ulated by means of setting the headgates at the 
proper opening to maintain a constant dis- 
charge. The masonry channel between the 
headgates and the orifice is made of sufficient 
length to prevent the disturbance of water 
gained in passing the headgates from reaching 
the orifice. The water master in making his 
rounds sets and locks the headgates at such an 
opening as will give the required head on the 
Orifice. If the water surface in the supply canal 
were constant this method would be satisfac- 
tory, but, inasmuch as it is constantly subject to 
fluctuations, the discharge through the orifice is 
likewise affected. Considerable difficulty is also 
experienced from the fact that the supply canal 
is not always purposely operated at the same 
discharge, thus making it difficult to determine 
the elevation at which the orifice should be 
placed for producing the best results. The Cip- 
poletti method consists of ‘the use of the well 
known weir bearing the inventor’s name in con- 
junction with a measuring box connecting the 
weir with the headgates at the supply canal. 
The head on the weir is controlled by regulation 
of the headgates as in the case of Soldati's ori- 
fice. It will be seen, therefore, that this method 
has about the same merits and is subject to 


about the same troubles as is the orifice method. 
5 canted: U. 8. Reclamation Service, Washington, 
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In India and Egypt the assessments for the 
use Of irrigation water are generally based on 
the areas irrigated. The authorities in charge 
of irrigation works believe that the degree of in- 
teligence and honesty of the water users in 
these countries is not adequate to permit of as- 
sessment by volume. In carrying out the plan 
of assessment by irrigated areas each canal and 
its several subsidiary branches are designed with 
capacities at full discharge proportional to the 
areas to be served, the laterals receiving their 
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Fig. 2. 


Regulating Weir, Flotation Type. 
(W. S. Post, Los Angeles, Cal., Inventor.) 


supply from the main canals through headgates 
of sufficient size to discharge the proper amount 
of water. The system is defective when the ca- 
nal for any reason is operating at less than full 
capacity as proportional discharges will not be 
taken by the subsidiary canals; and the natural 
silting and scouring of channels, deterioration of 
structures and the interference of interested ir- 
rigators all serve to break up the efficiency of 
distribution. Constant and elaborate investiga- 
tions are necessary to ascertain whether defects 
in equitable distribution are growing; and lack 
of adequate supervision and repairs results in 
gross inequalities of distribution of the water. 
Moreover, when it is found that an improper dis- 
tribution is being niade on any branch of the 
system, it becomes necessary to correct the ex- 
isting evil by cleaning or enlarging its channels 
or in many cases by the reconstruction of its 
headworks. Such a system besidés being diffi- 
cult to maintain and unjust to the irrigators is 
wasteful in the use of water. The irrigators 
have no interest in the amount of water used 
and are, therefore, prodigal in its use. Oppor- 
tunity for dishonesty in the supervising force is 
always present and is almost certain to result 
in grievances to irrigators and wasteful use of 
water. These facts are all well recognized by 
the engineers in charge of Indian and Egyptian 
irrigation works and attempts are at present 
being made to devise methods of automatically 
regulating and measuring the water delivered to 
irrigators. The Indian Irrigation Commission of 
1901-3 In its report recommends that continuous 
and strenuous efforts be made to perfect the 
system of distribution by the use of modules and 
by other means. “Punjab Irrigation Paper, No. 
12, by R. G. Kennedy, on the distribution of 
water for irrigation by measurement, describes 
some interesting devices for measuring irriga- 
tion water that are being experimented with on 
Indian irrigation systems. 

In the early development of irrigation in the 
United States very little attention was paid to 
the measurement of water delivered to the irri- 
gators. Under these earlier developments the 
water supply was usually abundant and there 
was no need of economy in its use. 
appropriations have from time to time been 
made from the rivers, the water supply has grad- 
ually become more limited until in many sections 
of the arid regions it is insufficient to water the 


As more. 


lands now under irrigation, much less to develop 
new irrigation projects, and especially so with- 
out the construction of storage reservoirs. The 
expense involved in the construction of such 
reservoirs and the general scarcity of water have 
led irrigators fully to realize the necessity for 
economical use of irrigation water. There are, 
however, many canal systems still in existence 
where the charge is based on the area irrigated, 
on the volume used without definite measure- 
ment or on a definite proportion of the flow of 
the canal regardless of volume. Many of the 
Irrigation companies that have in the past de- 
livered water to farmers without measurement 
are now putting in measuring devices and charg- 
ing for the use of water by volume. Some irri- 
gation companies base their charges for water 
on a combined consideration of the area served 
and the volume used. 


Practically all of the earlier measuring de- 
vices used for measuring water for irrigation 
were designed for determining the quantity in 
miner’s inches, and many of these devices are 
still in use. One of the most successful is the 
well-known excess weir invented by Mr. A. D. 
Foote, of Idaho. The definitions given to a miner’s 
inch in the various states require the measure- 
ment of the water through an orifice; but atten- 
tion is usually given to conditions other than 
the head affecting the discharge. Recent legis- 
lation and efforts of engineers have resulted in 
the adoption of weirs of the Francis or Cippo- 
letti type. In most cases, however, where meas- 
urements are made the conditions for accurate 
measurements are not good. The weirs or ori- 
fices are placed adjacent to the takeouts or at 
such short distances therefrom as to leave the 
discharges subject to the influences of disturb- 
ances at headgates. In other cases even where 
fair conditions for accurate measurements exist, 
infrequent adjustments of the headgates and 
lack of close inspection and supervision result 
in unknown deliveries of water. In some locali- 
ties a rating flume is used for obtaining the 
discharge. In this method the flow is obtained 
from a discharge-gage curve established from 
current meter measurements. Much improve— 
ment in the distribution of water could be ob- 
tained by the adoption of either of the Italian 
methods of measurement hereinbefore men- 
tioned, but even then ideal conditions would be 
far from realization. Ideal distribution requires 
a mechanism that will not only automatically 
measure the water delivered to the irrigator, 
but that will at the same time automatically 
regulate the delivery to a constant amount, 
varied from time to time to suit the conditions. 
The chief obstacles to the solution of the prob- 
lem are excessive cost of the meter, inability of 
the meter to measure water containing debris 
and the requirement of head for operation of the 
meter. The obstacles eliminate the use of the 
ordinary house meter or even an adaptation of 
the current meter from consideration. A num- 
ber of ingenious automatic modules that will 
measure a variable delivery of irrigation water 
and a few automatic constant discharge modules 
that will simultaneously regulate and measure 
a constant discharge of water have been in- 


- vented. 


The automatic modules are useful in perform- 
ing the function of measurement, but their use 


- falls short of the full solution of the problem as 
the matter of 


regulation is 
little less important in 
measurement. The „Australian Irrigation 
Ditch, Water Meter” described in Engi- 
neering News for March 26, 1908, is prob- 
ably a good illustration of this type of 
module, and its practical success is there dis- 
cussed. No statement, however, as to its work- 
ings in debris-laden water is made and this it 
would seem might be one of its most serious de- 
fects. Automatic gage height recorders have 
been used in connection with weirs and orifices 
for measuring a variable discharge. In using 
this method of measuring discharge the average 
head acting on the weir or orifice is obtained by 
taking a mean of the indicated head from the 
gage height recorder diagram. Inasmuch as the 
discharge computed for any period from the 


generally but 
irrigation than the 


of the discharge pipe. 


mean head is not equal to the discharge actually 
obtaining at the variable head for the period, the 
method is unsatisfactory. The process of ob- 
taining the mean head is, moreover, not an easy 
one as it requires the tracing of the diagram 
with a planimeter or some still more laborious 
method. 

Of the devices invented for solving the com- 
plete problem of simultaneous regulation and 
measurement, there is a considerable number, 
and they may be divided into two important 
classes, those requiring external power for oper- 
ation and those operating automatically through 
the action of the canal water. 

One of the most ingenious and recent of the 
class requiring external power for operation is 
the invention of Mr. F. N. Connet, of Provi- 
dence, R. I. In this device, shown in Fig. 1, an 
outlet pipe in the form of a Venturi meter is 
used and the controlling gate is placed in the 
enlarged section of the plpe beyond the throat 
and is operated by hydraulic pressure from an 
external source, the water under pressure being 
admitted from this source to the upper or to the 
lower surface of a piston attached to the con- 
trolling gate. The admission of the water to 
the proper surface of the piston is controlled 
with a pilot valve operated by means of a prim- 


ary receptacle attached to it and suspended in 


a secondary receptacle connected wtih the throat 
of the outlet pipe, the primary receptacle being 
flexibly connected with the enlarged section of 
the discharge pipe on the supply side of the 
throat. When the discharge for which the mech- 
anism is properly adjusted is occurring, equal 
pressures of water are admitted to the top and 
to the bottom of the piston. If the velocity of 
the water through the discharge pipe is in- 
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Fig. 3. Self-Adjusting Water Gate for Constant 
Discharge. l 


(F. W. Hanna, Washington, D. C., Inventor.) 


creased, the water in the secondary receptacle 
falls a greater amount than that in the primary 
receptacle, due to a greater decrease in the pres- 
sure in the throat than in the enlarged section 
The primary receptacle 
therefore descends, opens the attached pilot 
valve and admits water to the top of the cylin- 
der, thereby closing the gate slightly and de- 
creasing the discharge. If the discharge de- 
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creases, the primary receptacle rises, opens the 
pilot valve and admits water to the under side 
of the piston, causing the gate to open slightly 
thereby increasing the discharge. It is evident 
that other mechanisms for regulating and meas- 
uring the flow of water might readily be devised 
by the use of electrical, hydraulic or other kinds 
of energy from external sources, but such energy 
is not usually economically available for the 
purpose. 

The devices designed to regulate and measure 
the discharge of irrigation water from supply 
canals automatically through the action of the 
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water cushion for retarding accelerated motion 
of the operating mechanism due to the excess 
of starting over moving friction. The gate, in- 
take and bucket are connected to their sheaves 
in such a manner that the gate and intake act 
oppositely from the bucket in producing rotation 
of the shaft. With the operating system in 
equilibrium, the common water surface in the 
main canal and intake chamber is slightly above 
the top of the intake, and a constant small 
amount of water entering the intake flows 
through the connecting pipes, the bucket and 
the adjustable outlet at the bottom thereof. If 
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canal water consist of what might be called the 
flotation and the gravity types. These two 
types of automatic constant discharge regulators 
aim at the complete solution of the irrigation 
water measuring problem. 

Of the flotation type, the recent invention of 
Mr. W. S. Post, of Los Angeles, Cal., may be 
mentioned as being representative. His inven- 
tion (Fig. 2) consists of a weir supported by 
floats in the supply canal and fitted at the bot- 
tom to a discharge pipe connected by a special 
joint with another discharge pipe leading to the 
takeout canal. The upper portion of the dis- 
charge pipe leading to the takeout canal con- 
sists of two concentric cylinders joined at their 
lower ends and the weir discharge pipe slides 
between these two cylinders. In this manner a 
partial water seal is obtained preventing an ex- 
cessive outflow of water except over the weir. 
One side of the weir box serves as a measuring 
weir and the water passes over this weir into 
the box, thence through the discharge pipes into 
the takeout canal. The quantity of water flow- 
ing over the weir is kept constant by means of 
the floats maintaining its crest at a fixed dis- 
tance below the water surface of the supply 
canal. The other inventions of this type differ 
from the one described mainly in the method of 
connecting the discharge outlet of the weir box 
with the discharge outlet leading to the takeout 
canal. 

The writer has recently invented a mechanism 
for automatically measuring and regulating ir- 
rigation water that belongs to what has been 
hereinbefore styled the gravity type for want of 
a better name. This device, shown in Fig. 3, 
regulates the flow from the supply to the deliv- 
ery canal by means of an automatic, constant 
discharge, movable water gate, producing in ef- 
fect either a weir or an orifice. This gate is 
hung from chains attached to sheaves keyed to 
a horizontal shaft above the surface of the sup- 
ply canal. The shaft extends beyond the gate 
at one end and is provided with another sheave 
and chain from which !s hung a bucket which 
can contain enough water to counterbalance or 
raise the gate. Water is admitted to the bucket 
through an intake suspended by a chain and 
sheave from the horizontal shaft at an adjusta- 
ble height above the discharge edge of the gate. 
The intake communicates with the bucket 
through a system of telescoping pipes. An ad- 
justable outlet is provided in the bottom of the 
bucket. 


The bucket is provided with an adjustable 
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the water surface in the main canal rises, a 
larger amount of water will enter the intake 
than can be discharged through the outlet of the 
bucket, thus increasing the weight of the con- 
tents of the bucket and causing the gate and 
intake to rise until the excess flow is stopped 
and equilibrium established. On the other hand, 
if the water surface in the main canal falls, the 
flow into the intake will diminish and the dis- 
charge from the bucket outlet will decrease the 
weight of the contents of the bucket, thus per- 
mitting the gate and intake to descend of their 
own weight until the increasing flow into the in- 


FIG. 2. VIEW SHOWING TEMPORARY DRAW BRIDGE 


take again establishes equilibrium. Where the 
drop in the water surface is insufficient to sup- 
ply the operating head, the bucket can be in- 
stalled in a water-tight well from which the 
water may be removed periodically by means of 
a small hand pump or continuously by means of 
any suitable mechanically operated device. 


THE TEMPORARY BRIDGE ACROSS THE CORNWALL 
CANAL AND THE PERMANANT REPAIRS TO THE 
CANAL BREAK.* 


When the river bank of the Cornwall Canal at 
Cornwall, Ont., broke through on June 23 last, 
carrying with it the draw pier and span of the 
bridge of the New York & Ottawa Ry., the 
first efforts of the engineers on the work were 
directed toward putting the canal in shape to 
carry the large grain traffic then passing down 
the river. The reconstruction of the bridge, 
which carried a very small train service, had to 
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wait. The repairs to the canal, described, to- 
gether with the history of the break, in our issue 
of July 9, 1908, p. 34, were completed with re- 
markable speed and efficiency on July 10, just 
17 days after the accident, and immediately 
thereafter the construction of a temporary cross- 
ing for the railway was commenced. On ac- 
count of the inaccessibility of the site, with the 
main bridge disabled, the unreliability of the 
foundation ground, the necessity for immediate 
reconstruction and the congested condition of the 
right-of-way, the erection of the temporary 
structure presents many Interesting features. 


IN COURSE OF ERECTION. 


The New York & Ottawa Ry., now a subsidi- 
ary line of the New York Central & Hudson 
River R. R. Co., crosses the River St. Lawrence 


‘at this point on a series of large trusses and, 


*Railway datum zero in the drawings equals government 
datum zero + 140.5 ft. All elevations except in Fig. 6 
are given from railway datum. 
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up to the time of the accident of last June, 
crossed the canal, which is immediately north of 
the north bank of the river, on a steel viaduct 
and swing draw, shown in dotted lines on the 
cut in Fig. 1. The washout in the canal under- 
mined the central pier carrying the drawbridge 
and threw that entire structure into the canal 
bed. Around the debris the canal engineers built 
a timber stone-filled crib which acted as a dam 
to stop the hole in the bank and, by dredging 
north of the original canal line, formed a curved 
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to the adjacent temporary canal excavation in- 
duced the engineers to change the design to the 
one adopted. In this scheme the heavy framework 
shown in Fig. 3 was erected on piles driven in 
the new canal bottom and the bridge, resting on 
this framework swung between one of the steel 
trestle bents on the north and pier No. 10 on 
the south i 

The drawbridge is shown in Fig. 3. In its 
original location on another part of the New 
York Central Lines it was a through double- 
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channel around the break. This dredging ne- 
cessitated the removal of the steel viaduct back 
as far as the bent marked A on Fig. 1. The 
work for the bridge engineers, therefore, con- 
sisted in building a single-track crossing from 
bent A to Pier No. 8, the north pier of the large 
cantilever crossing the St. Lawrence, a total con- 
struction of 394 ft., in which a drawbridge over 
the canal was required. 

The temporary structure, which is now in ser- 
vice, is shown in heavy lines in the cut in Fig. 1 
and in completed form in the view in Fig. 4. 
Starting from the cantilever it consists of a 42-ft. 
plate girder, a 56-ft. timber trestle, a 48-ft. plate 
girder, a 23-ft. timber trestle, a 72-ft. lattice 
girder and finally a 152-ft. plate-girder swing 
drawbridge, resting on a timber bent center sup- 
port. All of this steel work came from the vari- 
ous store yards of the railway and was material 
that had been in use on other branches of the 
road, but which had been superseded. None of 
it was in exact size or strength to be placed im- 
mediately in the temporary structure and con- 
siderable shop work was necessary on each sec- 
tion. 


The work from the north end of the cantilever 
to the crib work was comparatively simple, con- 
sisting merely in driving timber piles in the bot- 
tom washed clear by the rush of water from the 
canal break. The greatest difficulty here was in 
removing the steel of the wrecked drawbridge 
which lay in a twisted mass just where the tim- 
ber bents were to go. Up to the north timber 
base of the second plate-girder the bents were 
set upon pile footings, but north of this point 
the proximity of the timber crib, which held the 
2anal water, prohibited the use of piles on ac- 
count of the possible loosening of the earth and 
the consequent leakage through or under the 
crib. So these bents were set on mud-sills. From 
this bent to the old stone pier No. 10, which 
remained after the break, a lattice girder was 
extended. This completed the work on the south 
side of the canal for which the material could 
be brought from the States directly, across the 
St. Lawrence bridge. The erection of the draw- 
bridge, by far the most difficult part of the re- 
construction, had to be executed on the north 
side of the canal and all material brought up 
from headquarters by some roundabout way 
through Canada down again to Cornwall. During 
the entire erection heavy traffic, for which pro- 
vision had to be made, was passing through the 
canal. 

At first it was intended to build this draw- 
bridge using old pier No. 10 as a center pier, ex- 
tending its carrying surface by driving piles on 
all sides of it, but the slenderness of the pier 
and its not altogether assured stability owing 


girder, double-track, center-bearing swing span 
142 ft. long. Some time ago it had been removed 
and the opening filled by another bridge and at 
the time of the collapse it was in one of the 
store yards of the railway. To utilize it for the 
Cornwall span it had to be changed in many 
ways. In the first place it was made into a deck 
span, which necessitated the reversing of the 
girders so as to bring the curved original upper 
flange into the lower flange. A new system 
of lattice bracing and a new center cross- 
girder system had to be placed and as will 
be noted from Fig. 3, these new lattice panel 
points do not come opposite the stiffener angles 
of the girder, as is usual in plate-girder work. 
The latticing consists now of alternate single 
diagonals at upper and 


pieces, and shipped by a roundabout route to the 
bridge site, where it was erected on the timber 
work extending parallel to the canal (Fig. 2). 
The shop work was so arranged as to utilize as 
much as possible of the rivet holes, shapes, etc., 
on the old girders, with the result that very little 
punching and riveting had to be done in the field. 
Most of the deck and wedge levers and connec- 
tions were of new material arranged especially 
for the new service. The plate-girders used in 
the temporary structure presented no especial 
difficulty but the long lattice girder was not of 
exact size required, so the end which rested on 
the masonry pier had to be cut away and length- 
ened slightly so that the lower chord had an 
upward slant to clear the corbel on top of the 
pier. The plate-girders were in rows of two, 
6-ft. on centers, but the lattice girders were in 
two rows of two pairs, each 1 ft. 6 ins. on center 
and the rows 5 ft. apart. 

In addition to the work heretofore described 
the railway had to build heavy fenders to pro- 
tect the piers because the enforced turn in the 
new channel makes the handling of a boat more 
uncertain and the protection of the timber and 
masonry piers in the canal a matter of neces- 
sary precaution. 

As noted in the first part of the article the 
canal break occurred June 23. On July 10 the 
water was let into the canal and on July 16 the 
first canal boat went through the damaged sec- 
tion. Up to this time the engineers of the rail- 
way had not been able to do any construction 
work, but were preparing drawings, beginning 
shopwork and searching for material. On July 
15 the first pile for the temporary construction 
was driven; on Aug. 2 the southern portion of 
the trestle was practically completed and on Aug. 
17 the first train passed over the finished struc- 
ture (Fig. 4). The work was carried out under 
the direction of the railway engineers by their 
own workmen. 


PERMANENT RECONSTRUCTION. — The 
present temporary repairs to both canal and 
bridge will remain in service until the cold 
weather shuts down all traffic on the canal, but 
meanwhile plans for permanent structures here 
have been made and the start made on the new 
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142 ft.; the present span 
is 148 ft., so that an 
extra 6 ft. had to be 
spliced onto one end of 
each girder to bring it to 
the correct length. In 
addition the new center 
is not in the center of 
the 148-ft. span, so that 
counterweight had to be 
provided at the short 
end to balance the span. 


The new span, as ad- = 
justed to its present con- 
ditions, is a center—bear- 
ing swing draw of the 
usual type, with the cen- 
ter pintle and circum- 
ferential bearing rails 
resting on timber block- 
ing supported by the tres- 
tle. As in the original 1. 
structure the draw is kept yE 
normally open, to pro- 
vide for which, and for 
future dismantling, the Ens. 
erection trestle, a struc- ia 
ture transverse to the 
line of bridge, has been 
left in place. Luckily, 
in its old location the drawbridge had been 
hand-driven and had rested on a timber center 
so that no changes had to be made to meet these 
same requirements in the new position. 

The shop work for the structural changes were 
all made near New York City and shipped from 
there to the railway yards at Harmon, N. Y., 
where the entire bridge was assembled. It was 
then dismantled, each girder divided into three 
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(Elevations are from railway datum.) 


work. As soon as the concrete retaining wall 
is completed across the break the work of re- 
moving the temporary dam will be commenced. 
It is proposed to remove the stone filling, ties 
and back timbers down to about 10 ft. below 
level of water in canal (bracing the face tim- 
bers with their sheet piling against the head of 
water), lower the water in canal 10 ft. for one 
day and cut the sheet piling all around, thus 
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allowing it to float out when the water is again 
raised. The balance of the dam will be removed 
when the canal is unwatered in the spring. The 
canal cannot be unwatered before April 1, 1909, 
on account of the manufacturing interests situ- 
ated near the lower entrance on the same level 
as the break, which have to be supplied with 


FIG. 4. 


water power. The long concrete retaining wall 
connecting with the lock wall below will be con- 
structed during the month of April. 

This permanent construction on the bridge 
comprises a new draw-span resting on a masonry 
pier at the site of the overturned original center 
pier and spanning practically the same opening 
as the first drawbridge, together with the original 
viaduct that was taken down to make way for 
the temporary draw. The canal is to be strength- 
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as it was before the break and a heavy stone 
toe will be built on the river side slope to protect 
the embankment from floods in the river. 
Although the cause of the primary break in the 
canal is not certain there is no doubt that the 
original draw pier was founded on weak ground, 
stratified with soft clay and quicksand. The 
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FIRST TRAIN CROSSING TEMPORARY BRIDGE. 


rushing waters from the break completely under- 
mined the pier and, when it had been thrown 
aside, tore out the bottom about 15 ft. under- 
neath the original footing. Investigations since 
the accident have shown that a good bottom can 
be had about 19 ft. below the canal bottom, that 
is at elev. 418, as shown on the accompanying 
drawings. At this elevation, then, the new draw- 
pier was founded. The design of this pier is 
shown in Fig. 6. It consists of a circular concrete 
shaft 23 ft. in diameter 
surmounting a square 
section pedestal with off- 
sets of 30 ins. at the 
bottom. The design is 
somewhat complicated 
by the arrangement of 
the sides of the pier to 
fit into the section of the 
retaining wall. 

Fig. 5 shows the gen- 
eral section through the 
wall and the pier on a 
line parallel to the ca- 
nal. It will be noticed 
that the elevation of the 
bottom of the wall va- 
ries with the condition of 
the ground and that the 
width of the bottom sec- 
tion of the wall increases 
with the depth of the 
footing. The wall and 
the pier are completely 
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FIG. 5. PLAN AND SECTION OF REPAIR WORK ON THE 


CANAL BREAK. 


ened by the construction on the canal side of the 
bank of a long concrete retaining wall extending 
across the present break in the arm and connect- 
ing with both the draw pier and the masonry 
canal lock walls some 500 ft. down the canal. 
Behind this wall the canal bank will be formed 


side, was thrown across 


the opening near the 
river (Fig. 5), and the 
space pumped dry. At 


present the pier and wall are completed up to 
the top of canal bank; and the construction of 
the upper portion of the pier will be carried to 
completion at once. The new drawbridge is to 
be of the through truss swing type, somewhat 
heavier than the old one, of the same general 


form and dimensions but with riveted instead 
of pin connections and equipped with electric as 
well as hand drive. 

The work of reconstruction on the bridge is un- 
der the direction of Mr. A. W. Carpenter, Assoc. 
M. Am. Soc. C. E., Engineer of Structures, N. Y. 
C. & H. R. R. R., and that on the canal of Mr. 
C. D. Sargent. M. Can. Soc. C. E., Resident En- 
gineer of the Ontario-St. Lawrence Canals. We 
are indebted to these gentlemen for the infor- 
mation and cuts here given. The Chief Engi- 
neer of the New York Central, Mr. George W. 
Kittredge, and Mr. J. L. Weller, acting for the 
Canadian Deputy Minister and Chief Engineer 
of Railway and Canals, are in final charge of 
the design and construction. The contractor for 
the construction of the pier and canal work is 
Mr. Thos. A. Nicholson, of St. Catherines, Ont. 


A PROPOSED SANITARY DISTRICT FOR NORTHERN 
l INDIANA. 

With the establishment of great steel works 
and other large industrial enterprises in northern 
Indiana, at Gary and other points along the 
shore of Lake Michigan, there will be a great 
development in the population of this district. 
At a meeting of the Gary Real Estate Board 
and the Northern Indiana Deep Waterway Con- 
vention, held at Gary, Ind., on Nov. 10, an ad- 
dress was delivered by Mr. John W. Alvord, M. 
Am. Soc. C. E., on the desirability and the ne- 
cessity of organizing a sanitary district to take 
care of all questions of water supply and sewage 
disposal within this territory. From his ad- 
dress we take the following extracts: 

The health and well-being of probably a million peo- 
ple, future residents of the little 40-mile strip of north- 
ern Indiana that lies along Lake Michigan, will depend 
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Fig. 6 Details of New Draw-Pier. 
(Elevations are from Government datum.) 


largely upon the care and forethought which we give 
to their sanitary environment. It is to my mind more 
than a mere achievement of business or brains or en- 
gineering. To me it arises into the field of ethical im- 


It is usually the case that problems so vast as this 
require something more than the suggestion of one man 
or a number of men, brilliant and capable although 
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those suggestions may be. They require, in the first 
place, proper organization, with the necessary authority, 
time and means to make a prolonged and careful study 
of the many problems that are bound to be involved in 
a minor way in the one great problem as it first ap- 
pears. Therefore, it seems to me wise to suggest that 
before we make suggestions for the solution of the prob- 
lems of water supply, sewerage, and drainage of floods 
for the southern shore of Lake Michigan, we should 
begin at the beginning of the problem and carefully 
consider what should be the best form and arrangement 
of a selected body of broad-minded men who would un- 
dertake, in a conservative and patient way, to unravel 
this task. 

We have seen in Chicago, an organization known as 
the Sanitary District of Chicago, which, backed with 
the proper legal authority and taxing power, has per- 
formed a mighty task. Before we can properly appre- 
ciate the problem we, too, shall organize a sanitary dis- 
trict, with, I hope, somewhat more wisdom and caution 
than was displayed when there was organized the San- 
itary District of Chicago. With this wisdom we will not 
undertake beforehand to decide the exact direction of 
our energies, but shall leave to a wise and careful com- 
mission, having the power and the time to carefully 
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study the problem. Such a commission should outline 
from time to time what may be best for this or that 
portion of the district, with the certainty that its labors 
will be based upon exact facts. Such a commission 
would have the necessary time in which to weigh care- 
fully each suggestion made, and be guided in selection, 
not only by those who promulgate ideas, but by the 
general public which must pay for them. 

It will therefore be my suggestion that instead of 
deciding in advance upon any kind of a channel, or 
any particular method of sewage disposal or water sup- 
ply, the inhabitants of the lake shore of Indiana, first 
of all. form what may be called the Sanitary District 
of Indiana. This district ought to comprise all of the 
lake shore and its tributary watershed between the state 
lines of Illinois and Michigan. It will have about 40 
miles of lake frontage, and a depth at its greatest of 
about 17 miles, with perhaps an average of 12 miles in 
width. It will comprise perhaps 550 to 600 sq. miles of 
territory, draining at the present time into Lake Michi- 
gan. ; 

Such an organization should be empowered to employ 
experts, and provide for surveys, maps, flow measure- 
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ments of streams, etc., so that it may formulate a gen- 
eral plan of procedure which may be locally applied 
from time to time to various sections within its borders. 
It should have general and guiding control of the drain- 
age, sewerage, water supplies, the intakes, the sewerage 
systems, sewage disposal works, water filtration works, 
the necessary channels within its borders, and the power 
to tax and construct or fix and prescribe both locally 
and generally, rules for the same. All this in order that 
it may have the full ability not only to study and to 
originate, but to thoroughly and effectually approve, di- 
rect or even carry out to a final conclusion any or all 
public matters of this character. 

I would not have it interfere in the least with the 
local self-government of each of the several communi- 
ties of which it is composed, but I would most as- 
suredly give it power to control the purity of the water 
supplies, and to direct such communities to take proper 
steps for the general acquisition of pure supplies, ade- 
quate drainage, and proper disposal of wastes. 

Such a district and such a commission will have to 
be created by the state, necessarily, and by means of a 
law, carefully prepared, something after the type of the 
Metropolitan Sewerage District of Boston or London, 
but, I hope, avoiding some of the evils of the Sanitary 
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(Railway Datum.) 


District Law of Chicago. In my opinion, the Sanitary 
District Law of Chicago, limiting the district, as it did, 
to the construction of a certain kind of channel or 
channels, without the authority to build intercepting 
sewers, sewage disposal plants, water filtration plants, 
or to properly protect the water supply, was a misdi- 
rected law, which has only in part accomplished its 
purpose, and which must inevitably be in the near fu- 
ture entirely revised to meet the new situation of san- 
itary danger which is now impending over Chicago. 
The Sanitary District Law of Chicago was originated 
by those who were desirous of seeing a commerce chan- 
nel created, making this the primary purpose rather 
than sanitation. The result has been that neither have 
we a channel for commerce which can be utilized for 
many years to come, nor have we the best methods of 
sewage purification or sewage disposal. If there shall 
be channels incidentally and necessarily connected with 
adequate drainage, let them come. But do not let us 
prostitute our sanitary requirements in any way to the 
visions of a commerce which has not yet arrived. I be- 
lieve in commerce channels. I am certain that we will 
one day have a great waterway from the lakes to the 


North 
Base of Rail, El. 233.2 _ £ A 


Gulf, but I cannot, with equanimity, view the possibility 
of neglecting our sanitary requirements in an ill-advised 
attempt to promote commercial channels, the demand 
for which is not yet apparent. The topography of this 
district is such that they can be easily constructed when 
required, and I fully expect to see a channel of the 
Sanitary District of Chicago connected with the whole 
south shore of Lake Michigan, and having upon it the 
commerce which is an ample justification for its cən- 
struction. 

But our first and greatest duty to the generations 
which must follow us here is to provide them with a 
pure water supply, adequate drainage and sewerage. 


THE HYDRAULIC METHOD OF HANDLING EARTH. 


There are very great opportunities for the hydraulic 
method in the construction of earth dams and levees, in 
making the cuts and fills for railway embankments and 
in filling depressions by removing material from one lo- 
cality and transporting it to another. 

Where the conditions are favorable, an earth dam can 
be built more substantially and more economically by 
this method than by any other. 

Millions of cubic yards of gravel have been displaced 
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in California by hydraulic process, 
and the gold extracted therefrom, at 
a cost of less than 1 ct. per cu. yd. 
aside from the expense of furnishing 
the water. 

In the building of dams it is an 
open question whether a greater ex- 
pense incurred by this method of de- 
positing the material may not be jus- 
tified, by reason of the greater se- 
curity of a structure built up in this 
way. Its solid compactness and great- 
er stability hold out every induce- 
ment to make use of hydraulic pro- 
cesses. This may be said with equal 
assurance of other embankments, be- 
cause the settlement of such structures 
after completion by this method is 
practically nil. 

Most localities where dams are con- 
templated will have a sufficient avail- 
able supply of water for such purpose if it is pumped 
and the same water used continuously. 

Where a sufficient pressure is obtainable, a hydraulic 
elevator may be installed to lift the earth from the reser- 
voir bottom to the height of the lower portions of the 
embankment, leaving but a comparatively small part of 
the upper work to be completed by another process. 

In the building of levees the hydraulic method is par- 
ticularly well adapted, because it is not only economical 
to use it, but it will also make an extremely stable and 
solid embankment, one that cannot be made equally stout 
and firm by any other process. The conditions are gen- 
erally favorable to utilize it, too. 

It requires some skill and experience to obtain the best 
there is in hydraulic work to build dikes and levees, but 
in the consideration of the great amount of such work to 
be done, there is every reason why the civil engineer 
should acquire a practical knowledge of this useful 
method.—From a paper by H. A, Brigham, Practical 
Methods of Examining and Fitting Up a Hydraulic Mine,” 
read before the Technical Society of the Pacific Coast, 
Aug. 28, 1908, and published in the “Journal of the 
Association of Engineering Societies” Oct., 1908. 


Digitized by Google 


HET eo 


672 


ENGINEERING NEWS. 


Vol. 60. No. 25, 


PROPOSED STRUCTURAL IMPROVEMENTS FOR THE 
ELEVATED TERMINAL LOOP AT CHICAGO. 


The elevated loop which forms the downtown 
terminal of all the elevated railways in Chicago 
has for some years been subject to continual 
criticism. This is aimed mainly at two different 
features: (1) the defective train service due to 
the inadequate traffic capacity; (2) the noise, 
and the obstruction to light. 

The question of the traffic capacity was dis- 
cussed in our issue of Sept 24. 

It has been suggested that when the proposed 
subway system is built the loop structure 
should be removed and the trains of the ele- 
vated railways operated underground. Careful 
investigation will be necessary to determine 
whether this is practicable. The subway sys- 
tem is designed primarily for the street rail- 
way service (in order to relieve the streets from 
this large element in traffic congestion), and it 
is a question whether it can be given sufficient 
capacity to handle efficiently the enormous con- 
centrated traffic of elevated railway trains and 
surface street cars. The subway system, how- 
ever, is a thing of an indefinite future period. 

Some improvements in present conditions on 
the loop are needed urgently, without waiting 
for the possible future removal of the structure 
Numerous suggestions for and reports upon 
such improvements have been made by different 
engineers and others. One of the organizations 
which has taken up the question is the Loop 
Protective Association, representing property 
owners along the line. It engaged Mr. Charles 
K. Mohler* as its engineer, to investigate the 
conditions and report as to improvements that 
may be effected. His report, which has been 
issued recently, suggests improvements both in 
methods of operation and in some detalls of the 
construction and equipment. It will be of in- 
terest to consider some features of these latter, 
omitting (for the present) all consideration of 
the proposed changes in methods of handling 
the trains. . 

STATIONS.—The station buildings (containing 
the ticket offices and waiting rooms) are on a 
levet with the platforms, and extend over the 
sidewalks. The total width of the railway struc- 
ture is about 20 ft., and the width over the 
platforms at stations is from 34 ft. to 49 ft. The 
maximum width at the station buildings is about 
100 ft., the buildings extending back into the 
cross streets. On Lake St., however, the sta- 
tions are narrow and have no waiting rooms. The 
widths of the streets and structure as given in 
the report are shown in the accompanying table: 


Width of Width Width of 
structure of street covered 
Streets. over platforms, street, by structure, 
ft. t. per ct 

Van Buren St. 42 63.6 
Wabash Ave ....... 49 100 49.0 
Lake St.. 34 80 42.5 
Fifth Ave ......... 49 80 61.2 


Fhe tracks are at a sufficient height to per- 
mit of footbridges beneath them at the stations, 
so that passengers can ascend stairways on 
either side of the street to reach either side of 
the station. The report suggests that the ticket 
offices and waiting rooms should be removed 
from the platform level, and established at the 
level of the footbridge beneath the tracks. This 
would reduce the obstruction to light caused 
both by the area and height of the present 
buildings, and the width and height of the 
altered station would be within the limits of 
the station platforms. This plan has been 
adopted for stations on the South Side Elevated 
Ry. (Chicago), and was described in our issue 
of June 4, 1908. This arrangement would also 
permit of convenient passage from one platform 
to another in the event of the different railways 
adopting eventually a mutual transfer system. 

It is suggested by the report that the obstruc- 
tion to light might be reduced still further by 
replacing the present “umbrella” shelter roofs 
over the platforms with roofs of the “butterfly” 
type, sloping downward from each edge to a 
center line of posts. Thus the highest point of 
the new roof (just clearing the roofs of the 
cars) would be at the level of the lowest part 


*Consulting Engineer, 401 Heyworth Building, Chicago. 


present roof. The roof covering might 
wire-glass instead of opaque material. 
Prism glass, as used for sidewalks and vault 
lights, might be used for flooring that part of 
the platform which covers the waiting rooms 
(supposing the latter to be put below the tracks, 
as noted already). 

The width and arrangement of the stairways 
at some of the stations are unsatisfactory for 
handling crowds. The report suggests that the 
stairway accommodation may be increased in 
three ways: (1) providing stairways 5% ft. or 6 
ft. wide, instead of 4 ft. as at present; (2) pro- 
viding connections with stairways in business 
and office buildings; (3) providing separate 
stairways for incoming and outgoing passen- 
gers at points of extreme congestion. We may 
note that there are already connections with a 
few large dry-goods establishments, to accom- 
modate the shopping traffic. Other connections 
were proposed at one time, but the necessary 
bridges over the sidewalks were objected to, and 
permission for their construction was withheld. 

The report suggests also that the stairways 
may be of light truss construction, that the 
risers might be omitted, and that the space under 
the bottom of the stairway should be filled to 
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Fig 1. Track Construction with Steel Troughs for 
the Ties. 
(Suggested by Mr. C. K. Mohler for the elevated loop 
railway in Chicago.) 

a height of about 3 ft., as this space serves 
only for the collection of dirt and rubbish. The 
second suggestion (intended to reduce the ob- 
struction to light) may be questioned, as the 
open steps would be liable to cause confusion 
and stumbling on the part of elderly or nervous 
persons ascending such a stairway. It might 
be practicable for stairways used exclusively for 
exit purposes. 

Some of the stations have special exit stair- 
ways at the ends of the platforms. These are 
convenient only for a small proportion of the 
passengers, and they are very little used. In 
some cases the platform gates of these stair- 
ways are not opened. As the stairways are 
obstructions to light and to street traffic, and as 
they are of little use, their removal ls recom- 
mended by the report. 

Each of the two tracks of the loop carries the 
trains of two railways. Under the present 
method of operation, each platform must be 
long enough to accommodate ten cars, as each 
half of the length is reserved for the special 
use of one of the railways. The present plat- 
forms limit the trains to five cars, and exten- 
sions of the platforms have been suggested 
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many times. In fact, the structural work for 
the extensions was built several months ago at 
some stations, but the completion of the plat- 
forms was stopped by the courts. This was due 
largely to the objections of property owners on 
the ground of damage to property by additional 
obstruction to light. 

The present reports of the Loop Protective As- 
sociation’s engineer is opposed to these exten- 
sions, and it is stated that the advantages are 
so limited as not to justify the objectionable 
features. The advantages would not be realized 
fully unless trains of the two railways ran 
alternately, whereas the number of trains varies 
on the different lines. Where the second of two 
trains belongs to the same road as the train pre- 
ceding, it must wait for the first to make its sta- 
tion stop at the proper platform and get out 
of the way. It may, however, follow the first 
slowly into the station. Ifthe first train is that 
of the railway using the rear portion of the plat- 
form, and the second train is that of the rail- 
way uSing the forward portion, the latter train 
must wait outside the station and then pull up 
to its proper platform. 

During the busy hours of the morning, how- 
ever, trains are allowed to stop to unload at 
either end of the platform. This cannot be done 


in the evening, when the rush is to the trains 


of two different railways. The report recom- 


mends that each platform be made one unit, 


used jointly by the two railways. This would 
permit the use of trains of seven cars. It is also 
suggested that alternate stations might be used 
by the two railways, instead of having every 
train stop at every station. This, however, 
would be liable to cause considerable confusion 
for persons going to the trains. 

FLOOR AND TRACK CONSTRUCTION.—The 
structure has an open floor consisting of wooden 
ties laid upon the top chords of the four lines 
These ties carry the 
rails and guard timbers. An experiment has 
been made with a ballasted floor in order to 
reduce the noise. It consisted in closing the 
spaces between the ties by bottom planks, and 
filling gravel between the ties and over the base 
of the rails. On one part, the gravel was filled 
only under each rail, the middle part of the 
track being left open (Engineering News, Feb. 
21, 1907). On another part, the filling extended 
the whole width of the track. The results were 
unsatisfactory, largely for the reason that the 
direct contact between rails, ties and structure 
was left unbroken. 

The report suggests three systems of floor 
construction: (1) a solid steel floor with concrete 
and ballast covering; (2) a ballast-filled trough 
for each tie; (3) a longitudinal trough (with 
ballast) for each rail. Whether the small 
amount of ballast in the two last methods would 
provide against noise and vibration, and would 
maintain the track in good surface is open to 
question. The solid floor system proposed is 
that of the Philadelphia elevated railway, in 
which longitudinal steel troughs rest on cross 
girders 10 ft. apart. A simpler arrangement 
for the Chicago structure would be a floor of 
transverse troughs resting on the present 
trusses. This is, of course, assuming that the 
structure is strong enough to carry such an in- 
creased dead load (for which it was not de- 
signed), or could at least be made sufficiently 
Strong at reasonable expense. The report is 
silent on this point, however, and it may be 
found on investigation that an improvement of 
this kind would be impracticable. 

The following is an extract from that part of 
the report which deals with the floor and track 
construction: 

There are a number of constructions which can be em- 
ployed for the roadbed carrying the rails and ties, so 
as to dissipate and absorb most of the noise-producing 
vibration originating from the rolling of wheels on the 
rails and over rail joints, etc. 

The main factors instrumental in attaining this end 
are: (A) Some inelastic medium, such as broken stone, 
placed under the ties and rail supports to break up the 
rigid continuity. (B) Increased mass of the supporting 
medium below and in addition to the ballast, to absorb, 
in part at least, the vibration before it is carried into 


and set up in the broad thin plates of the girders and 
parts of the structure under tension. 
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The most successful construction in this connection, to 
the knowledge of the writer, is that employed by the 
Philadelphia Rapid Transit Co. for its elevated line. Cross 
girders are placed at intervals of about 10 ft., and on top 
of these are carried shallow steel troughs, in and over 
which is placed a solid bed of concrete about 4 ins. deep 
over the highest portion of the inverted trough. On this 
is a bed of stone ballast, 6 ins. deep under the ties and 
filled in even with their top surfaces. This, while rather 
an expensive construction, and forming a solid covering 
over the roadway, is very effective in the elimination 
of the noise which would otherwise result from the op- 
eration of trains. The roadbed is practically watertight. 

The noise from the operation over this structure seems 
to be as nearly eliminated as is possible on elevated 
construction. When standing on the street a short dis- 
tance away the noise made by the passage of a train 
over the structure is not as noticeable as that from a 
car, moving over the surface track beneath. As a matter 
of fact, only two damage suits have been started against 
the company on account of noise. One of these was dis- 
continued for lack of evidence. 

In Fig. 1 is shown a design for roadbed consisting of 
steel troughs built up of plates and bulb angles, and 
filled with stone ballast. Steel ties are embedded in the 
ballast for carrying the rails. The spacing is such as 
to leave 19 ins. clear space between troughs. 

In Fig. 2, the rails are bolted to steel plates. The 
rail and plate are carried on stone ballast filling placed 
in the built-up steel trough running parallel to and car- 
ried on top of the longitudinal girders. It would not be 
open to the objection of cutting off all the light, as would 
be the case with solid floor construction, and would 
probably add the least weight and cost the least of any 
sound-deadening device that could be employed on the 
old structure. If the trough were filled with broken 
stone, over the base of the rails, it would act as an ab- 
sorbent of the vibration set up in the rail itself. No 
construction of this character has ever becn employed, 
to my knowledge, but I know of no reason why it could 
not be used to advantage. 

In some cases a combination of the Philadelphia type 
of construction with either of the trough designs shown 
in Figs. 1 or 2 might be made. For instance, where it 
is undesirable to have all the vertical light cut off from 
the street below. By using 60-ft. rails with the Phila- 
delphia type of construction for a length of 6 ft. or & ft 
at the joints, and the open steel trough construction f°" 
the balance, very satisfactory results probably could be 
obtained. 

While the use of guard rails is an essential for safety. 
none are shown on the drawings for the reason that t^-v 
form a detail apart from sound deadening. It is h “cosce? 
that in some cases an inside guard projecting well above 
and bolted to the running rail could be emploved to ad- 
vantage. This would cut off much less light than th» 
wooden inside guard now used, and should be quite as 
effective. 

Most of the noise vibration originates at the rail joints 
from the pounding by the wheels. Half of this could 
be eliminated at once by the adoption of 60-ft. rails in- 
stead of 30-ft. rails now used. The pounding and re- 
sulting noise at the joints could probably be very mate- 
rially reduced by the adoption of an outside splice bar 
which comes up with a gradual slope to a height a frac- 
tion of an inch above the head of the rail. By that ar- 
rangement, the splice bar will receive the wheel tread 
and carry the wheel and load over the gap between the 
rail ends at the joint, without allowing the consequent 
pounding on the rail joints and almost instant reversal 
of the shear, as is the case with the ordinary splice bar. 
The outside splice bar would serve the function of a 
girder in carrying the wheel over the weak spot in the 
joint. As designed, the splice bars are 4½ ft. long and 
have eight bolts. There would be no bearing between the 
splice and the rail for part of the distance between the 
widely spaced bolts or at the quarters. That, with the 
extra length will prevent very largely the hinge motion 
which takes place with the short splice bar. The bar 
made in this way should be of extra quality steel to re- 
sist the unusual wear that would be brought upon it. 

Splice bars similar to those above described have bern 
tried at different times on steam railway track. On ac- 
count of the great variation of rolling stock, badly worn 
wheel treads, heavy loads and high speeds, they have 
not proved very successful. For the elevated railways, 
however, where the wheels can be well maintained and 
the loads are not excessively heavy, very good results 
should be expected. 

A splice bar of this type has been employed on the 
Chicago & Oak Park elevated line. This, while quite 
an improvement over the old joint, is apparently not giv- 
ing as satisfactory results as might be hoped for. It is 
not employed under favorable conditions, neither do the 
details of the design appear to be the best that could 
be used. The splice bars (as applied to the old worn 
rails) are too short, of insufficient depth, and too thin 
to give the necessary stiffness and resistance to wear and 
crushing. | 

REDUCTION IN NOISE.—The report states 
that most of the noise due to the movement of 
trains is caused by the passage of the wheels 


over the rail joints. Means for reducing this 
have been mentioned above. The problem of 
noise reduction and the suggested encasing of 
the steel structure with concrete were discussed 
in Our issues of Nov. 17 and Dec. 15, 1904, and 
March 23, 1905. This latter was in regard to 
the report by Mr. B. J. Arnold. Other causes 
of noise, with remedial measures, are mentioned 
by Mr. Mohler in his report as follows: 


1. Structure.—Even with the changes in roadbed and 
track above suggested, it may be necessary to employ still 
other expedients to prevent vibration (which may be car- 
ried into the structure) from producing noise by its ac- 
tion on the broad thin plates and members under ten- 
sion. It is believed that in many cases creosoted planks 
could be bolted to the vibrating and noise-producing 
parts of the structure in such a way as to very materially 
reduce, if not prevent, the noise. In some cases felt 
placed between the planks and the members to which 
they were applied might prove more effective. In still 
other cases, casing with concrete may be the better expe- 
dient. 

2. Motor Gears.—There does not seem to be much prom- 
ise for noiseless motor gears. About the most that can 
be hoped for is to have them reasonably well main- 
tained, and have the vibration absorbed in the roadbed 
construction before it is carried into the structure. The 
noise is made worse on account of the vibration being 


carried into the car body and there acting on the reso- 
nant and loose parts of the car, as well as being carried 


into the structure with the present roadbed used. Some 
of the noise might be eliminated by housing or casing 
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the motor and gears so as to confine the vibration as 
much as possible. This should at least be given a trial. 

3. Air Brake Exhausts.—The orifice of the air brake 
exhausts should be changed and mufflers employed, dis- 
pensing with that noise feature entirely at a trifing 
cost. It has already been largely taken care of by some 
of the roads. 

4. Rattling of Loose Parts.—This noise can be almost, 
if not wholly, remedied by proper construction and main- 
tenance. 

5. Curves.—On account of the short radius of the 
curves, and both wheels being rigidly fastened to the 
axle, the slipping of one of the wheels on the rail is in- 
evitable. This results in grinding and screeching noise. 
I know of no way to prevent this, aside from the em- 
ployment of some lubricant on at least one of the rails. 

6. Pneumatic Interlocking.—The noise from the exhaust 
can be entirely prevented by changing the exhause port 
and putting on exhaust mufflers. As the movement of 
the interlocking must be quick and positive, it will be 
attended with more or less noise. It is believed the 
noise could be prevented in part. 

7. Crossing Frogs.—The noise from this cause is al- 
most deafening. It is the worst and most unbearable 
noise resulting from the operation of the road. At some 
junction points the wheels pass over eight crossing 
frogs in addition to the switch or turnout frog. The ex- 
ecssive noise can be reduced in part by the use of a solid 
floor and stone ballast to carry the track at these points. 

8. Brakeshoes.—The screeching and chattering produced 
by the rubbing of the brakeshoes on the wheels can be 
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TRACK CONSTRUCTION WITH LONGITUDINAL STEEL 
TROUGHS FOR THE RAILS. 


(Suggested by Mr. C. K. Mohler for the elevated loop railway in Chicago.) 


reduced largely (if not prevented entirely) by the use 
of proper metal and properly hung. The hangers should 
be attached in some way to the equalizing bars of the 
trucks, instead of to the truck frames. 


MISCELLANEOUS IMPROVEMENTS.—The 
protection of the third-rail conductor is suggested 
in the report, in order to insure more reliable ser- 
vice during winter sleet and rain storms. This 
protection would also reduce the danger to em- 
ployees working on the track, and to pass- 
engers who might be compelled to leave the 
trains and walk upon the structure in case of 
traffic being blocked. 

Other matters include the following: (1) a bet- 
ter system of signs on the trains and on the 
station platforms, the trains having signs at the 
entrance to each car; (2) the use of wider slid- 
ing end doors and center side doors, with elec- 
tric door signals to automatically signal the 
motorman when the last door is closed; (3) im- 
proved brake hangers. As to the last, we give 
the following quotation from the report: 


By the adoption of positive or fixed brake hangers, at- 
tached in some way to the equalizing bars of the trucks. 
a quicker stop could be made. With the present hang- 
ers attached to the truck frames, when the brakes are 
applied and grip the wheels, one of the truck srrines is 
compressed and the other is released a corresponding 
amount. The springs are held in this position until the 
instant at which the forward movement of the car ceases; 
then the reaction of the 
springs rotate the wheels 
backward, giving a disagree- 
able, and at times even dan- 
gerous, backward lurch tothe 
train. 

In addition, when the train 
is coming to a stop, on ac- 
count of the ‘‘balance’’ be- 
tween the compression of the 
springs and the grip of the 
brakes on the wheels, any 
increase or decrease of the 
grip on the wheels, has a 
tendency to produce a jerky 
motion to the car as soon as 
the brakes are applied. In 
order to prevent in a measure 
the disagreeable backward 
lurch at the instant after the 
forward motion stops, it is 
ordinarily the practice to be- 
gin releasing the brakes be- 
fore the train has come to a 
stop, thus consuming more 
time in bringing it to rest. 


Another feature of the jerky 
motion and severe back- 
ward lurch of the train, as 
affecting operation and caus- 
ing delay, is that passengers 
in many cases cannot with 
comfort or safety leave their 
seats to be at the door 
ready to alight at the in- 
stant the train stops, and as a 
result remain seated until it 
is actually at rest. If a 
positive hanger were employed it would be possible to 
keep the brakes applied to their maximum efficiency until 
the full stop could be made and not produce the dis- 
agreeable backward lurch at the instant of stopping or 
surging before the stop is reached. 

APPEARANCE OF THE STRUCTURE.—The 
report deals briefly with the general appearance 
of the structure. It recommends (among other 
matters) that it should be painted a light color. 
This has been tried already, with unsatisfactory 
results (Engineering News, Oct. 2 and Nov. 20, 
1902). The effect was pleasing for a short time, 
but very soon the effect of dirt, dust, rain and 
atmospheric influences was to give a dirty and 
streaky appearance. This was more unsightly 
than a darker color which would not show 
these surface markings. 

In some cases the structure has been used for pur- 
poses other than handling traffic. Electric lights and the 
wires for distributing the current attached to it. The 
lamps are suspended from very light inartistic brack- 
ets attached to the posts. The wires are strung pro- 
miscuously. 

The unsightly appearance of the structure could be 
modified and relieved to a certain extent. For t->- 
pose of illumination, brackets of somewhat massive 
appearance to harmonize with the structure, and of 
curved outlines, could be attached to the outside of t^ 
posts. From these electric lamps a suifable design could 
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be suspended. The feed wires should be as large as can 
be consistently allowed. They should be suspended from 
the ends of the curved brackets, over the lamps, and left 
loose enough for considerable sagging to produce curve’ 
of pleasing outline. 

By painting the structure some light sightly color it 
could be made much less objectionable in appearance 
than it is at present, or has been for some time. The 
prevention of deterioration by rust and corrosion by fre- 
quent painting would perhaps more than justify the ex- 
pense, even if the appearance of the structure were not 
a consideration. 

The whole question of improving the appearance of 
the elevated structure and securing effects which would 
in any way add to civic beauty, is of such a public na- 
ture and importance as to deserve attention and study by 
artists and architects best qualified to judge and work out 
details relating to that feature. It is to a certain ex- 
tent outside the province of engineering, but could very 
properly be made a subject of competition for suggestions 
and design. 

— . — —— 


THE DE MURALT SYSTEM OF REINFORCED-CONCRETE 
SHORE PROTECTION. 
By RUDOLPH WELCKER.“ 


Considerable interest has been recently shown 
on the continent of Europe in a new application 
of reinforced concrete for the protection of sea- 
shores. The invention referred to, which has 
already been patented in America, is due to a 
Dutch engineer, Mr. Robert L. de Muralt. Re- 
markably favorab!e results have been attained 
through the application of the system, par- 
ticularly throughout the terrific storms of March, 
1906, which damaged the shores and dikes of 
Zealand, and caused widespread distress and 
devastation throughout the province. 

There is no doubt that the country of Holland 
is more unfortunately situated in regard to its 
susceptibility to sea erosion than any other 
country, since a large part of it is actually 
under sea-level. This necessitates a perennial 
effort on the part of its government engineers 
to defend its coast line. These efforts are con- 
centrated upon devising more adequate and more 
economical means of protection. The de Muralt 
System is the latest result, and though of sim- 
ple construction, the application is manifold. 

Hitherto, reinforced concrete has been em- 
ployed in shore protection, either in monolithic 
form, or in the form of large slabs simply joined 
together, and separated by artificial joints of 
different kinds. This mode of construction pre- 
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Plan and Sections of the De Muralt 
Foreshore Protection. 


Fig. 1. 
Reinforced-Concrete 


sents the disadvantage that flections due to the 
thrust of the earth, to frost, to the action of the 
waves, etc., give rise, at the principal surface 
of the concrete, to fissures, through which the 
water finds its way, is enabled to attack the 
reinforcing of the concrete and to disintegrate 
the facing, so that the constituent portions 
thereof are speedily detached. Moreover, the 


*Engineering Dept., Public Service Commission of the 
First District of the State of New York, New York City. 


water which penetrates through these fissures 
tends to undermine the slopes of the embank- 
ment, causing eventually far greater injury than 
is actually apparent. 

The improved system of applying reinforced 
concrete may be followed by examining the ac- 
companying figures. The fundamental prin- 
ciple, as applied to facing and groins, is based 
upon the use of slabs of comparatively small 
area, independent of one another, and held in 
place by a frame, also of reinforced concrete, 
which is anchored to the ground, and covers the 
margins of the slabs so as to form lap-joints. 


HOW A PRIVATE GAS COMPANY AT INDIANAPOLIS IS 
CONTROLLED IN THE PUBLIC INTEREST.* 
By CHARLES CARROLL BROWN. 


Whatever may be the success of efforts to control pub- 
lic service corporations through state boards or other- 
wise, the fact remains that the best results are obtained 
when it is made definitely to the interest of the com- 
pany to give good service. Whatever will aid in pro- 
ducing this result will benefit the community, whether 


in actual cash received by the city treasury, or in re- 


duced rates to consumers, or in satisfactory service. 
The franchise granted to three persons representing 
commercial organizations in the city of Indianapolis in 


FIG. 2. PERSPECTIVE OF THE FORESHORE PROTECTION IN COURSE OF CONSTRUC- 
TION. 


The external surface of the slab is by preference 
of stepped form, with the view of diminishing, 
in case of marine embankments, the upward 
wash of the water, to break the waves as they 
strike, and to reduce their destructive scouring 
influence when returning. Moreover, this form 
of slab possesses the advantage of enabling the 
embankment to be walked on, whatever its in- 
clination may be. 

The reinforcement, consisting of expanded 
metal, is laid on the carefully leveled slope on 
a thin layer of concrete (Figs. 2-3), and fast- 
ened down by short stakes. Notched wooden 
frames are subsequently laid transversely upon 
the prepared surface, and the process of filling 
the molds corresponding to each step is com- 
menced from the bottom. Cast-iron hammers 
of the size of the meshes of the metal are used 
for ramming. Wooden shutters secured to the 
side-beams by iron bolts are placed on top 
after completion of each slab. The construc- 
tion of the reinforced-concrete frame is begun 
after the completion of two panels of the slabs. 
Ditches 1% ft. deep are dug between the slabs, 
the transverse notched wooden beams turned 
upside down, and the mold is ready. after in- 
serting the reinforcing. 

The concrete utilized for the section washed 
‘by flood-tide is composed of a mixture of 3 parts 
Portland cement, 5 parts sand, 8 parts gravel 
and % part trass cement. The sections above 
mean high level are made of a mixture of 1:3:4 
cement, sand and gravel. These are the fun- 
damental ideas in short, and for every condi- 
tion special changes can be made in accordance 
with the circumstances, 

The efficiency of the de Muralt system has 
been already amply demonstrated under the 
severest conditions, and has been successfully 
introduced into France and Germany. The 
United States, with its extended shore-line, the 
great lakes, and the future improvement of the 
navigable rivers, offer a tremendous field for 
future work, especially when it is possible to 
apply a cheap and adequate system of defence, 
instead of the customary expensive monolithic 


sea-walls. 
—ͤ —— —— äê& 

THE UNITED STATES DREDGE “CLATSOP” has just 
started from Philadelphia under its own steam for a 
17,000-mile journey around Cape Horn to Portland, Ore., 
where it is to be used in government work. The 
dredge, which is 185 ft. long, is expected to make about 
8 miles an hour, so that, allowing for delays, it should 
reach its destination about the first of March. In our 
issue of Dec. 3 we noted the recent departure of a Fruh- 
ling dredge from Germany on a similar voyage to the 
Fraser River in British Columbia, 


1905, which has since been transferred to the Citizens’ 
Gas Co., is such a franchise and its terms are worthy 
of study by companies proposing to start public service 
industries as well as by cities and companics proposing 
to make new contracts for service. 

The origin of the franchise was in one for a com- 
pany formed to supply Indianapolis with natural gas 
late in the ‘'80’s, in which Alfred F. Potts was one of 
the prime movers. Mr. Potts described the company and 
gave the principal provisions of the franchise in “Mu- 
nicipal Engineering,” Vol. xiv., p. 182. The controlling 
feature in this company was the transfer by the stock- 
holder in his subscription for stock of the entire con- 
trol over his stock, except the receipt of dividends and 
the right to transfer the ownership, to a named board 
of trustees, who elected directors, thus precluding the 
possibility of any competing company or hostile ele- 
ment securing control of the company. There were 
many other good features in the organization, most of 
which were transferred, together with the one described, 
to the franchise of the Citizcns’ Gas Co. 

The natural gas company was obliged to go out of 
business when the supply of natural gas was exhausted, 
the courts deciding that it had no power under its char- 
ter to enter other business, such as the manufacture 
of gas. After long continued litigation the natural gas 
company’s mains within the city were sold to the new 
Citizens’ Gas Co., organized to manufacture and sell 
artificial gas at a low price. Some of the provisions 
in English gas franchises were added to those carried 
over from the old company, and the result is described 
here as an indication of what can be done in making 
a public service corporation really a public servant at 
the same time that it gives adequate returns to its 
stockholders. 

The company is now constructing a gas plant and 
is repairing the old mains, and at some time early in 
1909 will be ready to furnish gas to its customers, many 
of whom are already on its lists for connection as soon 
as the gas is ready to deliver. The company points to 
the eminent success of the old natural gas company as 
evidence that its plan is good, and that success is ac- 
cepted as evidence that the plan described is no ex- 
periment, but will demonstrate its satisfaction of all 
expectations. 

The ordinance, approved Aug. 30, 1905, approves a 
contract made by the Board of Public Works with Al- 
fred F. Potts, Frank D. Stalnaker and Lorenz Schmidt, 
and certain fundamental terms of this contract, accord- 
ing to one of its provisions, are included in the state 
charter of the Citizens’ Gas Co., to which the contract 
with the city was transferred by the three gentlemen 
named. 


The charter broadly gives the company the power to 
supply Indianapolis and its inhabitants with light, heat 
and power. 

The capital stock of $1,000,000 can be increased at 
any time by submitting the additional shares to sale at 
public auction on 30 days’ published notice, any pre- 
mium to go into surplus, and not to bear dividends It 


A paper read before the American Society of Muniel- 
pal Improvements, at Atlantic City, N. J., October, 1908. 
tConsulting Engineer, Indianapolis, Ind. 
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is provided that if extensions of mains are desired, and 
they cannot be obtained under other paragraphs in the 
contract, the petitioners for extensions may subscribe 
for stock sufficient to lay the mains and sign contracts 
for gas sufficient to pay the interest on the cost, but 
even then the stock must be put up at auction and 
must be purchased at par by the petitioners in case it 
is not sold at a premium at the auction. 

These provisions insure that the stock shall always 
bring its par value into the treasury, and that the divi- 
dends paid shall be on this par value, no more and 
no less. The necessary extensions are also provided for 


tions with 10% interest the stock is cancelled and own- 
ership by the company ceases, and it is wound up. 

The old company had the same provisions in its fran- 
chise, except that the dividends paid were 8% and the 
ownership on repayment of stock subscriptions did not 
pass to the city. The old company paid back all its 
stockholders and had property valued at a half million 
or more when it was wound up. Its franchise provided 
that in this event gas would be furnished at cost, but 
almost simultaneously with the complete repayment 
natural gas gave out, and the company was deemed by 
the courts unable to manufacture gas. An attempt was 


FIG. 3. 


without overburdening the company, while at the same 
time giving the property owners large interest on the 
money invested in the extensions and ultimate return 
of the principal as well. 

The capital stock, by the terms of the subscriptions, 
therefore, under one section of the contract, is placed 
in the control of a board of five trustees, stockholders, 
and must be voted as a whole. This Board of Trustees 
was named in the articles of incorporation, and the 
Board fills all vacancies, except that one member was 
nominated by the Mayor of the city, and a vacancy in 
this particular office is filled by another nomination 
by the Mayor. Failure of the Board of Trustees to fill 
a vacancy gives any stockholder the right to petition 
the Circuit Court to make the appointment, which it 
must do if the Board fails to act during ten days. 

This provision: keeps the company in the control of 
the Trustees, even if the stock is all bought up by a 
competing company. The original Board is one in 
which the people have the fullest confidence. The old 
gas company stock was largely bought by a hostile in- 
terest, but the Board of Trustecs retained the control 
and operated the company for the public’s benefit until 
it was wound up by the courts, although the hostile in- 
tercst did everything possible to secure the property 
of the company, and prevent its devotion to the best 
interests of the public, which was the real owner of the 
company, all the original investments in stock having 
been repaid with 8% intercst. The Board of Trustees 
of the new company is expected to be equally steadfast 
in carrying out the original purposes of the founders 
of the company and the investors in its stock. 

Any member of the Board of Trustees can be re- 
moved by the Circuit Court on showing that he is an 
employee or a holder of stock or other securities of 
any company delivering or purposing to deliver gas in 
the city, or for corrupt practice or misconduct detri- 
mental to the company’s interest. 

The board of nine directors is elected each year by 
the Board of Trustees, to manage the business and pru- 
dential concerns of the company. This relieves the 
Board of Trustees of all duties, except that of securing 
competent directors independent of any influence detri- 
mental to the company, and makes it possible to enlist as 
trustees men of the highest class and possessing the full- 
est confidence of the citizens and stockholders, without 
the opportunity to refuse on account of pressure of 
business or temporary condition of health. 

Stockholders are entitled to cumulative annual divi- 
dends of 10%, payable semi-annually. The earnings of 
the company are devoted first to the payment of matured 
debts and operating expenses; second, to the payment of 
the dividends semi-annually and unpaid accrued divi- 
dends; third, to the extensions and betterments or- 
dered by the Board of Public Works; and fourth, to re- 
payments of stock subscriptions, thus reducing the cap- 
ital upon which 10% dividends must be paid. When 
the stockholders bave been repaid their entire subscrip- 


VIEW OF PROTECTION DURING CONSTRUCTION. 


made to declare the property of the company, particu- 

larly a good system of mains in first-class condition, 
public property, to be transferred to the new company 
to be formed with power to manufacture as well as 
distribute gas. The courts decided, however, that the 
property belonged to the stockholders, notwithstanding 
their stock had been fully repaid, so the property was 
sold to the new company at an appraised valuation under 
the city’s option to purchase, and the stockholders re- 
ceived a large additional dividend after dividends equal 
to the original investment, plus 8% interest, at the same 
time that the new company obtained a distribution sys- 
tem at a fraction of the cost of a new system. The 
ultimate ownership question is settled in the new com- 
pany's franchise by trans- 
ferring the property to the 
city when the stockholders 
are fully paid. 

The state charter fixes the 
life of the company at 
50 years, and the contract 
with the city is for 25 years. 
If the stockholders are not 
all repaid in 25 years the 
Board of Public Works may 
r-quire the company to 
bond itself at 6% for the 
amounts due the stockhold- 
ers, pay them off, and then 
transfer the property to the 
city, subject to all indebted- 
ness, including these bonds, 
Or may pay the amount due 
the stockholders itself and 
thus sccure the property. 
In case the company becomes 
insolvent the city can ac- 
quire the property by paying 
or assuming the company's 
debts, including that due to 
stockholders for still unpaid 
subscriptions. 

The company is required 
to make semi-annual detailed 


ties, disbursements and receipts, and publish them in 
two newspapers. The city controller can investigate 
the books, to check the reports or otherwise, and the 
city engineer can examine the plant at any time. 

The gas furnished must have at least 600 B. T. U. 
per cu. ft., and the price must not exceed 60 cts. per 
1,000 cu. ft. 

There are the usual provisions protecting the city and 
citizens during construction, giving rights of way, in- 
suring compliance with the terms of the franchise, etc. 

There was some discussion of the propriety of inserting 
one common English provision, whereby an increase in 
allowable dividend rate would accompany a reduction in 


price, but this was finally dropped; the English com- 
panies continuing in business, while this company may 
be wound up in 25 years. 

The principle behind the organization of these com- 
panies was the same as that behind many similar organ- 
izations; the joining together of public-spirited citizens 
to supply a needed public service at reasonable cost. The 
results differ, because in these cases private interest was 
not permitted to secure control, and the public nature 
of the service is retained, and the public receives the 
benefit after the capital Invested has received its pre- 
determined just reward. The old company would have 
continued in business, furnishing natural gas at cost, 
if the supply had not given out. This plan was, per- 
haps, better than the new one, of transferring the plant 
to municipal ownership when the capital invested has 
been paid off, but the public nature of the business is 
fully recognized in any event. 

The vigorous public campaigns for the sale of stock 
at $25 a share on monthly payments resulted in many 
small stockholders, who become consumers and workers 
for the company, thus making easier the securing of 
business by the company. 

The certainty of no water in the stock, and the pub- 
licity of accounts, as well as the supervisory power of 
the city officers, insure reasonable fixed charges and 
minimize the dangers of political manipulation, useless 
employes, misapplication of funds, so that the low price 
fixed for gas may be predicted in advance with rea- 
sonable certainty, and protected from unfair attack. The 
public interest in the company makes friends for it. The 
high character of trustees and directors promises the 
b.st of management, based on the highest principles and 
for the public benefit. The permanence of these boards 
and the continuance of their high character, as demon- 
strated by experlence, gives this plan a great advantage 
over municipal ownership. 

The original company was formed to enter into business 
in competition with companies seeking the same oppor- 
tunity at much higher rates, and was the result of public 
enthusiasm over a new fuel and the determination to 
secure it at reasonable rates, so that the consumers, 
rather than the promoters of the companies, would reap 
the benefit from the unexpected bounty of nature. The 
new company was formed to secure the existing mains of 
the old company and to continue this benefit in the 
more common field of gas manufacture. But the suc- 
cess of the first company and the successful fight of the 
new company against all sorts of opposition to its es- 
tablishment demonstrate the soundness of the principle, 
and, while some other similar company in the gas feld, 
not being able to secure a distribution system at a low 
price, may need to start with a higher price for gas at 
the beginning than the Indianapolis company has estab- 
lished, it can secure the other benefits, and the adoption 
of the graded scale of increase of dividend rate with de- 
crease in price will give an impetus toward saving in 
cost, which, judging from English results, will produce 


FIG. 4. FINISHED REVETMENT. 


statements of its affairs, including assets and liabili- even better results than those assumed in Indianapolls. 


There is no apparent reason why the method should not 
be applied to other public service industries, and be 
equally successful. 

— — 


NEW RECORD FOR LADDER DREDGES.—A new 
dredging record was established for ladder dredges (at 
Panama) in October, when the ladder dredge ‘‘No. 1’’ of 
the Atlantic dredging fleet excavated 168,796 cu. yds. of 
material. The best previous record for ladder dredges 
was made in March by the Gopher“ of the Pacific dredg- 
ing fleet, which took out 168,375 cu. yds. “No. 1,” the 
dredge that now holds the record, was working during 
October in the channel in Limon Bay and the material 
handled was a mixture of mud and rock.—‘‘Canal Rec- 
ord,” Nov. ll, 
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A TABLET TO THE MEMORY OF ANDRE-MARIE 
AMPERE. 

A tablet to the memory of Andre-Marie Am- 
père, the famous French scientist, was presented 
to the Lackawanna R. R. by the Crocker- 
Wheeler Co., and unveiled in place at the Am- 
pere Station (East Orange, N. J.) of that road 
on Dec. 3, by the French Ambassador to the 
United States, Jules Jusserand. 

Parts of the speech of Mr. Jusserand are ap- 
pended, as they reflect a Frenchman’s view of 
the famous electrician's personality. 

I have been asked to be present at this beautiful cere- 
mony for several reasons, one of them being that I come 
not only from the same country, but from the same town 
as Ampé@re—that great manufacturing town of Lyons. 
Lyons is one of the oldest cities in France and one 
of the most peculiar. It is a Roman town. For a long 
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time it was the foremost in France. It was among the 
first to receive Christianity and during the Renaissance 
it was at the head of the towns that received the new 
learning and that spread the art of printing. The town 
is cut by two rivers. Owing to that its atmosphere is 
of a gloomy and austere sort, which makes it very 
different from other towns in the same latitude. The 
temper of the inhabitants is also somewhat peculiar. 
They are much less southern than you would think when 
you look on the map. They are more thoughtful—more 
involved in their thought. They are much more medi- 
tative. The town produced large numbers of artists and 
thinkers. 

In that town was born Ampére. He belonged to one 
of those austere French families of which you never hear 
—which are very rarely selected as a subject for novels 
and which are the average French family. Of that type 
was the family of Ampère. His father was justice of the 
peace. He followed during the revolution the dictatcs 
of his conscience and suffered for it. He was beheaded 
and a few hours before his death he wrote in a firm, 


steady hand, his farewell to his wife who had been the | 


faithful companion of his life. 


I bave in my heart as a consolation the knowledge that 
I did my duty without fail. I leave you poor, but you 
will remember that it was through no squandering of 
mine; no lack of care. The only expense into which I 
went with some extravagance was for the purchase of 
mathematical and geometrical books for our little son: 
There is nothing that I do not expect of him. 

That little son was the great man whom you are hon- 
oring to-day. Ampére grew up in Lyons and led such 
a life as his father and his grandfather and kin had led 
before him, a life devoted to study, to earnest pursuit 
of the highest aims of mankind. One thing lighted 
along his path—the love of the young woman whom he 
married. He married a beautiful young lady as poor 
as he was, and they led a happy life. It was very 
touching to read the letters exchanged between them. 
Such admiration and respect, such tenderness was ex- 
changed between these two beings who were soon to be 
divided by death. He always wrote to her as ‘‘My ben- 
efactress’’ and she always wrote to him as “My son.” 


She was Ill when she was twenty and she said, “Illness 
ages me, and I consider you as my son who will survive 
me. He continued alone that life of hard disinterested 
work in poverty, which is one of the noblest of lives one 
can lead. So poor at first. I was reminded of it just 
now in looking at some samples of the writing of the 
great Ampére. There are letters from his wife in which 
she advised him not to write so big and to spare paper. 
He was so happy until his wife died, then he ceased to 
be happy. And in after life when he was at the height 
of his glory, recollecting those days, he said, NOW my 
life is all the same. It is made of rings and rings which 
go one into another—gray rings of sadness when I work 
and of sadness when I rest.” 

He lived an honorable life and as a man of duty he 
worked. What he did is noted in this city, better than 
anywhere else. His great discoveries in electricity and 
electro-dynamics have put him at the head of science, 
and these discoveries were the greatcst which had been 
made in electric scicnce since the days of Franklin. 


EE a — 


PRESIDENT ROOSEVELT ON WATERWAY IMPROVE- 
MENTS.* 


Action should be begun forthwith, during the present 
scssion of the Congress, for the improvement of our in- 
land waterways—action which will result in giving us not 
only navigable but navigated rivers. We have spent 
hundreds of millions of dollars upon these waterways, 
yet the traffic on nearly all of them is steadily declin- 
ing.- This condition is the direct result of the absence 
of any comprehensive and far-seeing plan of waterway 
improvement. Obviously we cannot continue thus to ex- 
pend the revenues of the government without return. It 
is poor business to spend money for inland navigation 
unless we get it. 

Inquiry into the condition of the Mississippi and its 
principal tributaries reveals very many instances of the 
utter waste caused by the methods which have hitherto 
obtained for the so-called “improvement” of navigation. 
A striking instance is supplied by the “improvement” 
of the Ohio, which, begun in 1824, was continued under 
a single plan for half a century. In 1875 a new plan 
was adopted and followed for a quarter of a century. 
In 1902 still a different plan was adopted, and has since 
been pursued at a rate which only promises a navigable 
river in from twenty to one hundred years longer. 

Such short-sighted, vacillating and futile methods are 
accompanied by decreasing water-borne commerce and 
increasing traffic congestion on land, by increasing flooda, 
and by the waste of public money. The remedy lies in 
abandoning the methods which have so signally failed 
and adopting new ones in keeping with the needs and 
demands of our people. 

In a report on a measure introduced at the first ses- 
sion of the present Congress the Secretary of War said: 
“The chief defect in the methods hitherto pursued lies 
in the absence of executive authority for originating 
comprehensive plans covering the country or natural 
divisions thereof.” 

In this opinion I heartily concur. The present methods 
not only fail to give us inland navigation, but they are 
injurious to the army as well. What is virtually a per- 
manent detail of the corps of engineers to civilian duty 
necessarily impairs the efficiency of our military estab- 
lishment. The military engineers have undoubtedly 
done efficient work in actual construction, but they are 
necessarily unsuited by their training and traditions to 
take the broad view, and to gather and transmit to the 
Congress the commercial and industrial information and 
forecasts upon which waterway improvement must al- 
ways so largely rest. 

Furthermore, they have failed to grasp the great 
underlying fact that every stream is a unit from its 
source to its mouth, and that all its uses are interde- 
pendent. Prominent officers of the engineer corps have 


- recently even gone so far as to assert in print that 


waterways are not dependent upon the conservation of 
the forests about their headwaters. This position is op- 
posed to all the recent work of the scientific bureaus of 
the government and to the general experience of man- 
kind. A physician who disbelieved in vaccination would 
not be the right man to handle an epidemic of smallpox, 
nor should we leave a doctor skeptical about the trans- 
mission of yellow fever by the stegomyia mosquito in 
charge of sanitation at Havana or Panama. So with the 
improvement of our rivers; it is no longer wise or safe 
to leave this great work in the hands of men who fail 
to grasp the essential relations between navigation and 
general development and to assimilate and use the cen- 
tral facts about our streams. 

Until the work of river improvement is undertaken in a 
modern way it cannot have results that will meet the 
needs of this modern nation. These needs should be 
met without further dilly-dallying or delay. The plan 
which promises the best and quickest results is that of a 
permanent commission authorized to co-ordinate the work 
of all the government departments relating to water- 
ways, and to frame and supervise the execution of a 
comprehensive plan. Under such a commission the ac- 


*Extract from the President's Message to Congress. 


tual work of construction might be intrusted to the 
reclamation service, or to the military engineers acting 
with a sufficient number of civilians to continue the 
work in time of war; or it might be divided be- 
tween the reclamation service and the corps of engi- 
neers. Funds should be provided from current revenues 
if it is deemed wise—otherwise from the sale of bonds. 
The essential thing is that the work should go forward 
under the best possible plan and with the least possible 
delay. We should have a new type of work and a new 
organization for planning and directing it. The time 
for playing with our waterways is past. The country 
demands results. 


— — — — ——— 


HOW LONG WILL THE COAL MEASURES OF WESTERN 
PENNSYLVANIA LAST?* 


It was formerly supposed that the several coal forma- 
tions of the Appalachian region would hold coal of com- 
mercial value over the entire field. Your speaker pointed 
out many years ago that this was a grave mistake. I 
have personally examined the rock materials brought 
up by the sand pump, while the dril] was passing through 
the Allegheny beds in several wells from the region 
of Pittsburg southwestward across western Pennsyl- 
vania, West Virginia and southeastern Ohio and on to 
the Big Sandy River at the Kentucky line, in Wayne 
County, with the result that over a belt having a width 
of 60 miles at the Pittsburg end, and practically the 
same on the Big Sandy and swelling out to 100 miles or 
more near its center at the longitude of the Little Kan- 
awha River, there is practically no commercial coal, 
as we know that term now, in the entire Allegheny series. 
The effect of this barren zone on West Virginia's pro- 
ductive coal area is to reduce it from 231,000,000,000 tons, 
as recently estimated by M. R. Campbell, of the United 
States Geological Survey, to about 60,000,000,000 tons. 
It is quite certain that Pennsylvania will not furnish 
more than 40,000,000,000 tons, and Ohio probably not 
ee than 25,000,000,000 tons of commercial bituminous 
coal. 

This shortage in coal brings to the citizens of the 
Pittsburg region, tha present manufacturing center of the 
world, the most serious problem that has ever confronted 
them. You have been told that you had 430,000,000,000 
tons of coal in your mines and that it would suffice for 
150 to 200 years, while the truth is you have only one- 
third of that amount, and with the present wasteful min- 
{ng methods it will last only 50 years. 

The same causes will, In approximately that time, ex- 
haust all of the cheaply mined thin veins in the Alle- 
gheny series of Pennsylvania, Ohio and northwestern 
West Virginia, and Pittsburg’s industries will have en- 
tered upon expensive methods of mining coal by deer 
shafts to beds of inferior quality of only 2 ft. in thick- 
ness and of attempting to recover at great expense the 
many millions of tons of good fuel already left in the 
pillars and roofs and bottoms of long- abandoned mings. 
This is no fairy story. It is as sure to come in 50 
years as that the sun will rise to-morrow. 

The quantity of natural gas, the best of all fuels, 
which western Pennsylvania has wasted from the many 
thousands of wells drilled within her borders, vastly 
exceeds in value all the petroleum she has ever pro- 
duced. Not satisfied with thus despolling your own 
commonwealth of its most precious fuel possessions, some 
of your most powerful corporations, with headquarters 
in Pittsburg, have been the principal agents in wasting 
unnumbered billions of cubic feet of this precious fuel 
in your sister states of Ohio and West Virginia. The 
general superintendent of one of your great gas com- 
panies told me only a few days ago that he had personal 
knowledge of one well in West Virginia from which 12,- 
000,000 ft. of gas escaped daily in producing only four 
barrels of oil. An enormous waste of gaseous fuel is still 
an incident of oil production in Pennsylvania, as well 
as in Ohio and West Virginia, and will probably so 
continue until the end of the chapter, largely because a 
few influential citizens of Pennsylvania, Ohio, West Vir- 
ginia and New York always oppose any attempt to pre- 
vent this crime against these commonwealths. 


— — et sa AD 


TIE CREOSOTING ON A LARGE SCALE is being un- 
dertaken by the Pennsylvania R. R. Contracts have been 
let for a treating plant at Mt. Union, Pa., with equip- 
ment for one 6 ft. x 130 ft. cylinder and a large storage 
yard for preliminary air-seasoning; the total capacity 
of the plant will be half a million ties per year. This 
is only about one-eighth the annual tie consumption of 
the Pennsylvanian lines east of Pittsburg, but as the 
treatment may be expected to increase the life of a tie 
from the present life of between 3 and 8 yrs. to possibly 
20 yrs., the annual consumption should in time be re- 
duced so that this one plant would supply possibly one- 
half the requirement. To develop the most effective 
forms of treatment for the various kinds of wood used, 
the Mt. Union plant is also being fitted with a small cyl- 
inder for experimental treatment. 


*From an address by Dr. I. C. White, State Geologist 
of West Virginia, before the American Mining Congress. 
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An apt illustration of the value of derailing 
switches to protect bridge and crossing signals 
appears in a recent accident reported by the 
Interstate Commerce Commission in its Acci- 
dent Bulletin 28 (April-June, 1908). The concise 
report reads: 


Ran off the rail at approach to drawbridge, 10 p. m. 
Signal light was extinguished, the filament of an electric 
lamp having been burned out. Engineman said he was 
deceived by a green light on the draw. This light, dis- 
played for the benefit of boats in the river, turus with 
the draw, and the draw had not ben opened. (Four 
persons injured; $400 damage to engine, cars and road- 
way.) 

There was no forgetfulness or disobedience on 
the part of the engineman, and yet a disastrous 
wreck might have occurred if the derail had 
not been there to prevent it. The few ultra- 
conservative railway managers who still close 
their minds to the importance of derailing 
switches may read a lesson in this relatively 
trivial accident. Incidentally the accident again 
emphasizes the vital necessity of removing all 
confusing or conflicting lights from the neigh- 
borhood of railway signals. In this case, for 
instance, it was clear error to place the green 
navigation signal in such a position that the 
engineman could see it and mistake it for a 
railway clear“ signal. 


— 


The absurd attempts to force the re-burning 
of ashes upon the flremen in the New Tork City 
school buildings have already been pointed out 
in this journal.“ The scheme has ended as all 
schemes to get something from nothing 
always end; and its formal abandonment 
by the Board of Education was announced 
a few weeks ago. The scheme appears 
to have originated with the Committee 
on Supplies and the Committee on the Care of 
School Buildings. While the orders were signed 
by the present Supervisor of Janitors, we under- 
stand that his acquiescence was compulsory and 
he never had the slightest faith in the scheme. 
He took the proper means to put an end to the 
scheme, however, by undertaking an energetic 
investigation of the boiler plants in the New 
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York City school buildings. It was found that 
the great saving in fuel claimed for the ash- 
burning scheme did not really exist, and the 
boiler repair bill was increased. The cooler 
ends of boiler tubes were clogged and the steam- 
ing qualities of the boilers were impaired. The 
boilers appear to have suffered excessive cor- 
rosion while idle, although there seems to have 
been no very active deterioration while the 
boilers were kept hot. 

It is quite true that a great deal of unburned 
coal has gone into the ash pit in the past; but 
the remedy for this waste is not in trying to 
burn the ashes over again with oxalic acid or 
any other nostrum, but in training the firing 
force in proper management of these boilers 
to prevent such waste. 

Under the system now in operation, the fire- 
men are being more closely examined as to 
their practical ability and instruction clubs 
have been organized. If coal is lost through 
the grates, the ashes are now raked or screened 
to recover the unburned fuel. Running boilers 
“by their dampers” is being insisted on. Fire- 
men, engine tenders and janitors are required to 
present regular reports on the condition of their 
plants. 

— . — 

After all, the Blackwell's Island Bridge is vin- 
dicated. A new discovery in bridge stresses has 
been made. The puerile calculations of engi- 
neers are set one side by a Nature fak—beg 
pardon, by a remarkable display of ornithologi- 
cal intellfgence which proves conclusively that 
the much-maligned masterpiece of New York's 
Department of Bridges is safe. The great dis- 
covery is featured under display headlines by 
New York’s most consciously-virtuous news- 
paper. We quote as follows: 


BIRDS ON BIG BRIDGE 
VOUCH ITS STRENGTH. 


Flocks of Pigeons, Swallows, and Ducks Roost 
Nightly on Queensboro Structure. 


WOULDN'T IF IT WAS WEAK. 


This Is According to Kipling and Others Fa- 
miliar With Bridges. 


An unexpected use is being made of the new Queens- 
boro Bridge across the East River by thousands of mi- 
gratory birds and hundreds of pigeons, which spend the 
night in the sheltcred nooks in the lower deck of the 
structure. The bridge workers say that in the early 
morning hours the big cantilever is simply alive with 
birds of many varieties. 

Edward E. Sinclair, an engineer on the bridge, said 
yesterday: 

“I have been bridge building for twenty years, but 
never before saw so many birds and so many kinds of 
them gather together on a bridge as are now at night 
on the Queensboro Bridge. 

Kipling. in his ‘Bridge Builders’ points out that 
whenever numbers of birds gather on a bridge in process 
of building or nearly completed, it is an indication that 
the structure will stand all tests. This has also been 
my experience, 

I built a bridge In Towa several years ago. and flocks 
of birds strangely made their home on it. That bridge, 
too, was criticized, but it is standing to-day and has 
done twice the work contemplated when it was built. 

Another bridge whose stability’ was questioned, to 
which thousands of birds flocked, was one built across 
the Missouri River by the Atchison, Topeka & Santa 
Fe Railroad. and it is doing great work to-day. Many of 
my associates in bridge building have noticed this same 
instinct of birds. Ornithologists say that birds in large 
flocks will not settle on a weak structure.” 

Is it strange that the public is mystified and 
hardly knows whether the engineering profes- 
sion is trustworthy or not, when prominent 
newspapers publish such tommyrot as the above 
and credit it to an engineer! 


TE a A 


SHALL THE UNITED STATES BORROW MONEY FOR 
WATERWAY IMPROVEMENTS? 


Three thousand men of prominence gathered 
from all parts of the United States at the 
National Capitol to urge upon the Government a 
radical extension of the work of waterway im- 
provement. That is the spectacle that was seen 
at Washington last week, and it is one that 
rightly commands public attention. The badges 
worn by the delegates bore the motto: Ad vo- 
cating a policy, not a project.” Local organj- 
zations have for years been agitating for 
waterway improvement work in this or that or 


the other section of the country; but the con- 
vention at Washington last week was to advo- 
cate a policy on the part of the Federal Govern- 
ment which will provide funds for all these local 
projects. That is the real translation of the 
phrase, comprehensive system of improve- 
ments.“ so frequently used by the speakers at 
the convention. 

And what is this policy which the convention 
urges upon the country? As defined in the reso- 
lutions adopted by the convention at its close, it 
is that the nation should issue bonds for half 
a billion dollars to be expended upon waterway 
improvements. It is that Congress should 
authorize the expenditure of this huge sum on 
waterway works and leave to some other body 
the division of this sum between different parts 
of the country and different waterways and 
harbors. 

We believe that this great waterways movement 
has much in it of promise, but it contains also 
elements of serious danger. That our federal water- 
ways policy can be radically revised with great 
advantage to the country, Engineering News has 
for many years urged; but on the other hand, we 
are in emphatic accord with Speaker Cannon in 
his appeal to the convention for a “safe and 
sane” treatment of this great question. With 
all the shortcomings of Congress, it is fortunate 
that the national finances are in its hands rather 
than the hands of the delegates to the recent 
Rivers and Harbors Convention. It was only 
too evident that some of the irresponsible leaders 
in the waterways movement would land the 
nation in bankruptcy in short order, were the 
authority placed in their hands. 

The convention at Washington last week was 
made up doubtless of high-class men, represent- 
ing states, cities, and commercial organizations; 
yet it lacked the element of responsibility. It 
cost these excellent men nothing to fall in with 
the popular tide and join the chorus of cheers 
for “the old flag and an appropriation.” It is a 
very different matter, however, with the legis- 
lative and executive officers of Government. 
They are responsible to the voters. They realize 
that the long-established policy of paying off 
the national debt ought not to be lightly re- 
versed, because of a seeming wave of public 
opinion. 

We say sceming wave of public opinion be- 
cause it is altogether probable that the bonding 
policy advocated by the Rivers and Harbors 
Congress would be condemned by the sober and 
conservative opinion of the nation as a whole. 
Manufactured public opinion, such as the water- 
ways enthusiasts represent, is one thing and the 
real sober second thought of the masses of the 
people is quite another. 

The policy of the Nation ever since the Civil 
War has been to pay off the public debt as 
rapidly as possible. It is unthinkable that that 
wise and conservative policy should be reversed 
in response to a set of resolutions adopted by a 
mass meeting in a Washington hotel. There 
are many reasons why the proposition to issue 
bonds to pay for waterways or other national 
public works should be condemned. 

It is said that the burden of paying for works 
of permanent improvement ought to be passed 
along to future generations, but the fact is 
we are already doing this on an enormous scale. 
The debts of cities and towns and counties 
are increasing faster than population or wealth, 
and, if anything, we are already overdoing the 
policy of shifting the debt-paying burden to the 
shoulders of those who are to come after us. 

And at the same time, we are rapidly using 
up and wasting with a prodigal hand those 
natural resources on which our prosperity de- 
pends, and which ought to be made to produce 
a revenue that would take care of these public 
burdens. At the very same time that the Rivers 
and Harbors Congress met in Washington, there 
was in session there the National Conservation 
Conference—a body whose object is to preserve 
so far as possible, for the generations which 
are to come after, some part of the great nat- 
ural wealth with which this country is endowed. 
Public opinion has unanimously approved this 
principle of conservation, and it is a serious 
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transgression of this principle to unload on 
future generations the burdens which the pres- 
ent generation is well able to bear. 


Again, the issuance of public bonds to pay for 
the construction of transportation lines has been 
found by experience to be exceedingly danger- 
ous. The plan has been tried by state after state 
and city after city, and by the National Gov- 
ernment itself, and almost without exception 
the results of bond issues for public improve- 
ments of this class have been disastrous. 


The reason for this unfortunate outcome may 
be easily seen. So long as people have to pay 
as they go, and every appropriation for public 
improvements is reflected by an increase in the 
tax rate, so long is there an automatic safe- 
guard against extravagance, and against em- 
barkation in unprofitable schemes. But when 
money is raised by bond issues, there is no 
such safeguard. There is always strong pres- 
sure to undertake enterprises which are unsound 
and unwarranted. This very waterways con- 
vention, which declared for this half-billion dol- 
lar bond issue, proved by its own proceedings its 
unreliability to guide the nation to wise and 
beneficial action in this matter. The papers be- 
fore the convention were all of one _ sort—to 
boom the waterways movement. The most ex- 
travagant statements were put forward by the 
speakers and passed without a hint of doubt or 
criticism. Of real serious discussion pro and 
con, there was practically none, if we except the 
able and fearless speech of Speaker Cannon. 

Much of the current propaganda on which the 
waterways agitation is based is wholly fallacious. 
A good illustration is the oft-repeated statement 
that water transportation is one-fourth, or one- 
sixth, or one-eighth as expensive as rail trans- 
portation. The fact is, of course, as every ex- 
pert in transportation worthy of the name 
Knows, that no one can say that water trans- 
portation per se is cheaper than rail transpor- 
tation. Actually, the cost of transportation on 
any given route depends directly upon the vol- 
ume of traffic upon it; and, while waterway 
transportation on the ocean or the Great Lakes 
is undoubtedly cheaper than transportation by 
rail, there are many lines of water transporta- 
tion where the total cost is in excess of the cost 
of rail carriage. 


It has been currently reported in the news- 
papers that President Roosevelt and President- 
elect Taft were each committed to a govern- 
ment bond issue for waterways improvement. 
The real fact is that such approval as they may 
have expressed of such a national policy has 
been carefully qualified with the proviso that 
such bond issues would be permissible if it were 
not found feasible to provide the money in other 
Ways. We may confidently hope, therefore, 
that both in the legislative and executive 
branches of the government due conservatism 
will prevail before any radical action on the 
bond scheme of the Rivers and Harbors Con- 
gress will be taken. 


As we have said above, there is good ground 
for hoping that radical revision of the Nation's 
policy on waterways improvements may be 
made, and the most hopeful direction for im- 
provement is undoubtedly that recommended by 
the Secretary of War—to place the planning of 
such improvements on the proper basis. It is in 
that matter that our present system—or lack 
ef system—is farthest astray. Senator New- 
lands, of the Inland Waterways Commission, is 
the author of a pending bill which provides for 
a permanent Inland Waterways Commission, 
but provides also for a blanket bond issue to be 
issued by authority of the Commission from 
time to time without resort to Congress. It 
seems to us that this is an unfortunate feature 
of Senator Newlands’ bill, and one which will 
almost certainly ensure its defeat. We heartily 
endorse the creation of a Waterways Commis- 
sion with broad powers to originate plans, make 
Surveys and investigations and report to the 
Government as to what projects it is worth 
while to undertake. If such a commission were 
properly constituted, its recommendations would 
carry such public weight that thelr approval 
by Congress could be counted on. 


A SCIENTIFIC SCHEME FOR SEWAGE DISPOSAL BY 
DILUTION IN NEW YORK HARBOR. 


The most scientific plan for sewage disposal 
by dilution thus far proposed in the history of 
sanitation is now before the New York Harbor 
Line Board, on reference from the U. S. War 
Department. It involves a carefully planned 
System of dispersal and diffusion into and by the 
vast tidal flow of New York Harbor. It is de- 
signed to take care of the screened and more or 
less thoroughly settled sewage of a portion of 
New Jersey, officially named the Passaic Valley 
Sewerage District, which includes Paterson, 
Passaic, Newark and other municipalities the 
untreated sewage of which now reaches New 
York Bay via the Passaic River, Newark Bay 
and Kill von Kull. 

Inasmuch as Greater New York, Jersey City, 
Hoboken and lesser communities, making up a 
population of four to five million, are now dis- 
charging their sewage directly into New York 
Harbor, generally in the most happy-go-lucky 
fashion, it might be supposed that New York 
City would welcome the attempt of the Passaic 
Valley Sewerage Commission and its engineers 
to carry out a well-considered plan of sewage 
disposal. But the history of sanitation is re- 
plete with incidents which show that individuals 
and communities which cannot be aroused to 
serious nuisances of their own origin will speedily 
become horrified at fancied evils incident to 
scientifically planned measures to prevent, be- 
fore it occurs, a like nuisance on the part of 
their neighbors. And so, true to history and 
tradition, such of the public bodies, newspapers 
and individuals of New York City as have taken 
notice of the Passaic sewerage plan have unani- 
mously condemned and opposed it, out of hand, 
as was very evident at the two-day hearing 
of the Harbor Line Board in New York City 
last week. 

If we understand rightly the jurisdiction of 
the War Department over sewage discharge it 
extends only to matters concerning navigation. 
These include, primarily, shoaling of navigable 
channels by sewage deposits and, of secondary 
and relatively minor importance, perhaps they 
also include floating sewage matters, which 
might be offensive to the eye or nose. 

In the case of the Passaic sewer outlet (see 
report of hearing elsewhere in this issue) it is 
proposed to screen out all visible suspended 
matters and to further reduce the suspended 
substances by screening. The degree of clari- 
fication to be aimed for has not been decided by 
the commission, but has been left to the govern- 
ment authorities. The unique and commendable 
feature of the plan, a feature which promises 
to be a great advance step in sewage disposal 
by dilution, is the multiple discharge of the 
screened and settled sewage, in a horizontal 
rather than a vertical direction, through as 
many branch outlets as may be deemed neces- 
sary so to diffuse the sewage through and by 
the tidal current as to make certain its final 
oxidation without offence, at the same time so 
widely distributing any remaining solids as to 
prevent shoaling. 

It may be noted in passing to quite another 
phase of the subject that almost without ex- 
ception the great seaports of the world rely upon 
dilution rather than sewage farms or septic 
tanks or filters for sewage disposal—that is 
water and not land is the sewage disposal 
medium for great seaports. The notable ex- 
ceptions to this rule are what may be termed 
Somewhat anomalously, but yet truly, inland sea- 
ports, like London, Glasgow and Manchester, 
where the volume of water near at hand is al- 
together inadequate for dilution. But even in 
Such cases it is clarification rather than purifi- 
cation that is attempted. 

Most of the New York opposition to the Pas- 
saic Valley or New Jersey scheme, as exhibited 
at the recent hearing, was based on existing 
pollution for which New York and New York 
alone is responsible. If the Passaic Valley 
scheme, with its relatively far remote and im- 
probable dangers of injury to New York harbor, 
serves to arouse New York to its own need for 
Some such scientific plan of sewage treatment 
as is proposed for the New Jersey communities, 


the latter can perhaps afford to bear with 
equanimity the unjust slurs cast upon it by 
representatives of New York. From these slurs 
one would think that the Passaic Sewerage Com- 
mission proposed to increase rather than di- 
minish the antiquated methods or lack of 
methods of sewage disposal in vogue in the 
greater metropolitan district, and that in any 
event New York City had a patent of monopoly 
on the use of the New York Bay for sewage dis- 
posal. 


Of course we realize that New Jersey com- 
munities would not be justified in abusing New 
York Harbor by an ill-considered scheme of 
sewage disposal simply because New York City 
is now discharging the bulk of the sewage into 
the harbor wherever and however it happens 
to be most convenient. At the same time, it is, 
to say the least, quite unneighborly for New 
York City to oppose .a scientific use of the har- 
bor for sewage disposal purposes by other ad- 
jacent communities until it has taken some 
really serious and promising step to correct un- 
doubted and growing evils due to its own utter 
lack of a system of sewage disposal. 


We are well aware that at the hearing last 
week some of those in opposition to granting 
the permit urged refusal on the ground that 
New York City is taking steps for Improved 
means of disposal. For our part, we have seen 
no official steps of the sort and can discern no 
marked inclination in that direction on the part 
of those responsible for the administration of 
the affairs of New York City. It is true that 
a state-ereated commission, or series of com- 
missions, hampered by lack of funds and, until 
recently, by internal dissensions, has been in- 
vestigating the pollution of New York Harbor 
for five years or so, and is required by law to 
report (again) on the subject by May, 1910. It 
is also true that there has been some activity in 
other quarters (much of it wofully misdirected, 
though perhaps all well intended), but nearly 
all this activity seems to have been due to the 
zeal of a mere handful of enthusiasts, acting in 
their private capacity, and is far from repre- 
senting either an aroused public opinion or 
aroused municipal authorities. 


By a strange chance, the hearing on the pro- 
posed outlet was scarcely over before one of the 
chief arguments of the opposition was largely 
answered from a little expected but authoritative 
source. Much stress was laid, at the hearing. 
on the alleged unsatisfactory condition of Bos- 
ton Harbor in the vicinity of the Moon Island 
outlet of the Boston sewerage system. Now 
comes to hand the annual report of the Massa- 
chusetts State Board of Health for 1907 with a 
brief special report on this very matter, made 
by legislative direction. The conclusion of this 
special report is that 
the Board sees no present necessity for the adoption of 
means for the prevention of the further pollution of the 
harbor by the discharge of sewage at Moon Island or at 
either of the other main outlets. 

Although thus far we have confined our re- 
marks almost wholly to the possible obstructior. 
of navigation by the discharge of sewage into 
New York Harbor, perhaps the greater part of 
the time taken up by the hearing was occupied 
by arguments and assertions designed to show 
that to allow the discharge of sewage beneath 
some 40 ft. of salt water, remote from shore, 
would be a menace to the public health. 


Now. the merest tyro in sanitation ought to 
know that, oysters aside, the danger to the pub- 
lic health from sewage so discharged and di- 
luted would be so remote as to deserve no con- 
sideration until a hundred far worse dangers had 
been removed, and an infant in economics could 
See that the oyster industry in New York Har- 
bor could be bought out at a handsome profit 
rather than allow it to interfere with any large, 
well-considered scheme of sewage disposal. As 
for the oyster industry, it is questionable 
whether New York Harbor is a proper place for 
it anyway, quite regardless of any system of 
Sewage disposal likely to be adopted in the next 
century. 

The real danger to the public health from sew- 
age disposal, so far as a danger exists in New 
York Harbor, lurks in the sewage to be found 
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in the nooks and recesses of the water front and 
in enclosed waters like Gowanus Canal and New- 
town Creek, and is due to the haphazard means 
of disposal employed by New York City. Even 
this danger seems to have been exaggerated; 
but some danger there may be and much offense 
to eye and nose there unquestionably is. 

Such danger and such undoubted offense as 

exists along the water front affords no valid 
argument against but rather one for the adoption 
of a scientific plan for sewage disposal by dilu- 
tion in New York Harbor. New York should 
welcome, not oppose, such a plan as the Passaic 
Valley Sewerage Commission proposes, subject 
only to iron-clad assurances that the screening, 
settling and dispensing or diffusing works shall 
be so built, maintained and, if necessary as 
time gocs on, so altered, as to prevent a nuisance 
at the surface or serious obstructions at the 
bottom of the harbor. 
- To return, in conclusion, to public health ques- 
tions. We maintain, as we have more than once 
before, that aside from relatively minor and 
easily remedied pollution, the relation of tide- 
water sewage disposal to the health of New York 
City is so remote as to be unworthy of consider- 
ation until many far more vital health problems 
have been met and solved. The cost of sewage 
purification, real purification, to five million of 
people now within and the ten million soon to be 
within the greater metropolitan district of New 
York and New Jersey, naturally tributary to 
New York Harbor and its immediately connect- 
ing waters, would be simply appalling, and it 
would bring no benefits that would begin to com- 
pare with the expense. If Newark and Paterson 
ought to be compelled to purify their sewage in 
the interest of either health or navigation, be- 
fore discharging it into New York Harbor, so 
ought Greater New York, Jersey City and Ho- 
boken. Proper systems of sewage disposal by 
dilution can and should serve all these communi- 
ties for years to come, until a dozen under- 
takings, each far more important to health and 
to commerce than radical means of sewage dis- 
posal, shall have been carried out in each of the 
several cities. This stern fact, however, is no 
argument against but is a reason for careful 
investigation to determine just what improve- 
ments in sewage disposal are needed in each sec- 
tion of the great maritime metropolis of America. 
For the Passaic Valley Sewerage District those 
studies have already been so extended and 
satisfactory, with promised results so far in ad- 
vance of anything yet proposed for the remainder 
of the metropolitan district, that the Passaic 
District should be permitted to go on with its 
much-needed improvement, which has already 
been delayed for a dozen years by unreasonable 
opposition from almost every conceivable quar- 
ter. 


LETTERS TO THE EDITOR. 


The Question of River Protection. 

Sir: Referring to the two letters on “River Bank Pro- 
tection” in your issue of Dec. 10, p. 647, by Mr. Chas. H. 
Miller, of the Missouri Pacific Ry. Co., and myself, I do 
not feel at liberty to ask for further space for argument. 
But I hope they will serve their purpose in bringing out 
discussions on the subject from more eminent writers, 
so that finally some definite conclusion may be arrived at 
as to what is the best method of bank protection, econ- 
omy and permanence considered. While this is only a 
small part of general river improvement, it is a most 
important part, as in this way vast benefit is derived 
by railroads, municipalities and individuals, along with 
the improvement of navigation. 

The entire country seems to be so fully awake to the 
necessity of the improvement of the inland waterways 
that methods of improvement should be worked out in 
their every detail, so that the vast amount of money that 
will be expended in this manner in the near future will 
be expended to the very best advantage to all concerned, 
and not be wasted. Yours very truly, 

W. R. DeWitt, 
U. S. Asst. Engineer. 
Kansas City, Mo., Dec. 12, 1908. 
— . — 


A Proposed Department of Public Works. 

Sir: In your issue of Nov. 26 was an article entitled 
“A Proposed Increase in the Corps of Engineers.” In 
this article you take exception to the method of the pro- 
posed increase. Why do you not take exception to the 
increase itself? True—you have hinted at such excep- 
tion in the last paragraph. 


Is it not a fact that the present federal organizations 
affiliated with our public works are a conglomerate ab- 
surdity? The present organizations are a patchwork 
growth. Everyone acquainted with the engineering work 
which has been done by our government knows that it 
has been done in a most uneconomical manner, due to a 
multiplicity of heads and lack of sympathy between the 
chiefs and the subordinates. Taking the cause, the ef- 
fects follow naturally, viz.: duplication of work, insuffi- 
cient work, lack of esprit de corps; poor work by compe- 
tent men whose ambition is dying for lack of recognition 
or being smothered by plagiarism and kindred evils ; poor 
work by incompetent or dishonest men who are in the job 
for the money and are willing to risk the chances of dis- 
covery under inefficient inspection. 

The present organization, in most cases, for carrying 
on the federal public works are a makeshift. When 
the works were begun, but few men were needed and 
their present magnitude was undreamed of. Those con- 
ditions have changed. The expenditures have increased 
from thousands to millions, and to many millions. 

A Department of Public Works is the only logical way 
of handling this work today, and with such a department 
there would be no need of an increase in the Engineer 
Corps of the Army unless so many were transferred from 
army to civilian rank as to deplete the present corps. 

Since writing the above, the President’s message has 
been published. It contains a few sentences which are 
pertinent to this subject. The President recommends a 
Commission (permanent in so far as possible) to carry 
on the river and harbor work. This would be a step far 
in advance of the present method, but why not go the 
limit and put this Commission under a departmental 
head which also should have charge of the other public 
improvements and kindred work. 

The immense volume of work and expenditure is worthy 
of a department. The many bureaus now doing survey- 
ing, planning, estimating and constructing would thus 
be brought into harmonious relation; the duplication of 
much work stopped; the valuable interchange of ideas 
and results sccured, definite policies formulated on a 
much broader basis and the desires of States learned and 
their co-operation secured. 

By making the members of such commission as the 
President proposes, permanent (dependent upon fitness) 
and with proper organizations thereunder, the greatest 
incentive for the best work would be present and the per- 
sonnel of every bureau would be brought to the highest 
point. 

Unless these works, river and harbor, reclamation, 
buildings, surveys of nearly all kinds, etc., are put under 
a Cabinet officer, whose chief care they are, they will 
never command the prestige, hold the power and have 
the authority necessary to do things. 

Yours respectfully, 
Theron M. Ripley. 

Fulton, N. Y., Dec. 11, 1908. ö 


[In comment on the above letter we may sug- 
gest that all work carried on by the Govern- 
ment is public work. Further, engineering work, 
of one sort or other, is being carried on by nearly 
every one of the Government departments. We 
believe this engineering work is properly thus 
distributed and that the proposal often made, 
to concentrate all the Government engineering 
work in one department is really based on a 
fallacy. Very likely some reorganization and 
rearrangement of the various bureaus at Wash- 
ington could be made to advantage; but the re- 
sults aimed at and not the means used should 
govern in making any rearrangement. The 
mere fact that two different bureaus are mak- 
ing surveys or are carrying on construction 
work is no reason for their amalgamation.—Ed. ] 


— — . — — 


The Minneapolis Bulldlag Department Tests of Plain 


and Reluforced Concrete Columns. 

Sir: In your issue of Dec. 3, 1908, you give results of 
a series of tests on plain concrete and on reinforced- 
concrete columns made for the Department of Buildings 
of Minneapolis, Minn. In commenting on these you say: 

The results of the tests are rather disappointing in that 
they are sufficiently erratic to make impossible any 
clear-cut conclusions. * * It will be seen that there 
is no recognizable relation between ultimate strength 
and the type or amount of reinforcement. 

In the light of the design of these columns I think the 
second part of this-quotation is the most clear-cut and 
logical conclusion that could be arrived at. 

In my opinion these tests are of exceptional value. In 
fact, the lesson they teach is of such vital importance 
that every reinforced-concrete designer should study 
them. They throw a clear light on some failures of con- 
crete steel buildings. 

The test marked A was a 9 x 9-in. column 9 ft. 6 ins. 
long with 10 longitudinal round rods % in. in diameter 
and 1% x 3-16-in. circular bands (having two -in. 
rivets in the splice) spaced 4 ins. apart, the circles 
being 7 ins. in diameter. It carried an ultimate load of 
130,000 Ibs. 


I quote from an authority: 


The compressive resistance of a hooped member ezg- 
creds(italics are mine) the sum of the following three 
elements: (1) The compressive resistance of the con- 
crete without reinforcement. (2) The compressive resist- 
ance of the longitudinal rods stressed to their elastic 
limit. (3) The compressive resistance which would have 
been produced by the imaginary longitudinals at the 
elastic limit of the hooping metal, the volume of the 
imaginary longitudinals being taken as 2.4 times that of 
the hooping metal. 

Applying this to the above case: (1) is 2,000 x 81 = 
162,000 lbs. ; (2) is 40,600 x 10 x .1963 = 78,520; (3) is 
74,200 (using net area of band). The compressive re- 
Fistance of the column should then excecd 311,120 lbs. 
It was much less than half of this. 

It will be urged that this particular column had a bad 
batch of concrete at the break. Should it be possible 
that a little bad concrete will destroy more than one- 
half of the strength of a column? 

Column Al was identical in all respects except that it 
had only 4 longitudinal rods. It should have had a 


strength exceeding 267,600 Ibs. Its actual ultimate 
strength was 156,510. 
The lesson from these tests is simply this: Longitud- 


inal rods in a concrete column do not reinforce it, and 
hoops add only an indifferent strength unless they are 
spaced close enough to stiffen the longitudinal rods. I 
have pointed out these facts before in articles and letters 
and in my book “Concrete.” It was proven by tests 
made at the Illinois Experiment Station that longitudinal 
rods reduce by a large percentage the ultimate strength 
of concrete-stee] columns, in spite of the fact that au- 
thorities are almost a unit in stating the exact opposite 
of this fact. As you point out, 5 of the 17 tests on 
reinforced-conerete columns made at Minneapolis stood 
Icss ultimate loads than the plain concrete columns. 

The “common theory” of reinforced-concrete columns 
is based on an assumption that is not true, namely: the 
steel and concrete are initially unstressed. This is not 
a possible condition, because the concrete shrinks and 
puts the rods in compression. Added load quickly puts 
these rods in excessive compression with the result that 
they buckle and break out the concrete, and the strength 
of the column is, as a rule, less than a plain concrete 
column. 

I asked an authority for a defense of this common the- 
ory. His reply was: “A defense of the theory is not 
required at this time.” He is right. All the theory 
needs is to be expunged from all books on the subject 
and forgotten. Yours very truly, 

Edward Godfrey. 
Monongahela Bank Building, Pittsburg, Pa., Dec. 9, 1908. 


— . — 


Methods of Stress Calculation for the Blackwell's 
Island Bridge. 


Sir: Just something about the expert reports on tbe 
Queensboro bridge, since that question is of so great 
importance and general interest, and especially about the 
method published in your issue of Nov. 19 for calculating 
Stresses in that structure. There's nothing wrong in it, 
to be sure, but nothing true either in the assertion that 
a “simplification of the formulas securing notable 
economy of labor and time” was attained by Mr. Hud- 
son, who did this work for Boller & Hodge. The method 
may safely be callcd prchistoric, and I pity the drafts- 
men in the office who had to make such tedious calcula- 
tions. The method was good in the times of Grashof and 
Navier, when continuous beams were figured by cutting 
them into statically-determinate parts and putting tan- 
gents and deflections equal. Since then we have had 
Mohr, Maxwell, Castigliano and they gave us more ele- 
gant methods. 

This as to the method; as to the alleged simplifications, 
these are altogether illusory and if the calculations were 
really performed as described in your columns we can 
safely express the opinion that the engincer in charge 
was not the right man in the right place. N 

The rocker stresses are put: 

(Da — Doi) (dg + d.) + (Dor — De) dz 


(di + dz) (ds + d.) — dg 
(De — Dor) (di + ds) + (Dvi — Da) dæ 
(dı + dy) (ds + d.) — deo 


or in simpler notation: 
(Da — Dol) a 4 (Dor — De) b 


R = 


= a seresa) 
(De — Dvr) d + (Dol — Da) b 
R= e 
0 


The so-called simplification now consists in taking these 
formulas apart by putting alternately Da, Doi, Dor and De 
equal to zero, getting six simple equations: 

L = MDa; R = —NDa 

L = — MDvi + NDor; R = NDvi — GDpr......(3) 

L=—NDc; R = GDe. 
These of course have to be added anyway in case loads 
are on all three parts and in case they are not (1) and (2) 
become simple too. It is going in a circle; where the 
labor-saving device is I can't comprehend. Just as much 
work to figure out the six equations and add them as to 
figure out two equations a little longer. 

But the incredible part comes now: It is stated that a 
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unit weight was placed at the first panel point, then 
statical stresses calculated, then deflections computed, 
that is Da, D bi, Dor and De [only Da, the other three 
being zero.—Ed.]}, then L and R computed. This pro- 
cess was repeated for every panel point. That is hardly 
credible, would be really prehistoric! .Of course the way 
to proceed was to take the curves of deflection belonging 
to di, daz, da and d., which are the influence lines for 
deflection in those points [at the rockers—Ed.] for a 
unit load. Just think of figuring every deflection anew! 


But even at that the method is too tedious and old- 
timed. We still have to figure out L and R out of (1) 
and (2). The way is too long, and consequently besides 
the more labor (I mean without this ridiculous calcula- 
tion of every deflection) a greater error enters into the 
final. result. 


The method to figure this bridge is the following: Take 
away the supports C and D (or B and B), which makes 
the structure statically determined, and apply alter- 
nately a unit load at C and D. Draw with the chord- 
angle-variations (A“ &i). (—A’d2), etc., as loads a chord 
polygon Ao L Fo with arbitrary polar distance (construc- 
tion of Müller-Breslau) which may cut the vertical 
through D in J and verticals through the end supports 
in Ao and Fo. Then draw a second polygon with loads 
(A“ di). (—A’’S2), etc., (chord-angle variations belong- 
ing to load X” = 1) with such polar distance that it 
goes through the points Ao J Fo. The area between 
the two lines is the influence plane for xX’, and 


1 
xX = P = — being the multiplier. 
Cc 0 
for influence plane for X”. There is no “cluster” of in- 
fluence lines whatever. This, and not the one used, is the 
method applied nowadays on a continuous beam doubly 
statically indeterminate. 


Conclusion: The published method bears evidence that 
such problems are out of the way of the consulting 
engineer. Messrs. Boller & Hodge and Hudson are en- 
gineers of reputation, but they are no experts in applied 
mechanics. Now this cannot be expected from an engi- 
neer. Let us be frank about our mathematical training. 
Every civil engineer nowadays has had his analysis, his 
theoretical and applied mechanics and many were very 
clever at differential equations or problems about the 
equations of Lagrange or Euler integrals or the theory 
of errors. But I would have to do some serious thinking 
about the problems solved in a jiffy in those polytechnic 
years. Applied mechanics are better preserved since they 
are used once in a while, but experts can only be people 
who make their life work out of it, and such are only 
the professors of applied mechanics in the enginecring 
schools, and for a problem of the highest order as this 
vig so-many-million-dollar bridge is we have to pick 
out a specialist of the highest order. If I remember 
well, Prof. Melan in Prague was consulted on the Wil- 
HNamsburg bridge. Why not take Müller-Breslau of Ber- 
lin or Rabut of Paris on this? 

Take a consulting engineer, and he gives it to anothcr, 
and the result is poor. 

So much about the report. Concerning the stupendous 
conclusions I think your attack on the Department of 
Bridges was very mild. The best thing that can be said 
about the achievement of those great engincers is what 
Talleyrand said about another Napoleonic error: It is 
worse than a mistake, it is a blunder. 

Very truly yours, 
A. Streiff, 
Chief Eng., New Jersey Cement Constr. Co. 
136 North 13th St., Newark, N. J., Nov. 27, 1908. 


Same construction 


[We differ with the writer of the above at 
every point. As his remarks are more denun- 
ciatory than detailed, it may conduce to clear- 
ness if we review them briefly. 

The “incredible part’ of our description of 
the method used in analyzing the Blackwell's 
Island or Queensboro Bridge, if we understand 
the writer’s meaning, is as follows. We said 
that after the values di, ds, do, ds and d. had 
been obtained and combined into the constants 
M, N and G, the next step was to find the rocker 
stresses due to single loads of 1 1b., placed suc- 
cessively at the individual panel-points; the 
simplified formulas, Eqs. (3) in the above letter, 
are used for this, and thereafter the whole work 
is statically determinate. To find the rocker 
stresses due to 1 lb. at the first panel-point, we 
said, the rockers were first assumed discon- 
nected and the static stresses due to the 1-lb. 
load computed, therefrom the corresponding de- 
flection Da calculated, and the rocker stresses 
then computed as L = M D. and R = — N Da. 
The writer of the above letter seems to say 
that this is In part a repetition of previous work, 
because this Da, the deflection at rocker L, is 
equal to the deflection Dı of panel-point 1 under 
a load of 1 lb. at rocker L, which was the con- 
dition taken in finding di. Assuming that Dı 


was found in the previous work, the repetition 
of labor by calculating Da separately is “in- 
credible” to him. But the facts are against him. 

In the first place, our statement pretended to 
be nothing more than a recital of the successive 
essential steps in the process, and by no means 
a definite description of the procedure employed 
in going through the individual steps. If in the 
actual computation one of these steps was ab- 
breviated, or even virtually eliminated, by the 
fact that the quantities which it should give 
and had already been obtained under another 
guise, this in no way alters the logical place of 
the step in the entire procedure. Our statement 
was not meant to imply (and we think could 
not fairly be so interpreted) that Boller & Hodge 
actually computed independently each of the 
steps indicated, if the steps asg stated by us in- 
volved any repetition. In fact, we did not say 
whether they did part of their work graphically 
or whether the whole of it was done by ana- 
lytical computation, a matter bearing directly 
on the point criticized. 


They actually did the whole work analytically, 
we are informed. Especially with such flat 
angles as are found in this structure, the accu- 
racy of graphical work with ordinary drawing 
tools is quite insufficient. In an attempt to 
check the analytical work by graphics, it was 
found that the ordinary T-square and triangle 
were entirely inadequate to make a practical 
check. It was concluded that even if influence 
lines had been plotted for the structure, they 
could have been made reasonably accurate only 
by computing the ordinates analytically and lay- 
ing out the curves by measurement. The amount 
of computation necessary for this would be the 
same as was required in Boller & Hodge’s pro- 
cedure, and the plotting of lines would have 
been simply added labor. 


Even taking our statement as a literal de- 
scription of the procedure there does not ap- 
pear to be repetition of work at the point in 
question. In computing (analytically) the de- 
flection di at L, due to a load of 1 lb. at L, the 
deflection Dı at panel-point 1 is not required 
to be found, nor is it found as an incidental 
result, as Mr. Streiff seems to imply; to com- 
pute this deflection Dı at this stage involves 
an added amount of work exactly equal to that 
needed later on for computing the equivalent 
deflection Da for unit load at point 1. The only 
item of the calculation for dı which can be used 
over again in finding either Dı or Da is the set 
of stresses caused by unit load at rocker L, and 
these would obviously be preserved for use be- 
cause they are employed later to find the true 
stress increments due to the rocker stresses. 

The fundamental weakness in the above letter, 
however, is the writer’s apparent failure to under- 
stand that in a very extensive computation like 
that of the Blackwell’s Island Bridge it is 
necessary that the work be split up into as 
many pieces of simple computation as possible. 
Methods of procedure must be fitted to this re- 
quirement. If it is inevitable that in the first 
Stages the whole work be in the hands of one 
man, yet as soon as possible it should branch 
out into several sections which go along inde- 
pendently, and each of these should further 
branch if possible into subsidiary pieces of sim- 
ple computation. A given method may be short- 
est and most “elegant” if carried through by 
one man from beginning to end, and yet be 
totally unusable in a very large calculation for 
this very reason: the impossibility of concen- 
trating a large working force on it. There is 
the further objection that such a method is 
generally complicated, and eludes simple checks 
or comparisons, so that when the work is all 
done there is no way to make sure of its pre- 
cision except a second man’s going through it 
a second time independently. The procedure 
used by Boller & Hodge is preeminently free 
from these weaknesses. For, not only does it 
branch into many separate pieces of elemen- 
tary computation at an early stage, but each 
part is of such a nature that errors reveal them- 
Selves to the trained eye almost automatically, 
and checking is applicable throughout. 

The adjective “prehistoric” also requires notice, 
because it involves fundamental misconceptions. 


There is no royal road to stresses in a statically 
indeterminate structure. There is only the one 
way, however it may be dressed up or renamed. 
If a structure has more supports than necessary 
for stability, or more parts than suffice to make 
it rigid, then the forces exerted by these super- 
numerary parts can only be found by four 
steps: 1. Eliminating the extra parts, determine 
what effect (measured in the same terms as 
the constraint produced by these parts) is 
caused at these points by the load; generally 
speaking, this means that for each extra part 
a deflection, linear or angular, must be calcu- 
lated. 2. Again eliminating the constraints, de- 
termine what effect at the point of constraint is 
produced by a given force; this also involves 
computing a deflection, and only a small part of 
the work necessary for this can be taken over 
bodily from step (1). 3. Multiply the forces 
assumed in step (2) by the ratio of the effect 
found in step (1) to the effect found in step (2). 
and thus obtain the forces exerted by the con- 
straints; this is simple arithmetic for a single 
constraint, and simple algebra in the case of 
several constraints. 4. Compute the stresses 
caused by the forces just found (acting in the 
points of constraint), and add them to the 
stresses active in the absence of the constraints 
(which were probably already found in the first 
step); this gives the desired result. 

Now, none of these four steps duplicate each 
other, and with the two exceptions indicated 
there is no repetition. Whether the rockers L 
and R are selected as the supernumerary parts 
(as was done in the calculation of this bridge) 
or the two middle supports (as the above letter 
recommends), makes no difference in the amount 
of labor involved. No radical alteration of the 
procedure is possible, and in fact “Mohr, Max- 
well and Castigliano’ whom Mr. Streiff cites 
were the very ones to establish this firmly. The 
only exception—and that is ‘“‘prehistoric’’—is the 


case of a structure whose constitution can be 


represented by an algebraic equation, as for in- 
stance the continuous solid beam of constant 
cross-section, or the solid arch shaped to alge- 
braic curves. Trusses, however, lie altogether 
within the scope of the procedure above out- 
lined. The only shortening of work attainable 
is that of reducing to a minimum the number 
of different loadings which must be investigated. 
This was accomplished in the method pursued 
by Boller & Hodge. 

Finally, the Blackwell’s Island Bridge is not 
at all “a problem of the highest order” in the 
mathematical sense as the writer of the letter 
implies. The whole difficulty was to arrange 
the procedure so as to be suitable for employing 
many computers, as already referred to, and this 
difficulty was solved to full satisfaction by the 
engineers, to whom the above letter refers in 
rather derogatory fashion. 

If large structures are designed in such a way 
that only two or three men in the world can 
analyze them, or that experienced bridge en- 
gineers are unable to determine how strong they 
are, we had better not build them. The safety 
of a structure destined to carry thousands of 
human beings should not be entangled in a 
“mathematical problem of the highest order,” 
nor removed so far from usual methods of de- 
sign that only two or three expert theorists are 
able to reason accurately concerning it.—Ed.] 
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Notes and Queries. 

Mr. D. S. Jones, P. O. Box 82, Ambridge, Pa., inquires 
if there is any case on record where vitrified brick in 
street paving have been taken up, turned over and re- 
pluced after the first wearing surface had been worn out. 
We would be glad to have any information on this sub- 
ject. 


A printer’s error in the article “Articulated Compound 
Locomotives,” printed in our issue of Dec. 10, p. 651, 
placed the table of dimensions relating to the great Erie 
Mallet locomotive, shown in Fig. 1, under Fig. 11, the 
drawing of the Santa Fe superheated-steam locomotive. 


In connection with the editorial note in our issue of 
Dee. 3, 1908, suggesting the use of crusher dust as a 
surface rouShener in concrete walks, a correspondent 
suggests the following: $ 


Sweeping the top with an ordinary broom will produce 
any desired degree of roughness and will also give a unli- 
9 appearance, although it is rather hard on shoe 
soles. 


December 17, 1908. 


REMINISCENCES OF A GAS ENGINE DESIGNER.* 


By L. H. NASH,{ M. Am. Soc. M. E. 


In these short remarks I do not intend to attempt to 
follow the line of development of gas engines as a 
whole and especially not those branches of it which 
have been developed by many eminent engineers, because 
these matters have been carefully described in publi- 
cations and by lectures, so that they are familiar to all 
gas engine engineers. My purpose is rather to present 
from the point of view of one of the workers the princi- 
ples in which I have personally interested myself, and 
to trace some of these lines as they have become parts 
of the general art of gas engine construction. 

In the early days, the gas engine was considered a 
device more adapted for small powers and was not 
classed as a serious rival of the steam engine. Its con- 
struction followed the lines of the old horizontal engine, 
of which the Otto is the best example, and the only 
deviation from this horizontal principle that I know of 
was the vertical Otto engine, in which the crank was 
above the cylinder, and in which all accumulations of 
oil remained in the bottom of the cylinder. I had a 
friend who used to spend every Saturday night cleaning 
up his engine in order that it might be ready for the 
following week's operation. 

It seemed to me, therefore, absolutely essential that 
the cylinder be placed above the crank shaft so that all 
waste products could escape from the fire chamber so 
far as possible. That principle has now been adopted 
by all makers of vertical engines. Such a construction 
now seems obvious, and when one réealizes that steam 
engines of this form were in common use, it seems a 
little surprising that the advantages of the vertical en- 
gine were so slowly recognized. 

The working fluid of an internal combustion engine is 
gas at extremely high temp ratures, and in that it differs 
from the steam engine. It has taken many years of 
careful thought to provide a structure in which these 
gases can be handled without danger of destroying the 
mechanism or of injuring its bearing surfaces; and 
while today all these difficulties are overcome, the need 
was by no means obvious to the early designers of en- 
gines, and even now, when a new man begins the con- 
struction of an engine of this class, his greatest liabil- 
ity to mistake lies right in this lack of appreciation of 
the necessity of using cooling water at every point where 
heat can possibly cause injury to the parts. 

Naturally, in the development of a new device having 
such peculiar characteristics and hoped-for possibilities 
of economy, a great variety of expedients and of mech- 
anism have been adopted. The process of evolution 
gradually eliminates many of these, and others find their 
uses in peculiar conditions and become standard for 
special work. It was natural to follow, to a large ex- 
tent, the lines of the steam engine and this seems to 
have been the first step in the art, especially in Great 
Britain. 

The great amount of heat ejected from a gas engine 
naturally led people to think of combining a gas and 
steam engine to utilize this waste heat. The writer 
once thought he had evolved a brand new idea in this 
line and made application for a patent upon it. The 
application was acted upon by the United States Patent 
Office and every one of the broadest claims were al- 
lowed. He had thought of riches beyond the ‘‘drcam 
of avarice”; but in a fatal hour the examiner discov- 
ered some British patents, and not only a few, but 
many of them, in which it seemed as if the ingenuity 
of inventors had been exhausted in combining gas en- 
gines and steam engines, at least on paper. Needless to 
say, the dream of immense wealth passed away. But 
while this idea of combined steam and gas engines 
seemed so attractive to many, I do not know that it has 
ever been embodied in a commercial structure. The diffi- 
culties of carrying the thing to a conclusion seemed too 
great to warrant the outlay, and while to a certain ex- 
tent the waste heat of the gas engine is utilized for 
commercial purposes, in other ways the development in 
this line has not been very extensive. The amount of 
heat that can be saved is very large, and as larger in- 
stallations of gas engine power plants are used, and the 
cost of fuel becomes a more important factor, the cost 
of installing these heat saving appliances will no longer 
be considered prohibitive, but with small units very lit- 
tle bas been done. 

The use of gas engines for marine propulsion was one 
of my earlicst dreams and the problem still seems only 
partially solved. Notwithstanding the large number of 
engines used in motor boats and the fact that some 
vessels are being equipped with gas engines, it is fair 
to say that the problem is today in its infancy. 

Fig. 1 shows an attempt along these lines made by me 
25 years ago, and not yet realized except in part. This 
cycle of operations, so far as I know, has never been 
adopted in any gas engine, and it seems to have some 
merit for the purpose of marine propulsion. 

Referring to the figures, it will be seen that it was pro- 
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posed to supply the engine with fuel, either coal or a 
liquid. The steam boiler was to be retained for emcr- 
g:ncy work; an independent air compressor was to fur- 
nish the means of supplying the compressed charge as 
required, and the engine was to operate with a cycle 
in which the regulation could be controlled at will with- 
out danger of shutting down from failure of its own 
mechanism; in other words, the starting was to be 
effected by external means, consisting of compressed air 
furnished from a reservoir or a compressor actively 
operated by a separate source of power. As a different 
application of a part of this idea, I designed a compressor 
driven by a gas engine cylinder instead of steam. The 
engine was to be double-acting and all wearing parts 
were to be provided with an elaborate system of water 
cooling for piston rods, pistons, etc. I believe this sys- 
tem has never been completely adopted as a whole, 
although many of its features are today parts of stand- 
ard engines. The method of starting by compressed air 
is now used in all large gas engine units; but the pe- 
culiar cycle of operations I think has never been put into 
practice. 

Notice in Fig. 2 the proposal to introduce the charge 
into the cylinder under pressure and then cut it off and 
ignite it at some point during the forward stroke of the 
piston. The governing would be by cut-off, by the meth- 
ods usual in steam engines. The very wide range of 
power cards which could be obtained from a given 
cylinder is suggested. The engine was to be reversible 


FIG. 1. 


like a steam engine, by the use of the usual link and 
eccentrics. 

The method herein indicated of supplying the engine 
with charge under pressure, seems to have some merit; 
in fact, I look back on this old idea with considerable 
curiosity that some one has not used it. I still believe 
that the method of operation described in this old 
patent will give the best solution yet offered of the 
marine gas engine. The method of generating the gas 
in a generator under pressure does not seem to have been 
tried and may still prove of value, but taking the sys- 
tem as a whole, the possibility of constant operation of 
the engine, and its ability to reverse or start under any 
circumstances should make it as valuable as a steam 
plant, and if the apparatus for furnishing the charge is 
made in multiple, as is the boiler supply for a steam 
engine, this idea should be no less reliable in service 
than standard marine engines using steam. 

The cost of developing engines of a large size, and 
especially for marine work, was far beyond the finan- 
cial resources back of the writer, who was obliged to de- 
vote himself to smaller problems. The patent has ex- 
pired, and the idea is left to take its place in the gen- 
eral evolution of the gas engine art and perhaps to sug- 
gest what might have been or may yet be. But many 
of its features will be found in existing engines, and 
if the original claims were still in force many an engine 
buildcr would be required to pay royalties today. 

Economy in the use of fuel is to be secured by high 
initial pressure, but the use of high pressures in a cyl- 
inder requires more perfect workmanship to prevent loss 
by leakage of the charge, so that what may be gained 
in a structure theoretically may readily be lost by any 
defect in mechanism. 

Fig. 3 shows a structure which I designed to handle 
very high pressures; my idea being that a plunger could 
be packed by the use of flexible packing, so as to be ab- 
solutely tight, where a cylinder and piston furnished 
with rings might fail. ,It will also be noticed that the 
connecting mechanism is made with rocking joints, 
which need no lubrication, the ends of the connecting rod 
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(A, steam boiler; B, coal gas producer; C, liquid fuel gas generator; D, engine; E, 
compressor; F, air storage tank.) 
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and the bearing upon which they operate being cylindri- 
cal and made of hardened steel. Cards made from this 
structure demonstrated the fact that a very high degree 
of economy could be secured. 

Two things prevented success at this time, however. 
In the first place the electric igniter, now in common 
use, was not then available, and it was necessary to 
use the old-fashioned flame igniter, which introduced 
many complications; and I was also convinced that the 
use of high compression would not prove a commercial 
success, in small units at least. When the Diesel motor 
was placed upon the market in small units, therefore, 
I watched the development with a great deal of in- 
tercst to see whether I. was not correct in my judgment, 
and the early history of the first engines introduced 
amply proved that it would have been a mistake for our 
company to continue further in this line of work. 

Notwithstanding the fact that the Diesel engine has 
overcome these difficulties and is today a commercial 
success, at least in the larger sizes, the road to the 
development of this idea was not easy for the investor. 
The enthusiastic designer in his quest for rainbows must 
keep his feet on the solid ground of commercial suc- 
cess, and yet, looking back over the state of the art, 
these early efforts are of interest from the point of view 
of the difficulties which have been overcome and the 
suggestions many of them still contain, which may be 
embodied in future work. 

The efforts of the writer were rather confined to the 

production of smaller units. 
It was thought that a 
motor for running sewing 
machines would be a money 
maker, and Fig. 4 shows 
a small motor which he de- 
signed for this purpose. It 
had a flame igniter, and 
was cooled by an air jacket 
in which a draft was 
induced by injector action of 
the air escaping from the 
crank chamber. It was a 
beautiful little piece of mech- 
anism, and in the hands of 
a skilled mechanic, who 
would keep it clean and take 
care of it, it seemed that 
nothing could be more per- 
fect; but alas the average 
woman could not qualify. The 
necessary care could not 
be depended upon, and after 
many months of hard work 
I gave up the idea and start- 
ed in on easier problems. 
The problem of igniting the 
charge was a very serious 
one in the early days as 
electric apparatus adequate to 
produce reliable ignition had 
not yet been developed. I 
made several attempts at jump spark apparatus, but it 
was always unreliable in some respects. I had a little 
sparking dynamo made by a friend in the electric busi- 
hess, which was all right; but the method of insulating 
the terminals had not yet been worked out satisfac- 
torily. Mica was used, but was liable to become water- 
soaked. The general impression was that the flame was 
the most reliable thing. Many months of work were 
devoted to the production of flame igniters which were 
probably as reliable as could be expected of them. The 
difficulties, of course, always lay in the fact that the 
flame must be carried in through a valve and the soot 
and oil used in lubricating the valve soon destroyed the 
joint-forming surfaces. 

The next expedient was the hot tube, which had many 
features of value but could not compare with the pres- 
ent method of igniting the charge by electric spark. I 
also used incandescent wire, heated by electric current. 

Simple as the igniting apparatus of an engine is, there 
is nothing of more importance, and yet even today the 
problem is unsettled and many people are at work mak- 
ing improvements along this line. But undoubtedly the 
lack of absolutely perfect ignition has been one of the 
features which has retarded the development of the gas 
engine. I still look for improvement in this line, al- 
though there are many serviceable forms of igniting 
apparatus which operate reliably, under reasonable care. 
That the gas engine engineer is dependent upon the 
electrician for the solution of one of the most impor- 
tant problems in his art shows how the arts are allied. 

When one looks back over the march of improvement 
in any art, what naturally strikes the observer is the 
amount of work which has been expended in developing 
side issues or modifications of what was finally proved 
the fittest device. Most of these ideas, like that of 
Prof. Atkinson, are based on theory which warrants the 
attempt to produce a structure to carry it out, but very 
often the complications more than neutralize the sup- 
posed advantages of the proposed structure. 

It is well known that the losses in a gas engine occur 
largely at the beginning of its stroke, while the charge is 
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at its highest temperature and pressure. These losses 
are due not only to leakage, but to hcat loss. It would 
seem, therefore, that the quicker the power could be 
utilized the greater the economy to be secured. With 
this idea in view I devised a link motion for the con- 
necting mechanism, which could be arranged to give an 
extremely high speed at the beginning of the stroke and 
a slower speed at the end. Such a device is illustrated 
in Fig. 5. 

A study of this motion will demonstrate the fact that 
by shortening the connecting rod A the spred ratio of 


Fig. 2. Diagram Indicating Form of Cards of Ma- 
rine Engine Admitting Charge Under Variable 
Cut-off and Pressure. 


the piston at the beginning of the stroke can be in- 
creased two or three times. In order to avoid side thrust 
upon the members, the link B is used. 

The difficulties of this design lay in the greater num- 
ber of bearing parts to keep in order, and also in the 
fact that any gain in increased speed was at the ex- 
pense of increased pressure upon the crank pin. It was 
necessary, therefore, to use larger connections and larger 
shafts for a given size cylinder, and the difference in 
economy did not appear great enough to pay for the 
additional parts and their maintenance; the idea has 
therefore been abandoned after test. It seemed that all 
that could be obtained in this way could be gained by 
a longer stroke engine or an increase in the number 
of revolutions. I have seen this idea exploited by other 
parties since, but it has never attained commercial value. 
I think it may be laid down as a rule in the designing 
of any kind of mechanism that the idea should be a 
simple one and that any departure toward complexity is 
a mistake. 

As gas engines increased In size, it became more and 
more difficult to start them by the old method of turn- 
ing over the fly wheel by hand. Various devices for 
this purpose were tried out and apparently are tried out 
again and again by new inventors. One method was to 
introduce a charge of combustible mixture into the cyl- 
inder by a hand pump, and after the piston was started 
to ignite the charge and then expect the engine to con- 
tinue operations from the one dmpulse. Such a method 
can be made to succced, but often a single impulse will 
not drive the engine with sufficient speed to take in the 
next charge, in which case the operation has to be tried 
over again. 

Another means tried by the author and used by others 
is a cartridge containing an explosive, such as gun- 
powder, obtaining the first impulse by the explosion of 
this charge. Such a device has the same fault as that 
of the first, the use of a combustible mixture, and the 
additional fault that the products of combustion are 
usually dirty and tend to fill the cylinder with particles 
of matter that may give trouble in the regular opsration 
of the machine. 

Starting by compressed air, however, has seemed to 
fill the required conditions, offering the simplest method 
of obtaining the desired momentum of the engine. The 
only objection to this method of starting is in the cost 
of mechanism necessary to carry it out, which is quite 
an item when dealing with small units but of very little 
importance when dealing with large ones. This method 
was the one I had intended to use in marine engine 
work, and as soon as our engines were of sufficient size 
to require power starting, we made use of this method, 
having sought in vain for a less expensive one. It is 
probably the standard method today for all large units, 
and offers a means of handling the gas engine in either 
direction with the same degree of certainty in starting 
and reversing possessed by first-class steam engines. 

In connection with mechanical curiosities, Fig. 6 shows 
a reciprocating piston device arranged to have also a ro- 
tary motion, which at one time was used in small motors 
with the idea that the piston could be made to operate 
as its own valve for admitting and ejecting the charge. 
The difficulty with this idea consisted as before in the 
complication of parts, universal joints introduced at the 
crank end and the wrist pin end of the connecting rod, 
and also in the fact that a plunger having this motion 
will wear out very much faster than a similar plunger 
running with reciprocating motion alone. As a matter 
of fact, this combined reciprocation and twisting is just 
the motion which a mechanic uses in lapping out a hole 
with a lap, and it demonstrated its utility in this re- 
spect in the first machines made. I used the motion 
in a plunger valve for small motors, but soon abandoned 


it for the reason stated. The device has since been uti- 
lized in an ofl pump for lubricators, and there it may 
not have the faults which developed when the attempt 
was made to use it as a piston for a gas engine. 

The idea of a piston which would form its own valve 
still persisted and a two-cycle machine intended to use 
this principle is illustrated in Fig. 7. So far as I know, 
this is the first of the so-called two-cycle valveless en- 
gines, the charge being admitted and deflected at the 
end of the piston stroke 60 as to drive out the products 
of combustion. Curiously enough, this broad idea has 
been developed into a multitude of forms, and there are 
now probably more people manufacturing small motors 
of this type than any other single type of gas engine 
structure. I freely confess that I did not appreciate the 
value of this idea at the time it was conceived, but 
confined my two-cycle work to the forms of structures 
in which mechanically operated valves were used. The 
evolution of the gas engine, however, has proved that 
the demand in small units was for simplicity rather 
than for economy, and I did not realize this until others 
had proved it to be a fact. This leads one to quote the 
celebrated saying of Mr. Beecher, “If his foresight had 
only been as good as his hindsight, he would have 
avoided many mistakes.’’ 

Another device tested out and actually put in service, 
and closely on the line of the Diesel work of today, is 
illustrated in Fig. 8. This application was an old one 
and experiments were made very much earlier than the 
date of the patent. Fuel was introduced in the form of 
a spray or jet and burned in a volume of air, the mix- 
ing being performed by the intensity of the flow of the 


gas itself. Cards taken from this engine can be made 
to assume either the form of the Otto cycle, wherein 
what is practically an explosion takes place, or the 


form of the card shown in the Diesel engine, in which 
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the burning of the charge is slower, the whole depend- 
ing upon the velocity of the jet as it enters the com- 
bustion chamber. If the jet is forced in with a very 
high velocity a complete mixture of gas and air takes 
place before the flame is communicated to the charge 
and a practical explosion is the result. If on the other 
hand the charge is allowed to enter with less velocity 
it will burn as it enters and impart a gradual heat to 
the charge. I do not know why I did not go further 
with this idea as it had many features of advantage. 

The difficulty of ignition was still present in those 
days, the hot tubes which I used for ignition giving 
trouble with high pressures. If the present electric ig- 
niter had been available the engine would have proved 
a commercial success. But I had spent much time on 
this engine and our company demanded an engine which 
could be sold and produce revenue; I therefore felt it 
necessary to come down to some simpler forms and make 
engines for the market, rather than to seek to develop 
broadly new ideas. , 

In the evolution of a device like the gas engine, the 
tendency is to assume certain fixed and definite forms, 
which are usually determined by the factors of simplic- 
ity and ease of maintenance. When all possible varia- 
tions are designed and tried out, there comes a time 
when designers revert, by a sort of mutual consent, to 
a certain type. The vertical form of engine now seems 
to have taken the place of most others for moderate 
sizes. The two-cycle valveless engine still maintains 
its position for very small powers; while the two-cycle 
engine with controlled valves has been widely adopted 
for larger units. The double-acting form of device is 
naturally the one which requires the greatest amount 
of care in design and construction; but its advantages 
have led to its use in units of considerable power. Thus 
each particular type seems to find a little nook for which 
it is better adapted than the others, and a war of types 
still goes on, showing that the gas engine art is still 
in a mobile state. 

The principal work of engine designers of later years 
has been the perfection of a simple form of structure 
which has proved itself as having in the long run the 
qualifications of durability and economy; so many build- 


ers are now making vertical engines in which the main 
features are similar that no one has a field all to him- 
self, the differences consisting rather in the arrange- 
ment of operating mechanism and methods of economical 
mixing and igniting of the gases of the charge. The 
structures we are now making have mechanically oper- 
ated valves guided in long bearings so that wear is 
imperceptible. The causes of premature ignition are now 
better understood than formerly. They depended upon 
conditions which were overlooked in the details of con- 
struction; a small part which could get unduly heated, 
or a portion of the combustion chamber not sufficiently 
provided with water jackets, was sufficient to cause pre- 
mature ignition and prevent the highest economy which 
could be secured only by increas-d compression of the 
charge. 

The pressures now carried are, on the average, double 
that which used to be the maximum in the Otto engine 
for city gas and four times as much as for producer 
gas. This has resulted in higher economy. The struc- . 
tures are also much more massive, or at least the metal 
is better distributed in relation to the work which it 
has to do. Methods of lubricating by the use of force 
feed apparatus make it possible to distribute the oil to 
those portions of the mechanism where it is absolutely 
needed, and improvements in the igniting apparatus 
have increased the reliability of operation of the ma- 
chine. 

The igniter has always been the weak point of the gas 
engine. My experience has shown that if the spark is 
intense enough the lighting of even a weak charge can 
be secured with a high degree of quickness. The method 
of advancing the spark to a new position seems to me 
unnecessary. There is always a minute interval of time 
after the spark has been made, while the surrounding 
mixture is being heated enough to transmit the flame. 
After the transmitting medium has once begun to flash, 
the time interval is extremely small. The lost time, 
therefore, is in that hesitancy of the mixture to light 
when a comparatively weak spark is used. It is, there- 
fore, necessary to allow a certain interval when a weak 
spark is used, depending upon the weakness of the 
charge, because the particles nearest the igniter cannot 
instantly give out sufficient heat to transmit the flash 
into the charge. On the other hand, if the spark is so 
intense that it produces enough heat in itself to start 
the preliminary flame, the time of hesitancy can be 
made to disappear almost entircly, and the flash will 
be communicated with almost equal speed in any mix- 
ture available for power in a gas engine. The necessity 
for providing higher power in the igniter is being more 
and more clearly recognized by engine builders and we 
can now obtain mechanism for ignition of higher power 
than that formerly available. 

This brief description of some of the ideas that I have 
seen tried out is offered in the hope that it may serve 
either to suggest ideas to those looking for improved 
devices, or perbaps to deter others from beginning ex- 
periments in lines which have already proved unsatisfac- 
tory. Ideas are constantly being repeated by men who 
have not come into contact with each other, each think- 
ing himself the originator, and so the same experiments 
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are often gone over and over by different people with 
much loss of time and money. 


[The numbers and dates of the United States patents 
to which reference is made in this paper are as follows: 
278,255, May 22, 1883; 334,035, Jan. 12, 1886; 312,498, 
Feb. 17, 1885; 289,019, Nov. 27, 1883; 378,847, Feb. 28, 
1888: 386,211, July 17, 1888; 583,627, June 1, 1897.— Bd. 
“Journal” Am. Soc. M. E.] 
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THE NEED FOR CONSERVING THE MINERAL WEALTH 
OF THE UNITED STATES.* 


The National Commission has submitted for your con- 
sideration today a preliminary compendium or inventory 
of the mineral resources of the United States. In this 
it has called attention to the large waste of materials 
and the large loss of life which characterizes these in- 
dustries in all parts of the country. 

The Commission has called your attention to the fact 
that one-half of the natural gas now coming out of the 
earth, about 1,000,000,000 cu. ft. per day, or more than 
enough to light all the cities of the United States having 
more than 100,000 population, is wasted by being allowed 
to escape into the atmosphere; and that this entire waste 
can be prevented by adequate state legislation similar 
to that now enforced in Indiana and one or two other 
states, 

The Commission has also called your attention to the 
waste of material which is to a considerable extent pre- 
ventable in the mining and extraction of various metal 
mining industries, as for lead, zinc, copper, gold and 
silver mining; and especially to the enormous waste in 
coal mining, which is equivalent to about one-half of the 
total product mined, or for the year 1907 about 240,000,- 
000 tons. The aggregate of all these products of mineral 
waste for the past year is estimated to approximate 
$1,000,000 per day in value. 

The mineral production of the United States during 
the past year was approximately $2,000,000,000, so that 
this estimated waste is equivalent to more than one- 
sixth the value of the total production. 

The seriousness of this loss is more clearly appreciated 
when it is remembered that our production and consump- 
tion are increasing much more rapidly than is the popu- 
lation of the country; that the mineral supplies for fu- 
ture use are limited in quantity and are non-reproducible; 
that is, there are no new supplies being created to take 
the place of those which are being withdrawn from the 
earth and either used or wasted, and that hence when 
once these supplies are exhausted the exhaustion will be 
complete and permanent, and that at the increasing rate 
of consumption which has characterized the industry dur- 
ing the past few years the available supplies of cer- 
tain of our more important resources, like the coal and 
the iron, will be early in the next century so nearly 
approaching exhaustion as to bring real hardship to 
the nation. 

But more serious even than this question of the waste 
of materials is the excessive loss of life in our mining 
operations. We are grieved to find that during the past 
year in coal mines alone more than 3,000 men were 
killed and more than 7,000 injured; and our distress has 
increased rather than diminished, to find that the num- 
ber of men killed in the United States for each 1,000 
men employed in the mines is from 2 to 4 times as great 
as it is in other coal mining countries. 

Of course it is not to be expected that the coal miners 
in the United States at 75 cts. per ton for their coal at 
the mine can take the elaborate precautions in behalf of 
the safety of the men and the protection of waste of fuel 
which are taken in European countries, where the value 
of the coal at the mine is more than twice this figure; 
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but the American people cannot afford to demand cheap 
coal at the cost of human life and the waste of the herit- 
age which belongs to the next generation. 

The miners and the operators are anxious to inaugu- 
rate these needed reforms, and certainly the American 
people are ready and willing to pay whatever increase 
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» Report submitted by the Minerals Section of the Na- 
tional Conservation Commission to the Conference on 
Dec. 


in the cost of fuel may be found necessary in order to 
guarantee the safety of the miner and the saving of the 
fuel which belongs to the next generation. 

It is not claimed for the statements presented to you 
in the Commission’s report relative to the mineral 
wealth of the country that the data concerning the re- 
maining available supplies of coal and iron and other 
mineral substances are strictly accurate, or that all this 
data is of the same degree of accuracy; but the Com- 
mission has presented to you a summary of all the data 
available on the subject and it has endeavored to make 
the best possible use of such data in reaching its con- 
clusions. 

Only data considered to be reliable has been used. It 
has refrained from making guesses and from using all 
data the accuracy of which was believed to be ques- 
tlonable. 

But even should future developments prove that the 
estimates submitted at the present time are 10 or 20 or 
more per cent. in error, the strength of the argument for 
conservation stands out none the less prominently and 
positively. 

The great fundamental facts brought to the front as 
a result of this work stands out clearly, viz.: that these 
mineral resources have required untold ages for their 
accumulation; that no human being has contributed to- 
ward this accumulation or has increased the intrinsic 
value of these resources, and hence their present owners, 
whether acquiring them through discovery or purchase, 
have no right to waste or destroy that which is necessary 
to the welfare of the nation, which they did not create, 
and which they cannot replace. 

Therefore, whether at the present increasing rate of 
consumption certain of these resources will last 50 years 
or 100 years, is immaterial in our discussion of this 
question, in view of the fact that there are for those 
materials no known substitutes, and as compared to the 
life of the nation itself the duration of these supplies is 
short. 

For certain of our more important resources, however, 
the data in hand is sufficiently complete to render pos- 
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sible fairly satisfactory estimates. That of coal supplies, 
which occupy an aggregate area of nearly 500,000 square 
miles, or about 15% of the total area of the United 
States, is estimated to contain about 1,400,000,000,000 
tons of easily accessible coal available for mining under 
existing conditions. The boundaries of these coal fields 
are already so well known that the discovery of new 
deposits outside these boundaries is not likely to equal 
1% of the total known supplies, and it is worthy of note 
that while the estimates submitted by the Commission 
as to the quantity of this coal available for mining 
under existing conditions were published and distributed 
to the geologists and mining engineers of the country 
more than six months ago, the only criticism of these 
estimates received up to the present time have been 
those asking for a reduction not an increase in the es- 
timates of the supply. 

The data concerning our iron ore supplies, while less 
complete than that concerning the coal, is nevertheless 
sufficiently definite to yield results of decided value. 
These estimates, based upon data gathered from every 
available source, indicate that we have in sight of high- 
grade iron ores, or such as are available for use under 
present economic conditions, 3,840,000,000 tons, of which 
nearly two-thirds is located in the Lake Superior dis- 
trict. 

In addition to these, the final estimate of low-grade 
iron ores, which are not available for use under 
existing conditions, shows there are about 59 billion tons 
distributed through the iron producing districts. At the 
present increasing rate of consumption it is estimated 
that these high-grade iron ores will have been largely 
consumed by the middle of the present century; while 
the supplies of high-grade available coal may be ex- 
tended to near the middle of the next century. Of course 
it is possible that either limited additional supplies of 
high-grade ores may be discovered, or that new methods 
may be developed which will render practicable the use 
of the better portions of these low-grade ores; but it is 
not likely that such additional discoveries will seriously 
extend the life of the high-grade ore supplies; and the 
use of the low-grade ores will involve also the use of 
low-grade fuels. 

The chief waste in our oil supplies lies perhaps in 


their misuse; that is, their extensive use for fuel pur- 
poses—more than 18 million barrels having been used 
during the past year for locomotive fuel—for which pur- 
pose coal, as a more abundant fuel, might be appropri- 


SS): 


7 7 7 2220 ny 


% 
4 
= 


— - 


Fig. 8. High-Pressure Engine—Fuel Introduced in 
the Form of a Spray. 


ately used, leaving the major uses of petroleum for 
lubricating, illuminating in isolated districts, and other 
purposes for which it has no known satisfactory sub- 
stitutes. 

No definite estimates are submitted relative to the 
available supplies for future use of copper, lead, zinc 
and the precious metals, for the reason that the limited 
and irregular areas occupied by these materials and the 
uncertainty as to their extent, makes it impossible to 
estimate accurately the quantity of materials available 
in any one lode or district until these have been thor- 
oughly worked out. Judging, however, from the 
amounts of these materials in sight, it is estimated that 
without discovery of other deposits, at the present in- 
creasing rate of consumption the known supplies of 
those materials will not last beyond the present century, 
and the probability of the discovery of extensive new 
supplies is diminishing with each year. 

But for these metals, as for the petroleum and natural 
gas, the indications are that other deposits will be dis- 
covered in the Middle and Western states which to a con- 
siderable degree will prolong the life of these supplies. 
The losses in the mining and treatment of these metals 
is even greater than in the case of the iron. In the 
case of the lead, zinc and iron ores, one of the chief 
sources of loss is in the destruction of the metals them- 
selves through rust, electrolytic action, etc. 

Among the mineral resources of lesser financial value, 
the conservation of the phosphate rock stands out with 
special importance because of the fact that this material 
is essential for the maintenance of the fertility of our 
soils. The known supplies of this material are quite 
limited, the quantity of high-grade phosphate rock now 
considered available for use aggregating less than 150,- 
000,000 tons. The total amount consumed during the 
past 40 years has been about 30,000,000 tons; but the 
rate of consumption during this period has averaged 
nearly 120% inerease for each decade. At this increasing 
rate, 25 years would suffice to exhaust the available 
known supplies. But so small is the phosphate supply 
in other countries, and so highly prized, that already 
40% of our total production is being exported, and for- 
eign capitalists are now endeavoring to secure for export 
purposes our largest known deposits of this material in 
the country. 

The mineral production in the United States now ex- 
ceeds two billion dollars per annum, and it contributes 
more than 65% of the total freight traffic of the country. 
We now produce nearly 500,000,000 tons of coal per 
annum, or 40% of the world’s product. We also produce 
38% of the world’s iron; 22% of the world’s gold; 
60% of the world’s copper. 

In many of our mineral products we need not expect 
that imports from other countries will materially extend 
the life of our own supplies. Especially is this true of 
such vitally important articles as our mineral fuels and 
phosphate; but the possibility of obtaining limited sup- 
plies of other materials by import does not dimnish the 
seriousness of the obligations which rest upon the people 
of this country to conserve the resources intended for 
use through the life of the nation, not simply the life 
of the individual. $ 

In all our efforts to conserve our resources and to 
protect the lives and the health of the million men who 
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cxtract these metals from the earth, we will always be 
dependent upon the active cooperation of the states. 
The federal government should, and doubtless will, ex- 
tend its investigations of these resources with a view to 
determining both their quality and their quantity, and 
to showing how these resources may be mined and used 
with increasingly greater efficiency. It will no doubt 
extend its investigations into the causes and methods of 
preventing mine accidents of all classes. But it must 
look to the states for the enactment and enforcement 
of laws looking to the protection of life and the preven- 
tion of waste—legislation based upon the facts developed 
through these investigations—legislation which will be 
fair to all interests concerned and which will help in 
the wise development and conservation of our resources. 

John Dalzell, Pennsylvania, Chairman; Joseph M. 
Dixon, Montana; Frank P. Flint, California; Lee S. 
Overman, North Carolina; Philo Hall, South Dakota; 
James L. Slayden, Texas; Andrew Carnegie, New York; 
Charles R. Van Hise, Wisconsin; John Mitchell, Illinois; 
John Hays Hammond, Massachusetts; Irving Fisher, 


Yale University; I. C. White, West Virginia; J. A. 
Holmes, Geological Survey, Secretary. 
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AN UNHAMPERED CESSPOOL—A TRUE SHORT 


STORY” OF DOMESTIC SANITATION.* 
By ROBERT FLETCHER, M. Am. Soc. C. E. 


Not many years ago a maiden lady of limited means 
built a snug little bome in the suburbs of a small city 
of one of the Middle States. The lot was on a rather 
steep slope, and the house was located about 50 ft. back 
from and 15 ft. higher than the highway, below which 
are other houses in tiers on a still sharper slope, de- 
scending about three hundred vertical feet to a large body 
of water. As the house was fitted with the usual fix- 
tures of approved sanitary plumbing, a cesspool was 
provided to receive the sewage from the household, the 
personnel of which varied from two to six or seven. The 
resources of the surrounding community are not equal to 
providing an adequate system of sewerage, while the 
conditions described demand special care from the higher 
residents against making any nuisance for those lower 
down. Fortunately the soil is a slightly permeable clay 
hardpan, with rounded stones from nut size upwards. 

According to the usual practice of this locality the 
cesspool] is located in front of the house, just at the foot 
of the piazza terrace, so that the top is nearly on a 
level with the cellar floor within. In construction it is 
jug-shaped, as shown in the sketch (Fig. 1); paved and 
lined with stone, laid dry; the dome-like top terminat- 
ing in a throat or manhole built up with brick and 
mortar; and tightly covered by a slab of Hudson River 
bluestone, even with the turf of the lawn. No rain 
water was admitted to this receptacle. 

THE AILMENT AND FIRST AID.—A visiting relative 
declared that the conditions which he found, after this 
cistern had been in use about 21 months, constituted a 
flagrant sanitary misdemeanor. It was full; and exud- 
ing from beneath the cover was a black or dark green, 
slimy deposit, which spread a yard or two through the 
grass which only partly concealed it—always offensive 
to the sight and often to the smell. The owner met the 
remonstrances with the usual question and answer: 
“What can I do about it? We don't know any better 
way.” 

Obviously it was a case of choked cesspool needing re- 
lief; accordingly, the usual appliances and help were 
procured from the city, with the expectation that a large 
body of liquid must be pumped out and then a deposit 
of sludge dug out. But, as the pumping proceeded, the 
operators were surprised to find that the contents were 
all liquid —light, yellowish brown in color and not over- 
poweringly offensive to smell. There was not a shovel- 
fui of deposit or sludge left in the bottom, although a 
few blackish flakes of flocculent matter came out through 
the pump. The bottom and sides of the cistern were at 
once sprinkled with about half a bushel of powdered air- 
slaked lime, and a person descended into it immediately, 
with not so much sense of offense as is experienced 
around the Moon Island plant of the Boston main 
drainage works. 


Here a process of nature had been proceeding (re- 
gardless of the claims of any patentee or of court deci- 
sions)—as it always has proceeded under like conditions, 
and always must so proceed. But the operation had 
been hindered, and it was evident that the cesspool 
needed an outlet. Hence, a hole was made through the 
stonework about 2 ft. below the cover, and a combination 
of old-fashioned ‘‘blind drain’’ and pipe drain provided, 
as shown in the accompanying sketch. It is almost 
needless to explain that this arrangement of material 
was for the purpose of extending the region of percola- 
tion and filtration. The trench was about 40 ft. long, 


and the diameter of pipe in the lower balf was reduced | 


to 3 ins. The terminal pit shown in the lower sketch 
of Fig. 1 was an adaptation to the situation and in- 
tended to facilitate the filtration of the liquid to the 
surface of the lower terrace. 


*Condensed from the “New Hampshire Sanitary Bul- 
letin" for October, 1908. 

Director, Thayer School of Civil Engineering, Dart- 
mouth College; member N. H. State Board of Health. 


During about 18 months of subsequent use there has 
been no offense from the cesspool, the very existence of 
which would not be suspected if not for the stone cover, 
and the only indications of the. existence of the pipe 
outlet and porous drain are the thicker growth of grass 
at the lower edge of the lawn and a luxuriant growth on 
the terrace slope near the pit; also a perceptible but 
inconspicuous seepage into the roadside ditch, which is 
so far purified as not to betray its origin to the sense 
of smell—even to a person working close to the ground 
with a grass sickle. 

The owner in this instance knew nothing about “septic 
action” and her friend did not venture any explanation. 
There was no intention of providing a “home or work- 
shop for colonies of bacteria,” either anaerobic or 
aerobic; only a sense of the disagreeable necessity of 
tolerating a plain, unsavory cesspool, with an adjunct 
of a blind drain with some pipe in it. Whatever view 
might be taken of the case, theoretically, here was ‘‘cir- 
cumstantial’’ evidence of some transforming process of 
Nature. The decision of the court had not then been 
given to the effect that the process claims” of a well- 
known ‘‘septic tank” patent are valid. Considering that 
Nature has always operated in cesspools regardless of 
human agency, it was not supposed that ownership 


could be vested in any such operations in analogous re- 
ceptacles. 

In this case evidently, as in other proper cesspools, 
there was “the process of” (partially) “purifying sewage 
which consists in subjecting the sewage under exclusion 
of air, of light and of agitation to the action of” (as 
alleged by scientific investigators, some agency which 
they term) “anaerobic bacteria, until the whole mass 
of solid organic matter contained therein becomes lique- 
fied’; but the next clause of the specification—‘‘and 
then subjecting the liquid to air and light“ - does not 
apply here, since there was no subsequent open expos- 
ure. 

SUGGESTIONS FROM EXPERIENCE. — This bit of 
practical experlence which came to the knowledge of the 
writer (at first hand) does not present anything new, 
but simply shows an adaptation and combination of ma- 
terials and construction long known and used. Some- 
thing similar to this particular combination has been 
before suggested, but for a level situation. 

The arrangement described is doubtless crude in some 
particulars, being conformed to a financial status of 
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“limited means” and to the special conditions of sloping 
ground and a soil not very permeable. In gravelly or 
otherwise porous ground the tank must be water-tight, 
so as to retain the contents and avoid pollution of the 
surrounding soil; also the stones in the trench may be 
omitted if coarse and fine cinders are available; or, if 
cinders are not to be had, the gravel should be screened 
and the coarser grade put around the pipe and the finer 
grades on the sides of the trench and over the coarser 
stuff so as to prevent ingress of the adjacent soil to 
clog the drain. 

The reader will notice also that an adequate outer 
termination is quite important; and hence a suitable 
even grade must be given to the trench on the bottom, 
and the pipe laid truly in its own place on a correspond- 
ing grade; then the outlet must be low enough to per- 
mit free and steady flow and percolation outwards. 

GUIDING PRINCIPLES.—We note four fundamental 
principles for a small disposal plant: 

(1.) In the tank or cesspool proper there must be 
gradual motion (not necessarily regular or continuous) 


from inflow to outflow a state bordering on quiescence. 
It is essentially a slow proccess, spoiled by hastening It. 
Necessarily both the inlet and outlet pipes must dip 6 
ins. or more below the surface of the fuil cistern; the 
inlet, to mitigate the disturbance of influx, and the outlet 
so as to exclude from the drain any scum or undigested 
floating matter. 

(2.) Excess of water or dilution in the first stage must 
be avoided. The sewage itself contains quite water 
enough. The deoxidizing process must not be hindered. 

(3.) The effluent from the tank must have free or un- 
hindered outflow. which must not be too rapid The 
blind drain, combined with a suitably porous subsoil, 
provides the necessary slow percolation and aeration. 
If possible, it should be long enough to allow the entire 
process to be accomplished underground, so that nothing 
more than inoffensive seepage shall come to the surface. 

(4.) Any considerable depostt of sludge in the cess- 
pool indicates incomplete or imperfect action, probably 
due to violation of principles 1 or 2, or both. Briefly, 
it is not likely that one will make a cesspool too large 
or too deep. Many are made too small and too shallow, 
of which that abomination of house-drainage, a ‘‘grease- 
trap,” is an extreme example. All necessary conditions 
are best realized In a large, tight tank or cistern, when 
there is the least dilution of 
the sewage. In the success- 
ful operation described, the 
supply of water is from a 
spring, and while sufficient 
for all reasonable demands, 
is not unduly wasted, so that 
the sewage is “strong” as 
compared with that where no 
care is had to avoid waste 
of water. 

While these principles have 
general application, it is im- 
portant to note that we are 
now considering them only 
in relation to sanitary disposal for a single dwelling. or 
two or three at most. When the larger problem of dis- 
posal for a small group of houses, a large hotel, or a 
village, is to be solved, advice should be sought from a 
competent sanitary engineer. 

Even in the simpler cases, the treatment must be va- 
ried to suit the conditions. Evidently a soil saturated 
by ground-water is an impossible situation. Nearly level 
ground, especially if not very permeable, like clay, may 
require considerable extension of the trench, perhaps 
terminated by a larger pit filled with medium-sized 
stone, or coarse cinders (clinker) or coke, with care 
taken to keep out surface water. This, if its porosity is 
maintained, increases the percolating area. Many heavy 
soiis, short of pure clay, allow more percolation than 
would at first appear possible. Again, the householder 
may be hampered by a narrow lot and small area under 
his control, so that sufficient extension of a single trench 
is not permissible. In such a case two or more trenches 
may be made, radiating from the cesspool, and the drain- 
age diverted through them in succession. This requires 
a device for shifting or switching the discharge. 

A small chamber, made of concrete or brick laid in 
cement mortar, may be built just outside the throat of 
the cesspool (or “septic tank,” if such be in use), and 
the effluent coming over may pass from the bottom of 
this into one of two or three pipe drains, the others 
being stopped by a wooden plug (or standard gate- 
valves may be used by those preferring to incur the ex- 
pense). The construction is indicated in the detail 
sketch, Fig. 2. The plugs each have a 2 x 2-in. wooden 
handle and may be stayed in place by a properly fitted 
board or disk formed into the segment of a circle. When 
a drain needs a rest, it may be closed by a plug taken 
from one of the others opened for service. 

Or it may be more convenient and less expensive to 
insert through. the masonry of the cistern, around the 
throat, two or more T branches of ordinary glazed pipe, 
the branch serving for outlet into the drain. To close 
the unused drain or drains have a wooden stopper 
loosely fitting the main stem of the pipe, and let down 
so as to cover the outlet. (For detail see Fig. 3.) 

If the question is raised as to the freezing of such 
drains in northern localities, we may admit that frost 
May encroach upon them in the periods of inaction 
through long winter nights, especially if the ground is 
not protected by snow or leaves during weeks of severe 
cold. A thick turf over the trenches is a favorable con- 
dition, and if the drains do not clog, experience proves 
that it is a rare case where a drain 2 or 3 ft. deep, 
carrying domestic sewage—whicb has a normal tempera- 
ture of 50° F. or more—actually freezes to the point of 
stoppage, unless the outlet is allowed to freeze. It is 
easy to put a slight covering of leaves and brush at 
points of exposure. 

In conclusion, let not the reader suppose that this is 
an arguinent or even an apology for use of cesspools. 
They are only justified as a last resort. The single pur- 
pose is to show how the offense of one cesspool was 
greatly subdued (other instances are on record), and the 
abominable thing made semi-respectable; also to make 
a few suggestions of simple and inexpensive methods and 
construction. 
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FIG. 1. A HOUSEHOLD CESSPOOL AND OVERFLOW. 
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A NEW TYPE OF JIG FOR THE SEPARATION OF 
METALLIC ORES.“ 
By ARTHUR TAYLOR, M. I. M. M. f 


Where ores are carefully classified, the lowest size that 
can be jigged satisfactorily is above a 16-mesh sieve, and 
the writer thinks he is right in saying that jigging is not 
often applied even to such a fine size. When less careful 
classification is resorted to, and fine stuff is allowed to 
pass over a jig with the coarser, much ore is lost. 

In the ordinary mechanical jig a speed of 300 r.p.m. is 
about the maximum, with a minimum stroke of, say, 
2mm. to 4 mm.; and even with this, there is much 
strain on the parts and corresponding wear and tear. 
The regular beat of the plunger causes too great a rush 
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of water, and that carries upwards the minute particles 
of ore. 

In the opinion of the writer, the finest slimes that can 
de treated by any mechanical means can be treated with 
excellent results in jigs, more conveniently, and with less 
working expenses and less cost in plant than by any 
othcr apparatus, provided the jigs are of a suitable con- 
struction. i 

In the first place the pulsating action must be reduced 
to a minimum, and the rapidity of the stroke increased 
up to the point of a simple vibration, and the supply of 
water should be regulated to be just sufficient to keep 
the matter in a state of semi-suspension, like a quick- 
sand; enough to prevent packing and to allow of the 
shifting of the particles one on the other, but not enough 
to lift them and allow the finer particles to be carried up 
by the current. 

A constant movement is indispensable to prevent the 
establishment of uneven currents, to produce an even 
distribution of the minerals and the water, as well as to 
provide the interchange of position of the particles one 
on the other, quite distinct from the regular rise and fall 
of the particles produced by the even beat of a plunger. 
Also a most important point is that in the case of fine 
slimes the vibration certainly promotes the more rapid 
settling from the water of the suspended matter. This 
diminishes the loss in the case of impalpable slimes flow- 
ing over jigs. 

The writer has met the requirements of the case by a 
complete modification in the form of apparatus and the 
substitution of a vibrator for the plunger, thus suppress- 
ing the portion of the hutch in which the plunger works. 
The vibrator is fixed to the hutch which carries the 
screen ; or it can be attached to the screen by arranging 
this so as to have free motion in the hutch. 

The action of the vibrator depends on the fact that a 
rapidly revolving mass tends to rotate round its center 
of gravity, and if the center of rotation is uncontrolled 
it will coincide with the center of gravity. 

The vibrator designed by the writer is as follows: A 
shaft provided with weights in the forms of disks or fly- 
wheels attached, and constructed in such a manner that 
the journals of the shaft do not coincide with the center 
of gravity of the mass. On a rapid rotation being im- 
parted to the whole, the tendency of the mass to rotate 
on its center of gravity transmits the vibration through 
the journals and their bearings to the supports, or con- 
necting rods, which communicate it to the required point. 

The details of construction will be seen on the accom- 
panying illustration, Fig. 1, which shows the vibrator 
more or less in diagrammatic form. 

The steel vibrator shaft A has eccentric journals B at 
each end (the center of the journal being 2 mm. from 
the center of the shaft). On the shaft are firmly keyed 
two collars or sleeves C provided with shoulders, ahd on 
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FIG. 1. VIBRATOR OF TAYLOR JIG. 


these sleeves are fixed the eccentric disks or fly-wheels 
D, the centers of which are 2 mm. from the true cen- 
ters of the disks. The position of the disk in relation 
to the center of the journals is regulated by turning the 
disk on the collar, to which it can be firmly fixed by 
means of bolts E. The collar is pierced by several holes, 
pairs of which correspond with the two on the disk in 
such a way that any desired amount of eccentricity can 
be given. 

The holes are numbered so as to insure correct setting. 
At zero the disks are practically concentric with the 
journals of the shaft, at No. 4 they have the maximum 
eccentricity of 4 mm. In the center of the shaft is 
fixed the driving pulley F, the boss of which is also 
eccentric and provided with several keyways in order 
that it can be set in such a 
position that it will rotate 
as nearly as possible concen- 


sg trically. 

eee The vibrator is supported 
on two spring connecting 
rods H. They are forged 


* out of one picce of spring 
steel and provided with metal 
bushings I. The two bush- 
ings are practically the only 
parts in the whole apparatus 
subject to any wear, and 
they will last several months 
if made of ordinary white 
metal. 

The connecting rods are 
firmly bolted to crossbars or 
bridge pieces K fixed to the 
sides of the hutch L. The 
method of attachment and the 
relative position of the vi- 

1 brator and hutch are shown 

in Figs. 2, 3 and 4. 
= The hutch L is a hopper- 
= shaped box from 60 to 75 
cm. long and 35 to 40 cm. 
wide. The upper part is 

parallel and built of 3 or 4-mm. steel plate. The lower 
part, hopper-shaped, is of the same material but thinner. 
The two large sides of the hopper are rendered flexible 
by the insertion of sheets of india rubber or strong can- 
vas M, to allow of the freer vibration or pulsation of 
the hutch by liberating it from the inertia of the mass 
of water. A trial was made of a hopper constructed of 
very thin steel or phosphor-bronze plates, but, although 
they worked satisfactorily, the metal could not stand 
the strain, and at the end of a few weeks the plates 
would crack or break away from the rivets: At the bot- 
tom of the hopper is a valve N for drawing off the con- 
centrates. 

On the sides of the hutch are four rectangular lugs or 
supports O, on which the whole apparatus is hung, on 
two parallel beams, P. Four bolts or spindl‘s are fixed 
in the beams, passing through holes in the lugs to keep 
the whole in place, the lugs being supported by stiff 
spiral steel or india rubber springs, both above and 
below. In Fig. 2 are shown the alternative fittings 
with spiral and india rub- 
ber springs. On the spindles 
are nuts to tighten or loosen 
the springs as may be 
required for the proper work- 
ing. 

Inside the hutch at the 
top of the hopper is a ledge 
on which is supported a cast 
steel grating R, which 
carries the wire gauze, with 
another similar grating 
above to keep it in place, all 
being firmly fixed with 
hardwood wedges and iron 
lugs on the inside of the 
hutch. The space between 
the edges of the grating 
and the hutch walls is 
packed with slips of soft 
wood of cord to prevent leak- 
age. 

At one end of the hopper 
and under the grating is 
fixed a short pipe S, con- 
nected by a flexible tube to a 
tap, for the introduction of 
water. 

An overflow lip T is placed at one end of the hutch, 
arranged so that it can be raised or lowered to regulate 
the thickness of the bed above the grating. In some 
cases, such as when there are more than two jigs in a 
set, or in dealing with very firm slimes, it has been 
found advantageous to draw off part of the water com- 
ing off the jig apart from the material under treat- 
ment. If this was not done, the increased flow of water 
over the lower jigs in the set would carry the ore away. 
The lip can therefore be made in two stages. Above the 
lower one are placed a series of holes through which the 


material escapes with a certain quantity of water and 
flows into the next jig, while the superabundant water 
flows over the top lip and is conducted away to waste. 
This arrangement also has the advantage of checking 
the flow and leaving a certain depth of water on the 
bed. 

The wire gauze of the screen should be far coarser 
than the material under treatment, say, ten mesh for stuff 
passed through a 14-mesh sieve, and never less than 50, 
even for stuff that will pass through a 250 mesh, that 
is to say, the finest slimes. On the gauze screen is 
placed a thin bed, from 25 to 50 mm. deep, of lead shot, 
“small dust”? for the finest ores, up to Nos. 6 or 8 for 
the coarser sizes. On the shot is placed the true bed on 
which the separation takes place. The chief use of the 
shot is to keep the bed off the screen, as it would other- 
wise get choked, and it allows of a much coarser gauze 
being used. 

The construction of these jigs is entirely the same for 
coarse or fine ore, and all parts should be interchange- 
able, the only exception being that the disks are made 
heavier for the coarser ores, the weights varying from 
2½ kg. to 5 kg., the lighter ones being driven at about 
1,500 r. p. m., with perhaps 1 mm. eccentricity, the 
heavier ones at 500 r. p. m. with the maximum of 4 mm. 
ecccntricity. Of course the length of stroke is far less 
than the amount of the eccentricity. The speed is gov- 
erned by the size of the pulleys driving each jig and is 
not adjustable. l 

The most important and entirely new features in the 
construction consist in obtaining the required movement 
by a rapidly rotating eccentrically balanced weight, so 
constructed that it can be adjusted with ease and rapid- 
ity. The revolving weight is only supported on two 
journals. There are no cranks, eccentric straps, or other 
moving parts held rigidly to a bed or other fixtures by 
bearings and supports. The spring connecting rods al- 
low of free uncontrolled lateral vibration, and only trans- 
mit the required vertical vibration. There are thus ‘only 
two bearings subject to wear. The whole of the power 
is usefully applied, none is lost in rigidly-held parts 
transmitting thrust and vibration to bedplates, support- 
ing frames or other surroundings. 

The whole apparatus is hung on springs and has to 
vibrate. It may be objected that it will require consid- 
erable power to set in motion the whole weight of the 
hutch, the water and the heavy charge it contains. This 
is not the case. The hutch, which is not heavy, vibrates 
independently. That is to say, that at the down stroke it 
is relieved of the weight of water and ore, etc. The 
flexible sides of the hopper bulge inwards as it comes 
down, the grating being forced down into the water, and 
the bed remains suspended. On the up-stroke the water 
returns through the grating and the flexible sides bulge 
outwards and the bed comes down into the grating. 
There can be no doubt that should the vibrator be fixed 
to a solid “dead” mass of the same weight, the power 
required would be incomparably greater. 

Other modifications of the principle have been con- 
structed and proposed, as, for instance, a flexible joint, 
V, connecting the upper and lower parts of the hutch, 
as shown in Fig. 2, instead of the flexible sides. This 
works well and is especially useful for coarser ma- 


FIG. 2. TAYLOR JIG FOR SEPARATING METALLIC ORES. 


terial where the stroke should be larger and slower. 
Another modification is to have the vibrator attached 
simply to a frame in which is fixed the screen. The 
frame is hung on springs and is partially submerged in 
the hutch of water, as in the old hand jigs, the waste 
being carried off over a flexible overflow attached both 
to the hutch and the frame (Fig. 3). This gave excel- 
lent results but is not such a neat and compact ap- 
paratus. 

Another proposed modification is the application of the 
vibrator to a plunger in a jig of similar construction to 
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those in general use. This modification is shown in 
Fig. 4 and would be designed to work with a much 
heavier vibrator at a lower rate of speed. 

Before going into further details as to the working 
of these jigs it will be well to describe the nature of 
the stuff they have been treating and the general con- 
ditions under which the concentration of ore is carried 
on at the Calamon Mine, near Cordoba, Spain, where 
the trials were made. 

The ore as it comes from the mine is composed of 
galena and blende in the proportion of about one of the 
former to four of the latter, mixed with carbonate of 
lime, slate and clay, as well as small quantities of car- 
bonate of lead, fron pyrites, quartz, etc. The carbonate 
of lead is troublesome, as much of it goes with the 
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FIG. 3. TAYLOR JIG WITH DETACHED HOPPER. 


blende, also sometimes the slate is impregnated with 
the carbonates and tends to give an undue lead assay in 
the waste. The small quantity of fron pyrites goes 
mostly with the galena, but it is a negligible quantity. 

The quartz is generally hard and flinty, impregnated 
with blende, and often closely resembles good blende 
though only containing 5 to 20% zine. This tends to 
lower the value of the blende and raise the zinc con- 
tents of the waste. The lodes being very soft there is 
an exceptionally large proportion of fine ore and slimes. 
As the galena and blende are somewhat intimately 
mixed, fine crushing is necessary. The galena is con- 
centrated up to an average of 70% of lead and 7% of 
silver; the blende to 40% zinc and 1.5% of silver. It 
will be understood that with such valuable products 
most careful manipulation and every effort to prevent 
loss are necessary. 


The writer was entrusted with the designing and 
erection of a concentrating plant to deal with these 
ores. The plant consisted of the usual grizzly, stone- 
breaker, crusher rolls, classifying trommels, machine 
jigs, spitzkasten and round buddies. The ore passes 
automatically by gravity through the whole series. A 
secondary complete plant deals with the secondary pro- 
ducts. To obtain as clean a separation of the galena 
and blende as possible, a very careful classification was 
adopted and the stuff divided into eight sizes for jigging 
in eight four-compartment jigs of the ordinary plunger 
type, the first jigs treating stuff under 12 mm. and the 
last taking stuff passed through a 14-mesh gauze and 
through a spitzkasten. Thus the last jig of the old 
type treats stuff below 1 mm., a large proportion, the 
galena especially, being very fine for that class of jig. 
Originally the stuff from over this first spitzkasten 
passed into another feeding the first buddle and flowing 
on over three ordinary conical slime separators, of in- 
creasing dimensions, each feeding a round buddle, and 
finally to clarifying pits. 

All the jigs give clean galena in the first compart- 
ment, mixed galena and blende in the second, clean 
blende in the third and mixed ore and waste ore chatts in 
the fourth. The waste contains about %% of lead and 
2% of zinc. The clean ore goes straight to the stores. 
The mixed galena and blende are first treated by hand 
in a jig, and give a good proportion of clean ore of 
each class, the true mixed ore is crushed and re-treated 
in the secondary plant. The chatts from the fourth 
compartment are all put through the secondary plant. 
The stuff from the buddles had all to be re-treated, even 
the ‘‘talls’’ required to be passed a second time. The 
‘‘middles’’ and heads had to be treated over many 
times and finally washed by hand in strips or sluices 
to get even a fair separation of the galena and blende. 

The average amount of stuff passed through the floors 
per day of nine hours ig 80 to 90 tons. The amount of 
water required is 4 or 5 cu. m. per min., the greater 
part of which water is returned by centrifugal pumpe 


after clarifying. The whole of the plant is driven by 
a 100-HP. high and low-pressure condensing engine. 

The want of a better system of treating the slimes pro- 
vided an excellent opportunity to the writer to apply the 
use of his new jig. Experiments were first made with 
a single jig. The results were so satisfactory that it 
was at once decided to put up a complete installation 
of four sets of four jigs; each set corresponding to one 
large jig of four compartments of the ordinary type. 
They were placed to take the stuff passing over the 
spitzkasten supplying the last large jig, 4 e., the stuff 
which was before sent on to the buddles, being all the 
sand and slimes below 14 mesh, deprived of the greater 
part of their coarser ore and the coarsest sand. 

By the time the stuff arrives at this point there is a 
large quantity of water to 
deal with, as at each suc- 
cessive operation some water 
is added from the grizzly 
down to the spitzkasten of 
the last large jig. The 
spitzkasten have, therefore, 
to be of large dimensions. 


A separate spitzkasten sup- 
plies each set of four little 
jigs with a different size 
stuff; the first coarse silt, the 
second fine silt, the third fin- 
est silt, and the fourth al- 


most mud. 
Naturally, on account of the 
action of the spitskasten, 


the galena contained in the 
different sizes of stuff is far 
finer than the waste. Bven 
in the first jig nearly the 
whole of the galena will pass 


a) oy through a 40-mesh sieve 
ep, A MW and a large proportion 
A. E through a 100-mesh. That 
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from the last jig will nearly 
all pass through a 100-mesh 
sieve, and 50% of it through 
a 250-mesh. 

The galena obtained runs from 75% to 65% of lead 
with 5 to 10% of zinc, and the blende from 45 to 30% 
zinc and from § to 10% lead. The proportion of lead 
and zinc in the mixed ores from the second jigs varies 
much. The ores are separated as far as possible by 
hand washing. The product from the fourth jigs is 
turned back to pass through the same jigs again or to 
the secondary plant. 

The waste contains about 244% of lead and 8 or 4% 
of zinc. Nearly the whole of the lead contained is in 
an impalpable powder, for if sifted on a 250-mesh sieve, 
that which passes through will assay as much as 12% 
and what remains in the sieve only 4%. 

The amount of stuff treated in these four sets of 
small jigs is from 750 to 1,000 kg. per hour. They com- 
plete a consecutive series treating twelve different sizes 
in which the first eight are four-compartment jigs of the 
ordinary type and four sets 
of the little jigs (each set 
of four corresponding to one 
four-compartment jig), be- 
ginning with 12 mm. down to 
below 250 mesh. The whole 
of the 80 or 90 tons per day 
is treated in the series. The 
average assay of the waste 
is less than 1% of lead, most 
of which is practically irre- 
coverable. 

It may be added that the 
mud that will not settle in a 
conical slime separator 2 m. 
square is collected in large 
clarifiers and settling pits, 
and assays 8% of lead, 5% 
of zinc and 0.15% of silver. 
This is dried, burnt and 
sold to the smelters. 

The cost of running the lit- 
tle jigs is small, two men 
and two boys being sufficient 
to run the series of 16. 
The power required is es- 
timated roughly to be about 
%-HP. per jig, or say, 5 
HP. for 16. About %-cu. m. 
of water is required per minute over and above that 
coming down with the stuff. The cost of lubrication and 
repairs is also light, as there are few parts to wear, 
and those cheaply renewed. 


Recently another complete series of 16 jigs has been 
erected in such a manner that they can either form part 
of the secondary set of jigs for treating the by-products, 
or else be used apart for re-treating fine products from 
other sources, or for experimental purposes. The ar- 
rangement is the same as in the first set. They dress 
stuff below 14 mesh at the rate of one ton dry per hour. 
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With coarse stuff the quantity would be greater. For 
some time they were profitably employed re-treating old 
dumps from the tails of buddles. In this case 50% of 
the galena recovered will pass through a 100-mesh. The 
waste carries 2%% lead, but 50% of that would pass 
through a 250-mesh, and 75% through a 100-mesh. 

There is no doubt that these jigs will work admirably 
with sizes up to 8 or 10-mesb or even higher, especially 
as in these grades classification can be made accord- 
ing to size by sifting. 

The jigs occupy but little space, in fact, little more 
than the useful surface of the grating. Complete they 
weigh from 40 to 50 kg. each, and are thus easy to 
transport, and pay but little import duty in foreign 
customs. They can be managed by any intelligent oper- 
ator, although, like all other concentrating plants, they 
require care and attention, especially at first. They 
should be applicable to all classes of ore in which the 
differences of specific gravity will allow separation by 
weight. Sizing is not all-important, although advan- 
tageous, especially in the separation of ores of little 
difference in specific gravity. If a classification by size 
could be satisfactorily made th the material for the 
finer sizes, in the place of the spitzkasten, there is no 
doubt that the separation would be nearly perfect. 

The writer is confident that with some little modifica- 
tion the apparatus described should be applicable to the 
washing of very small coal. Experiments will shortly 
be carried out with that end in view. 
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HEARING ON THE PROPOSED NEW YORK HARBOR OU r- 
LET FOR THE PASSAIC VALLEY TRUNK SEWER. 


For two days during the past week, the New 
York Harbor Line Board sat and patiently heard 
arguments, pro and con, on application made by 
the Passaic Valley Sewerage Commission for per- 
mission to build and maintain outlet works for 
the discharge of sewage at Robbins Reef in New 
York Harbor. While presumably the jurisdiction 
of the Government, as represented by the Board 
named, appertains only to matters affecting 
navigation in the harbor, yet the Board court- 
eously heard arguments on almost every imagin-— 
able phase of the subject except those relating to 
the relative police jurisdictions of New York and 
New Jersey over the harbor of New York. The 
question of police jurisdiction, it may be stated, 
has been brought before the United States courts. 

The Passaic Valley Sewerage Commission was 
represented at the hearing by several of its mem- 
bers, and also by Messrs. Edlow W. Harrison and 
Rudolph Hering, M.’s Am. Soc. C. E., Engineers 
to the Commission. The State and the City of 
New York were represented by Dr. Eugene H. 
Porter and Dr. Thomas Darlington, State and 
City Commissioners of Health, respectively, and 
also by Messrs. George A. Soper, M. Am. Soc. 


FIG. 4 TAYLOR VIBRATOR APPLIED TO ORDINARY JIG. 


C. E., Daniel D. Jackson, and Prof. O. H. Land- 
reth, M. Am. Soc. C. E. A large number of com- 
mercial and civic organizations of New York 
City were also represented at the hearing. 

The general scheme of sewage disposal pro- 
posed for the relief of the Passaic River and in 
behalf of Newark and Paterson, and other New 
Jersey communities, includes, first, a trunk sewer 
from Paterson to Newark Bay, with various 
subsidiary pumping stations. At the bay, screen- 
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ing and sedimentation would be employed before 
the sewage passed through the main pumping 
station to be forced beneath Newark Bay, the 
Bayonne peninsula, and under New York Bay to 
the point of discharge. At Robbins Reef, not so 
very far from the Statue of Liberty, it is pro- 
posed to have multiple outlets discharging hori- 
zintally, the whole so designed and proportioned 
as to effect as great a degree of dispersion and 
diffusion of the sewage as may be deemed neces- 
sury for proper dilution. The outlets would be 
in a depth of at least 40 ft. of water. In its ap- 
plication to the War Department, the Commis- 
sion stated in effect its willingness to accept 
whatever conditions, as to the removal of solid 
matter and otherwise, might be imposed by the 
Department. ` 

Neither the plans and specifications filed with 
the application, nor the statements made by the 
Commission or its engineers at the hearing, gave 
anything very specific as to the details of the 
screens or settling basins, or as to the actual 
percentages of solid matter to be removed by 
these means. Stress was laid by the Commission 
and its representatives upon the declaration of 
the Commission already mentioned: that it stood 
ready to fulfill any requirements in these respects 
which the Government might lay down. The 
Commission and its representatives did make it 
apparent that reliance was placed upon the high 
dilution that would be afforded by the huge tidal 
volume into which the water would be dis- 
charged. It was claimed that sufficient screen- 
ing would be done to remove all matter which 
might otherwise float on the surface of the 
water and create a nuisance, and that not 
enough solid matter would remain to cause 
serious shoaling of the harbor, after taking into 
account the distribution of the solid matter over 
a large area and the oxidation of the organic 
matter which it is expected will take place. 

As might be expected under the circumstances, 
practically the only supporters of the applica- 
tion were the Passaic Valley Sewerage Commis- 
sion and its representatives, and a few repre- 
sentatives of the municipalities included in the 
district. It was also to be expected that all 
those who appeared in behalf of New York City 
and State, and the various local organizations 
in New York City, would be strongly in oppo- 
sition to the application. The State and City 
Commissioners of Health, and the layman repre- 
sentatives of the commercial and civic organi- 
zations, generally based their opposition on the 
broad general grounds either that no untreated 
sewage should be discharged into the waters 
surrounding New York City, or else that the 
pollution was already so great that no addition 
should be made to it. Obstruction to navigation, 
and nuisances and damages experienced by 
shipping due to floating matter and also to the 
action of gases upon the paint of shipping, were 
urged against the application. Various specific 
instances of the ill effects of the present pollu- 
tion of the waters surrounding New York were 
cited by a number of speakers, but these all 
related to points or areas where the pollution is 
now very great and has been caused by the 
utter lack of attention to the most elementary 
principles of sewage discharge. 

A number of the speakers in opposition laid 
Konsiderable stress on dangers to health through 
present and future discharge of sewage into the 
harbor; but there was very little explanation 
indeed of how the public health was endangered 
in this particular. Such explanations as were 
made related chiefly to dangers through bathing 
in the vicinity of outlet sewers now discharg- 
ing at the water front, and to the contamina- 
tion of oysters in the bay. 

Many of the layman speakers in opposition 
referred very confidently to various sewage- 
treatment works at home and abroad—chiefly 
abroad. These speakers seemed to think that 
New York and vicinity could readily dispose of 
the sewage from _ 5,000,000 people by septic 
tanks, percolating filters or sewage farms, and 
that by similar means the Passaic Sewerage 
District could put to good use the Newark or 
Hackensack meadows. Just how saturated, 
water-logged marsh lands, subject to flooding, 


could be connected into well-drained 
areas, like the Berlin sewage farms, 
quently cited by the speakers, 
apparent. 

The experts in behalf of New Vork State and 
City urged that the permit applied for ought to 
be refused because of the already polluted con- 
dition of the harbor, the apparent inadequacy 
of the screening and sedimentation facilities 
proposed on the one hand, and on the other the 
uncertainties attending the whole matter of dis- 
posal by dilution in New York Bay. The un- 
certainties claimed included both the volume 
and the movement of tidal waters available for 
dilution, and also the effect of salt water upon 
the deposition of the solid matters in the sew- 
age. 


sandy 
so fre- 
was not made 


The experts dwelt at some length upon the 


Moon Island outlet of the Boston sewerage sys- 
tem, citing both personal observations and 
printed matter designed to show that the sew- 
age from this outlet creates a nuisance over a 
large area. The supporters of the Passaic 
scheme urged in reply that the Moon Island 
outlet was the oldest of those discharging sew- 
age into Boston Harbor, and that the later out- 
lets built by the Metropolitan Sewerage District 
for Boston and vicinity had each in chronological 
Succession been an improvement over its im- 
mediate predecessor. [See reference to latest 
report of the Massachusetts State Board of 
Health, in the course of our editorial discussion, 
elsewhere in this issue. } 

Many of the speakers in opposition to the per- 
mit urged that the permit should be denied, at 
least for the present, in view of what New York 
City and State are doing and proposing to do to 
prevent pollution on the part of New York City. 
No very specific activities in these lines were 
described, aside from such relatively minor ef- 
forts as those directed against the pollution of 
the Gowanus Canal and the investigations made 
by the New York Bay Pollution Commission and 
its successor, the Metropolitan Sewerage Com- 
mission. 

At the conclusion of the hearing, invitations 
were extended to any who might wish to do so, 
to send written opinions on the matter in hand 
to the New York Harbor Line Board, 39 White- 
hall St., New York City, up to and including 
Monday, Dec. 21. 


— — ——— ͤ„—n̈ — 


THE TYPHOID FEVER OUTBREAK at Reading, Pa., 
numbered 616 cases and 20 deaths reported up to 9 p. m., 
Dee. 14. Cases in the last few days seem to have fallen 
off materially. 

— e 

THE GOLD ST. SEWER CAVE-IN in Brooklyn, N. Y., 
noted in our issue of Nov. 26, 1908, has been reported by 
the coroner’s jury as an accident for which the cause is 
not apparent. 

— 

A COAL MINE EXPLOSION in the W. T. Rend mine 
near Benton, III., Dec. 12, killed three men. The accident 
is ascribed to the ignition of gas by a ‘‘windy’’ shot. All 
of the miners except the three shot firers had withdrawn 
from the mine to await the firing of the blast. 

— — — 


A WATER TANK FELL THROUGH THE ROOF of a 
wood working establishment on the corner of Leadenhall 
and Montgomery Sts., in Baltimore, Md., Dec. 14, tear- 
ing out the front wall of the building and practically 
destroying every one of the four floors. One man was 
killed and two severely injured. The tank was said to 
contain 5,000 gals. of water. Several carpenters and 
painters were at work on the roof of the building at the 
time of the accident, and it is thought that repairs were 
being made on the tank or its supports. 


— à6m 


A DYNAMITE EXPLOSION ON THE PANAMA CANAL 
at Bas Obispo, Dec. 12, resulted in the death of 14 men 
and the injury of about 50 others. A 90-ton steam 
shovel was entirely wrecked by flying rocks and the 
men composing its crew wcre among those killed. The 
accident was the result of the premature explosion of a 
mammoth blast of more than 20 tons of dynamite. It 
is reported that the blast consisted of 51 holes each 60 ft. 
deep. During the charging of the last of these holes the 
charge exploded and the charges in the other holes were 
set off by the concussion, no electrical connection hav- 
ing been made between the separate holes. It is stated 
that the charging operation was being performed by a 
competent and experienced man and no satisfactory ex- 
planation of the accident has yet been advanced. 


FOREST FIRES IN PENNSYLVANIA, it is reported, 
burned over an arca of 850.000 acres during the past 
year, and cost the state and counties some $125,000 for 
fighting the fires. In addition, it is estimated that the 
damage per acre due to the fires was $1.50, which would 
bring the total estimated loss up to $1,275,000. The 
area of the state lands burn.d over is given as only 344% 
of the whole area damaged by fire, and is only 3%% of 
the entire holdings of the state. It is said that the rela- 
tive freedom of the state lands from fire is due to the 
watchfulness of the State Forestry Department. 

— . — 

EXPLOSIONS OF DYNAMITE, nitroglycerin and pow- 
der occurring Dee. T and § caused the death of 13 men 
and the injury of 30 others. The premature explosion of 
a charge of dynamite at the Grand Trunk Pacific Ry.’s 
construction work near Bakerbrook, N. B., Dec. 7, killed 
one man and injured another. 


An explosion in the powdcr magazine of the British 
military station at Calcutta, India, Dec. 7, killed 11 na- 
tive soldiers and seriously injured 26 others. It is re- 
ported that the men were engaged in converting ball 
cartridges into blank cartridges at the time of the ex- 
plosion. 


An explosion of several hundred pounds of dynamite 
stored in a shed near the quarry of the Armfield & Cart- 
wright Stone Co., three miles west of Portland, Ind., 
Dec. 7, shattered the windows of the Muncie & Portland 
Traction Co.’s power-house and of several other buildings 
in the vicinity. The explosion is beiieved to have re- 
sulted from overheating of the storage shed. No one was 
injured. 


The nitroglycerin tanks of the Independent Powder Co. 
at Webb City, Mo., exploded Dec. 8, killing one man 
and injuring several others. 

— 71 

RAILWAY ACCIDENTS occurring between Dec. 6 and 
15 resulted in the death of cleven people and the injury 
of about 25 others. A head-on collision between two 
passenger trains on the Atchison, Topeka & Santa Fe 
Ry. near Amarillo, Tex., Dec. 6, killed two men and 
serlously injured four others. The trains were under 
orders to pass at a siding near the point where the acci- 
dent occurred. The collision is ascribed to frosty rails 
which made it difficult to stop the trains. 


The engineer of the “Oriental Limited” on the Great 
Northern Ry. was found to be dead at his post by his 
fireman as the train was entering Minneapolis, Minn., 
Dec. 7. His skull was fractured and it is believed he was 
struck by some obstruction while leaning out of the cab 
window. 


The “North Coast Limited” on the Northern Pacific Ry. 
was wrecked Dec. 9, 20 miles east of Bismarck, N. D. 
The train struck a broken rail while running at the rate 
of 50 mi. per hr. and the baggage and mail cars, three 
day coaches, two sleepers and the observation car left 
the track and were overturned, rolling down a 10-ft. 
embankment. The force of the drop was broken by a 
closely packed snow drift and, of the 200 passengers, 
none were killed and only eleven severely injured. 


An accident on the tracks of the Pennsylvania R. R. in 
Chicgeo, III., Dee. 10, resulted in the death of two 
workmen and the injury of two others. While some 
heavy machinery was being loaded into freight cars in 
the yards near West Taylor St. and the Chicago River, 
a train collided with the cars and the machinery fell, 
crushing the men who were moving it into the car. 


The boiler of a locomotive drawing a freight train on 
the Southern Pacific Ry. exploded Dec. 12 near Beau- 
mont, Cal., killing three men and injuring one other. 
The locomotive and three cars were demolished. 


A peculiar trolley-car accident occurred in Philadel- 
phia, Pa., Dec. 14. A heavily loaded brick wagon be- 
came detached from its horses on the steep Midvale 
Ave. hill and rushed down the hill, striking a trolley 
car and partially demolishing it. Seven passengers were 
injured. 

In a wreck on the railway in the Panama Canal Zone 
near Bas Obispo, Dec. 15, three men were killed and 
several injured. 

— e 

HEADINGS MET IN THE SPRING GARDEN TUNNEL 
of the Western Pacific Ry. on Dec. 4. This is a single- 
track tunnel, 7,306 ft. long, near the California-Nevada 
State line and by rail about 300 mi. east of San Fran- 
cisco. The Utah Construction Co. are the contractors. 

— $$ 

TESTS OF A GAS WATER HEATER have been made 
at Washington, D. C., to determine the amount of carbon 
monoxide evolved under various conditions of operation. 
The tests were carried out by Prof. W. W. Skinner, of 
the Bureau of Chemistry, Department of Agriculture, 
and the heater first tested was the one believed to have 
caused the death of three persons in a Washington flat, 
as noted in our issue of Nov. 12, The following results 
are announced: 

1. When the heater was run in a manner exactly sim- 
ilar to the manner it was run in the flat where it is 


supposed to have killed three persons, it gave off enough 
carbon monoxide to destroy life, as shown by analysis 
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of the escaping gases, analysis of the air of a room and 
experiments on a guinea pig. 

2. When this particular heater was run in the most 
favorable way—i. c., with the air inlet entirely open 
and only a very small amount of water passing through 
the coil—enough carbon monoxide was evolved to pollute 
the atmosphere of an ordinary living room to such an 
extent as to be probably injurious to health. 

3. When this particular heater was run in the most 
favorable way, to the air intake, but with a cold stream 
of water passing through the coils, enough carbon mon- 
oxide was evolved to probably cause death in a closed 
room. 

Tests of a new heater of the same type gave a much 
smaller amount of carbon monoxide. It is evident that 
danger arises only when no flue is provided for carrying 
the products of combustion to the open air. 

re 

DIRECT-CURRENT FOR PENNSYLVANIA’ TUN- 
NELS.—It has recently been announced that the Pennsyl- 
vania Tunnel and Terminal R. R. Co. had decided to use 
a third-rail direct-current traction system in the ter- 
minal zone from Newark, N. J., to Long Island City, N. 
Y. This is contrary to the general expectation that a 
high-tension alternating-current overhead system would 
be adopted. It is reported that the vague prospects for 
the installation of electric traction to Philadelphia or be- 
yond, as given in press reports, have had no effect in 
determining the character of the system in this terminal 
zone. A protected third rail, for over-running contact, 
will carry 600 volts and transmission from a power sta- 
tion at Long Island City to substations will be made with 
11,000-volt, 25 cycle, three-phase alternating current. 
The suburban trains will be arranged for multiple-unit 
control. The design of the locomotives for through trains 
has not been fixed. 

— — — 

THE MOST POWERFUL LOCOMOTIVES which have 
yet been designed for use on the Pennsylvania R. R. are 
to be built at the Juniata Shops at Altoona, Pa., where 
the construction of 15 of these locomotives has just been 
begun. The engine and tender complete and ready for 
service will weigh 384,000 lbs. The engine alone will 
weigh approximately 241,000 Ibs., and the tender carry 
7,000 gals. of water and 13% tons of coal. The locomo- 
tive is of the consolidation type with one pair of truck 
wheels and four pairs of drivers. The diameter of the 
truck wheels is 33 ins. and that of the driving wheels 
62 ins. Walschaert valve gears with 14-in. piston 
valves will control the steam distribution. The boiler 
is of the standard Belpaire type, having a minimum in- 
side diameter of 76% ins.; it contains 465 2-in. tubes, 
180 ins. long, giving a fire area through tubes of 7.77 
sq. ft. The total fire grate area is 55.13 sq. ft., and the 
total heating surface is 3,839 sq. ft. The boiler is de- 
signed to safely withstand a pressure of 205 Ibs. per 
sq. in. The total tractive power is 42,661. These new 
locomotives will differ from the type already in use 
mainly in the increased weight and size of drivers, giv- 
ing a somewhat higher hauling capacity and greater 
speed. 

— 2. — 

THE MANHATTAN BRIDGE IS TO BE INVESTI- 
GATED by an independent bridge engineer as the result 
of a request to the Mayor of New York City by the City 


Club. It is likely that Mr. Ralph Modjeski, of Chicago, 
lil., will be appointed to make the investigation. 
— — — 
PERSONALS. 


Mr. R. P. Stevens, of Allentown, Pa., has been elected 
President of the Pennsylvania Street Railway Associa- 
tion. 


Mr. T. R. Flett, Superintendent of the Canadian Pacific 
Ry. at Brandon, Man., has been transferred to Saskatoon, 
Sask. 


Mr. A. Q. Perry has been appointed Manager of the 
British Columbia Electric Ry. Co. in North Vancouver, 
B. C., vice W. B. Bunbury, resigned. 


Mr. Frederick Regan has been appointed Master Me- 
chanic of the southern division of the Kansas City South- 
ern Ry., with headquarters at Shreveport, La. 


Mr. C. S. Maharg, Superintendent of the Canadian Pa- 
cific Ry. at Saskatoon, Sask., has been transferred to 
Medicine Hat, Alb., vice J. S. Lawrence, who has been 
assigned to other duties. 


Mr. Azel Ames, Jr., Signal Engineer of the electrical 
zone of the New York Central & Hudson River R. R., 
has resigned to enter the service of the Kerite Insulated 
Wire & Cable Co. in New York City. 


Dr. Cyrus Northrop, President of the University of 
Minnesota, has presented his resignation to take effect 
at the close of the present college year. He will at that 
time have completed his 25th year as President of the 
University. 


Mr. Wm. M. Torrance, heretofore a contracting engl- 
neer at No. 253 Broadway, New York City, has asso- 
ciated himself with the Merrill-Ruckgaber-Fraser Co., 
Contracting Engineers, 50 Church St., New York City, 
as Construction Engineer. ; 

Mr. R. E. Comfort has been appointed General Superin- 
tendent of the National Lines of Mexico, succeeding Mr. 
F. W. Baldwin, deceased. Mr. Comfort was formerly 


Division Superintendent of the Interoceanic Ry. at 
Puebla, Mex., and will be succeeded in that position by 
Mr. J. A. Naugle. 


Mr. George C. Lloyd, Secretary of the Institution of 
Electrical Engineers of Great Britain, has been appointed 
Secretary of the Iron and Steel Institute to succeed Mr. 
Bennett H. Brough, whose death was recorded in our 
issue of Oct. 22, 1908. Mr. Lloyd acted as Mr. Brough’s 
assistant from 1900 to 1904. 


Mr. Alexander Galloway, formerly an inspector of train 
and station service of the Southern Pacific Co. at San 
Francisco, Cal., has become Superintendent of the Ocean 
Shore Ry. Before entering the service of the Southern 
Pacific Co., Mr. Galloway was for eleven years Superin- 
tendent of the Cincinnati, Hamilton & Dayton Ry. 


Mr. George B. Agnew, Assoc. Am. Inst. M. E., has 
been elected President of the North Star Mines Co., to 
succeed Mr. James D. Hague, whose death was recorded 
in our issue of Aug. 6, 1908. Mr. Agnew’s place as Vice- 
President of the company will be taken by Mr. Sidney 
M. Colgate. Dr. James Douglas, Hon. M. Am. Inst. M. 
E., has become a director of the same company, succeed- 
ing Mr. Jacob W. Pierce, resigned. 


Mr. Lincoln Bush, M. Am. Soc. C. E., Chief Engineer 
of the Delaware, Lackawanna & Western R. R., has re- 
signed and will enter upon private practice as a consult- 
ing engineer. Mr. G. J. Ray, formerly division engineer 
at Scranton, Pa., and recently employed by the contrac- 
tor on construction work for the Lackawanna cut-off in 
New Jersey, will succeed Mr. Bush as Chief Engineer. 


Mr. Alexander Pourcel, an eminent French metallurg- 
ist, and a member of the Iron and Steel Institute, has 
been awarded the Bessemer Gold Medal. This medal is 
awarded annually by the Council of the Institute. Mr. 
Pourcel was chosen this year as the recipient on account 
of his investigations in the manufacture of ferro-man- 
ganese and his work on the thermal reactions involved in 
the manufacture of iron and steel. 


Mr. Walter W. Patch, M. Am. Soc. C. E., for the past 
four years employed as Constructing Engineer with the 
U. S. Reclamation Service on the Belle Fourche Project, 
S. D., has been transferred to take charge of the Orland 
Project, Cal. Before his connection with the U. 8. Recla- 
mation Service, Mr. Patch was for eleven years witb the 
engineering corps constructing Additional water supplies 
for the cities of Boston and New York. 


Mr. C. M. Ingersoll, M. Am. Soc. C. E., Chief Engi- 
neer of the Department of Bridges, New York City, has 
resigned, but will continue as a consulting engineer in 
the department. Mr. Kingsley L. Martin, M. Am. Soc. 
C. E., will succeed Mr. Ingersoll as Chief Engineer. Mr. 
Martin was formerly Engineer in Charge of the Brook- 
lyn and Williamsburg Bridges. He is a graduate of the 
Stevens Institute of Technology, and is a son of the 
late C. C. Martin, for many years Chief Engineer of 
the Brooklyn Bridge. 


Obituary. 


Charles M. Fosdick, Assistant Traffic Engineer of the 
Central Union Telephone Co., of Indianapolis, Ind., died 
at his home in Fitchburg, Mass., Dec. 5. 


Dennis Burkhalter, Division Superintendent of the 
Southern Pacific Ry. at Sacramento, Cal., died Dec. 2 at 
a hospital in that city. He was 68 years old. 


Augustus F. Rodgers, Assistant Superintendent of the 
U. S. Coast and Geodetic Survey, died Dec. 9 at his home 
in San Francisco, Cal. He had been 61 years in the 
Government service. 


Herman K. Viele, who for several years practiced as a 
civil engineer in Washington, D. C., died in New York 
City Dec. 14. Mr. Viele began the study of literature and 
art eight years ago and is best known as an author of 
fiction. He was born in New York City in 1856. 


Frank W. Baldwin, General Superintendent of the Na- 
tional Lines of Mexico, died Dec. 4. Mr. Baldwin was 
formerly General Superintendent of the Central Vermont 
Ry., with which he was associated for several years be- 
fore entering the service of the National Lines in 1905. 


Marvin Kent, the first President of the Atlantic & Great 
Western Ry., died at his home in Kent, Ohio, Dec. 10. 
Mr. Kent was born in Portage Co., Ohio, in 1816. He 
became interested in the Atlantic & Great Western Ry. 
in 1850, and is said to have driven the last spike when 
the road was completed in 1864. He retired from active 
business soon afterward, when this railway became a 
part of the Erie system. 


Percy C. Hamilton, President of the Atlas Clay Ma- 
terial Co. and Vice-President of the United States Clay 
Mfg. Co., died Dec. 9 in the Manhattan State Hospital for 
the Insane at Central Islip, Long Island. Mr. Hamilton 
was a member of the Pittsburg, Pa., Chamber of Com- 
merce and of the American Ceramic Society. He was 44 
years old and had been confined in the hospital three 
weeks at the time of his death. 


Oliver Wolcott Gibbs, Rumford Professor and Lecturer 
on the Application of Science to the Useful Arts, Emer- 
itus, of Harvard University, died at his home in New- 
port, R. I., Dec. 9. Dr. Gibbs was born in New York 
City in 1822 and graduated with the degree of A. B. from 


Columbia University in 1841. In 1849 he became Pro- 
fessor of Physics and Chemistry at the College of the 
City of New York and continued in this capacity until. 
in 1863, he was chosen as Rumford Professor at Har- 
vard. 


Charles D. Elliot, the first City Engineer of Somerville, 
Mass., died at his home in that city Dec. 10. Mr. Elliot 
was born in Foxboro, Mass., in 1837, and was educated at 
the Hopkins Classical School in Cambridge and the Som- 
erville High School. During the Civil War he was em- 
ployed in the service of the U. S. Government as a civil 
engineer. He became City Engineer of Som-rville in 1872 
and served till 1875. A few years later he was in charge 
of the surveys for the Cape Cod Canal and has since 
continued in active practice as a consulting engineer. 


Warren E. Hill, M. Am. Soc. M. E., President of the 
Continental Iron Works of Brooklyn, N. Y., died Dec. § 
in New York City. Mr. Hill was born in New York 
City in 1835. In 1852 he entered the employ of the 
Allaire Iron Works in Newark, N. J., and remained with 
that company six years. In 1858 he became Superintend- 
ent in charge of the installation of the Detroit (Mich.) 
Water-Works and retained that position until 1862, when 
he returned to the East and became associated with the 
Continental Iron Works in Brooklyn. He was made 
Vice-President of that company in 1888 and was advanced 
to the presidency in 1907. Mr. Hill is credited with 
the design of the machinery and engines of the original 
“Monitor,” which defeated the “Merrimac” in Hampton 
Roads. 
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ENGINEERING SOCIETIES. 


COMING MEETINGS. 


AMERICAN INSTITUTE OF CHEMICAL ENGINEERS. 

Dec. 28-29. Annual meeting at Pittsburg, Pa. Secy., 

John C. Olsen, Polytechnic Institute, Brooklyn, N. Y. 

AMERICAN ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE. 

Dec. 28-Jan. 2. Annual meeting at Baltimore, Md. 
Secy., L. O. Howard, Smithsonian Institution, Wash- 
ington, D. C 

NATIONAL ASSOCIATION OF CEMENT USERS. 

Jan. 11-16. Annual convention at Cleveland, Ohio. 

8 Geo. C. Wright, Harrison Bldg., Philadelphia, 
a. 


IOWA ENGINEERING SOCIETY. 

Jan. 13-14. Annual convention at 
Secy., A. H. Ford, Iowa City, Iowa. 

MICHIGAN ENGINEERING SOCIETY. 
Jan. 12-15. Annual convention at Ann Arbor, Mich. 

Secy., Alba L. Holmes, 574 Wealthy Ave., Grand 
Rapids, Mich. 

INDIANA ENGINEERING SOCIETY. 

Jan. 14-16. Annual convention at Indianapolis, Ind. 
Secy., Charles Brossman, Union Trust Bldg., Indi- 
anapolis, Ind. 

AMERICAN SOCIETY OF HEATING AND NTI - 
: 3 ENGINEER e 
an. ; nnual meeting at New York City. Secy., 

W. M. Mackay, P. O. Box 1818, New York City. 

AMERICAN SOCIETY OF CIVIL ENGINEERS. 

Jan. 20. Annual meeting at New York City. Secy., 
Charles W. Hunt, 220 West 57th St., New York City. 

ONIO ENGINEERING SOCIETY. 

Jan. 26-28. Annual convention at Columbus, Ohio. 
Secy., Paul Hansen, Harrison Bldg., Columbus, Ohio. 


ee SOCIETY OF ENGINEERS AND SURVEY- 


Jan. 27-29. Annual meeting at Chicago, III. Secy., 
E. E. R. Tratman, 1636 Monadnock Block, Chicago. 
CANADIAN SOCIETY OF CIVIL ENGINEERS. 

Jan. 28. Annual meeting at Toronto. Secy., C. H. 
McLeod, 413 Dorchester St., W., Montreal, P. Q. 
NATIONAL BRICK MANUFACTURERS’ ASSOCIATION. 
Feb. 1-6. Annual convention at Rochester, N. Y. 

Secy., T. A. Randall, Indianapolis, Ind. 


Waterloo, Iowa. 


WESTERN RAILWAY CLUB.—At the meeting held in 
Chicago, III., Dec. 15, two papers were presented, as fol- 
lows: 'The Abuse of the M. C. B. Assn. Repair Card.“ 
J. J. Hennessey (C., M. & St. P.); “Life of Side Sheets 
of Wide Fire-Boxes,’’ C. A. Seley (C., R. I. & P.). The 
first paper discussed the annoyance occasioned by the 
failure of car-shop employees to apply the repair cards 
and suggested means for enforcing better discipline in 
this direction. 


AMERICAN INSTITUTE OF CHEMICAL ENGINEERS. 
—Among the papers announced for the first annual meet- 
ing, Dec. 28-29, at Pittsburg, Pa., are the following: 
Dec. 28, “Technical Coal Analysis,” Edward Gudeman: 
“The Chemical Aspect of Impuritics Which Cause Scale 
and Corrosion of Steam Boilers,” J. C. William Greth: 
“The Examination of Flue Gases in Boiler Tests,” H. 
August Hunicke; “The Utilization of Low Grade Fuels in 
the United States,” O. K. Zwingenberger: Work of the 
U. S. Government Fuel-testing Plant at Denver, Colo.,” 
A. W. Belden; Heating of Industrial Furnaces with Pul- 
verized Fuel,” Richard K. Meade. Dec. 29, “Modera 
Electrical Resistance Pyrometry,’’ Edwin T. Northrup: 
“The Sanitary Condition of the Southern End of Lake 
Michigan,” J. H. Brewster; ‘‘Cement Manufacturing 
Methods,” J. G. Dean. For some unexplained reason, no 
mention is made in tbe complete program now at hand 
of the paper by Mr. Gayley—which was mentioned ina 
preliminary announcement published in this column 
Nov. 26. 
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REVIEWS. 


Lectures on Sewer Construction. 
Reviewed by HARRISON P. EDDY,* M. Am. Soc. C. E. 


SEWER CONSTRUCTION.—By Henry N. Ogden, Assoc. 
M. Am. Soc. C. E., Professor of Sanitary Engineer- 
ing, Cornell University, Special Assistant Engineer, 
New York State Department of Health. New York: 
John Wiley & Sons. London, England: Chapman & 
Hall, Ltd. Cloth; 5% x 9% ins. ; pp. 335; 192 illus- 
trations in the text. $3. 


As is very clearly set forth in the preface, this 
book is a compilation of a course of lectures 
given in the College of Civil Engineering at Cor- 
nell University and is intended by the author 
to be supplementary to his Sewer Design pub- 
lished in 1899. This, together with the fact that 
the book is intended primarily for students en- 
tering upon the investigation of sewer construc- 
tion” and “practicing engineers who may have 
occasion to take up the matter of sewer work 
for the first time,” accounts for the elementary 
nature of some of the chapters. 

The first chapter deals with the materials and 
methods of manufacture, and gives certain aver- 
age data relating to thickness of walls, dimen- 
sions of bells, and sizes of pipe ordinarily manu- 
factured. The comparative merits of the various 
lengths of pipes and of standard and deep and 
wide socket pipe are discussed. It is unfortunate 
that the author fails to discuss the methods of 
inspection of vitrified pipe—a subject often caus- 
ing the engineer much anxiety and no little per- 
plexity. 

Continuing the discussion of “sewer pipe,” the 
author quotes extensively from current literature 
upon the strength of vitrified pipe, giving in tab- 
ular form considerable data derived from experi- 
mental tests. On page 16, he refers in detail to 
the well known tests by Mr. Barbour at Brock- 
ton, Mass., but is in error in stating that Mr. 
Barbour was then City Engineer; Mr. F. Herbert 
Snow was City Engineer and the tests were 
made under his direction, although this fact 
should not detract in the slightest from the 
credit due Mr. Barbour for his very careful and 
novel work, which is conceded to be of great 
value. 

The discussion of methods of making joints 
and of the different materials used is very com- 
plete, although it seems to the writer that much 
more might be said in favor of the sulphur and 
sand joint. The difficulty, suggested by the 
author, in securing the correct temperatures for 
the sulphur-sand mixture has been largely over- 
come in recent years, by the ase of the gasolene 
furnace, so that a laborer of ordinary intelligence 
can conduct this operation without difficulty. 


Of the firm of Metcalf & Eddy, Consulting Engineers, 
14 Beacon St., Boston, Mass. 


The chapter upon brick sewers is very inter- 
esting and deals with several different types of 
design. The description of the use of invert 
blocks occupies rather more space than would 
seem to be warranted by present practice, espe- 
cially in view of the many objections to their use 
which the author clearly explains. The com- 
parative merits of the circular and egg-shaped 
Sewers are touched upon and several pages are 
devoted to the discussion of the proper thickness 
for the masonry. Here again the author quotes 
from Mr. Barbour's valuable experimental work 
and cites a number of examples of sewers built 
with various thicknesses of brickwork. A num- 
ber of cuts illustrate different types of sewers 
and are of especial value because they illustrate 
sewers which have actually been built. The 
chapter closes with a description of bricklaying, 
in which the author states that a good man will 
lay from 2,500 to 4,000 brick a day in large 
sewer. To New England engineers this would 
seem like a bit of history—a glimpse into the 
past, before the elght-hour day and modern ideas 
of a fair day’s work had been evolved. We be- 
lieve that the author would be on safer ground 
if he placed the limits at 1,500 to 3,000, although 
no doubt there are still instances of 4,000 as a 
day’s work, but they are becoming rare. The 
author might well have pointed out the fact that 
a mason can lay many more brick—perhaps dou- 
ble the number—in the arch than in the invert. 

The author naturally follows his discussion of 
brick sewers by a discussion of the use of con- 
crete in sewer construction, devoting three chap- 
ters to Concrete Sewers,” Concrete and Brick 
Sewers,” and ‘‘Reinforced-Concrete Sewers,” re- 
spectively. The opening pages are devoted to 
the manufacture and use of cement or concrete 
pipe, the Chenoweth and Ransome processes be- 
ing described in some detail. On pages 64 and 
65 a number of typical cross-sections are given, 
with formulas for determining the thickness of 
the wall, but as the value of the constant, “C,” 
is given only for minimum conditions, they are 
of little value. The chapter devoted to brick and 
concrete sewers gives numerous illustrations 
drawn from sewers actually constructed and 
shows the transition stage between all brick and 
all concrete construction. The question of the 
ability of concrete to withstand erosion is raised 
and passed with the statement that it is “a fear 
entirely unfounded.” 
most important question, as well as that of the 
leakage or seepage of water through concrete, 
are not fully discussed and references given to 
experimental tests and to results of actual ex- 
perience, for there are concrete inverts in exist- 
ence which have been in use for many years. 

Very little attention is paid to the design or 
construction of forms and centers,—a most im- 
portant feature of the construction of sewers and 
ene which the engineer is constantly required to 
pass upon, and which causes no little anxiety on 
his part. 

Upon reinforced- concrete sewers the author 
makes few comments except that “the saving of 
expense is very great,” especially upon the larger 
sizes, and to point out the porosity of the con- 
crete as a disadvantage. The examples drawn 
from practice are very good and should be 
helpful to the student, who will also welcome the 
data regarding proportions of the various mix- 
tures used in making the concrete. A few hints 
as to the best methods of shaping and holding 
the steel in place during the placing of the con- 
crete, would have added value to this chapter, 
as this is one of the most perplexing difficulties 
which the engineer encounters, either in con- 
struction done under his direct supervision, or in 
securing proper work from contractors. The fin- 
ish to be obtained is also a matter of much im- 
portance in sewer construction, and could have 
been touched upon to advantage, especially to an 
extent sufficient to show the character of work 
which should be required. 

The subject of manholes is very fully treated, 
the author having given his views upon the best 


It is unfortunate that this- 


methods of construction, proper dimensions, and 
frequency with which they should be used. A 
number of very good cuts illustrate methods of 
design to meet different conditions and consider- 
able attention is given to sewer junctions built 
in manholes, and manholes in or near which drop 
inlets or connections are required. A number 
of practical hints are given regarding the de- 
sign and construction of frames and covers, in- 
cluding locking devices, perforations for ventila- 
tion and dust pans. The author also describes 
and illustrates lamp holes, although discouraging 
their use. 

The subject of catch basins is quite completely 
discussed, and the cuts showing numerous types 
are interesting and instructive, especially in 
showing what not to build. On the general ques- 
tion, the position is taken that in many cases 
catch basins are unnecessary, direct connections 
with the sewers being satisfactory and prefer- 
able for several reasons. The arrangement and 
number of basins required under different topo- 
graphical conditions are discussed in detail, as 
are also the different styles of covers, gratings 
and traps. The chapter concludes with a discus- 
sion of the frequency with which basins should 
be cleaned, but there is no discussion of methods 
and cost of cleaning—a most important subject. 

Both true and so-called ‘‘inverted’’ siphons are 
fully discussed with descriptions of a few true 
siphons, and of about a dozen “inverted siphons,” 
most of which have been built and are now in 
use. The examples drawn from constructed 
siphons include both those receiving sewage and 
those upon combined systems of sewerage, and 
therefore receiving sewage and storm water. 

Screens, so important an adjunct to pumping 
and disposal plants, are described in a very in- 
teresting manner, with illustrations of four 
styles; the rectangular mesh; the perforated 
plates; the vertical rods; and chains or links. 
Instances of the use of hand-cleaned screens and 
those cleaned mechanically are cited, with brief 
descriptions of the apparatus for cleaning the 
latter. 

After briefly discussing the uses and necessity 
of storm-water overflows and regulators, three 
types of overflows are described. These are the 
leaping weir, overflow weir and mechanical regu- 
lator. A number of examples of the different 
classes are given, with descriptions of several 
different mechanical devices for regulating the 
flow of sewage from the common sewers into 
intercepters of relief sewers. The use of such a 
regulator for admitting creek water into a sewer 
for flushing purposes is also explained. A very 
short chapter upon bell.mouths gives a number 
of interesting examples which illustrate different 
methods of construction. 

The subject of foundations in soils not suitable 
for the construction of the barrel of the sewer 
directly upon them is quite fully discussed from 
a practical standpoint. Descriptions are given of 
the use of platforms, cradles and of refilling with 
gravel and concrete below subgrades. Under pile 
foundations, the saddle pile used by the late Col. 
Waring, the single row of piles for small struc- 
tures and bents of several piles, as provided for 
the larger structures, are described and illus- 
trated by several very good drawings. The use 
of concrete piling and the placing of tne ma- 
sonry of the sewer directly upon the piles, with- 
out intermediate timber flooring, has unfortu- 
nately been omitted. There is a full and very 
interesting description of the building of an em- 
bankment for the Boston Main Drainage Outfall 
Sewer from Squantum to Moon Island, dealing 
particularly with the amount and rate of settle- 
ment of fill, careful measurements of which were 
taken over a period of nine years. 

Sewer outfalls, which have been built under 
many different conditions, are described and il- 
lustrated by drawings. In this chapter the 
author deals with some failures from which the 
student can learn fully as much as from a study 
of the structures which have proved successful. 
The range of outfalls described is great, being 
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from mere retaining walls about pipe sewers and 
built above water, to large submarine structures 
like that off Nut Island, which delivers the flow 
from the Metropolitan High Level Sewer into 
Boston Harbor. 

A brief discussion of the various methods of 
constructing house drains, deals with the com- 
parative merits of the Y and T branches, the 
use of eighth bends at branches, chimneys, and 
the frequency with which branches should be left 
for house drains. 

Under the caption ‘Surveying,’ are given 
many hints as to methods to be followed in lo- 
cating the line of the sewer upon the ground, 
giving elevations for the laying of the pipe, 
and referencing branches left for connection of 
house drains. A sample page fram the author’s 
note book is also reproduced, furnishing an illus- 
tration of a convenient method of keeping notes. 

There is also a very bricf, and it would seem 
inadequate, description of the method of prepar- 
ing monthly estimates—a most important sub- 
ject which might well have been considerably 
amplified. 

Because of the fact that engineers are fre- 
quently called upon to actively direct the work 
of constructing sewers, as well as of design and 
giving of lines and grades, the author has in- 
cluded a chapter upon trenching. Under this 
heading, he deals with the width of trench to 
be adopted under various conditions; the meth- 
ods in common use of sheeting and bracing; the 
comparative merits of the different trench ma- 
chines upon the market; and finally devotes sev- 
eral pages to methods of drilling and blasting, 
giving also certain rates at which drill holes may 
be put down in different kinds of rock. 

The chapter devoted to estimates and costs 
gives a very thorough and detailed analysis of 
the more common items required for sewer con- 
struction. Extensive quotations are made from 
current literature to give the reader some idea 
of probable cost of work, and frequent emphasis 
is laid upon the certainty of variable conditions 
which will surcly affect costs. The reader is 
thus very wisely warned not to depend too much 
upon published costs of work done, although 
given enough illustrations to guide him in a gen- 
eral way. It would certainly seem that the fig- 
ures given, as indicating the cost of brick ma- 
sonry, are very low and might mislead the reader 
and the calculation on page 270 is wholly unin- 
telligible. 

In the closing chapter, a form of contract and 
specifications has been reproduced with the com- 
ments of the author upon most of the articles 
and sections. As a whole, the form appears to 
be typical of good practice, although, as is 
clearly pointed out in the various comments, 
many of the paragraphs might be much im- 
proved. Perhaps greatcr assistance can be ren- 
dered the student, however, by inserting these 
weak clauses and pointing out thelr defects, than 
by attempting to improve them. 

In retrospect, it appears that “Sewer Construc- 
tion” is a valuable addition to the literature upon 
this subject. The text is replete with practical 
hints and suggestions. 

The book is well written and well indexed, 
neatly bound and the presswork is pleasing. 
There are comparatively few errors in the text. 
The numerous (192) cuts are mostly from draw- 
ings and well illustrate current practice and the 
suggestions of the text. It is worthy of mention 
thut nearly all drawings reproduced are of works 
actually constructed and not of designs worked 
out in the classroom and never submitted to the 
practical test of use. 


As already explained, this book is written pri- 
marily for the student and the engineer con- 
fronted with these problems for the first time; 
but in spite of the elementary nature of much 
of the subject matter, it is a book which engl- 
neers who have been designing and building 
sewers for many years can well afford the time 
to read, and should have at hand for reference. 

It may not be out of place to add that while 
the student will find many of his questions an- 
swered in thls volume, many others will be 
brought home to him by the hard Knocks of 
actual practice. 


Coal and Coal Mining. 


COAL.—By James Tonge. New York: D. Van Nostrand 
Co. Cloth; 5% x 8% Ins.; pp. 275; 10 plates and 46 
text illustrations. $2, net. 


The contents of this book are related to two 
widely different lines of study of the coals of the 
world. The first line has to do with the origin 
and location of deposits and the second deals 
with economic values and industrial applica- 
tions. The matter is written from the British 
standpoint and naturally emphasizes those points 
which a British subject would be most apt to 
appreciate. One is led to believe, at first, that 
the book was written for general perusal, but 
this view is apt to be changed later to include 
persons of a scientifically inclined mind, or at 
least those not dismayed at formidable arrays 
of technical terms. The book, as a whole, should 
be easy reading for an engincer. 

The history of English coals, the geological 
Occurrence of coals generally and theories of 
seam formation form short introductory chap- 
ters. The first important section is devoted to 
the fossils of coal beds and to the botany of the 
coal-era plants. In discussing fauna and flora 
the author is so extremely technical, perhaps 
necessarily, that a considerable insight into 
biology is needed before he can be very intelli- 
gently followed. 

The coal fields of the British Isles are geo- 
logically described, and to the greatest extent 
of any particular group taken up. The American 
deposits seem to be next in the author's idea of 
relative importance. The fields of Europe, Asia, 
Africa and Australasia are taken up by coun- 
tries in a brief way. 

After this the common classifications of coals 
are reviewed; those by chemical composition, by 
industrial (heating) value and by physical char- 
acteristics are discussed. The author herein 
briefly describes the effects of different percent- 
ages of moisture, ash, volatile matter, fireclay, 
nitrogen and sulphur and dwells on the coking 
power, the strength or hardness and the specific 
gravity of different coals. Under the title “For- 
eign Coals and Their Values,” are listed the im- 
portant characteristics affecting industrial values 
of coals of the United States, Canada, Germany, 
and all the other European countries, of China. 
Manchuria, Japan and Australia. 

Another important section is on the production 
of heat from coal. This part contains some ele- 
mentary chemistry and a simple exposition of 
calorimetry, boiler practices, losses in burning 
coal and in mining it. The final large division 


‘of the subject matter deals with the preparation 


of coals for market—with the sizing, screening, 
cleaning, washing, briquetting and coking pro- 
cesses. The methods and machinery described 
are English and German. The author draws 
some comparisons of English and German col- 
liery towns that are tributes to the ability of 
the German engineers in preventing unsightly 
and noxious wastes. The book closes with a list 
of the maritime coaling stations of the world. 

The author’s data seem accurate, up to date 
and sufficient to illustrate his argument. Au- 
thorities quoted are freely credited. The state- 
ments are clear and concise; the arrangement is 
pleasing. Some parts of the book will appeal to 
certain groups of readers more than to others, 
but those familiar with one part will find some- 
thing instructive about developments in other 
less familiar phases of the coal industry. 


MODERN PRACTICE IN MINING.—Vol. I.: Coal, Its 
Occurrence, Value, and Methods of Boring. By R. A. 
S. Redmayne, M. Inst. C. E., M. Inst. M. E., His 
Majesty's Chief Inspector of Mines, etc. London, 
New York and Bombay: Longmans, Green & Co. 
Cloth: 5½ x 8% ins.; pp. 199; 123 illustrations in the 
text, and one large folding table. $2, net. 

This volume is put out as the first of a series 
of comparatively small books which shall con- 
stitute a complete library on modern practice in 
mining. It is purposed to make each volume 
take up some particular phase of mining and not 
to attempt to cover in any volume a very broad 
fleld. 

This volume in hand, after some forty odd 
pages of general matter on coals, passes to bear- 
ing or core drilling as the main topic.. The vol- 


ume may then be considered as an exposition 

of present European and American practice of 

small-hole boring as a part of mining explora- 
tion. 

The author classifies coals according to the 
relative proposition of volatile hydrocarbons to 
fixed carbon. He lightly passes over formations 
containing coal deposits and briefly catalogs the 
British coal fields by groups. The varieties of 
coals are only very generally described. The 
author shows a few pictures of fossil coal 
plants from earlier works, but says little about 
them. Proximate analyses, specific-gravity and 
calorific-value determinations are explained, and 
then the author comes down closer to mining 
methods. 

First, in this part, he discusses the applica- 
tion of a Knowledge of geology to mining and 
tells how formations have to be studied. After 
this is a chapter, on prospecting for coal, in 
which the use of small bore holes is discussed 
in some detail. All the succeeding chapters un- 
fold the author’s purpose of setting forth mod- 
ern boring or drilling practice. 

— 

HANDBUCH ZUR GESCHICHTE DER NATURWISSEN- 
SCHAFTEN UND DER TECHNIK.—In Chronologis- 
cher Darstellung. By Ludwig Darmstaedter, with 
the cooperation of R. du Bois-Reymond and D. C. 
Schaefer. Second edition, revised and enlarged. Ber- 
lin, Germany: Julius Springer. Cloth; 64 x 9% 
ins.; pp. 1,262. 

Whoever concerns himself with more than the 
mere present, whoever finds interest or value in 
a chronology of scientific and industrial inven- 
tion or discovery—and that should include every 
educated human being—will welcome the above- 
named volume. It is an excellent compilation 
in every respect, and stands as a monument to 
its authors. Its comprehensive nature and its 
concise accuracy of statement are alike ad- 
mirable. If it is not as good as might be con- 
ceived possible, at least it is as good as three men 
can well produce. 

The arrangement is purely chronological. 
Dates are indicated in the margin, and under 
each year are set in separate paragraphs the 
important discoveries, inventions or improve- 
ments made Known in that year. In each para- 
graph the name of the person primarily con- 
cerned is printed in heavy type, and the items 
for each year are ordered according to the 
alphabetical sequence of the names. Cross- 
references, an index of names and an index of 
subjects make the contents readily accessible. 

It might be expected, perhaps, that American 
achievements (of the last century or so) would 
not be as fully represented as those of Europe. 
This is the case to a degree, in the field of 
technological improvement at least. But Ameri- 
can work is fully enough represented to prove 
the authors’ aim at absolute impartiality as be- 
tween the different countries. And after all, 
those fields in which we seem to discover a 
relative undervaluation of American work are 
just those in which no reasonably accurate or 
complete history can possibly be expected. 

— — —— 


REPORT ON THD INSTALLATION OF AN EXPERI- 
MENTAL DRAINAGE SYSTEM.—At the Northwest 
Experiment Farm, University of Minnesota, Crooks- 
ton, Minn. (Bulletin No. 110, Minnesota Experiment 
Station.) William Robertson, Superintendent of Farm. 
St. Paul, Minn.: The Agricultural Experiment Sta- 
tion (St. Anthony Park). Paper; 5% x 8% ins.; pp. 
99; text illustrations and one folding map. 

Although the drainage work here described is 
spoken of as experimental, it appears to have 
been carried out on practical lines. In fact, its 
chief variation from other drainage work seems 
to have been in the careful way in which the 
work was done, the detailed figures of cost given, 
and the use of various kinds of material and ap- 
pliances. The surveys were made under a co- 


operative agreement between the University of 
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Minnesota and the Office of Experiment Stations, 
U. S. Department of Agriculture. The prelimi- 
nary surveys and the installation of the system 
were carried out under the direction of Mr. John 
T. Stewart, Drainage Engineer of the national 
government department just named. 
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Lathe Design. 
Reviewed by CARL d. BARTH, M. Am. Soc. M. E. 


LATHE DESIGN FOR HIGH AND LOW- SPEED 
STEELS.—A Treatise on the Kinematical and Dynam- 
ical Principles Governing the Construction of Metal 
Turning Lathes. By John T. Nicolson, M. Inst. C. E., 
Professor of Mechanical Engineering in the University 
of Manchester and in the Manchester Municipal School 
of Technology, and Dempster Smith, Assoc. M. Inst. 
M. E., Assistant-Lecturer and Demonstrator in the 
University of Manchester, Lecturer in Machine De- 
sign in the Manchester Municipal School of Technol- 
ogy. London, New York and Bombay: Longmans, 
Green & Co. Cloth; 6% x 10 ins.; pp. 402; 255 illus- 
trations, mostly in the text, and 9 diagrams. $6. 


In this extensive treatise, covering some 400 
large pages, the authors have attempted to lift 
the designing of metal-cutting lathes to a high 
level of scientific engineering, and every phase 
of the subject has apparently had its share of 
careful attention, even to the limitations put 
upon the practical designer by commercial con- 
siderations. 

The strains and stresses in the principal parts, 
such as the spindle, back shaft and gears of the 
head-stock, are All carefully investigated, and 
mathematical formulas established for their 
proper provortioning; and so also the stresses in 
the bed itself, which usually receive but scant 
consideration by the practical designer. The 
subject of power requirements is also treated in 
an exhaustive manner. 

The maximum size of cut to be taken by a 
lathe on a piece of work of a diameter which 
bears a certain ratio to the maximum swing of 
the lathe, in connection with the cutting speed at 
which this cut may be taken on a material of a 
certain degree of hardness, is made the rational 
basis of these investigations and the numerous 
formulas and diagrams developed. 

The matter of the strength and the wearing 
qualities of gear-wheels has been taken up in 
the light of the most recent German experi- 
ments and investigations, and so also the mat- 
ter of the wearing qualities of bearings under 
imperfect lubrication, and the conditions for per- 
fect lubrication, under which all wear between a 
journal and its bearing is practically eliminated. 

Very valuable features of the book are the 
illustrations and descriptions of the driving gears 
and feed motions used on a great number of rep- 
resentative lathes made by prominent manufac- 
turers both in Europe and this country. 

Considerable space is devoted to the considera- 
tion of the spindle speeds, both the proper limi- 
¿tations of the extreme speeds, and the constant 
ratio of any two successive speeds, which to- 
gether determine the total number of desirable 
speed changes. 

This certainly is a very important part of the 
subject, though one that is capable of a far sim- 
pler presentation than the exceedingly mathe- 
matical one adopted by the authors; and it is 
feared that the reader who has not already found 
his own way of getting his range of spindle 
speeds into a geometrical series will not have 
the patience to get what he is looking for from 
the treatise in this book. 

It is also to be regretted that the authors have 
employed rules for the pulling power of belting 
that are contrary to all accepted notions in this 
country on this important subject. It is there- 
fore not likely that any of the formulas devel- 
oped on these rules as a basis will be accepted as 
of any other value than pointing a way to the 
development of more acceptable ones based on 
belt rules that have a rational foundation. 


For Americans it is also very disappointing 
that the rules used for tool pressures, and the 
formulas used for cutting speeds in terms of the 
cut, are those derived from the comparatively 
few experiments made in England and Germany, 
and not those given in F. W. Taylor's paper, On 
the Art of Cutting Metals,” which is the accepted 
standard in this and most other countries, and 
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in which the formulas given were derived by 

Mr. Taylor and his associates from thousands 

of experiments made during a term of years. 

In view of the latter remarks, the book cannot 
be considered in all respects an unqualified suc- 
cess, though it shows throughout painstaking 
effort; and more particularly as numerous Amer- 
ican engineers and machine designers are aware 
of the exceeding simple manner in which Mr. 
Taylor’s still active associates handle the sub- 
ject of speeds, feeds, and power for lathes and 
other machine tools, by means of slide-rules em- 
bodying the formulas entering into the solutions 
of the problems implying these elements. 

— 9. 

UEBER DEN QUERSCHNITT DER STAUMAUERN.— 
By Ferd. Platzmann. (Fortschritte der Ingenieur- 
wissenschaften, Second Series, Part 20.) Leipzig, 
Germany: Wilhelm Engelmann. Paper; 7% x 11 
ins.; pp. 63; 2 plates and 53 text illustrations. 2.40 
marks; American price, $1. 

The subject of high masonry dams, on which 
so much has been written in the past few years, 
is attacked from a new point of view by the 
present author. He does not follow some other 
recent investigators in casting doubt on the as- 
sumption that the normal stresses on horizontal 
sections are distributed according to a straight- 
line law; but, accepting this assumption, he 
urges that these normal stresses are not a final 
criterion of safety, and that this should be 
sought in the “principal stresses,” which exceed 
the normal stresses whenever the latter are ac- 
companied by horizontal shear. This asserts 
no new fact, of course, but the means which the 
author employs to compute the principal stresses 
are novel. He starts from the consideration 
that the lines of principal stress near the faces 
are parallel to the faces of the dam. This per- 
mits the calculation of their amount in terms of 
the normal stress, the horizontal shear and the 
slope of the face, the formulas being derived 
from the equations of equilibrium of a triangular 
element of the dam at the face. The results are, 
briefly: (1) that the maximum compression at 
the down-stream face may exceed the vertical 
compression by a respectable amount, where the 
slope of the face becomes considerable, and (2) 
that the principal stress at the up-stream face 
may be tension (along the face) unless the ver- 
tical compression at this point has a definite 
value, of considerable amount at points of flat 
slope. He concludes that in order to avoid ten- 
sion, which might produce horizontal cracks in 
the water face, the line of pressure must re- 
main within a narrower zone than the middle 
third. 

The argument is interesting because of its 
novelty and because it contains an element of 
truth. But the obvious inaccuracy of some of 
its assumptions vitiates the conclusions and de- 
prives them of practical value as amendments of 
the common method of calculation. 

— 9. 

ENGINEERING WORK IN TOWNS AND CITIES.—By 
Ernest McCullough, Author of “Reinforced Con- 
crete,” “The Business of Contracting,” etc. Second 
edition. Chicago and New York: The Myron C. 
Clark Publishing Co. Cloth; 5% x 8 ins.; pp. 502; 
44 illustrations in the text. $3, net. 

In the first edition of this book (reviewed in 
Engineering News, Dec. 13, 1906), the author 
divided his subject-matter into two parts, for 
the technical and for the non-technical reader, 
placing the two treatments of each sub- 
division at opposite ends of the book. 
In this second edition, just issued, this scheme 
has been abandoned and all the matter on any 
one subject is to be found at one place. While 
removing one of the assumed virtues of the 
old edition—the benefit of the book to non-en- 
gineering city officials—this scheme tends much 
toward the general betterment of the work and 
makes it more ip keeping with its title. Vari- 
ous other changes might be noted, but they are 
of a somewhat minor character. The general 
impression of the second edition is that, while 
not differing materially in its matter from the 
first, the arrangement is much more useful and 
there is an absence of a certain colloquial style, 
brought about probably by the removal of many 
not altogether appropriate chapter heading quo- 
tations. The presswork in the second edition is 
much better than in the first. 


ELEMENTARY APPLIED MECHANICS.—(Statics). In- 
troducing the Unitary System. Bys Alexander Nor- 
well, Principal of Greenock Technical School and 
Watt Memorial Engineering and Navigation Col- 
lege, Greenock. London, New York and Bombay: 
Longmans, Green & Co. Cloth; 4% x 7% ins.; pp. 
242; 218 illustrationss in the text. 90 cts. 

The calculation of force and work relations 
for the “simple machines” of physics consti- 
tutes the principal subject of this textbook. The 
Strength of shafts and beams is also discussed, 
but without proof of the formulas, so that the 
reader must take them on faith. The chief 
value of the work, therefore, lies in affording 
practice and guidance in the simpler class of 
computations involving force and work. The 
author makes a special point of the desirability 
of introducing into every numerical calculation 
the units or denominations of the several terms, 
and carrying out the same operations with the 
denomination as are required for the members, 
So as to give automatically the denomination of 
the result as well as its numerical value. He 
applies this method in all the numerical exer- 
cises worked out in the text, and as the preface 
implies he regards it as the book’s chief claim 
to notice. We are inclined to share his opinion 
in this respect. 

— 

PATENTS AS A FACTOR IN MANUFACTURING.—By 
Edwin J. Prindle, of the New York Bar. New York: 
The Engineering Magazine. Cloth; 5 x 7% ins.; pp. 
134. $2. 

The author of this volume disclaims any in- 
tention of making the inventor or the manu- 
facturer his own patent attorney. His book, 
therefore, omits any consideration of the fine le- 
gal technicalities of patent law, but instead 
takes up the broader subjects with which every 
manufacturer or engineer having to do with 
patents ought to be reasonably familiar. While 
many of the points covered in the book have 
been published in the advertising pamphlets 
which are distributed gratis by some of the 
enterprising firms of patent attorneys, we do 
not recall anywhere so systematic and complete 
a presentation of patent law for the layman in 
small compass as is here given. Of the seven 
chapters of the book, Chap. IV., relative to in- 
fringements, and Chap. VI., on the patent rela- 
tions of employer and employee, are particu- 
larly worthy of commendation for their useful- 
ness to engineers. The book as a whole, how- 
ever, is a meritorious and useful one. 
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Concrete Contract Work. 
[Contributed] 

CONCRETE SYSTEM.—By Frank B. Gilbreth, M. Am. 
Soc. M. E. New York: The Engineering News Pub- 
lishing Co. Flexible morocco; 11 x 8 ins.; pp. 182; 
11 plates and 220 text illustrations. $5, net. 

This book is a very complete record of the 
experience of the author, and of the many able 
men who are and have been associated with him, 
in construction work involving concrete as its 
main material. It tells how concrete can best be 
handled in order to realize the ideals with which 
Mr. Gilbreth has conspicuously identified him- 
self. He has from the first been an innovator, 
first in small matters in a local field, then in 
more important matters in a wider field, and 
lastly and now in the weightiest questions to 
which engineering construction gives rise, and 
in a field coextensive with such construction. 
A single aim seems to underlie all his activities, 
viz.: Honest work at the lowest cost; at high 
speed if required, but none the less honest work 
and the lowest cost for the speed. 

It has seemed pertinent to mention these facts 
because the book under consideration is a record 
of the things which have been found success- 
ful—or better, perhaps, most successful—during 
a long career of unusual activity under the con- 
ditions and with the motive above alluded to, 
and no account of the book can be properly 
given or received except by those who keep in 
mind the author's career and its relations to the 
book. 

The work may not inaptly be compared to a 
cook-book prefaced with the announcement: 
“Every recipe in this book has been personally 
tested by the author.” The book was not writ- 
ten in the usual way or sense; it grew. And it 
was not published until experience had shown 
that it was practically full grown; that is, not 
until extensive works had been carried out 
under its rules without showing a necessity for 
addition, subtraction or change. It is not only 
the fruit of experience, but it is also the ripe 
fruit. 

After this statement of its origin, it is per- 
haps superfluous to note that it differs in form 
and arrangement from the accepted model of a 
technical work. In this respect it may lead to 
Clarity of understanding to again compare it 
to a cook-book. Instead of recipes there are 
propositions which the author calls Rules, num- 
bered serially and grouped under fundamental 
topics into 13 chapters. The first chapter is 
devoted to general considerations, the second 
chapter to rules of general applications, and the 
remainder of the book to classes of work, as 
forms, reinforcement, mixing, etc. 

A chapter on waterproofing cellars may be 
cited as a good example of the maturity of the 
work, since the writer personally knows that 
Mr. Gilbreth had the matter in this chapter de- 
veloped and in use in his practice over eleven 
years ago in substantially the same form in 
which it now appears. 


The work is copiously illustrated, mostly from 
photographs of works in progress under the 
author’s contracts. Besides cuts of a page or 
less distributed through the text and cross-refer— 
ence thereto, there is a second part of 71 pages, 
devoted exclusively to illustrations with explan- 
atory titles. A table of contents and an index 
are provided. 


The mechanical execution of the book is com- 
mendable. There may be more than one opinion 
as to the size and shape of page, 8 x 11 ins., 
bound to open at the end. The text is in three 
columns to the page, which gives a line-length 
convenient for reading and a compact placing 
of the run-in cuts of varying sizes. The paper 
and printing are excellent, and the binding a 
good one in flexible leather. 

It may be well to enlarge a little upon the 
thought above advanced that this book of plain, 
almost commonplace and simple, practical rules 
represents the aims and aspirations of the author 
in the direction of honest work at lowest cost, 
since the relation may not be obvious to the 
casual reader of this notice, or even of the book 
itself; though it should seem that a careful 
reading of the book, and still more its use on 


engineering construction, must reveal its inward 
meaning. 

Honest work means honest workers, not one 
only in a few, but all; honest in the sense of 
taking an interest in the work, and personally 
desiring that it shall be done well. Such an 
attitude is not one of muscle, but of mind or 
intelligence, and hence honest work in the truest 
sense demands that every one engaged upon it 
shall participate in it on the intellectual side 
and not merely on the physical. 

The mere publication of these rules is a broad 
appeal to the intelligence of those to whom they 
are addressed. The author follows this up by 
incessant appeals in the rules themselves to the 
intelligence and sympathy of all classes of work- 
ers, from superintendent to common laborer. 
He takes the employee into his confidence to 
a large degree, by including in many of the 
rules the reasons on which they are based, or 
a statement of the advantages which will fol- 
low their observance, or of the bad results which 
will be produced by their violation or neglect. 
In this way he attempts to make each worker 
a thinking, interested participant with a sincere 
personal desire that the entire work shall be 
good. This surely makes for honest work. 

Again, many of the rules and illustrations re- 
late to the forms of organization and to details 
of administration which have been found best 
in practice to avoid duplication of work, waste 
of materials and labor, conflict of orders and 
other roughnesses which go to produce an exces- 
sive cost. Each worker is counseled not only 
as to how best to do his individual task, but is 
also constantly admonished that others are 
working with him, and that if his work is not 
regulated with due regard for all, there will 
be delay or other form of waste. The spirit of 
the book is highly developed “team work,” and 
the book itself may be compared to a code of 
signals for a team. Coordination of effort makes 
for low cost as surely as individual interest 
does for honest work. Whatever opinion may 
be held as to the actual effect of the rules, it 
cannot be questioned that the foregoing is a 
fair statement of the effect which the author 
desires and intends them to have. 


— — 


THEORY AND DESIGN OF REINFORCED CONCRETE 
ARCHES.—A Treatise for Engineers and Technical 
Students. Ey Arvid Reuterdahl, Chief of Bridge De- 
partment, Engineering Department, City of Spokane, 
Wash. Chicago and New York: The Myron C. Clark 
Publishing Co. Cloth; 6 x 9% ins.; pp. 126; 41 illus- 
trations, mostly in the text, and 17 tables. 52, net. 


Prof. William Cain's well-known little book 
on the reinforced-concrete arch did not pretend 
to do more than to apply the accepted theories 
of the elastic arch and the graphical treatment 
thereof to the somewhat peculiar conditions met 
in the then novel concrete arch reinforced with 
steel. And as he was merely restating old 
methods the author naturally cmitted many of 
the intermediate steps that had been worked out 
for the simple case by previous investigators 
and contented himself with the plain statement 
of their present application. However, this 
method, while perfectly clear to those who were 
acquainted with the original studies on the 
elastic arch, left much to be desired from the 
beginner, to whom the intermediate steps were 
necessary. With the idea of filling these gaps 
and making a continuous and thorough exposi- 
tion of the graphical treatment of the elastic 
reinforced-concrete arch, Mr. Reuterdahl has 
prepared the book noted above. 

Mr. Reuterdahl has been an instructor in 
mathematics at Brown University and a Pro- 
fessor of Physics at Colby College, and his math- 
ematical treatment of the subject shows the re- 
sults of this professorial training. He says in 
the preface: “There are no missing steps in the 
necessary mathematical analysis of the theory.” 
This is true with a vengeance. But that is 
rather a matter of praise than of blame, because 
the object of the book is to remove just those 
obscurities of previous books caused by a lack 
of consecutive mathematical processes. In this 
first place the author rightly acknowledges his 
indebtedness to Messrs. Cain and Eddy, from 
whom he has drawn largely and to whose work 


he has added little. The second part, the de- 
Sign of an actual arch, is somewhat more 
original, because it treats the bridge as an en- 
gineering work and not so much as a problem in 
graphics, the fault of many other authors. 

For the student who wishes to get in one 
book the whole theory, to its minutest details, 
of the reinforced-concrete arch, and who is not 
over-awed by a succession of formula-filled 
pages, we can commend the book. For any be- 
ginner in the designs of such bridges, the latter 
part will prove most useful. 


— 231 


THE MODERN ASPHALT PAVEMENT.—By Clifford 
Richardson, M. Am. Soc. C. E., Proprietor New York 
Testing Laboratory. Second Edition, revised and 
enlarged. New York: John Wiley & Sons. London, 
England: Chapman & Hall, Ltd. Cloth; 5 x 9% 
ins.; pp. 629; 42 illustrations in the text. $3; Eng- 
lish price, 12s. 6d., net. 

The first edition of this book was reviewed at 
length by Mr. Samuel Whinery in our issue of 
June 15, 1905. In the main, his opinions of.the 
book were highly favorable. 

The author states in his preface that he has 
revised the work completely and brought it up 
to date. He also states that he is indebted to 
Mr. C. N. Forrest for revision of the matter on 
analytical methods. 

An examination of the present edition indi- 
cates that the revision has been carefully made, 
and that the book is bound to continue to oc 
cupy a high place in the literature of mu- 
nicipal engineering. It should, however, as 
Suggested by Mr. Whinery, be remembered by 
those who read the book, that the author has 
long been and apparently still is connected 
with a particular branch of the asphalt paving 
industry. 

A curious slip occurs on page 456, where the 
author states that the first cost of an asphalt 
pavement may be greater than “some other 
[italics ours] inferior forms of pavement,”’ etc 


— m 


SEWERS AND DRAINS.—A Practical Treatise on the 
Selection, Design and Construction of Public and 
Domestic Sewerage and Drainage Systems, and Sew- 
age-Disposal Plants for Cities, Towns and Other 
Municipalities, Including also Land Drainage and 
Cost Calculations. By Anson Marston, Dean of 
Division of Engineering and Professor of Civil En- 
gineering, Iowa State College. Chicago, III.: Amer- 
ican School of Correspondence. Cloth; 6% x 9% ins.; 
pp. 156; plates and text illustrations. $1. 


Considering the small space available to the 
author, and the object of the monographs issued 
by this correspondence school, Professor Mars- 
ton’s little treatise deserves favorable mention. 
The subject seems to be systematically covered. 
The most of the line drawings are well adapted 
to the text. Many of the half-tone plates, how- 
ever, are quite as appropriate to any other 
monograph in the series as to this one, but we 
surmise that the author is not responsible for 
that. The work is a “separate” from the Cyclo- 


pedia of Civil Engineering issued by the same 
publishers. 
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PREPARED FOR THB 
CANADIAN PACIFIC RAILROAD 
By J, G. SULLIVAN 


“If the inquiries hitherto received regarding 
this set of tables may be taken as an indica- 
tion of the way they answer the requirements 
of railway engineers, this little book will prove 
to be the most popular transition-curve hand- 
book, which would not be surprising, however, 
in view of the development of the tables during 
a period of 14 years to answer the requirements 
of one of the greatest railway systems on the 


continent.” 
50 Pages. 20 Tables. 


PRICE, $1.60 NET Bound in Flexible Leather 
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Earth Slopes, Retaining Walls and Dams. 


Reviewed by CHARLES L. CRANDALL.“ re 


GRAPHICAL DETERMINATION OF . EARTH ` SLOPES, 
RETAINING WALLS AND DAMS.—By Charles Pre- 
lini, Professor of Civil Engineering, Manhattan Col- 
lege, New York City, Author of Earth and Rock 
Excavation,” ete. New York: D. Van Nostrand Co. 
Cloth; 6 x 9% ins.; pp. 129; 75 illustrations in the 
text. $2, net. 

The author states that this book is intended for 
students and not for professional engineers, but 
the subject treated is one of deep interest to civil 
engineers as well. 

The stability of earth slopes is considered, in 
the first chapter, on the basis of the angle of 
natural slope due to the internal friction of the 
material, and also by including with the friction 
the cohesion of the soil which is found to exist 
in old well settled banks. The subject is treated 
both graphically and analytically. 

The slope of equal stabliity as affected by 
height of bank when cohesion is considered is 
then constructed, bringing out the steep top and 
flat bottom, which is characteristic of the nat- 
ural earth slope. Comparisons are then made of 
the amounts of excavation per lin. ft. for a 30-ft. 
cut taken. out to different uniform slopes, with 
those obtained for corresponding slopes of equal 
stability or equal safety and the saving in ex- 
cavation shown. 

The pressure of earth against retaining walls 
is taken up graphically in Chapter II., using the 
method given by Rebhann. The treatment in- 
cludes the jrregular profile or surcharge, also the 
effect of cohesion for walls supporting firm un- 
disturbed earth free from water and frost. The 
passive pressure or the resistance of earth to 
motion from the horizontal thrust of say an arch 
is also considered. 

The analytical method from Rebhann is devel- 
oped in Chapter III., while the formulas of Ran- 
kine and Weyrauch are given without derivation. 
No account is taken of cohesion in this chapter. 
At the close of the chapter three tables are 
given showing the close numerical agreement 
between the three methods for heights of wall 
from 25 to & ft. for different batters and for 
different surcharges. 

The design of retaining walls is considered in 
Chapter IV. The method is extended to walls 
with buttresses and counterforts, the latter both 
with and without relieving arches, but it is not 
extended to  reinforced-concrete construction. 
Masonry dams are briefly discussed in the last 
chapter. 


The stability of earth slopes and the earth pres- 
sure against retaining walls are well presented 
in the first three chapters. Attention is called 
to earth slopes as they actually occur and to the 
assumptions made by Rebhann in developing the 
methods used in finding the pressures against 
retaining walls. 


The chapter on the design of retaining walls 
would have been of greater value to the student 
or to the young practicing engineer if it had been 
put more in touch with actual practice by consid- 
ering the effects of character of soil, drainage, 
frost, and even of foundations upon stability, as 
was done for earth slopes, and by a few illustra- 
tions from practice. These applications would 
have been especially valuable in showing the ap- 
plication of theory to practice, an application 
which ig questioned by many engineers. 24 

An extension of the chapter to reinforced-con- 
crete retaining walls in connection with the Eu~ 
ropean system of buttresses, counterforts and 


relieving arches would have greatly enhanced 
the value of the book, even if added at the ex- 


pense of the chapter on dams. 

The treatment of masonry dams is brief, but 
a pretty good general idea is given of the meth- 
ods of computing stability and of determining 
practical cross-sections with illustrations from | 
European and American practice. 

The typography is excellent, but the proof 
reading has been hastily done, as is evident by 
the discrepancies between cuts and text and by 


the corrections required in following the derlva- 


tion of the formulas. 


*Professor of Railroad Engineering g and Geodesy, Cor- 


Bel] Univereity, Ithaca, N. Y. 
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Five New “Dower Handbooks.” 


ERECTING WORK. Compiled rer Written by Hubert 

E. Collins. New York and London: Hill Publishing 
Co. Cloth: 414 X 7 ins. ; pp. 140; 110 illustrations in 
tze text. $l. 


PIPES AND PIPING.— Compiled and Written by Hubert 
E. Collins. New York and London: Hill Publish- 
ing Co. Cloth: 414 x 7 ins.; pp. 140; 75 illustrations 
in the text. $1. ; 


KNOCKS AND KINKS.—Causes, Detection and Cure for 
. Many of the Commonest of These Troubles of the 
Engine-Man. Plain Directions for Prevention and 
Remedy. Compiled and Written by Hubert E. Collins. 
New York and London: Hill Publishing Co. Cloth; 
414 x 7 ins.; pp. 137; 82 illustrations in the text. $1. 


PUMPS.~—Troubles and Remedies. Compiled and written 
by Hubert E. Collins. New York and London: Hill 
Publishing Co. Cloth; 44% x 7 ins.; pp. 99; 35 illus- 
trations in the text. $i. 


SHAFT GOVERNORS.—Centrifugal and Inertia. Simple 
Methods for the Adjustment of All Classes of Shaft 
Governors. Compiled and written by Hubert E. Col- 
lins. New York and London: Hill Publishing Co. 
Cloth; 415 x 7 ins.; pp. 127; 35 illustrations in the 
text. 51. 

These books are compiled from material which 
has appeared in the columns of “Power,” and 
deal with the work of the steam engineer and, 
more specifically, the engineman. 

“Erecting Work’’ covers in a general way the 
successive operations involved in transferring 
from railway to power-house a heavy engine 
(1,209 HP.) and subsequently erecting it. It 
can scarcely be said to constitute a complete 
or connected treatise on this subject, but it con- 
tains much information on practical details 
which may save inexperienced engineers con- 
siderable annoyance. The first chapter dis- 
cusses the building of engine foundations; the 
following nine chapters describe tackle. and rig- 
ging suitable for unloading, transferring and 
erecting heavy engine parts. Throughout Chap- 
ters III. to X., the parts of a 1,200-HP. engine 
are, taken as a specific case. In Chapter III., 
p. 30. the ratios. of power to load for two luff 
tackle arrangements (Figs. 42 and 43) are in- 
correctly given as 1/28 and 17/35, the proper 
ratios being 1/29 and 1/34. Rope and sheave 
friction is not considered in comparing the 
various arrangements discussed. Chapter XI. 
deals with the erection of high-speed, center- 
crank engines. It is reproduced from an article 
contributed to “Power” by H. V. Hunt and C. 
G. Robbins and is much better written than the 
preceding chapters, in which a somewhat col- 
loquial style and composition are pursued which, 
while very entertaining, do not tend toward 
brevity and clearness. Chapter XII. contains 
hints and suggestions on the heating and in- 


sertlon of the links joining the segments of built- . 


up fly-wheels and on the ‘putting in place of 
pistons and crossheads. 


“Pipes and Piping” is made up almost entirely 
of articles reprinted from “Power.” No effort 
appears to have been made to reconcile or unify 
these articles, and the value of the book Iles 
solely in the collection into one convenient vol- 
ume of a mass of related material. There is 
room for considerable improvement in the index, 
which might have been made to add greatly to 
the value of the book. A chapter on high-pres- 
Sure steam-pipe flanges includes sectional views 
of a number of different patterns and a table 
of dimensions and specifications transformed 
from a metric table es ort the “Verein 
deutscher “Ingenieure.” 
as i 7 1 5 
The third of“ these books, “Knocks and 
Kinks,“ is more satisfactory. It deals almost 
entirely with the causes of “knocking” in steam 
engines and with the means of locating and cor- 
recting them. With few exceptions the informa- 
tion is conveyed by describing actual cases and 
explaining the cause and cure of each. Chapter 
VIII. describes a method of “rigging up to turn 
and:- refit | large pistons” and a crank-pin turn- 
ing device. The final chapter describes the 
common ‘method of finding the “dead center. oe 
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Thé first- part ‘of the ‘fourth handbook, “Pumps,” 


deals with the loca tfon- and correction of pump 
trdubles. 8 hort “chapters giye Girections for. 
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setting the valves of duplex pumps, and Chapter 
XI. describes a means of indicating the in- 
Stantaneous rate of delivery of a boiler feed 
pump at the time of observation. The final 
chapters contain tabulated information relating 
to pump performance and directions for pump 
operation of the sort commonly printed in cata- 
logs of pumping machinery. The first half of 
the book gives many hints on practical points in 
pump operation as well as in repair work, and 
this is probably the most valuable feature of 


the book. 


Shaft Governors” contains an historical ac- 
count of the development of this type of mechan- 
ism, with a classification of the forms in common 
use, followed by a series of separate chapters 
taking up the construction, operation and adjust- 
ment of a large number of specific makes of shaft 
governor, covering practically every type. The 
illustrations are line cuts of a diagrammatic 
character and ably supplement the text in mak- 
ing clear the operation of the various governor 
mechanisms. ‘This book is, as a whole, better 
arranged and more unified than the others in 
this set, and should prove of value to anyone in- 
terested in its subject. 


FIFTEENTH EDITION, REVISED 
TOTAL ISSUE, THIRTY-FIVE THOUSAND 


Kidder's Architects’ and 
Builders’ Pocket-Book 


16mo, xix + 1703 pages, 1000 figures 


Morocco, $5.00 


Chapters on Fireproofing and Reinforced 
Concrete Rewritten by 
RUDOLPH P. MILLER, C. E. 


Section on Paint Rewritten by 
ALVAH H. SA BIN 


JOHN WILEY & SONS 
43 and 45 East 19th St. New York City 


CALCULATE 


By the new system of “Products or Dividends.” 

zontained in a pocket book which is going to 
be as common as the dictionary. There are 
4600 in use today and a special edition was 
just printed for the Western Pac. Ry. Co. The 
following is an extract from the text: 


“This is a very simple book, but an extremely 
useful one, for it does away entirely with multipli- 
cation or division. One has but to learn its logical 
arrangement and to apply the most elementary arith- 
metic to become at once an adept computer. It takes 
a great deal of time to multiply and divide numbers, 
and it is tedious, hard mental work, too, but worse 
than anything else are the errors that are unavoid- 

` ably made. There is always some doubt at best, and 
to be reasonably sure of correct work it takes double 
time and labor. Without the usual loss of time or 
labor this book gives absolutely correct results. 
There is no doubting or puzzling or laborious check- 
ing; results are infallible. When unusually large 

numbers are dealt with, it may require one or more 
additions or subtractions to carry results to many 
places of decimals, but even this simple matter is 
performed so methodically that the chance for error 
is practically eliminated.” 


Sent postpaid for $3.00 
While its simplicity and practical useful- 
ness make it worth far more than $3, yet it 
is ever a BOOK; hence the PRICE. 200 
. pages, Red Leather, BOND Paper, Gilt 
- Edges. As a book, it is very artistic and 
durable; as a calculating implement, it is 
- as positive and simple as a calendar. Your 
address will bring full particulars and en- 
dorsements. Address G. A. CHRISTENSEN, 
- Civil Engineer, P. O. Box 22, San Francisco, 
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New Edition of Spalding's Roads and Pavements. 
Reviewed by S. WHINE RV, M. Am. Soc. C. E. 


A TEXT- BOOK ON ROADS AND PAVEMENTS.— By 
Frederick P. Spalding, M. Am. Soc. C. E., Professor 
of Civil Engineering, University of Missouri. Third 
edition, revised and enlarged. New York: John 
Wiley & Sons. London, England: Chapman & Hall, 
Ltd. Cloth; 4% x 714 ins.; pp. 340; 51 illustrations in 
the text. $2. 


This is the third edition of Prof. Spalding’s 
book, the first edition having appeared in 1894. 
New editions of engineering books offer oppor- 
tunity to make corrections or additions and to 
bring the text up to the latest theory and prac- 
tice. Prof. Spalding has evidently made good 
use of the opportunity. 

While it is primarily intended as a text-book 
for classes in engineering schools, it will be 
found a convenient and satisfactory hand-book 
for non-professional general readers who wish to 
inform themselves on the elementary principles 
of designing and constructing roads and pave- 
ments. 

In a review of some other books on the same 
subject, in Engineering News of Oct. 16, 1908, 
the present reviewer made some remarks about 
the responsibilities of writers of text-books, 
which seemed pertinent at the time. He is glad 
to say that Prof. Spalding’s book meets fairly 
well the standard there outlined. 

The book is as comprehensive as could be ex- 
pected in one of its size dealing with so large a 
subject. The treatment is systematic and log- 
ical; the style is terse and the statements of 
facts are generally accurate and free from am- 
biguity. The critical reader will, however, note 
a few exceptions to the last statement. On page 
58 the author says: 


The length of a road and the amount of rise and fall 
on it determine the amount of work that must be done 
in hauling a load over the road. The rate of gradient, 
on the contrary, does not affect the amount of work 
necessary to move the traffic, but it limits the work that 
a horse may do at one trip. 

Which is both ambiguous and inaccurate. 

The statement on page 173 that natural cement 
is usually employed for concrete foundations for 
pavements was true a few years since, but ap- 
plies now to certain sections of the country only. 

The arrangement of subjects and chapters does 
not differ materially from the other leading 
books on roads and pavements and need not be 
dwelt upon here. Those who have kept fairly 
well posted on the subject will not find, nor could 
they expect, much that is new, either in matter 
or treatment, in a book intended primarily as an 
elementary text-book for students; but within 
the appropriate scope of a college text-book, the 
author has accomplished all that could reason- 
ably be demanded. 

On the whole, it may be said without reserva- 


tion that the book is the best elementary text- 


book on Roads and Pavements yet produced. 
— —— — 


Electrical Engineering for Boys. 


HOW TO UNDERSTAND ELECTRICAL WORK.—A Sim- 
ple Explanation of Electric Light, Heat, Power and 
Traction in Daily Life. By William H. Onken, Jr., 
Associate Editor “The Electrical World,” and Joseph 
B. Baker, Technical Editor, U. S. Geological! Survey. 
With a Dictionary of Electrical Terms Prepared by 
Joseph H. Adams. New York and London: Harper 
& Brothers. Cloth; 5% x 8 ins.; pp. 359; numerous 
illustrations in the text. $1.75. 


Most American boys, it seems safe to wager, 
can distinguish electrical machinery from mere 
mechanical devices, and indeed can even tell 
something of the probable use of the apparatus, 
if it be something they are apt to run across 
in ordinary life. The authors of this book have 
tried to deepen such knowledge by explaining 
electrical phenomena and actions and quantities 
in simple words and by familiar analogies. But 
for a boy to see what they mean when they talk 
about Ohm’s Law, about “current varying di- 
rectly as the electromotive force and inversely 
as the resistance,” it would seem he must be 
about ready to leave his high school and with 
some understanding of algebra. 

The authors tell how dynamos are driven and 
how transformers and other machinery are 
built—inside. All the: various electric lamps are 
described, Electric furnaces and the many 
products made possible by their development 


*Consultiag Engineer, 95 Liberty St:, New York City. 


have a prominent place. The use of electricity 
for railroad transportation, in our common in- 
dustries, on the farm, in the home, in the mine, 
as the doctor's assistant, everywhere, are taken 
up with the idea of showing how the applica- 
tions are made. Finally there is a dictionary 
of terms to help the boy through the most tech- 
nical parts. 

It is a deep book for a boy—one that will 


make him ask a mass of questions of his pos 


sibly overtaxed parent, but one that will stimu- 
late his mind if he be mechanically inclined. 
— GŘ 


DIFFERENTIAL AND INTEGRAL CALCULUS.—By 
Daniel A. Murray, Ph. D., Professor of Applied Math- 
ematica in McGill University. London, Bombay and 
New York: Longmans, Green & Co. Cloth; 5% x 
814 ins.; pp. 491; numerous figures in the text. $2, 

net. 


Engineers who have lost touch with calculus 
methods, by not having frequent need for ap- 
plying them, can make profitable use of this 
text-book. Its style is of the best. 
of development which the author employs is 
somewhat different from that found in most 
other text-books of calculus, and this in itself 
gives it value as a guide in the review of the 
Subject. The scope is fully equal to that of 
other college texts, although the author specifi- 
cally says that it contains little more than 
what may be regarded as the essentialis of a 
primary course.“ Differential and integral cal- 
culus are treated separately, the former coming 
first, and this separation is the chief difference 
between this work and the same author’s “First 
Course in Infinitesimal Calculus,” after which in 
fact the present work was modeled. 

— . — 

CEMENT LABORATORY MANUAL. -A Manual of In- 
structions for the Use of Students in Cement Labora- 
tory Practice. By L. A. Waterbury, Professor of 
Civil Engineering, University of Arizona. New York: 
John Wiley & Sons. London, England: Chapman & 
Hall, Ltd. Cloth; 4% x 7% ins.; pp. 122; 28 illus- 
trations in the text. $1; English price, 43. 6d., net. 

As pointed out in the subtitle, this book is 
more particularly Cesigned for the instruetion 
of students in the methods of procedure in the 
cement laboratory and it applies to actual cem- 
ent testing only so far as such preliminary 
study takes up the problems of commercial test- 
ing. The details of equipment are so well 
treated that as a guide for establishing and ad- 
ministration of an instructing laboratory, the 
manual should prove most useful and the out- 
lines of experiments are so prescribed that it 
Should be equally valuable as a textbook. 

— — 
INTER CORPORATE RELATIONSHIPS OF RAILWAYS 


IN THE UNITED STATES.—Pub. Doc. Washiagton, 
D. C. Interstate Commerce Commission. Cloth; 6 x 9 
ins.; pp. 516; illustrated. 


This special report by the Division of Statistics 
and Account, Interstate Commerce Commission, 
presents the results of an investigation as to the 
extent to which (and in what manner) the secu- 
rities of one railway company are held by another 
company. A few diagrams {illustrate the intricate 
complications of these intercorporate relation- 
ships. For the summary for railways aggregating 
216,804 miles of line it appears that the total 
outstanding funded debt amounts to $9,342,961,- 
476, and the total stock outstanding amounts to 
$8,884,234,925. The railways themselves hold 
about 15% of the former and 46% of the latter. 
These percentages, however, do not include the 
amounts held by corporations and individuals 
so closely identified with railway corporations 
that these securities cannot properly be con- 
sidered as being in the hands of the public. As 
a matter of fact, therefore, the percentages held 
and controlled by the railways are considerably 
larger than those which are directly held by 
them. l 

— 

LIGHTING COUNTRY HOMES BY PRIVATE BLEC- 
TRIC PLANTS.—By T. H. Amrine. Bulletin No. 
25, University of Illinois Engineering Bxperiment 
Station. Urbana, Hi.: The University. Paper: 
6 x 9 ins.; pp. 35: 11 mustrations in the text. 

The author of this bulletin has planned the de- 
sign of small, isolated, electric, house-lighting 
plants from a non-technical point of view and 
with specia] reference to the needs of farmers. 
Low-voltage tungsten lamps, Holophane globes, 


a storage battery and a gasolene engine are ime. 


portant factors in the typical 17-lamp installa- 


The order 


tion outlined. The author has emphasized the 
necessity of decreasing the brilliancy of the 
lamps by shading and frosting. The house il- 
lummation is first planned aad then the storage 
and generating outfit is designed to fit that 
scheme. The cost of the typical p'ant outlined 
is given from $470 upward depending on the 
taste or fancy of the owner. 


——————— 
MACHINE SHOP CALCULATIONS. —By Fred. H. Col- 
via, M. Am. M. E., Associate Editor of The 


‘American Machinist, » Author of Machine Shop 


Arithmetic,” etc. New York and London: Hill Pub- 
lishing Co. Cloth; 4% x 7 ins.; pp. 174; text illus- 
trations. 


In most machine shops employing fifty or more 
workmen, a considerable proportion can be found 
who have never had as much as an ordinary 
grammar school education. Ocassionally such 
a man’s ambition may be aroused sufficiently to 
cause him to wish to remedy the deficiencies in 
his education and to acquire a working knowl- 
edge of enough of arithmetic, geometry and 
trigonometry to enable him to solve the problems 
met with in the machinists trade. ‘Machine 
Shop Calculations” ts evidently intended for just 
such men. The opening chapters on arithmetical 
processes are thoroughly elementary. In the 
succeeding chapters are taken up the selection 
of gears for thread cutting, set-over of tail- 
stock for tapers, speed of pulleya and many 
other problems of a like nature. The explana- 
tions are so simple and thorough that any ma- 
chinist able to read at all should easily under- 
stand them. The last chapter alone, on “Uses 
of Shop ‘Trig,’ ” and possibly Chapter XVII., 
on “Making and Using Formulas,” would be of 
value to machine shop foremen or superintend- 
ents who, while possessing a fair general edu- 
cation, have no Knowledge of those subjects. 


RAILROAD CONSTRUCTION.—Theory and Practice. A 
Text-Book for the Use of Students in Colleges and 
Technical Schools. By Walter Lori Webb, M. Am. 
Soc. C. E. Fourth edition, revis and enlarged. 
New York: John Wiley & Sons. London, Ip. 777: 
Chapman & Hall, Ltd. Morocco; 4 x 7 {ns.; 777: 
10 plates and 217 text illustrations. $5; IEnglien 
price, 21s., net. 

In our issue of April 16, 1903, we reviewed the 
second edition of this book. _ Although that edi- 
tion was considerably different from the first, 
the changes which have been made since then 
are only of a minor nature, so the review of 
the earlier date still applies to the present edi- 
tion. Such changes as have been made in the 
last two editions are mostly in the arrangement 
and contents of the tables, although in the 
fourth edition the chapter on Economics has 
been brought down to present unit costs and the 
earthworks section has been revised for the 
better, especially insofar as the cost data are 
concerned. The book is still the best condensed 
study of railroad construction available for 
students and beginners. 

— —— 

RAILROAD EBNGINEERING.—An Authoritative Manual 
of Modern Practice in the Survey, Location and Con- 
struction of Railroad Lines and Terminals, Their 
Operation and Maintenance, and the Financing and 
Economie Management of Railroad Corporations. By 
Walter Loring Webb, Consulting Civil Engineer, Au- 
thor of Rallroad Construction, etc. Chicago, III.: 
American School of Correspondence. Cloth; 6% x 


9% ins.; PP. 296; folding and other plates, and numer- 
ous text {llustrations. $3. 


As this book takes up in the space of 288 
widely spaced pages the whole subject of rail- 
road engineering, including surveys, construc- 
tion, operation, maintenance and economics of 
management, it is obvious that it must be but 
a cursory treatment. Indeed, its only value 
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seems to be for preliminary reading to give a 
survey of the whole field of railroad work to 
the beginner, who afterward may study more 
detailed works for the actual principles. The 
author has drawn largely, almost entirely in 
fact, in both phrase and thought, from his pre- 
viously published works. 

The volume is one of the papers which have 
been published together under the general title, 
“Cyclopedia of Civil Engineering,” and which 
was reviewed in our issue of Nov. 12, 1908. 

— — —n 


Statistics of Water Transportation. 
TRANSPORTATION BY WATER.— 1906. Special Re- 
ports, Bureau of the Census: S. N. D. North, Direc- 

tor. Washington, D. C.: Pub. Doc. Cloth; 9 x 12 

ins.; pp. 224; diagrams, tables and four plates. 

This report is of special interest and value at a 
time when so much public attention is being paid 
to waterway improvement. The volume contains 
a vast amount of statistical matter, and is an 
invaluable reference book for any engineer who 
has to make a study of water transportation. 
The first part of the book is devoted to the coun- 
try as a whole; the second section to the Atlantic 
Coast and the Gulf of Mexico; the third to the 
Pacific Coast; the fourth to the Great Lakes and 
St. Lawrence River; the fifth to the Mississippi 
River and its tributaries, and the sixth to canals 
and other inland waters. The total mileage of 
canals and canalized rivers in the United States 
in 1906 was 3,644 miles. This includes not only 
the waterways controlled by the Federal Govern- 
ment, but those owned by States, like the canals 
of New York, and a few canals still in the con- 
trol of private companies. Of this total mileage 
a little over 2,000 miles are canals proper, and 
the remainder is slack-water navigation. The 
total cost of construction and improvement of 
these waterways is given as $283,000,000, which 
would amount to an average cost per mile of 
$80,000 in round numbers. Of course, this aver- 
age is drawn between works that have a vast 
range of cost. For example, the short canal, 1.6 
miles long, at Sault Ste. Marie has cost $8,000,- 
000, while the slack-water navigation of the 
Little Kanawha, in West Virginia, 48 miles long, 
cost only $500,000. The total appropriations by 
Cnogress for harbors and waterways to the pres- 
ent time are $553,000,000, in round numbers, of 
which over $301,000,000 have been appropriated 
since 1890. A still better evidence of the rapid 
increase in appropriations for waterway improve- 
ment is the fact that the average expenditure for 
fifteen years from 1890 was about $20,00),000 per 
annum, while the River and Harbor bill of 1907 
carried $37,500,000. . 

The volume contains most elaborate statistics 
of traffic on the various waterways, which 
should be of much service to the fair investigator 
who desires to test the soundness of current 
arguments for waterway improvement. 

— 124. — 


THE TEMPERATURE-ENTROPY DIAGRAM.—By 
Charles W. Berry, Assistant Professor of Mechanical 
Engineering in the Massachusetts Institute of Tech- 
nology. Section edition, revised and enlarged. New 
York: John Wiley & Sons. London, England: 
Chapman & Hall, Ltd. Cloth; 4% x 7½ ins.; pp. 209; 
109 figures in the text. $2, net; English pricce, 8s. 
6d., net. 


The first edition of this book was reviewed by 
the late Prof. Storm Bull in Engineering News, 
May 18, 1905, with a very favorable criticism. 
In the second edition now appearing considerable 
additions have been made. In fact, the number 
of pages has been doubled. The general ground 
covered by the additions are best shown by quot- 
ing from the author’s preface to the second edi- 
tion. 


In the revised edition of the Temperature-Entropy Dia- 
gram a more extended application of the principles of the 
Td-analysis to advanced problems of thermo-dynamics 
has been made than was possible in the limited scope of 
the previous edition. The chapter on the flow of fluids has 
been entirely rewritten and treats at length various ir- 
reversible processes. A graphical method of projecting 
from the pv- into the Tꝙ;-plane has been elaborated for 
perfect gases and its application illustrated in the chap- 
ters on hot-air engines and gas-engines. The various 
factors affecting the cylinder efficiency of both gas-and 
steam- engines have been thoroughly discussed. One 
ehapter has been devoted to the thermodynamics of mix- 
tures of gases and vapors, and another to the description 
and use of Mollier’s total energy-entropy diagram. 


- The former edition had 12 chapters and this 
has 17. In addition to the former chapters of 
general discussions on reversible cycles and ir- 


reversible processes, on the temperature-entropy 
diagram for perfect gases, saturated and super- 
heated vapors, flow of fluids, of applications to 
hot-air, gas, steam and multiple-fluid engines, 
etc., the author has added chapters on (1) Mol- 
lier’s total energy-entropy diagram, (2) thermo- 
dynamics of mixtures of gases, of gases and vg- 
pors, and of vapors, (3) the gas-engine indicator 
card, and (4) steam-engine cylinder efficiency. 
The chapter on compressions and refrigeration 
has been expanded into two. 
— 


THE DESIGN AND EQUIPMENT OF SMALL CHEMI- 
CAL LABORATORIES.—By Richard K. Meade, Edi- 
tor of ‘‘The Chemical Engineer,’’ Author of ‘‘Portland 
Cement.“ etc. Chicago, Ill.: The Chemical Engi- 
neer Publishing Co. Cloth: 6 x 9% ins.; pp. 186; 111 
Alustrattons in the text. 52, net. 


The author of this little book says: 

It very often happens that the young chemist, perhaps 
fresh from college, is called upon to design and equip a 
laboratory when his knowledge of how it is to be dene 
is rather meager. 

The author has made it his object to provide 
the information that is needed for success in 
such a predicament. The first chapter takes up 
the general arrangement and location of the lab- 
oratory and its apparatus. Next come several 
chapters on stationary equipment. The balance 
of the book describes and discusses the smaller 
apparatus and miscellaneous equipment. The 
book is well supplied with illustrations, and the 
explanations are made in a clear and direct man- 
ner. In connection with each subject discussed, 
practical details are introduced which will make 
the book of great value to those called upon to 
superintend the construction and installation of 


laboratory equipment. 
—— . —äUääZ 


HEATING AND VENTILATION.—A Working Manual 
of Approved Practice in the Heating and Ventilating 
of Dwelling-Housrs and Other Buildings, with Com- 
plete Practical Instruction in the Mechanical Details, 
Operation and Care of Modern Heating and Ventitlat- 
ing Plants. By Charles L. Hubbard, Consulting En- 
gineer on Heating, Ventilating, Lighting and Power. 
Chicago, Ill.: American School of Correspondence. 
Cloth; 6% x ae pp. 221; plates, and 177 text 


Illustrations. $ 

This book opens with a brief general presen- 
tation of the subject of heating and ventilating. 
It outlines the general systems of warming 
buildings, the principles of ventilation and dis- 
cusses the various losses of heat from structures 
being heated and ventilated. - 

The details of the several methods of warm- 
ing are recorded. In each case the “furnace” 
or apparatus for extracting the heat from the 
burning fuel is described and the construction 
and proper operation of the intermediate ap- 
paratus, by which heat is distributed about the 
building, are laid down. In the part more par- 
ticularly devoted to ventilation, the exhaust and 
plenum systems of obtaining warmed fresh air 
are described and compared. Fans, blowers, 
air filters, washers, etc., are all taken up in turn. 
There are also sections on temperature regula- 
tions and on electric heaters. 

The subject matter seems to have been pre- 
sented with the idea of allowing or leading the 
careful reader to designing heating and ven- 
tilating systems. Sample computations and 
problems are inserted at different points. 

It should, perhaps, be added that the volume 
is a section, separately presented, of the Cyclo- 
pedia of Civil Engineering.“ noticed in our 
issue of Nov. 12, 1908. 


— . — 

SURVEYOR’'S HAND BOOK. — By T. U. Taylor, M. Am. 
Soc. C. E., Professor of Civil Engineering in the 
University of Texas. Chicago and New York: The 
Myron C. Clark Publishing Co. Flexible leather; 
4% x 6% ins.; pp. 310; 116 illustrations in the 
text. $2, net. 


We have noted many times before that there 
is no field for another book on surveying unless 
it possesses some transcendent qualities, the ex- 
act nature of which are not apparent, since the 
present works on the subject seem amply to an- 
swer the purpose for which they were designed. 
After reading this latest book we see no rea- 
son to change our expression of opinion, The 
material and the method of presentation have 
nothing of novelty and the typography is 
wretched; in fact, the tables at the end of the 
book are quite illegible in places. It may be 


that we were unfortunate in the copy sent to 


this office, but the general appearance of the 
book belies this supposition. 


TABLES FOR CALCULATING SIZES OF STEAM PIPES 
FOR LOW PRBSSURE HEATING.—By Isaac Chaim- 
ovitsch. Chicago, Ill.: Domestic Engineering. Cloth; 
4144 x 7 ins.; pp. 47; nine illustrations in the text. $2. 

These tables and the accompanying text are 

stated to have been prepared for those who have 
not had enough experience to judge of the liml- 
tations of mere “rules of thumb” in the design 
of steam pipes. These tables are calculated to 
show the loss of pressure per linear foot of pipe, 
in diameters of & to 24 ins., for various de- 
liveries of steam under 1, 8 and 5 lbs. boiler 
pressure. The use of the tables is explained and 
illustrated. 


— — —ä—GU—ä1 einen 


ISTHMIAN CANAL COM MISSION. Annual Report for 
the Fiscal Year Ended June 30, 1908. (Lieut.-Col. 
Geo. W. Goethals, U. S. Army, Chairman and Chief 
Engineer.) Washington, D. C.: Pub. Doc. Paper; 
5% x 9 ins.; pp. 358; 194 plates. 

The general report of the Commission occupies 
a small part of this large volume (see Eng. 
News, Dec. 3, 1908, for considerable portions of 
the general report). Many appendices and a 
large number of folding plates swell the volume 
to a thickness of some two or threeinches. The 
appendices, generally speaking, deal at length 
with matters touched upon more briefly in the 
general report. Appendix E, by Mr. C. M. 
Saville, Assistant Engineer, recounts at con- 
Siderable length investigations made to facilitate 
the safe design of the Gatun Dam. These studies 
include analyses of materials available for hy- 
draulic-fill construction, seepage tests of soils 
and materials from bore holes, and a description 
of and observations on experimental hydraulic- 
fill dams similar to the one proposed at Gatun. 
Many related subjects pertaining to the perco- 
lation of water through dams are taken up by 
Mr. Saville. 


— 


MASSACHUSETTS STATE BOARD OF HEALTH. — 30th 
Annual Report. (X. H. Goodnough. Chief Engineer.) 
Boston, Mass.: Pub. Doc. (No. 34). Cloth; 5% x 9 
ins.; pp. 616; one folding diagram. 

As usual, the matters in this annual report of 
greatest interest to engineers relate to the Law- 
rence experiments on water purification and 
the treatment of sewage. These investigations, 
in general, have followed the line of recent. 
years. Other portions of the report detail special 
chemical and bacterial investigations of the ef- 
fect of cold storage upon drawn and undrawn 
poultry, give the results of dairy inspection 
throughout the state, set forth a special study 
of infant mortality in Boston made between 
June 1 and Nov. 30, 1907, and also give the re- 
sults of the study of the growth of pathogenic 
bacteria in milk. A new feature of this report 
is “a record of the proceedings and observations 
of the state inspectors of health.” There are 
15 of these inspectors, appointed by the State 
Board of Health in accordance with authority 
granted by recent legislation. 


SABIN’S 
CEMENT w 
CONCRETE 


Second Edition, Revised and Enlarged 
584 Pages. 161 Tables Price, $5.00 Net 


„Among the features of this book which 
deserve special attention, are the chapters 
upon the testing of cement, and the chapter 
upon the methods and cost of concrete making, 
both of which subjects are treated more com- 
pletely and carefully than in any other work 
with whieh we are familiar.“ 
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BULLETINS, U. S. GEOLOGICAL SURVEY.—George 
Otis Smith, Director. Washington, D. C.: Pub. Doc. 
Paper; 5d% x 0% ins. 

No. 362: Mine Sampling and Chemical Analyses of 
Coals Tested at the Unit.d States Fuel-Testing Plant, 
Norfolk, Va., in 1907. By John Shober Burrows. 
> 23 


P. 23. 

No. 369: The Prevention of Mine Explosions. Report 
and Recommendations. By Victor Watteyne, Inspec- 
tor-General of Mines, Belgium; Carl Meissner, Coun- 
cillor for Mincs, Germany; and Arthur Desborough, 
H. M. Inspector of Explosives, England. With Letter 
of Transmittal by James Rudolph Garfield, Secretary 
of the Interior. Pp. 11. 


CHRONOMETRIE.—By J. Andrade. Part of ‘‘Encyclo- 
pédie Scientiflaue,“ published under the direction of 
Dr. Toulouse. Paris, France: Octave Doin. Cloth; 
4% x 7% ins.; pp. 382; 193 illustrations in the text. 
5 francs; American price, $1.50. 


CITY OF MANCHESTER, RIVERS DEPARTMENT.— 
Annual Report for the Year Ending March 25, 1908. 
(John Frowde, Chairman.) Manchester, England: 
Pub. Doc. Paper; 6 x 9% ins.; pp. 22; folding and 
other tables, and four folding diagrams. 

COAL.—Bulletin 9, Fourth Series, Geological Survey of 
Ohio; A. Bownocker, State Geologist. Part I.: 
Coals of the Monongahela Formation or Upper Pro- 
ductive Coal Measures. Part II.: Chemical Analyses 
and Calorific Tests of the Clarion, Lower Kittanning, 
Middle Kittanning and Upper Freeport Coals. Geol- 
ogy by J. A. Bownocker. Chemistry by N. W. Lord 
and E. E. Somermeier. Columbus, O.: Pub. Doc. 
Cloth: 6% x 93% ins.; pp. xii. + 342; seven plates, and 
two maps in pocket. 

COMMISSIONER OF EDUCATION.—Report of the Year 
Ended June 30, 1907. Vol. I. (Elmer Ellsworth 
Brown, Ph. D., LL.D., Commissioner.) Washington, 
D. C.: Pub. Doc. Cloth; 5% x 9% ins.; pp. 522; 
diagrams and tables. 

CONCRETE.—Its Uses in Building, from Foundations to 
Finish. By Thomas Potter. Third edition, revised 
and enlarged. London, England: B. T. Batsford. 
New York: D. Van Nostrand Co. Cloth; 512 x 8. 
ins.; pp. 328; 138 illustrations, mostly in the text. 
$3, net. | 

CONCRETE BLOCKS.—Their Use in Residences. (Re- 
printed from Concrete.“ Detroit, Mich.: Concrete 
Publishing Co. Paper; 6 x 9 ins.; pp. 32; illus- 
trated. 25 cts. 

THE DESIGN OF HIGHWAY BRIDGES.—And the Cal- 
culation of Stresses in Bridge Trusses. By Milo S. 
Ketchum, M. Am. Soc. C. E., Dean of College of En- 
gineering and Professor of Civil Enginering, Uni- 
versity of Colorado. New York: The Engineering 
News Publishing Co. London, England: Archibald 
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GEOLOGIC ATLAS OF THE UNITED STATES.—U. 8. 
Geological Survey, George Otis Smith, Director. No. 
161: Franklin Furnace Folio—New Jersey. Wash-: 
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ins.; pp. 27; 6 plates and 15 text illustrations. 


HANDBUCH DES MATERIALPRUEFUNGSWESENS 
FUER MASCHINEN- UND BAUINGENIEURE.—By 
Otto Wawrziniok, Adjunct at the Royal Technical 
College, Dresden. Berlin, Germany: Julius Springer. 
Cloth; 6 x 9% ins.; pp. 573; 501 illustrations, mostly 
in the text. 20 marks; American price, $8 


HYDRAULIC ENGINEERING.—A Practical Treatise on 
the Principles of Water Pressure and Flow and 
Their Application to the Development of Water 
Power, Including the Calculation, Design and Con- 
struction of Water Wheels, Turbines, and Other De- 
tails of Hydraulic Power Plants. Part I.: Hydrau— 
lics. By Frederick S. Turneaure, Dean, Colicge of 
Engineering, University of Wisconsin. Part II.: 
Water-Power Development. By Adolph Black, Ad- 
junct Professor of Civil Engineering, Columbia Uni- 
versity, New York. Chicago, III.: American School 
of Correspondence. Cloth; 64 x 9% ins.; pp. 267; 
plates, and 200 text illustrations. $3. 

ILLINOIS HIGHWAY COMMISSION.—Annual- Report 
for the Year 1907. (Edmund J. James, Chairman, 
Urbana, III.) Springfield, III.: Pub. Doc. Paper: 
5% x 9 ins.; pp. 90; 16 plates, 21 text illustrations, 
and 4 folding tables. 


ILLINOIS STATE GEOLOGICAL SURVEY.—H. Foster. 
Bain, Director. Bulletin No. 8: Year-Book for 1907. 
Urbana, III.: Pub. Doc. Cloth; 5% x 8% Ius. pp. 
391; 23 plates, 32 text illustrations, and 1 map in 
pocket. ' 

AN INVESTIGATION OF THE SANITARY CONDITION 
OF THE GOWANUS CANAL, BROOKLYN, N. X.— 
Charles F. Breitzke, Inspecting Engineer, State De- 


partment of Health, Albany, N. Y. Contribution 
from the Sanitary Research Laboratory and Sewage 
Experiment Station of the Massachusetts Institute of 
Technology. (Reprinted from the Technology Quar- 
terly, Vol. XXI., No. 3, September, 1908.) Paper; 
í x 10% ins.; pp. 243 to 279; 14 illustrations in the 
ext. 


LECTURE-NOTES ON THE THEORY OF ELECTRICAL 
MEASUREMENT S. —Prepared for the Third-Year 
Classes of the Cooper Union Night-School of Science. 
By William A. Anthony, Late Professor of Physics, 
Cooper Union. Third edition, revised by Albert Ball, 
Assistant Professor of Physics and Applied Electric- 
ity, Cooper Union. New York: John Wiley & 
Sons. London, England: Chapman & Hall, Ltd. 
Cloth; 43; x 714 ins.; pp. 122; text illustrations. $1; 
English price, 4s. 6d., net. 


THE LUMBER CUT OF THE UNITED STATES, 1907.— 
Compiled in Cooperation with the Department of Ag- 
riculture: Forest Service, Gifford Pinchot, Forester. 
Forest Products, No. 2, Bureau of the Census; S. N. 
D. North, Director. Washington, D. C.: Pub. Doc. 
Paper; 5% x 9 ins.; pp. 53. 


THE MECHANICAL ENGINEERING OF STEAM 
POWER PANT S. - BJ) Frederic Remsen Hutton, 


Professor Emeritus of Mechanical Engineering in 
Columbia University, Past President and Honorary 
Secretary of the American Socicty of Mechanical 


Engineers. Third edition, rewritten. New York: 
John Wiley & Sons. London, England: Chapman & 
Hall, Ltd. Cloth; 5% x 9% Ins.; pp. 825; 697 illus- 
trations, mostly in the text. $5; English price, 21s., 
net. 

THE “MECHANICAL WORLD” POCKET DIARY AND 


YEAR BOOK FOR 19409.—Containing a Collection of 


Useful Engineering Notes, Rules, Tables and Data. 
Manchester, England: Emmott & Co., Ltd. Cloth; 
4 x 614 ins.; pp. 395; text illustrations and tables. 


Gd., net; American price, 20 cts., net. 


MICHIGAN STATE BOARD OF HEALTIHI.— Annual Re- 
port of the Secretary for the Fiscal Year Ending 
June 30. 1907. (Frank W. Shumway, Secy.) Lan- 
1688 Mich.: Pub. Doc. Cloth; 6% x 9½ ins.; pp. 
88. 


THE MINNESOTA ENGINEER. — Published Quarterly by 
The Engineers’ Society, University of Minnesota. A 
Continuation of the Year Book. Vol. XVII., No. 1, 
November, 1908. Minneapolis, Minn.: University of 
Minnesota. Paper; 6% x 1044 Ins.; pp. 65; text illus- 
trations, and one folding plate. 


THE MUNICIPAL ENGINEERS OF THE CITY OF NEW 
YORK.—Proceedings for 1907. Edited by the Publi- 
cation and Library Committee, George A. Taber, 
Chairman. New York: The Municipal Engineers 
(20 West 39th St.). Cloth; 5% x 9% ins.; pp. 234; 
folding and other plates. i 


THE NATIONAL ASSOCIATION OF COTTON MANU- 
FACTURERS.—Transactions, Annual Meeting Held 
in Huntington Hall, Massachusetts Institute of Tech- 
nology, Boston, Mass., April 16-17, 1908. (C. J. H. 
Woodbury, Secy.) Boston, Mass.: The Association 
Ne ms St.). Boards, 6 x 9% ins.; pp. 532; illus- 
rated. 


OHIO ELECTRIC LIGHT ASSOCIATION.—Proceedings 
14th Annual Convention, Put-In-Bay, L. E., Ohio, 
Aug. 25-27, 1908. (D. L. Gaskill, Secy., Greenville, 

O.) Cloth; 6 x 9 ins.; pp. 172; Illustrated. 


PRELIMINARY REPORT ON THE MINERAL RE- 
SOURCES OF OKLAHOMA.—Bullettn No. 1. Okla- 
homa Geological Survey; Charles N. Gould. Director. 
By Charles N. Gould, L. L. Hutchison and Gaylord 
Nelson. Norman, Okla.: Pub. Doc. Paper; 5% x 
9 ins.; pp. 84; 10 illustrations in the text. 


THE PRINCIPLES OF ALTERNATING CURRENTS.— 
For Students of Electrical Engineering. By Edgar 
T. Larner, Assoc. Inst. E. E., of the Engineering De- 
partment, G. P. O., London. New York: D Van 
Nostrand Co. London, England: Crosby Lockwood & 
Son. Cloth: 4% x 7½ ins.; pp. 136; 72 figures in 

the text. $1.50, net. 


PRINCIPLES OF SEWAGE TREATMENT.—By Professor 
Dr. Dunbar, Director of the Hamburg State Hygienic 
Institute. Translated, with the author’s sanction, by 
H. T. Calvert, Ph.D., Chief Chemical Assistant, West 
Riding of Yorkshire Rivers Board. London, Eng- 
land: Charles Griffin & Co., Ltd. Philadelphia, Pa.: 
J. B. Lippincott Co. Cloth: 6½ x 9 ins.; pp. 271; 
147 illustrations, mostly in the text. $4.50, net. 


THE PRODUCTION OF PETROLEUM IN 1907.—By 
David T. Day. Advance Chapter from Mineral Re- 
sources of the United States, Calendar Year 1907. 
Washington, D. C.: Pub. Doc. Paper; 5% x 9 ins.; 
pp. 133; one illustration in the text. 


RECEIPTS AND EXPENDITURES OF ORDINARY 
REVENUE (RBoston).—With Appendix Showing All 
Classes of Recelpts and Expenditures, by Groups, 


Chapter I.— Introduction. The History of Water 
Power Development. II. Power. III. Hydraulies. 
IV. - Water Power. Study of the Power of a Stream 
as Affected by Flow. V. —- Water Power (continued). 
Study of the Power of a Stream as Affected by 
Head. VI.—Ralunfall. VII.—The Disposal of the 
Rainfall, VIII. - Run-off. IX.—Run-off (continued). 
_X.—Stream Flow. XI.—The Measurement of Stream 
Flow. XII.—Water Wheels. XIII.—Turbine Details 
+ and Appurtenances. XIV.—Hydraulics of the Tur- 
i bine. XV.—Turbine Testing. XVI.—Sclection of the 
“. Turbine. XVII.—Load Curve and Load Factor, and 


eae 803 Pages. 


McGRAW PUBLISHIN 


JUST PUBLISHED 


WATER POWER ENGINEERING 


By DANIEL W. MEAD, 
Professor of Hydraulic and Sanitary Engineering. University of Wisconsin. 


413 Hlustrations. 
Send for 8-page Circular. 


d co., 239 W. 39th St., NEW 


1903-1907. Special Publications, No. 15, Statistics 
Department, City of Boston. Boston, Mass.: Pub. 


Doc. Paper; 94 x 11%, ins.; pp. 165. . 


REPORT ON THE RESULTS OF AN EXAMINATION 
OF THE CONDITIONS CAUSING THE POLLUTION 
OF THE MOSHASSUCK, WOONASQUATUCKET 
AND PROVIDENCE RIVERS.—In the State of Rhode 
Island. Made Conjointly by the U. S. Geological 
Survey and the Rhode Island State Board of Health, 
by Mr. Herman Stabler, Assistant Engineer, U. 8. 
Geological Survey. Providence, R. I.: State Board 
of Health. Paper; 6 x 9% ins.; pp. 77; 22 tables. 


RESERVOIRS FOR IRRIGATION, WATER-POWER 
AND DOMESTIC WATER-SUPPLY.—With an Ac- 
count of Various Types of Dams and the Methods, 
Plans and Cost of Their Construction. By James Dix 
Schuyler, M. Am. Soc. C. E., M. Inst. C. E., ete. 
Second edition, revised and enlarged. New York: 
John Wiley & Sons. London, England: Chapman & 
Hall, Ltd. Cloth; 6½ x 10% ins.; pp. 573; 381 illus- 
trations, mostly in the text, and 6 folding plates. $6. 


SMOLEY’S TABLES.—Parallel Tables of Logarithms and 
Squares, Angles and Logarithmic Functions Corre- 
sponding to Given Bevels, Together with a Complete 
Sct of Five-Decimal Logarithmic-Trigonometric Ta- 
bles. For Engineers, Architects and Students. By 
Constantine Smoley. Fifth edition, revised. New 
York: The Engineering News Publishing Co. Lon- 
don, England: Archibald Constable & Co., Ltd. 
Flexible morocco; 4% x 7 ins.; pp. 448. $3.50, net. 


STANDARD SPECIFICATIONS FOR CAST-IRON WA- 
TER PIPE AND SPECIAL CASTINGS.—With Tables 
of Dimensions, Thicknesses and Weights. Adopted 
May 21, 1908, by American Water Works Association. 
Paper; 6 x 9 ins.; pp. 33; illustrated. [Charleston, 
S. C.: J. M. Diven, Secy. American Water Works 
Association]. 


STATE RIVERS AND WATER SUPPLY COMMISSION. 
(Victoria, Australia).—Third Annual Report, 1907-08. 
(M. Nally, Secy., Treasury Gardens, Melbourne.) 
Melbourne, Victoria: Pub. Doc. Paper; 8 x 13% 
ins.; pp. 32; illustrations in the text. 


DIE STATIK DES KRANBAUES.—By W. Ludwig An- 
drée. Munich and Berlin: R. Oldenbourg. Cloth; 
O14 x 91% ins.; pp. 220; 380 fiustrations in the text. 
8 marks; American price, $3.20. 


STEAM-BOILERS.—By Cecil H. Peabody, Professor of 
Naval Architecture and Marine Engineering, and Ed- 
ward F. Miller, Professor of Steam Engineering, 
Massachusetts Institute of Technology. Second edi- 
tion, revised and enlarged. New York: John Wrley 
& Sons. London, England: Chapman & Hall, Ltd. 
Cloth; 5% x 914 ins.; pp. 434; 5 plates and 176 text 
illustrations. $4; English price, 17s., net. 


A TEXT-BOOK OF MECHANICAL DRAWING AND EL- 
EMENTARY MACHINE DESIGN.—By John S. Reid, 
M. Am. Soc. M. E., Professor of Mechanical Drawing 
and Designing, Armour Institute, and David Reid, 
Formerly Instructor in Mechanical Drawing and De- 


signing, Sibley College, Cornell University, Ithaca, 
N. Y. Second edition, revised and enlarged. New 
York: John Wiley & Sons. London, England: Chap- 


man & Hall, Ltd. Cloth; 5% x 0% ins.; pp. 439; 329 
illustrations in the text. $3; English price, 12s. 6d., 
net. 


DIE THEORIE DER BESSELSCHEN FUNKTIONEN.— 
By Paul Schafheitlin. Leipzig and Berlin. B. G. 
Teubner. Stiff paper: 5 x 8 ins.: pp. 129; one folding 
plate. 2.80 marks; American price, $1.15. 


TRAIN DISPATCITERS’ ASSOCIATION OF AMERICA.— 
21st Annual Convention, Fort Worth, TX June 16, 


1908. (J. F. Mackie, Secy., C., PED O . Ry., 
oo III.) Paper; 5% x 7% ins.; pp. 175; illus- 
trated. 


VALVE SETTING.—Simple Methods of Setting the Plain 
Slide Valve, Meyer Cut-Off, Corliss and Poppet Types. 
Compiled and written by Hubert E. Collins. New 
York and London: Hill Publishing Co. Cloth; 6 x 
9% Ins.; pp. 209; 200 illustrations in the text. $2. 


DER WASSERBAU.— Für Studierende und Praktiker. 
By M. Strukel, Professor at the Finland Technical 
College in Helsingfors. Part II.: Water-Supply. 
Sewerage. Drainage, Irrigation, and Canals for Navi- 
gation. Second edition, revised and enlarged. Leip- 
zig, Germany: A. Twietmeyer. Paper; 712 x 10% 
ins.; pp. 239; 23 plates and 29 illustrations in the 
text. 16 reichsmarks. 


WATER-SUPPLY PAPERS, U. S. GEOLOGICAL SUR- 
VEY.—George Otis Smith, Director. Washington, 
D. C.: Pub. Doc. Paper; 5% x 9 ins. 

No. 222: Preliminary Report on the Ground Waters 
of San Joaquin Valley, California. By Walter C. 
Mendenhall. Pp. 52; one folding plate. 


WATER POWER OF HALIFAX, NOVA SCOTIA.—Part 
I., Dartmouth Lakes Power. By F. W. W. Doane, 
City Engineer, Halifax. (From Proceedings and 


Their Influence on the Design of the Power Plant. 
XVIII.—Speed Regulation of Turbine Water Wheels. 
XIX.—The Water Wheel Governor. XX.—Arrange- 
ment of the Reaction Wh-el. XXI.—Selection of 
Machinery and Design of Plant. XXII.—Examples 
of Water Power Plants. XXIII.—The Relation of 
Dam and Power Station. XXIV.—Principles of Con- 
struction of Dams. XXV.—Appendages to Dams. 
XXVI.—Pondage and Storage. XXVII.—Cost Value 
and Sale of Power. XXVIII.—The Investigation of 
Water Power Projects. 


Net, $6.00. 


YORK 


Vol. 60. No. 25. 


Transactions of the Nova Scotian Institute of Scl- 
ence; Vol. XII., Part 1.) Paper; 5% x 8% ins.; pp. 


21 to 33. 


WESTERN RAILWAY CLUB.—Official Proceedings for 
the Club Year 1907-1908. Chicago, Ill.: The Club 
(J. W. Taylor, Secy., 390 Old Colony Building). 
Cloth; 6 x 9 las.; pp. 361; folding plates and text 


illustrations. 


WIRELESS TELEGRAPHY AND TELBÐPHONY.—Pop- 
ularly Explained. By Walter W. Massie and Charles 
R. Underhill. With Special Article by Nikola Tesla. 
New York: D. Van Nostrand Co. Cloth; 4% x 1% 
ins.; pp. 76; 29 Illustrations, mostly in the text; $1, 


net. 


FOURTH THOUSAND NOW READY 


TURNEAURE and MAURER 


Principles of 
Reinforced Concrete 
Construction 


8vo, vili + 317 pages, 11 plates and 130 


figures. Cloth, $3.00. 


JOHN WILEY & SONS 
43 aad 45 East 19th St., New York City 


Eighth Thousand Now Ready 
Taylor and Thompson's 


Treatise on Concrete 


Plain and Reinforced 
8vo, Cloth, $5.00 


JOHN WILEY & SONS 
43 and 45 East 19th St., New York City 


Kent’s 
Mechanical Engineers’ 
Pocket Book 


16mo, morocco, $5.00 


TOTAL ISSUE, 60,000 
JOHN WILEY & SONS 


Scientific Publishers 


43 and 45 East 19th St., New York City 


New Books of Special 


Interest to Engineers 
By Thomas Conyngton, of the New York Bar 


Organization 


Corporate sirm 


Discusses in detail 
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Valuable suggestions. Contains forms for sub- 
scription lists, charters, by-laws, option agreements, 
voting trust agreements, etc., etc. The most prac- 
tical work of its kind. 400 pages, 6 x 9 inches, 
1908. Buckram binding. Prepaid, $3.00. 


Management 


Corporate reems 


practical work on 
the management of corporations, telling what todoand 
how and when. Treats of by-laws, stock, stock- 
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tains over 200 forms used in corporate procedure. 
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other similar work. 400 pages, 6 x 9 inches, 1909. 
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THB RONALD PRESS COMPANY 
Roems, 90-92, 229 Broadway, New York 


SUPPLEMENT TO ENGINEERING NEWS. 


About Our New En 


The Latest book from the press on the subject 
of reinforced concrete is one that Mr. E. Lee Heid- 
enreich bas been engaged in writing for the past 
eight years. Mr. Heidenreich, in fact, was the first 
American to produce a book on reinforced concrete, 
namely his ‘Monier Constructions’ which was pub- 
lished in 1900. Immediately after that he entered 
upon the task of preparing his ‘‘Engineers’ Pocket 
Book of R:inforced Concrete,” which has at length 
been completed. Speaking of books of this sort, he 
has said in his preface, “It is almost impossible 
to find the proper moment when the book may be 
considered temporarily finished.“ Whatever mis- 
Bivings the author may have as to the delay in 
finishing his pocketbook, the reader can have none, 
for the development of general knowledge of concrete 
and the accumulation of tests, etc., have been so 
rapid and so extensive in the past eight years, that 
it may be safely said that a pocketbook of this sort 
published at a much earlier date than the present 
would bave been premature. The author is a mem- 
ber of the “Joint Committee for Concrete and Re- 
inforced Concrete’? appointed by the American So- 
ciety of Testing Materials, and the American So- 
clety of Civil Engineers, 

In its 274 pages there are 
are as follows: 


(1) Materials and Machines Used in Concrete Con- 

struction. e 5 n 
(2) Design and Construction of Buildings. . 
(3) Design and Construction of Bridges. L 
(4) Abutments and Retaining Walls. i 
(5) Culverts, Conduits, Sewers, Pipes and Dams. 
(6) Tanks, Reservoirs, Bins and Grain Elevators. 
(7) Chimneys. Miscellancous Data. 


Th re are §0 tables in Heidenreich's “Pocketbook” 
which are alone of inestimable value as savers of 
time in designing reinforced concrete structures. The 
tables for proportioning columns, slabs, beams, 
etc., are very complete. iy 

Formulas for designing the various kinds of re 
inforced-concrete structures are deduccd and dis- 
cussed, and their application illustrated by ex- 
amples, thus making Heidenreich's “Pocketbook” 
exceptionally useful to the designing engineer who 
wants a compact mass of information on the sube 
ject in hand. ' 

Heidenreich's Engineers’ Pocket Book of Reln- 
forced concrete is bound in flexible leather, 4%/ x Gn 
ins., 374 pages, 164 illustrations, and its price i 
3.09, net, postpaid. À 


In January we expect to have Albert I. Frye‘s 
“Pocketbook ror Civil Eugincers“ off the press. Its 
1.200 pages of “5ta and G pt. solid type”? are equiva- 
lent to 4.000 pages of the ordinary 6 x H. in. book 
set in 10 pt. lead’? or Long Primer. This simple 
statement will give same idea of the magnitude of 
the task of writing the book, to say nothing of the 
additional task of putting it into type and of proot- 
reading. In reading the proof, Frye’s Pocketbook 
will pass through the hands of four proofreaders and 
it is believed that it will be as free from errors as 
human skill, care and patience can make it. The 
original calculations for tables, examples, etc., have 
been checked with the greatest care; and, wherever 
similar tables have existed, Frye's tables have been 
checked against them. There are more new and 
extensive tables in this pocketbook than any single 
author has ever produced before. We have men- 
tioned elsewhere one illustration to indicate the 
amount of mental work that has been involved in 
producing certain tables, but it will bear repeating. 
On one hydraulic table, which occupies only 3 pages 
printed, the author put in 12 weeks of constant labor 
in calculation and checking. In that case he had to 
apply a complex formula in each separate calcula- 
tion, and the work was unusually tedious; but we 
mention this instance that the reader may realize 
that the ‘‘scissors and paste pot? has not played 
an important part in the production of this pockct- 
book. As above stated, we plan to have Frye's 
“Pocketbook” off the press in January. We are re- 
ceiving a great number of advance orders now at 
50.00, net, postpaid. This book, like all the other 
Clark books, can be bought nowhere at less than the 
net price, for the high cost of publication and the 
closer margin of profits have made it impracticable 
to give discounts on any high elass books, unless 
they are books that are passing rapidly out of date 
In this connection, we may add, the average pur- 
chaser of a technical book seldom appreciates the 
cost of keeping a technical book up to date by fre- 
quent revisions and entire reprinting. A novel re- 
Mains unchanged forever, and, once the plates are 
made, it can be produced at a low cost, not only be- 
cause of the large number printed, but because of 
the permanence of the plates. An engineering book, 
on the other hand, begins to go out of date before it 
is off the press, so that both author and publisher 
are compelled to begin a revision almost before they 
have seen the first bound copy—provided they hope 
to kecp the book abreast of the times. It is our in- 
tention to revise Frye’s “Pocketbook” at short in- 
tervals, and to notify all purchascrs direct as to each 
revision, wherever we have the address of the pur- 
chaser. Hence the advantage of ordering all our 
books direct from us, Instead of through local dral- 
ers. Bear in mind, also, that we have two offices, 
one in New York, the other in Chicago. 


The Sale of Gillette's Handbook of Cost Data” 
continues to break all records for an efhgineering or 
technical book. Those engineers or contractors who 
have not examined a copy of the book will get a 
pretty clear idea of its contents by sending for our 
24-page pamphlet of Gillette's ‘‘Handbook,’’ con- 
taining sample pages and a full table of contents. 
For estimating costs and for cffecting a reduction 


~ 


i chapters whose titles 


gineering and Contracting Books 


Four Other Books on concrete merit consid- 
crauion. Ol these four, one is only two months’ old, 


namely, Reuterdahl’s Theory and Design of Rein- 
forced Concrete Arches.” Mr. Reuterdahl is Chief 


yf the Bridge Department of Spokane, Washington. 
In his work as a designer of concrete bridges, he 
felt the need—as, indeed, has every other designer— 
of a complete printed analysis of the elastic arch. 
The author says: “Of all the problems in bridge 
cesigning, the analysis of the elastic arch is by far 
the most difficult. The works which have hereto- 
fore appeared on this subject are either so mathe- 
matically abstruse, or leave so much to the reader 
to demonstrate for himself, that they are of little 
value to the practical cngineer or to the technical 
student whose mathematical training has not been 


of exceptional order. The entire absence in techni- 


cal literature of a work obviating these unfortunate 
features has been brought so forcibly to the attention 
of the author that he has felt justified in undertak- 
ing the present work. 

“It was felt that the graphical method of analysis 
would be preferred by both engineer and technical 
students to the longer and more involved mathe- 
niatical Method of analysis. 

Every principle involved in the graphical treat- 
Ment is explained thoroughly and in detail in the 
theorctical portion of the work. There are no miss- 
ing steps in the necessary mathematical analysis of 
the theory as set forth in the present treatise.” 

Reuterdahl’s ‘Concrete Arches” contains numer- 
ous diagrams and tables and 132 pages, 6 x 9 ins. 
Its price is $2.00, net, postpaid. 

McCullough’s ‘‘Reinforced Concrete” is also one 
of our most recent publications. It is not a large 
book, only 136 pages, but it contains much original 


matter drawn from the extensive experience of the 
author in designing and erecting reinforced con- 


crete buildings, and other concrete structures. It is 
richly worth the $1.50 that it costs. 

Reid's Concrete and Reinforced-Concrete Con- 
Struction’’ is a veritable encyclopedia on the sub- 
ject, containing a thousand pages. It is the most 
expensively illustrated technical book of which we 
have any knowledge. Its 700 illustrations—mostly 


line drawings from working plans—would, even with- 
‘out any accompanying text, be sufficient to make the 


book one that would be constantly referred to. Reid’s 


“Concrete and Reinforced-Concrete Construction“ is 


the standard 6 x 9 size, and its price is $5.00, net, 


‘postpaid. 


The fourth book on concrete differs from all others, 
in that it deals solely with methods and costs. We 


refer to Gillette & Hill's Concrete Construction, 


Methods and Cost.” In its 760 pages, concrete and 
reintorced concrete are considered from the view 
point of the engineering and contracting economist. 


‘Considered merely as a book to be used in estimat- 


ing costs of all kinds of cement structures, the book 
is Of great value; but it is of greater value in so 
designing or building concrete structure as to reduce 
their cost. The book is barcly more than six months 
old, but it has a phenomenal sale, which indicates 
that it fills a real gap in concrete literature and 
not an imaginary one. 


Circulars will gladly be sent describing any 
of our books, giving sample pages, tables of con- 


tents, etc. We advertise none but books of our own 
publication, 


The following are some of our important books: 
20 NEW AND STANDARD BOOKS. 
FRYE.—Pocketbook for Civil Engineers (ready in 

January). Leather; 1,200 pages...... . . . 55.00 
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NO. 1 HYDRO-ELECTRIC POWER PLANT. 
By F. C. FINKLE.* 


In designing the hydro-electric power plant of 
the Los Angeles Edison Electric Co., on Kern 
River, California, which was completed last year, 
some very important problems in hydro-me- 
chanics were encountered and solved success- 
fully. It has been the purpose of the writer to 
discuss some of these as of possible interest to 
other engineers, but since completing the work 
he has not found time to do so until now. 


Fig: 1 


Spilling Flume. 


The power installation to which this article 
refers is the seventh hydro-electric plant de- 
signed and constructed for the Los Angeles Edi- 
son Co., and is the first of five such plants 
Planned by that company on Kern River. Before 
entering on the technical design of the plant, a 
brief description of the water supply and gen- 
aka plan of the development may prove of 
value, 

GENERAL DESCRIPTION OF THE PLANT. 

The Kern River is one of the large rivers 
flowing from the Sierra Nevada Mts. into the 
San Joaquin Valley in California. Its mountain 


Consulting Engineer, I. W. Hellman Building Los 
Angeles, Cal. ; 


SOME PROBLEMS IN DESIGNING THE KERN RIVER 


catchment area is approximately 2,200 sq. mi., 
ranging in elevation from 1,000 to 15,000 ft. 
above sea level. Mount Whitney, which is the 
highest mountain on United States territory 
outside of Alaska, is at the headwaters of Kern 
River, and there are a dozen other peaks around 
14,000 ft. in elevation. 

The snows never melt away completely at 
these high altitudes, the forests within the drain- 
age area are practically untouched, and the 
slopes and ravines are well covered with glacial 
drift. ‘These conditions are favorable to a well 
regulated runoff, which makes the stream a 


— 


(oe — = — 


Fig. 2. Transmission Line Tower. ` 


VIEWS AT THE KERN RIVER POWER PLANT. 


good one for power development without the 
necessity of constructing large storage reser- 
voirs. 

The minimum flow in ordinary years is above 
400 sec.-ft., much higher in wet years, and half 
as much for a short period in dry years. Thus, 
we can readily see that, while storage reservoirs 
would be of some value, they are not a necessity, 
as the deficiencies occur so seldom and even 
then for so short a period that the usual steam 
plant relay for an hydraulic installation can make 
them up. 

The first location selected by the Edison Elec- 
tric Co. was near the mouth of the river, where 
all the mountain drainage area, except about 20 


—ů— 


sq. ml., is tributary to the plant. The fall of 
the river is also the greatest near its canyon 
mouth, making this location the best on the 
stream. 

The power plant, known as Kern River No. 1, 
is a 20,000-KW. installation at normal rating, 
but with 35-degree electrical equipment guar- 
anteed for 25,000 KW. continuous load, and an 
hydraulic capacity for 30,000 KW. 

The works consist of a diverting dam, con- 
trolling gates, intake section, conduit mostly of 
tunnel, forebay, force main, header and branch 
pipes, power-house, hydraulic impulse turbines, 


Fig. 3. Rear of Power House Showing Header and 
Branch Pipes, with 28-in. Gates. 


complete electrical equipment, tail races, spill- 
way and steel tower transmission line to Los 
Angeles with main substation in that city. 

The diverting dam is of cyclopean concrete, 
about 30 ft. high above the stream bed, 35 ft. 
to bed rock below the stream bed, and 203.5 ft. 
long on the crest. It is of the overflow type, 
designed along conservative lines, and is well 
anchored into the bed rock at the foundation and 
both abutments. Fig. 4 shows the intake end 
of this dam and Fig. 5 gives a plan and cross- 
section of the screen, gates and upper end of 
the intake tunnel. 

The gates for controlling the water and silt 
are in two sets, both of Which are o jerated with 
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oil-pressure cylinders. The lower pair is placed 
-in the drainage tunnel, which underdrains the 
pond below the level of the stream bed, and 
serves the purpose of sand sluices, or may be 
used to carry the entire river beneath the intake 
in an emergency. (Fig. 7.) 

The upper pair of gates is for regulating the 
quantity of water to be diverted into the tunnel. 
(Fig. 9.) When these gates are lifted the full 
capacity of the tunnel conduit is diverted, while 
their partial closing reduces the flow into the 


Fig. 4. General Plan of Intake End of Diverting 
Dam, Kern River, No 1, Hydro-Electric Power 
Plant. 


tunnel and throws the rejected water over the 
diverting dam. 

The intake section of the tunnel has been spe- 
cially designed to admit the quantity of water re- 
quired to fill the conduit lower down (Fig. 5). 
This will be discussed in detail, later, from a 
technical standpoint. 

The conduit consists of 19 tunnels, aggregating 
42,910.5 ft. in length, six flumes aggregating 
1,520.7 ft. in length, and eight covered concrete 
conduits aggregating 503.5 ft. in length. The 
total length of the gravity conduit from the 
diverting dam to the forebay is therefore 44,944.7 
ft. This is divided into separate sections for 
each type of construction. 

The water- carrying section of the tunnels, 
which is 8 ft. wide by T ft. deep, is lined with 
concrete and plastered with cement mortar 
throughout, and the overhead section is arched 
with concrete, where the formations require it. 
(Fig. 6.) 

Five of the flumes are of timber, those por- 
tions of the structure in contact with water be- 
ing of clear California redwood (Sequoia Sem- 
pervirens) from the butts of trees grown on 
swampy land, and the remainder of clear, first 
growth Oregon fir. (Fig. 8.) 

One flume, 49.9 ft. long, consists of steel frame- 
work supporting a box or channel of expanded 


aqueduct and directly over the force main, which 
connects with the bottom of the forebay instead 
of the side as is ordinarily the practice. This 
departure is due to the new ideas adopted in de- 
signing the force main. The location of the fore- 
bay is on the mountain side at an elevation of 
879 ft. above the power-house floor, and it is 
constructed wholly in ex- 


cavation. The design is — 
of reinforced concrete, 1 
with hand-operated — 


geared gates for con- i 
trolling the quantity of i 
water passing towards 
the screens over the force ' 
main inlet. 

In designing a force l 
main for accumulating 
the pressure from the 
forebay to the power- i 
house, with which to ! 
drive the impulse tur- 
bines, a most radical de- 
parture from the ordi- 
nary practice of placing 
a heavy pipe on the sur- 
face of the ground was 
made. 

The plan of this part 
of the work, as well as 
some of its history, has 
been described and illus- 
trated quite fully in En- 
gineering News for 
March 21, 1907.“ Some 
further matters of a oe 5 ' 
technical nature will be 
referred to hereinafter. 

From the end of the 
solid rock in the inclined 
tunnel, at which point 
a taper is introduced, 
contracting the diameter of the pipe from 7% to 
5½% ft., a header pipe tapering evenly to pre- 
serve a nearly uniform velocity, as each branch 
pipe to the turbines is diverted from it, was 
constructed. 

The power-house is constructed of reinforced 
concrete, with steel roof. Including the trans- 
former cells and switchboard the inside dimen- 

sions of the building are 
164 ft. in length by 
66% ft. in width (Figs. 
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10, 11, 17). A feature of 
the power- house, which 
is worthy of special 


notice, is the method of 
neutralizing the force 
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KERN RIVER POWER PLANT. 


metal in concrete and plastered with cement 
mortar. (Fig. 12.) 

The covered concrete conduits are of the same 
form as the tunnel sections, with overhead con- 
crete arch. The thickness of concrete surround- 
ing the section of these varies according to the 
formation of the ground in which they are con- 
structed. 

The forebay is at the lower end of the gravity 


of the jet, when it is deflected from the buckets. 

The water wheels, which are of hydraulic im- 
pulse turbine type, were manufactured by the 
Allis-Chalmers Co., of Milwaukee, Wis. There 
are eight generator wheels, two for each unit, 
and each pair of wheels is capable of delivering 


„The Cave-in of an Inclined Shaft and Subsequent 
Rescue of an Entombed Miner, at Bakersfield, Cal., by 
F, Ç. Finkle, 
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10,750 brake HP. on the generator shaft, or a 
total of 43,000 brake HP. for the installation. 
(Fig. 18.) 

The two exciter units have water wheels of 
the same type as those for the generators, but 
only one rotor for each unit. Speed regulation 
for both generators and exciters is obtained by 
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means of the Escher-Wyss type of hydraulic 
governors, which are oil actuated and driven by 
silent chains. 

The electrical equipment was all furnished by 
the General Electric Co. and is standard in every 
particular. There are four generator units of 
the revolving field type, for 125-volt excitation. 
These generate alternating three-phase current 
at 2,300 volts, 50 cycles. The speed of the gen- 
erators, which is 250 r. p. m., was determined 
by the design of the turbines, as hereinafter 
explained. The normal rating of each generator 
is 5.000 KW., or 20,000 KW. for the installation. 
They are capable of carrying 25% overload con- 
tinuously, or 25,000 KW., and 50% overload for 
a few hours, which makes the maximum capacity 
of the installation 30,000 KW., or 40,000 E. H. P. 

There are two exciter units of 250 KW. each, 
430 r. p. m., D. C. 125 volts. There are thirteen 
1,667-KW. oil-filled, shell-type, oil-circulated 
transformers in boiler plate cases. These trans- 
formers are arranged in four banks with one 
spare, are 2,300 volts primary and 75,000 volts 
secondary, delta to Y. Intermediate taps for 
37,500 and 56,250 volts are provided on the 
secondary side. 

The electrical output of the plant is handled 
by means of a compact remote control switch- 
board, located on a platform gallery overlooking 
the entire station floor. All the latest and most 
highly improved electrical apparatus, such as 
switches, lightning arresters, choke coils, etc., 
made by the General Electric Co., are installed 
for rendering the operation of the plant as easy 
and safe as possible. 

Individual tail races lead from each of the 
impulse turbines. These are of concrete, lined 
with boiler plate and provided with deflectors. 
They all open into the main tail race run- 
ning parallel with the building and discharging 
over weirs into the river. (Fig. 19.) 


In order to provide a way of escape for water 
not taken through the force main, a spillway 
was constructed from the forebay back to the 
river. The gravity aqueduct is always carried 
full of water, while the draft at the power-house 
is variable, depending on the load carried by 
the plant. Thus, the surplus water must be re- 
turned to the river as quickly as possible, in 
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order not to injure the irrigators, who use the 
water below the power plant. 

The formation around the forebay was of such 
a loose nature, that some kind of a channel had 
to be provided for this purpose. The material 
selected was redwood and a flume with about 1 
on 114° slope was built down the mountain side. 


e Dam on Pitch Line 


the suspended disk type of insulator was not 
proven before construction commenced on this 
line. The steel towers (Fig. 2) were made by 
U. S. Windmill & Engine Co., Batavia, Ill. 

The spans vary in length to suit the topography 
of the country. On the plain they are about 700 
ft., unless varied on account of horizontal angles 


longest span is 2,250 ft. between 


5 in the line, while in hilly and 

D mountainous sections the towers 

„ 325 J RS are placed on high points to make 
g S & 
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the maln supporting towers. 
guided by an entirely unloaded 
tower at the bottom of the sag. 
The transmission line termi- 
nates in the company’s principal 
distributing station and auxili- 
ary steam plant in Los Angeles, 
known as “Los Angeles No. 3.” 
There are four step-down 
transformer banks of 4,300 KW. 
each with double taps on sec- 
ondary side to 32,000 or 16,- 
000 volts. In ordinary operation 
all current from Kern River 
No. 1 is handled through the 
double 16,000-volt bus. The steam 
1 installation in this station con- 
sists of two 2,000-KW. Curtis 
a: turbine alternators and one 6,- 
GOO-KW. Westinghouse- Parsons 
turbo alternator. The steam sup- 
3 ply is obtained from eight 500- 
HP., and seven 750-HP. 
ook Stirling boilers. The smaller 
boilers were designed for 125° 
* superheat at the throttle and the 
larger ones for 150° superheat 
and 175 lbs. steam pressure. The 
plant, when operated as at 
present for carrying peak loads, 
carries a boiler pressure of 165 
lbs. 


TECHNICAL FEATURES OF 
THE DESIGN. 

The following refers to the 
principles applied and conclu- 
sions reached in designing the 
works: 
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IN TAKE. The important prob- 
lem connected with designing the 
intake was that of providing 
a channel which would admit 


Pian 


Sectional 
HYDRAULIC GATES FOR DRAINAGE 
KERN RIVER POWER PLANT NO. 1. 


FIG. 7. 


This flume takes the water as it flows over the 
wasteway from the forebay and conducts it 
back to the river, delivering it about 750 ft. up- 
stream from the power house. (Fig. 1) 

The steel tower transmission line (Fig. 2) is 
about 120 miles in length. There is a single 
line of towers designed to carry three circuits 
of 7-strand No. 0000 B. & S. gage copper cable. 
Two circuits are strung at the present time, a 
third one to be added when required. 

The company secured a 100-ft. right-of-way 
for the whole distance, intending to erect an- 
other line of towers, when more power is de- 
veloped on Kern River.* 

The insulators used on the transmission line 
were of the upright petticoat type (Fig. 13), as 
re 


*The Edison Electric Co. has water rights, contracts 
with the irrigators and government concessions for four 
power plants on Kern River above the present one. 
These will be known as Kern River Nos. 2, 3, 4 and 6, 
when they are constructed, 


sufficient water for filling the 
conduit, after it had reached a 


state of uniform flow. There 
are many examples of both 
oe os: pipes and canals, planned as 


gravity conduits, which are flow- 
ing full near their intakes, but 
only partly full lower down. 
These are the result of misap- 
plying formulas for flow in pipes 
and other gravity conduits. 

Such formulas express, aS near- 
ly as possible at the present 
state of hydraulic science, the 
relation of velocity to all 
the conditions inherent in open 
or closed channels; but none of them are con- 
structed to provide allowances for accelerating 
water from a state of rest to one of velocity, or 
from one velocity to another. Therefore, when 
other principles of hydraulics are not applied to 
learn what allowances are necessary, a portion 
of the channel near the intake becomes a medium 
for accelerating a certain quantity of water to 
its normal velocity, which is never sufficient to 
fill the channel lower down. 


To provide some means for accelerating the 
water to the normal velocity, for which it is 
intended to design a channel by the use of 
Kutter’s formula, for instance, is equally as im- 
portant as to apply the formula correctly to 
the channel itself. This may be done in two 
ways, depending on whether it is desired to keep 
the depth of water at the intake the same as 
that in the channel, or whether the width must 
be maintained the same and the depth varied, 


TUNNEL, 


In the present case, for reasons immaterial to 
this discussion, the first plan was adopted, and 
the channel for accelerating the flow was de- j 
signed as follows: 

Assuming depth and quantity of water con- 
stant and area and velocity as variable, the fol- 
lowing formula was used to obtain the form of 
the channel required: 


Nu 
Wa = wW, 
N 

in which 

normal width of conduit after velocity is 
accelerated, in feet. 

N =number of any one of the sections into 
which the tapering channel is divided, 
counting from the intake. 

N, = number of sections into which the tapering 


channel is divided. 
W. = width of section N, in feet. 


This is the equation of a rectangular hyper- 
bola, of which both axes are asymptotes. A so- 
lution of the equation for the initial section, 0, 
at the intake of the tapering channel, gives in- 
finity, which represents the width of the reser- 
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voir from which the water, being at rest, is to 
be accelerated. A solution for any other section 
gives the theoretical width, which the begin- 
ning of that section must have to bring about 
an absolutely uniform and regular acceleration 
of the water. . 

In this way the form of the channel can be 
determined, after which the fall to be given in 
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each section may be calculated by the following 
formula: 


F — V» ox Fa 
F = „ in which 
2g Cm Tm 

F = fall in feet for each section of the tapering 
channel. 

Vo = velocity, in feet per second, from which to 
accelerate. 

Vi = velocity, in feet per second, to which to ac- 
celerate. 


— — — 1— 
i M] 
ORA- 17g rke y 
f 5 44 
aati G N 
S SH 
y A N SSS SS 
NOAA AMS 
7 N 0 Ie e X 
29 Spur Pinion ferch, ASA VAA 
4 dum eh Line N NN 
N Ze 4 $ 7 t NYAN N Ny 
e eee, NY S 
INES 1 SY 
ti} SSR“ t ASS ANAY 
GASSSS 1 D 
; GY: Ww i RYO Fe 
WW SN t RNSY 
Ned Wr S NYY 
SNS SN RO 7 
Enlarged SSNS SLY 
* NN N 7 
sT, Details. WSs * N 
SSS SN S¥ 
j 
4 


j 
My 
. 


44, 2 2 
e, * 
V 


,. 
‘fil. 


Judd 
CALA 


This formula is rational, except as to the taking 
of 2 L instead of L. This change is due to the 
observed fact that the frictional loss in a taper- 
ing channel is twice that in a straight channel. 

When applying these formulas in practice any 
length of tapering channel desired may be 
adopted, and this may be divided into any num- 
ber of separate sections for the purpose of cal- 
culation. As the upper half becomes very wide, 
and, therefore, impracticable to construct, it is 
customary to use only the lower half, which will 


13.ç..̃— 
mig ____bkn 


Z 4 
V4, lly 
gitad 
A 
Yh, % 
722. 
2, 
ZA 


72 4 2 , 


2 
4 
4 4 
f OS 


72 
e 


, 
, 


2222. 
oy 
Wt 


, 


% 


7 ~ 
LPO 
SAAN 


SS 
SENS 
SS 
Ñ RAK 
* „ 
N z 
NX N Bxl 
s i 
CON 
Pras 
SNA $ 0 
SOS 7 
N 
&& t 
aN NN N ; 5 
I ö 
' Vy 
: N 
i SS RSS 
X. 5 NN TNS SN RNN X SS N N 4 
~ RSS S V9 8 e NNO AN 
HHH SS 
VSR q 8 NNS WSS STASIS MOK WY SESS 
SSS GES SSAA NINI ANNA ALARA RAINN TRR RR LRL NNN! 
F RARR ZANT ART ATN ANNANN WAM WHAMMY N 
I N SO SS AW ra 
> N KO b 
8 Part Longitudinal Section. Cross Section. 
4, a 
A * ; Q 2 1 f 
YORK te 25 f 
ZX | 2 
* 
f 2. - Ù H £ 
,. 1 | 4 
2 MAR 4 * f f 
N —̃ñ̃ñä ä — r 4 
* + . 
g Q 2 — È pi f / 
Ge: 2 E 
e , ,,,, 
Vy Vi . 
Z ; 
GAGN ; 


Plan. 


Sectional 
FIG. 9. HYDRAULIC GATES AT INTAKE, KERN RIVER POWER PLANT NO. 1. 


Cm = mean coefficient, e in formula, V = C y rs, 
for section being considered. 


fm = mean hydraulic radius for section being 
considered. 

L = length of each section in tapering channel, 
in feet. 

g = acceleration of gravity. 


Um = Mean velocity in section considered, in feet 
per second. 
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always have, at its inception, twice the width 
of the normal channel, after the velocity has be- 
come uniform and will, therefore, have half the 
velocity to be attained finally. The required vel- 
ocity at this point is best obtained by raising 
the level of water in the pond, or reservoir, 
sufficiently to induce it. Then starting with 
this the second half of the tapering channel is 
designed by applying the formulas given. 


Fig. 14 is a reproduction of the designing 
sheet and diagram showing the practical appli- 
cation of these formulas, when designing the 
intake for Kern River No. 1, which has already 
been illustrated by Fig. 5. 

In making the practical application in this 
case the intake channel was divided into eight 
sections. The upper half was eliminated by 
adding 0.32 ft. to the height of the diverting 
dam, which would produce 4.52 ft. per sec. vel- 
ocity. The lower four sections are shown in the 
diagram, having an aggregate length of 50 ft. 
At the lower end of this tapering channel, the 
width of 8 ft., and velocity of 9.04 ft. per sec. 
have been attained, which is the normal condi- 
tion of uniform flow from that point to the 
forebay, a distance of 44,894.7 ft. 

The only other problem remaining was the 
adjustment of the dam to such an elevation 
as to provide head for overcoming the loss due 
to the grizzley, for screening the water. Ex- 
periments made with a temporary screen showed- 
that 0.5 ft. would be lost in this way. 

It was then figured that the obstruction caused 
by the central pier for the gate frame would re- 
quire 0.18 ft. to overcome it. The elevation of 
the sill at the beginning of the tapering channel 
having been fixed at 2,000.98 ft. above sea level, 
the elevation of the flow line for a 6.5 ft. depth 
would be 2,007.48 ft. at that point. To this was 
added the following for heads required. to over- 
come losses and attain 4.52 ft. per sec. velocity 
at the entrance. 


For loss in grizzley ........... idee oe welerece 0.50 ft. 
Por loss Crom: Gate Ole? osicccsdennsevsivetaees 0.18 
For head to accelerate water from zero to 4.52 ft. 
c ˙ EN WSS Oped Ess Swe 0.32 
! uu ˙·—A—V 0 * 1.00 ft. 


From this it followed that the crest elevation 
of the dam should be 2,008.48 ft. above sea level 
and this elevation was adopted. Tests made 
since the plant was put into operation show 
that the results were correctly foretold by the 
calculations, as the error is only 6% on the 
safe side. l 


GRAVITY CONDUIT.—In planning the gravity 
conduit, which has already been shown to con- 
sist principally of concrete-lined tunnels, there 
were no difficult problems requiring attention. 

Considered from a commercial standpoint, it 
appeared from the investigations that the con- 
duit should be given as small a section and high 
velocity as possible for a cemented surface. This 
conclusion was reached because the saving in 
head for the power plant would not produce suf- 
ficient revenue to pay interest on the additional 
investment required to make it. 

The’ plan for the tunnels provided for plaster- 
ing the water-carrying section with cement mor- 
tar of one part hydraulic Portland cement to 
two parts sand by measure. The safe velocity 
for water, which carries small quantities of fine 
silt at times, against such a surface is about 9 
ft. per sec. A velocity much higher than this 
would gradually wear the surface, particularly 
in the bottom, till the roughness produced by 
such a wearing would decrease the velocity un- 
til this would arrest farther pitting. 

The result of such a condition would be to 
decrease the capacity of the conduit and make 
possible the loss of water through fissures un- 
der the tunnel lining. From several similar tun- 
nels, previously constructed by The Edison Elec- 
tric Co. for its other power plants, it was known 
that the coefficient of roughness in Kutter’s for- 
mula would be 0.012 for this conduit, as the 
short sections of flume of planed redwood also 
give n = 0.012. 

The solution by Kutter’s formula gave the 
grade required to carry 470 sec.-ft. of water in 
a channel 8 ft. wide running 6% ft. deep, as 7.92 
ft. per mile. The entire conduit from the end of 
the tapered intake channel was constructed on 
this grade. 

Since turning water into the conduit tests have 
been made with a Price electric current meter, 
carefully calibrated for the occasion. The re- 
sult of eight sets of such tests are as follows: 

For depths of 3 ft. or less, tht mean of all the 
tests gave a mean velocity of 1.38% less than that 
calculated by Kutter’s formula with n = 0.012. 
For a depth of 4 ft. the mean of all the obser- 
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vations gave a mean velocity 0.4% higher than 
that calculated as above. For a depth of 6.5 ft., 
or full conduit, the mean of eight separate ob- 
servations gave a mean velocity 2.3% higher 
than that calculated. 


Fig. 10. Interior View, Showing Half of Kern River 


Power House. 


WASTE FLUME.—In designing the waste 
flume two very unusual problems in hydraulic 
engineering were presented. These arose from 
the fact that in a flume on such a slope and 20 
ft. wide, carrying a very shallow depth of wa- 
ter, the velocity does not follow the empirical 
formula of Kutter, nor any other such formula 
for fiow in conduits, and further because it was 


FIG. 11. PLAN OF KERN RIVER POWER HOUSE. 


necessary to make a 
horizontal curve in the Per H. 422 
flume line. — — 


of flume 


The first problem was 323 AS 
that of finding the depth ie m 
required to 5 Rivets): i 


carry the water, the -EI ET f Expansion Metal, l 
width having been fixed ER S 15 "Mesh, $ Pins i i 
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structed on such steep 
slopes. In such cases 
these formulas give dis- 
charges greatly too large, 
and if applied to de- 
termine the depth of 
such a channel the result 
would be erroneous; the 
channel would be too 
shallow and the water 
would splash over its 
sides at every wave. 

The waves formed in 
such channels are due to 
the same causes which 
produce the so-called 
“standing wave” when 
a plank is placed across 
a channel at the bottom, 
forcing the water to 
flow over it and thus 
creating a backwater up- 
stream. In such cases 
the depth immediately 
above and at the “‘stand- 
ing wave” is increased 
and the velocity is decreased, while below it the 
reverse again occurs. 

Representing the depth of water by d, we have 
above the wave w > gd, and below it * < gd. 
Therefore, at some point between these two con- 
ditions, where v? = gd, the condition necessary to 
produce a standing wave 
occurs. 

An acceleration of the 
velocity occurs in chan- 
nels on very steep slopes 


until d < ——, which 
g 

continues to a point, 
where the frictional re- 
sistances on the bottom, 


resulting from the in- 

crease in velocity, be- 

come so great as to re- 

duce v and increase d, 
v 

until d = ——, which is 
g 

the condition required 


for producing a standing 
wave in these channels. 
Thereafter the wave, 
having reduced the ve- 
y? 
locity until d > —— it 


U 


g 
again begins to accele- 
rate until another wave 
forms, etc. 

Thus, in channels of 
this kind, a succession of 
waves will occur, which 
are nothing but momen- 
tary “standing waves.” 
In the Kern River 
waste flume the condition 
was still further ag- 
gravated by the neces- 
sity of making frequent 
changes in the grade to 


the very steep and irreg- 
ular side of the moun- 
tain, down which the 
the flume passes. Whena 
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FIG. 12. CROSS-SECTION OF STEEL AND REINFORCED CONCRETE 
FLUME, KERN RIVER POWER PLANT. 


dimunition of slope is made, a reduction of vel- 
ocity takes place until v' = gd, and a standing 
wave occurs. 

The solution adopted for ascertaining at what 
points in this flume standing waves would oc- 
cur was as follows: We have seen that imme- 


y 
diately above such a wave d < ——-; inversely 
9 
v gd, and from this expression the slope nec- 
essary to produce waves in a channel can be 
calculated by substituting for wv? its equivalent 


in the Chezy formula, 0 =CvVJpr 8. 


For this purpose it is necessary to assume that 
the depth and mean hydraulic radius of the 
channel are the same. Since the standing wave 
phenomenon can only occur in channels on very 
steep slopes, the water in such channels will also 
be shallow in proportion to their width, and the 
assumption that d and r. are equal introduces no 


appreciable error. Hence v = Vds and v? = 
* ds. Substituting this value of v' in Y > dg, 


g 
cds > gd, or č 8 > g. Whence 8 > —, c be- 
C 


ing found by Kutter's formula. 


From this expression it was possible to deter- 
mine that waves would occur in the Kern River 
waste flume, as it was proposed, and where in 
the flume they must be expected. The problem 
then was to determine the approximate depth 
of water at the crest of these waves. 


Representing the depth of water at the crest 
of the wave by D and the velocity by V, the 
problem becomes that of finding the value of D 
in terms of d and v. The velocity V, is less than 
above the wave, which is due to the loss of head 
caused by friction in the channel between the 
two points, by impact due to the increased sec- 
tional area of the stream and by loss of energy 
required to raise the whole body of water the 

D—d 
distance 


2 
v vy 
The head lost in these ways is —— — ——. If 
29 29 
the insignificant loss of head due to friction 
between the two points be neglected we obtain 
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v — y? (v — ) D— d 
the equation ———— = ——— + But 
2g 2g 2 
vd 
D = vd, whence V = —. 
D 


Inserting this value of V in the above equation 
for lost head, reducing and solving for D, we 


ea 
have: D = 2 d ——. 


20 
made with velocities expressed in feet per sec- 
ond and the depths of water in feet. To the 


The calculations were 
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Insulators Used on Kern River Power 
Plant Transmission Line. 


Fig. 13. 


value of D for any point in the flume was added 
the amount, which was deemed necessary to 
prevent splashing over the sides, and the sum 
gave the required depth of the flume at that 
point. 

As the height of the waves varies greatly with 
the quantity of water in the flume, it was nec- 
essary to calculate it for all possible conditions 
from a minimum to 470 sec. ft., before the 
greatest value of D was learned. 

The other problem on this flume was to find 
the height to which the water in it would rise 


Fig. 16. 
Supply Tunnel, Kern River Power Plant. 


Interior View of 75-Ft. Steel Lining for 


on the outside of a horizontal curve, which was 
required in the alinement. The solution was 
made as follows: 

The surface of the water flowing in a curved 
flume assumes the form of a parabolic curve, C 


D I, as shown in Fig. 15. 
Assuming any elementary 
film D of water in the 
given cross section, whose 
angular velocity is v, 
weight w and distance B 
D from the vertical axis 
B H, passing through the 
center of the circle form- 
ed by the curve y, its 
centrifugal force P is ex- 
pressed as follows: 


10 
P = — 1f y, from which 


g 
the angle (F D G or H 


B D), formed by the re- 
sultant with the vertical, 


or the tangent D H to the 


surface of the water at 


Plan. of Intake Channel. 

A= 104 sq.ft. -A fi per Sec. .. 1G "e Sta. O Section No.4. 
1 3.6— 2 52 
Fall From Sa. O to 

Sp. 0O +12.5 = 0.107 . 

ars 12.8). Su. Oe. S Section No. §. 

A=9/sq.ff. v= 5.18 Ft per sec. 4! 
r= 3472 c= /5/ 
Fall from Sta.0 +12.5 

to Sta.O+25 = 0.157 F. 

TA Sa. O +25 - Section No. 6 

A= 78 sq.ft. v =6.02 f. per sec. j2 b me 


r= 328 ce /5/ 
Fall from Sta.0+25 to 
Sta.0 +37.5 = 0265 Fr 


the point D with the 9A 52 ; 
horizon, can be expressed: ee aaa 5 Sta.O+37.5- Section No. 7. 
* Fall from Sta. O + 37.8 to 
tan > = Stu. O +50 = 0.486 Ft. 
g 
dz 
Then at the point D, —— A#52s¢ft.v = 904 n per sec. K. Sta.0+50 - Section No.8. 
dy r#25> e 46.5 
* Dotted Line represents Form of Channel calculated by 
= land? = Formula: W, = Hn w. 
g 
Integrating gives the Solid Line represents Form of Channel adopted as practicable. 


equation of the curve C 
D I, as follows: 


Upper Figures, where two are given for width at one Point, represent 


width by Formula: Wn =- W, and Lower Figures represent 
9 width adopted for practical purposes. 


y = 2 — rT, 


v Depth of Water to be uniform at 65 ff. 


which is the equation of 


Coefficient of Roughness,n, in Kutter’s Formula = 0.0/2 


Total Fall in Intake Section is 1.0/5 . 


g 


a parabola with for 


v? 
its parameter. 

This general equation was used and the form 
of the water surface in the flume at the curve 
calculated. The result of the calculation was 
used to determine the height of the side for the 
flume around the outside of the curve. 

Tests made since the plant has been in oper- 
ation have showed that the conclusions reached, 
both as to height of waves and elevation of wa- 
ter outside of curve, are conservative, and that 
the calculations are proved by the actual results 
obtained. 

FORCE MAIN.—After determining, in the 
usual manner, that a single pipe of 90 ins. in- 
ternal diameter, or several pipes having the 
same capacity, should be provided, the type of 
construction to be adopted was thoroughly an- 
alyzed. It was deemed necessary to place un- 
derground whatever pipe, or pipes, might be 
selected, because the 
formation of the moun- | 
tain was very loose and 
unstable on the surface, | 
and on account of the 
great variations in | 
temperature. The loose | 
surface would not | 
only make it difficult to 
anchor the pipe safely, | 
but would leave it | 
exposed to blows from | 
rolling rocks, if it were H 
left unprotected. The | 
extremes of tempera- 
ture, ranging from 160° 
F., in the blazing sum- 
mer sun to 15° F., above zero, in winter, would 
cause expansion and contraction in the steel 
pipes, which would both shorten their life and 
cause more or less leakage. This would be true 
even if the pipes were always kept full of wa- 
ter, but particularly true should the water ever 
have to be turned out. The estimates showed 
that it would be very expensive to excavate 
trenches on such a slope and in loose, treacher- 
ous, seamy rock, and still more expensive to 
backfill the trenches, so as to retain the back- 
fill and prevent it from sliding duwn hill. 


FIG. 14 CALCULATION FOR THE INTAKE CHANNEL, KERN RIVER 


POWER PLANT. 


After investigating the engineering problems 
involved to find a better type of construction 
than that ordinarily used in such cases, the 
novel plan of driving an inclined tunnel deep 
below the surface, in solid rock, and lining it 
on the inside to make it smooth and impervious 
was adopted. The principal problems involved 
were to construct such a tunnel in the time re- 
quired to finish the other work on the plant, to 
render it safe against the internal strains re- 
sulting from the high head (879 ft. at the lower 
end), to prevent loss of water by percolation, 
and to render the lining on the inclined shaft, or 
tunnel, sufficiently resistant against collapse on 
account of pressure, from water collecting in 
the formation outside of the tube. 

The first of these difficulties was overcome by 
working the bore by stoping from the bottom 


FIG. 15. SKETCH ILLUSTRATING STUDY OF FLOW OF WATER 
IN STEEP CURVED FLUME. 


and sinking from the top, and by driving an adit 
at a point where it approached nearest to the 
surface, and also working in both directions from 
this adit. In this manner four working faces 
were available, which made possible the comple- 
tion of the work on time. 

The extreme pressure on a lining at the lower 
end of the tube would be 380 Ibs. per sq. in. 
Tests made of concrete on the ground showed 
that its lowest crushing strength was 1,496 lbs. 
per sq. in., when six months old, which would 
give concrete at least a safety factor of four, 
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where the pressure is greatest. The same con- 
crete when tested for percolation showed that 
up to 55 lbs. per sq. in. the leakage through a 
block 12 ins. thick was very slight, but as the 
pressure rose above this the leakage increased 
rapidly. 

The concrete subjected to these tests was made 
by the void method of fixing proportions: 10% 
more cement added to the sand than its total 
voids and 20% more of this mortar added to the 
crushed rock than its total voids. 
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From the results of these tests it was con- 
cluded that concrete, if used as a lining for the 
pressure tunnel, would be safe against crushing, 
but not against percolation. It was, therefore, 
decided to use a steel tube 7.5 ft. inside diam- 
eter, made of 3/16-in. steel plate and single riv- 
eted for the inside lining, and to fill the space 
between the outside of this and the rock sides 


Fig. 18. Rotor of Impulse Turbine for Generator 


Set, Kern River Power House. 


of the tunnel with concrete. The thickness of 
3/16-in. was selected solely to give the section 
the necessary rigidity for handling them while 
making the installation. They were not cal- 
culated to resist the hydraulic pressure, which 
is transmitted to the concrete and natural rock 
behind the steel. 


These lining tubes were made up into 10-ft. 
sections in the pipe yard, riveted together into 
a continuous tube in the tunnel, before placing 


ee 
50 Ton Crane 


FIG. 17. 


the concrete outside, and painted with paraffine 
paint on the inside. (Fig. 16). 

This construction met all requirements so far 
as ability to resist internal pressure and prevent 
percolation was concerned, but calculations 
showed that, if water should collect between 
the concrete and the steel tube, and the force 
main be emptied at any such time, the external 
pressure would collapse the thin steel lining, or 
rupture it in a sufficient number of places to 
relieve the pressure by discharging the accum- 
ulated water. To forestall failure from such a 
cause, a 2-in. drain tube of standard screw pipe 
was burried in the concrete on each side and 
outside of the steel lining tube. Openings into 
this drain were made at 20-ft. intervals by in- 
serting tees, which were 
turned towards the 
outside of the steel lin- 
ing and close to it, so as 
to prevent concrete from 


entering when filling 
around it. 
Where the adit was 


made for expediting the 
work, it became neces- 
sary to install a section 
of pipe sufficiently heavy 
to resist the pressure, as 
there was no rock to 
contain the cement con- 
crete lining. This was 
figured at 7.5 ft. inside 
diameter, with double 
longitudinal and single 
circular butt straps, and 
required the use of 14%- 
in. steel plate, 1-in. 
rivets in 1 3/16-in. drilled 
holes with Sin. pitch. 
The factor of safety 
adopted in designing this section of the work 
was five, based on 60,000 Ibs. as the tensile 
strength of the steel and 15% loss on account 
of the riveted joints. 

The calculations for strength of joints were 
made as follows: 


8 x 1% x 60,000 = 720,000 Ibs. for solid plate. 
6 13/16 x 1% x 60,000 — 613,125 lbs. for drilled plate. 
1.1075 x 13 x 42,000 — 604,695 lbs. for rivets. 


613,125 


720,000 
604,695 


720,000. 


= 854% for the plate. 


= 84% for the rivets. 


“75,000 Volt 2: 


At the lower end of the 7.5-ft. tube a taper 
reducing the diameter to 5.25 ft. was placed in 
a concrete bulkhead in solid rock. From this 
point the force main passes out of solid rock and 
is laid in an open tunnel for 252 ft. This pipe is 
of 1% -in. steel plate, designed in the same 
way as the 7.5-ft. pipe of 1%-in. plate. 

Then comes the header pipe as follows: 35.5 
ft. of 4.75-ft. pipe; 23.0 ft. of 4.25-ft. pipe; 21.0 
ft. of 3.75-ft. pipe; 11.5 ft. of 3.00-ft. pipe; 16.7 
ft. of 2.33-ft. pipe. 
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SECTION OF KERN RIVER POWER HOUSE. 


For reducing to these diameters the following 
taper sections were designed: 


1 taper 7.5 ft. diameter to aa ft. diameter an ft. long. 


1 5.25 75 

1 14 4.75 e 1 4‘ 4.25 ae se 10 16 LEJ 
1 ti 4.25 aa ae ae 8.75 t ae 10 ae ae 
1 se 3.75 “a oe ae 3.00 oe 14 10 ae s‘ 
1 ae 3.00 t: “a Å‘ 2.33 aa 14 10 (K 2 4 


The branches to each of the generator impulse 
turbines are 2.33 ft. diameter, eight in number, 
with one extra for blow-off and experimental 
testing of nozzles. There are two 10-in. branches 
to the exciter turbines. 

The Risdon Iron Works, of San Francisco, in- 
stalled all of the steel work and the 28 and 10- 
in. gate valves under contract, according to plans 
and specifications furnished by the Edison Co. 


FIG. 19 PORTION OF TAIL RACE, KERN RIVER POWER PLANT, 
SHOWING DISCHARGE OF WATER FROM DEFLECTOR PLATES 
WITH JET PARTLY DEFLECTED FROM BUCKETS. 


When tested this work showed no defects and 
none have developed under actual operation for 
one year. 

HYDRAULIC TURBINES.—The two problems 
involved in the design of the hydraulic turbines, 
which are interesting from a technical stand- 
point, were efficiency and regulation. In the in- 
stallation of all previous hydro-electric plants 
the Edison Co. permitted the manufacturers and 
their engineers, without technical supervision or 
restraint from the company’s engineers, to de- 
sign and manufacture such hydraulic generating 
equipment as they were willing to guarantee. 
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Diagram ‘A’. Impact on Rim of Bucket I. M. o. 


FIG. 20. 


Diagram “CT 
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DIAGRAMS USED IN DESIGNING BUCKETS OF IMPULSE TURBINES FOR THE KERN RIVER POWER PLANT. 
(Scale of cut, %-in. = 1 ft. Original drawing was made on scale 3 ins. = 1 ft.) 


This practice had also been followed by the Ed- 
ison Co.’s predecessors, who had constructed 
some of its plants as far back as 1892. The only 
exceptions to this practice were occasional ob- 
jections from the company regarding the size of 
connecting pipes and gates for conducting the 
water to the wheels, when these were proposed 
on a wrong basis. 

Knowledge gained by the company in oper- 
ating half a dozen plants constructed with tur- 
bine equipment furnished by contractors in this 
manner revealed many defects. The efficiencies 
obtained were rarely up to the guarantee, and 
never up to the results which should have been 
secured with proper designs. This fact was 
due either to the construction of the wheels with 
excessive specific speeds, or erroneous design 
of the buckets. [Specific speed is used in this 
article to mean the speed of a runner of 1-ft. 
diameter under 1-ft. head.—Ed.] The latter 
trouble was the most frequent and acute cause 


of low turbine efficiency, as is shown by the. 


manner in which buckets were eroded. 

The fundamental requirements for good regu- 
lation were never observed, with the result that, 
no matter how good governors were employed, 
the regulation obtained was unsatisfactory. * 

When water wheel equipment was needed for 
Kern River No. 1, the first step was to ask for 
bids from manufacturers furnishing their own 
designs. Responses were received both from 
manufacturers of reaction and impulse turbines. 
The former were quickly eliminated, as reaction 
turbines were not considered suitable for units 
of 19,750 B. HP. operating under a net head of 
865 ft. 

Of designs for impulse turbines there was a 
great variety, but all of them were open to grave 
objections from an engineering standpoint. One 
well-known manufacturer offered a 10,750 B. 
HP. rotor at 250 r. p. m., for which a 10-in. noz- 
zle was required and the buckets were over 40 
ins. wide. : 

It was evident that the specific speed for such 
a unit was in excess of anything which would 
yield even a fair efficiency, to say nothing about 
excessive losses from windage and the use of so 
large a jet. Other manufacturers offered 10,750 
B. HP. units with two rotors each, and buckets 
and nozzles of reasonable dimensions, but speeds 
of 350 and 400 r. p. m. The shape of all buckets 
offered was open to criticism, not only on the- 
oretical grounds, but from results observable 
where similar designs have been used. 

Under this state of affairs the company could 


do nothing but reject all offers and take up ne- 
gotiations with the Allis-Chalmers Co., who of- 
fered to build the turbines, nozzles, governors, 
etc., according to designs to be made jointly by 
their engineers and the Edison Co.’s engineers. 
A contract was closed along these lines and the 
engineers of both companies participated in and 
agreed to all designs adopted. 

This resulted in the production of buckets, noz- 
zles and governors of a more perfect type for 


Fig. 21. Kern River 


Bifurcated Nozzle Casting, 
Power Plant. 


the Kern River installation, than had ever be- 
fore been made in the United States. This state- 
ment is fully justified by the practical results 
obtained in operation both as regards efficiency 
and absence of wear on buckets, needles and 
nozzles. In fact, it may be stated that the re- 
sults arrived at by calculations and embodied in 
the plans, have been fully attested as correct by 
actual tests of the entire equipment, since oper- 
ating the plant. 

It would require a good-sized volume to cover 
the details relating to the design of these tur- 
bines, but there are a few general phases of the 
subject which it is interesting to mention. 

The final conclusion reached was to adopt a 
speed of 250 r. p. m. and 10,750 B. HP. in two 
runners, for each unit as the maximum capac- 
ity. This would require each runner to develop 
the following power, under various conditions 
of operating the electrical generators: 


B. HP. 
At normal load «.:.5-<. EEIT E TEIE Terre te -3,080 
0 K ̃˙ͤ¹w!T—2 . Aho An 4.475 
%%% %/// ĩ ̃˙ ˙êdddddd! terns 5.375 


Ifen represents the speed in r. p. m., N the 
number of brake horse-power for each runner, 
H the head in feet and ms the specific speed, or 
speed of a runner of 1-ft. diameter under 1-ft. 
head, we have the following equation: 


n N 
Ns = SN 
H H 
from which the following specific speeds were 


calculated: 


l n . . 3.192 
F ĩ ˙ ˙²˙ — — . has ONE RES 3,569 
For GO% OVérlond m 3,912 


According to *Baashuus these specific speeds 
would give the following efficiencies: 


Per ct. 
Be pormal WEE. tarida sds oon teaka AOADA S T 
/ ̃ ̃ . ᷣ 3 ˙ aAA TO! 
%%% ᷣ᷑ ᷣ, a ñ«˙² » o A A A Aa 76 


But the conclusions of Baashuus are based on 
tests with impulse turbines, which had buckets 
and nozzles designed without special regard to 
obtaining the highest possible efficiencies. They 
were, in fact, deductions made from the condi- 
tions presented by the majority of impulse 
plants somewhat carelessly designed. 

If we take the highest types of impulse tur- 
bine installations, such as are represented by 
that at Innsbruck in Europe and the Pelton unit 
at Mill Creek No. 3 in this country, the law of 


8 “Blectrotechnischen Zeitschrift,“ Berlin, for 1905, 
p. 
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FIG. 22. 


relation between specific speed and efficiency, 
as laid down by Baashuus, still prevails, but the 
possible efficiencies are increased about 577. On 


this basis the possible efficiencies to be obtained 


at Kern River No. 1, as judged by the specific 
speeds adopted, would be as follows: 


Efficiency, 
Load Specific speed. per cent. 
Normal V 3,192 82 
25% over load 3,569 81% 
50% overload .....ceee. 3,912 81 


The design of the buckets was made as shown 
on the diagram prepared for that purpose (Fig. 
20, which gives results indicating slightly 
higher efficiencies than these. The Allis-Chal- 
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(Original drawing was made on same scale as Fig. 20.) 


mers Co. took a middle ground, guaranteeing 
821%% efficiency at normal load. Tests suffi- 
ciently accurate to determine whether the effi- 
ciencies indicated on Fig. 20 have been obtained 
or not, have not been made, but it is certain 
that those given as calculated from the specific 
speeds (81 to 82%) have been attained. 
Improvements in the buckets were not the only 
ones which contributed to secure so high effi- 
ciencies with such comparatively high specific 
speeds, but the nozzle and needles were also im- 
proved greatly over former practices. The noz- 
zle casting is bifurcated to permit of bringing 
the needle stem out without offsetting the noz- 
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GRAPHICAL DETERMINATION OF LOSSES OF ENERGY FOR VARIOUS POSITIONS. 


zle, and thus throwing a side-strain on the ball 
joint bearings and causing eddies, which tend to 
disfigure the jet (Fig. 21). 

The needle for adjusting the size of the jet 
has a stem equal in diameter up to the point 
where it reduces to conform with the nozzle tip 
(Fig. 23). In this way it differs from former de- 
signs having a slender stem with a bulb at the 
end. which again reduces to a point at the noz- 
zle tip. The advantages secured by the thick 
stem of uniform diameter (Fig. 23) are that it 
obviates the reverse curvature of the filaments 
of water, which takes place with a bulb nozzle, 
and gives rigidity preventing the lateral deflec- 
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FIG. 23. 


tion of the needle, which occurs in offset noz- 
zles with slender needle stems and bulb or plumb 
bob point. The needles are hydraulically bal- 
anced, running back into a balancing chamber 
supplied with water from the pressure side. 

The buckets, of which there are 18 to each 
runner, are 27% ins. wide and cast of special 
bronze and polished to a template made from 
the detail drawing (Fig. 24). 


The problem of regulation was given very 
minute attention in designing both the genera- 
tor and exciter units. This was quite an im- 
portant matter to the Edison Co., because its 
other six hydraulic plants all varied in respect 
to regulating ability. As already explained, the 
manufacturers who designed and furnished the 
equipment for these plants did not so design 
their machinery as to make good regulation pos- 
sible, although Lombard hydraulic governors, 
which are entirely reliable, were used. 


It was deemed necessary to make the Kern 
River plant the regulating station of the com- 
pany, as this would overcome the deficiencies 
in ali other plants, and give uniform and satis- 
factory regulation for the entire system. It was 
decided to so design the electrical and hydraulic 
generating equipment as to secure a speed varia- 
tion of about 5% for 100% load variations, when 
operating at rated normal load. This would give 
6.25% speed variation at 25% overload and 7.5% 
at 50% overload for 100% 


instantaneous changes 
in load. 
For determining the 


moment of inertia neces- 

sary to give this regu- 

lation let, 

E =the kinetic energy 
necessary to be 
stored in fly-wheel 


effect. 

M =the mass. 

tı =the angular velocity 
at normal speed of 
turbine. 


tz =the angular velocity 
after a 100% sud- 
den load variation. 

W =the weight of re- 
volving elements 
of the unit. 

Ic = the radius of gyra- 
tion of revolving 


elements. 
N =the brake horse-power of turbine. 
r = revolutions per minute. 
T time in seconds for deflecting nozzle, and 
ô -= percentage of speed regulation. 
Then, 


M 
E = — v — vii, 
2 


v: = v, (1 — 4), 


550 NT W 2 
—— = — |n (1—8) -er. 


2 29 
550 NT W 4 w? Rr 
— = — 28 , and 
2 29 60? 
NT 


TYPE OF NEEDLE USED IN KERN RIVER POWER PLANT. 


By solving the last 
equation for the con- 
ditions at hand it was 
found that about 1.— 
800,000 lbs. at 1 ft. 
radius would give the 
regulation demanded for 
the generator units. In 
designing the rotating 
parts of the impulse 
turbines and generators 
2 W K? was, therefore, 
made 1.800, C00, which 
was accomplished by in- 
creasing the weight of 
the rim in the revolving 
field spider of the gene- 


rator. 
Using this value and solving the equation, 
NT 
= 800,000 , we obtain the following 
rIwR 

values of 8: 
At normal load.................. 5.09% speed variation. 
At 25% overload.............000. 6.36% speed variation. 
At 50% overload........ccccecees 7.64% speed variation. 


These are the performances for 100% instan- 
taneous changes of load with the Escher-Wyss 
type of governors, which are set to deflect or 
raise the nozzle in one second of time. 

The above has not been written to supply a 
complete guide to be followed in the design of 
hydro-electric power plants, but to show some 
of the improvements made possible by investi- 
gations and experience extending over a period 
of twenty years, and in the hope that it will as- 
sist young engineers in solving similar problems. 

— — —öäü — 

THE ELASTIC LAG OF RUBBER was found to re- 
quire special study in the course of experiments with 
models of dams, made by J. S. Wilson and W. Gore as 
reported in a paper read before the Institution of Civil 
Engineers (‘‘Stresses in Dams: An Experimental Investi- 
gation by Means of India-Rubber Models’’). The amount 
of the lag was measured by compresslon tests of a rec- 
tangular block of the rubber mixture used (a mixture 
considerably stiffer than pure rubber). On applying a 
load to this block, it was found that the distortion in- 
creased continuously for over 18 hrs. The immediate 
compression was about 90% of the final amount, and at 


FIG. 24. BUCKETS FOR TURBINES OF KERN RIVER POWER PLANT. 


the end of the first two hours 95% of the total had been 
reached; thereafter the increase was very gradual, up to 
about 18 to 24 hrs. Because of this lag, the loading ap- 
plied in the model experiments was left on for 24 hrs. 
in each case before measuring the distortions, and after 
removing the load a period of 48 hrs. was allowed for the 
mode! to recover its original shape. 
— — 

MINERAL RESOURCES OF OKLAHOMA are com- 
mented on as follows in a bulletin just issued by the 
Oklahoma Geological Survey (Charles N. Gould, Direc- 
tor, Norman, Okla.): 

Few states have either as many kinds of mineral or 
as much mineral of a kind as has Oklahoma, but at the 
present time not 0.5% of it has been developed. The 
state has deposits, which for all practical purposes are 
inexhaustible, of the following valuable minerals: Coal, 
oil, gas, asphalt, gypsum, salt, lead, zinc, shale, clay, 
glass sand, granite, gabbro, limestone, sandstone, build- 
ing sand, gravel, and Portland cement rock, besides 
smaller deposits of iron, copper, tripoll, novaculite, vol- 
canic ash, and a little gold and silver. 

So little has been done in the way of the development 
of the mineral resources of the state that no one can yet 
even estimate either their amount or their value. 


TESTS ON THE EFFECT OF ELECTRIC CURRENT ON 
CONCRETE. 
By U. JAMES NICHOLAS.* 


For the purpose of adding to the very few 
dataf upon the effect of electric current upon 
concrete, the writer undertook the experiments 
noted below. The original paper, of which this 
is an abstract, was presented to the Massachu- 
setts Institute of Technology as a thesis for the 
degree of Electrical Engineer. The motive of 
this thesis was to determine: 

(1) The insulating properties of the concrete, 
if any, and if not any. 

(2) The effect of the electric current upon the 
concrete and its steel reinforcement. 

It has been established by protracted test that 
even after a lapse of 20 years, sea water, a 
powerful rusting agent, cannot oxidize or rust 
steel imbedded in a non-porous concrete. Ex- 
tended practical tests have been conducted by 
Prof. Charles L. Norton on the protection of steel 
from rusting by concrete from which he con- 
cludes: (1) Neat Portland cement, even in thin 
layers, is an effective preventive of rusting; 
(2) concrete to be effective in preventing rust 
must be dense and without cracks. 

Whether the enveloping cement or concrete 
would exert a similar protective influence over 
the steei when both were subjected to the effect 
of an electrical potential, was the problem it 
was hoped to solve. 

The tests were made on 16 cylindrical blocks 
of concrete, 8 ins. in diameter and 8 ins. high, 
of a standard Portland cement and coarse sand 
in proportions varying from neat cement to a 
1:3 (by weight) mixture. The absolute voids in 
the sand were found to be 51%. 

The mortar was tamped into the steel molds in 
1%-in layers, until a little water flushed to the 
surface. The steel pipe was then inserted and 
the specimens allowed to set up in fresh water 
for a minimum period of 28 days. 

It was decided to carry on the test in the fol- 
lowing manner: 

(1) To pass a constant current of 0.1 amps. 
through eight of the specimens—two from each 
group. 

(2) To place four specimens, one from each 
group, in parallel across a constant potential of 
115 volts, and 

(3) To save the remaining four specimens, one 
from each group, for comparison after test with 
those subjected to the electric current. 

The accompanying table shows the varying 
ages and mixes of the different b'ocks as well 
as the nature of the electrical current test on 
each block. 


TABLE SHOWING DATA OF SPECIMBNS. 


Age in Mixture 
days by wet., Conditions 
No. of beginning cement to of 
specimen. test. sand. current. 
1123033 34 1:3 CC 
„ 34 1:3 CC 
„C 51 1:3 CP 
FF oS 1:3 None 
„ E 32 1:0 CC 
o 32 1:0 CC 
„ 48 1:0 CP 
B ae 1:0 None 
W 20 1:1 CC 
1 29 1:1 CC 
II 57 1:1 CP 
122 ĩ ose es a 1:1 Reverse 
ss eee re 29 8:1 CC 
141 ͤ wakes 29 3:1 CC 
18> 5 54 3:1 CP 
10üͤ eis 38 3:1 None 


CONSTANT CURRENT TESTS.—Specimens 1, 
2, 5, 6, 9, 10, 13, and 14 were placed in sepa- 
rate metal pails, containing a 3% solution of 
sodium chloride, and were connected in series 
across a suitable potential; the current was ad- 
justed to 0.1 amp. by a variable series resist- 
ance and led into the specimen by the steel pipe 
as anode, whence it flowed through the concrete 
to the brine and out to the next specimen by 
the metal pail as cathode (Fig. 1). Every 24 
hours the current was adjusted to 0.1 amp. and 
the potential difference between each anode and 
cathode observed by means of a volt-meter of 
suitable scale. The test was prolonged for 28 


*C/o National Trustees, Queen St., Melbourne, Victoria, 
Australia. 

+A similar set of experiments has been reported 
by Mr. A. A. Knudson in the Transactions of the Amer- 
ican Institute of Electrical Engineers, v. 26, part 1, p. 
231, and Engineering News, March 21, 1907, p. 828. 
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days, the specimens being removed from the 
circuit and placed to one side from time to time 
as their behavior warranted. The variations in 
potential are shown in the curves in Fig. 3. 


It will be noticed that specimens 1 and 2 (con- 
taining the greatest quantity of sand, viz., 75%) 
failed by cracking of the concrete after seven 
days of test. No. 9 (50% sand) failed in a simi- 


lar manner after ten days; No. 6 (neat cement), 
13 and 14 (25% sand) after 15 days; No. 10 (50% 
sand) after 16 days; and lastly No. 5 (neat ce- 
ment) after 28 days. 


The percentage of sand 
then seemed to ap- 
proximately deter- 
mine the life, i. e., 
the greater the 
amount of sand, the 
shorter the life, but 
this general rule was 
deviated from by 
specimens 6 and 10. 

At first the cracks 
were fine and hair- 
like, and were al- 
ways clearly indi- 
„„ cated at their in- 
— — ception by the mois- 
Bs ture which at once 
rose through the 
crack and dampened 
the surface of the 
top of the specimen 
immediately adja- 
cent to the crack. 
After a few days the 
crack widened ap- 
preciably if the cur- 
rent were maintained 
through the speci- 
men, and in the case 
of the leaner mix- 
tures was frequently followed by a second or 
third radial crack of the same general appear- 
ance. After allowing the current to flow through 
the cracked specimens for a varying amount of 
time, they were disconnected and removed from 
the brine for closer inspection. 


In specimen 1 and 2 the concrete seemed to 
have slightly deteriorated in p'aces along the 
edges of the cracks, and appeared softer when 
picked with the point of a knife. These speci- 
mens were easily pried open with a screw-driver; 
their internal appearances were much alike. The 
concrete was markedly stained a reddish brown 
in places, by the migration of the iron towards 
the cathode. The anode of No. 2 showed well- 
marked rust stains and pitting along the sur- 
face of the steel adjacent to the line of the 
crack. This pitting had not extended through to 
the inner surface of the pipe. The anode of No. 
had suffered similar deterioration. 


Plan. 


Fig. 1. Method of 
Testing Concrete 
Block Under Elec- 
tric Current. 


Fig. 6 shows specimen No. 4 from the same 
group as No. 2, shown on Fig. 4. No. 4 had no 
current through it, and may be profitably com- 
pared with No. 2. No. 4 was found to be free 
from superficial exterior cracks and required 
about 20 b’ows with a heavy hammer and cold 
chisel before it would break open. The inner 
surface of concrete adjacent to the pipe was en- 
tirely free from rust stains, and the steel anode 
as bright and clear as the day on which it was 
inserted into the concrete. 


The change in the potential necessary to main- 
tain 0.1 amp. through each specimen from day 
to day is plotted on Fig. 3. As the current was 
maintained constant at 0.1 amp. a value of re- 
sistance may be obtained by dividing the volt- 
age ordinates by 0.1. The values 80 obtained 
are “fictitious” ohmic resistances, for it was ob- 
served that a polarizing back E. M. F. of about 
two volts existed which prevented the deter- 
mination of true ohmic resistance by the drop 
of potential method. However, this is not im- 
portant as the results are comparative only, 
and not abso'ute. The plots on Fig. 3 show that 
the resistance of all the specimens increased to 
a maximum. At this maximum a crack always 
appeared, and the resistance then fell rapidly 
to about its original value. The range of resist- 
ance for the neat cement specimens was wide, 


varying from a minimum of 100 ohms to a maxi- 
mum of 2,800 ohms for No. 5. 

It is seen that the amount of sand is inversely 
proportional in general to the resistance, and the 
following theory is advanced as the explanation 
of this: The voids in the sand were determined 
as being nearly 50%; therefore, specimens 1, 2, 
3 and 4 with only 25% of cement to fill these 
voids would have theoretically 25% of voids un- 
filled. Specimens 5, 6, 7T and 8 with 100% ce- 
ment would have theoretically no voids. The 
greater the percentage of unfilled voids, the 
greater the permeability of the concrete, and 
hence the greater the amount of moisture present 
and the lower the resistance. This idea is, in 
the main, substantiated by resistance measure- 
ments of the untested specimens as well as by 
the resistance changes of the specimens under 
test. 

In order to observe the effect upon the resist- 
ance,. the circuit was opened on all specimens 
on the sixth day for 24 hours. All the specimens 
dropped, more or less, In resistance as a result 
of this interruption, but quickly increased again 
on closing the circuit. 


CONSTANT POTENTIAL TEST.—The second 
part of the main test was the subjection of four 
specimens, one from each group, to a constant 
potential difference of about 115 volts. Lighting 
mains were used, and varied about 1% from 
time to time. Fig. 5 illustrates the effect upon 
one of the specimens. The action proceeded at 
a greatly accelerated rate owing, probably, to 
the increased current density. 

The specimens cracked in periods ranging from 
five to nineteen minutes. A smell of chlorine was 
noticed, indicating the liberation of chlorine 
from the sodium chloride. This chlorine seemed 
to escape from the junction of the steel anode 
with the cement. One specimen heated up to a 
temperature of 55° C. (obtained by holding a 
thermometer against the concrete); the internal 
temperature was probably higher. The cracks 
were hair-like at their inception and indicated 
by moisture, as in the first test with 0.1 amps. 
After cracking, gases escaped vigorously from 
the crack. The cracks did not appear all at 
once but originated in one place on top of the 
specimen and gradual'y spread in a linear radial 
direction towards anode and cathode. The re- 
sistance changes of the four specimens are 
plotted on Fig. 7, and are very remarkable. 

It will be remembered that under test with 0.1 
amps. the resistance increased to a maximum, 


when the specimen cracked, and then the re- 
In this case, however, ex- 


sistance dropped. 


TEST WITH REVERSE CURRENT.—The 
last test was a special reverse current test on 
No. 12, to test some ideas. One hundred and 
fifteen volts was applied and the current led to 
the metal pail as anode, through the brine, into 
the concrete, and out by the steel pipe, now 
acting as cathode. The specimen’s behavior 
and its change in resistance are plotted against 
time on Fig. 7. 


The resistance fell steadily to a minimum, and 
then rose rapid'y at the end of 65 minutes to 
a maximum. On opening the specimen, no rust 
Stains at all were discoverable upon either ‘con- 
crete or steel, neither was the steel in any way 
pitted. The initial crack appeared some time 
before the rapid rise in resistance. 


DISCUSSION OF RESULTS. 


In the following discussion the test in which 
the current strength was maintained constant at 
0.1 amps. will be referred to as the “Constant 
Current Test,” and the test in which each speci- 
men was subjected to 115 volts as the “Constant 
Potential Test.” 

An attempt will be made (1) to account for 
the presence of rust on the steel; (2) to account 
for the cracking of the concrete. 

The following is a list of rust formers: 


(a) Atmospheric air, (b) water and moisture: 
the latter implying quantities so minute that 
they are evaporated as soon as deposited on the 
metal (c) all organic and inorganic acids (d) 
all chlorine compounds of the metals, alkalis 
and alkaline earths, and all salts rich in or ab- 
sorptive of water. 


It is generally assumed that—apart from the 
chemical agents, acids and salts—water and 
oxygen are the primary causes of rust. Iron 
rust being a compound of iron, oxygen and 
water, it follows that iron can only rust when 
and where it is brought into contact with oxygen 
and water, and that if one of these two essen- 
tials is lacking, the formation of rust becomes 
impossible and the iron will remain unattacked. 
It is, therefore, safe to say that oxygen and 
water were present at the steel pipe in both the 
constant current and constant potential tests. 
This establishes an important fact, viz., that 
electrolytic and not metallic conduction oc- 
curred in the concrete, for otherwise no oxygen 
could have been liberated at the pipe. But the 
sand and cement crystals are of themselves 


inert non-conductors, hence the electrolytice con- 


duction was carried on by the particles of mois- 
ture present in the voids. Well-marked rusting 
appeared in as short a time as 40 minutes with 


Fig. 2. Cracks in Specimens After Being Subjected 
to Constant Current. 


Showing appearance of cracks on top side of speci- 
mens Nos. 9 and 2. The crack in No. 9 appeared as a 
hair line 11 days before removal, and gradually opened 
to the dimensions shown (about 3/16-in.). No. 2 shows 
three separate radial cracks, which appeared 18 days 
before removal. 


actly the opposite change took place. In every 
case the resistance decreased to a minimum, the 
specimen cracked, the crack opened, and the 
resistance rapidly rose to a maximum. This rise 
in resistance after cracking would seem to be 
due to the gases which rapidly filled the crack, 
due to the electrolytic dissociation at a rapid 
rate of the water which flowed in from the 
brine. 


Fig. 8. View of Head Cement Specimen Under 
Constant Current. 


Showing intcrnal appearance of No. 5, the neat cement 
specimen which resisted cracking the longest, viz., for 
28 days. Close examination will show a zone of dis- 
colored cement immediately adjacent to the steel anode. 
Instantly it cracked this specimen was removed from the 
circult, and was opened with a few blows of a cold 
chisel. The anode was rusted. 


the constant potential test; this is possible when 
it is remembered that nascent oxygen (from the 
electrolytic dissociation of the water) and 
chlorine were present under pressure at the 
anode, and that an increase of pressure in- 
creases the oxidizing action of these elements. 
The cracks in the concrete are best accounted 
for by the following theory of gaseous pressure: 
The steel pipe anode liberated two gases at its 
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surface, viz., oxygen and chlorine. If these 
gases were hindered in their escape by the sur- 
rounding concrete, they would accumulate and 
gradually increase in pressure. As the pres- 
sure increased the gases would penetrate into the 
voids. As the pressure in a particular void in- 
creased, the surrounding cement crystals would 
be subjected to a tensile stress—a stress which 
they are least able to withstand—and might rea- 
sonably crack. The minute crack thus formed 
would allow the gas to penetrate into the next 
void and there repeat the same action. 

Assuming that no gas at all escaped and that 
the concrete and steel were separated by 0.001- 
in., a current of 2 amps. flowing for 20 minutes 
would produce a gaseous pressure around the 
anode of 1,200 atmospheres, at 50° C. While it 
is certain that no such pressure as this ex- 
isted, the figures show that considerable gaseous 
pressures could have been created. 

This theory of gaseous pressure would also 
account for the increase in resistance of the 
specimens under the constant current test. It 
is evident that a film of gas would form around 
the steel anode and thus interpose a relatively 
high resistance in the path of the current. More- 
over, this gaseous film would be relatively more 
continuous in the case of the neat cement than 
in the case of the 75% sand specimen, owing to 
the greater number of voids in the latter which 
would offer greater facilities for the gas to es- 
cape. This, then, would account for the develop- 
ment of the highest resistance in the neat cement 
specimens, as well as the well-marked gradation 
of resistance which was inversely proportional 
to the percentage of sand present. 

It is well known that rust occupies a relatively 
greater volume than the iron from which it is 
formed. Thus if a pin hole be made in a tinned 
iron plate and a strong rusting agent applied, 
rust will form under the tin and gradually pry 
it from the iron to which it was adhering. This 
phenomena gave rise to the idea that the ex- 
pansion of the iron rust at the anode caused the 
cracking. It was proved, however, by the re- 
verse current test that while rust expansion may 
have been a contributing factor to the cracking, 
it certainly was not the sole factor. In this test 
hydrogen was liberated at the steel pipe, now the 
cathode, and, therefore, no rusting occurred; 
neverthe'ess, the specimen cracked in 65 minutes. 


The diametrically opposite behavior of resist- 
ance change in the constant current and constant 
potential tests is difficult to account for. Why, 
on increasing the current density, should the re- 
sistance decrease? A suggestion is offered by the 
high temperature rise of the concrete, which 
would have three effects: 


(1) The conductivity of the salt solution is 
increased. 

(2) The polarizing voltage of the specimen 
would be reduced, as it has a negative tempera- 
ture coefficient. 

(3) The gas at the anode, generated rapidly in 
large quantities by the current, would expand, 


Fig. 4. Specimen No. 2 Pried Open Along the 


Plane of its Main Crack. 


The discoloration on the concrete is a reddish brown 
rust stain. The anode of this specimen is illustrated on 
a larger scale in the next figure. 


FIGS. 4 TO 6. VIEWS OF INTERIOR OF THREE SPECIMENS OF SAME MIXTURE SUBJECTED T 
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Fig. 3. Curves Showing Change in Potential on the 
Constant Current Tests. 


and might quickly force an avenue of easy es- 
cape. This is supported by the actual observa- 
tion of gas escaping from the junction of pipe 
and concrete in the constant potential test only. 

The appearance of the cement in specimen 5 
is indicative of some chemical action immediately 
adjacent to the anode; the cause of this was pre- 
sumably the gases liberated at the anode, since 
the zone of discolored cement is confined to the 
region adjacent to the anode. 


CONCLUSIONS. 
This series of tests tends to prove: 


(1) That electrolytic corrosion of structural and 
reinforcing steel embedded in concrete takes 
place at the anode. 


Fig. 5. 


This specimen sustained a current varying from one 
amp. to four amps. at 113.5 volts for 48 hours. 


Internal Appearance of No. 3. 


(2) That even neat cement is no protection 
against this corrosion. 

(3) That the cathode is not affected by oxida- 
tion. 

(4) That cement and concrete in brine will 
crack when carrying an electric current to or 
from embedded steel, and cannot, therefore, under 
these conditions be regarded as an insulator in 
any sense. 

(5) That the concrete undergoes electrolytic and 
not metallic conduction. 

(6) That as small a current as 0.1 amp. con- 
tinuously flowing will accomplish the results in- 
dicated above. 

(7) That the resistance of concrete is an in- 
verse function of the percentage of sand. 


[Mr. Nicholas’ experiments apparently show 
that the cracking and disintegration of concrete 
was the same irrespective of the direction of the 
current, leaving out of account the accompany- 
ing effects of the corrosion of the iron electrode 
and of the dissemination of rust. This leads to 
the belief that the indirect thermal effect of the 
current is a more important factor than the for- 
mation of gases under sufficient pressure to 
rupture the concrete. We may logically infer 
from the pitting of the anodes that the distribu- 
tion of current through the concrete was not 
uniform and the flow may have become so local- 
ized that its path was a relatively small part of 
the block. The heat developed by the passage 
of current would then have been correspondingly 
localized and confined. The temperature may 
be supposed to have risen considerably along 
the path, giving rise to local expansion, crack- 
ing and general disintegration. After such 
action had occurred the vapors of the released 
superheated moisture may logically be supposed 
to appear along the crack as a more or less 
marked ebullition. It should be remembered 
that in electrolytic conduction we would ex- 
pect gases, when formed, to appear at the anode 
and cathode and not generally to spring into 
being along the electrolytic path. The “gases” 
issuing from the concrete may be only vapors 
and true gases may be found only at the anode 
and cathode surfaces with the heavier current 
densities. 


In accounting for the presence of rust stains, 
through the mass of concrete, particularly in the 
neighborhood of cracks, there is one additional 
possible action that it is well to point out. It is 
not necessary to conceive of the electrolytic 
action as violent enough to have “oxygen and 
water present at the steel pipe,” as Mr. Nicholas 
states. Many will believe it equally probable 
that the iron was dissolved as a lower (ferrous) 
compound and in this state carried along by the 
cataphoric action of the current until it became 
precipitated as typical red rust (ferric com- 
pound) by contact with the complicated silicates 
of the cement which can certainly be conceived 
as yielding some of their oxygen to that end.— 
Ed.] 
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Fig. 6. Showing Internal Appearance of Specimen 
No. 4. 


This specimen was not subjected to the passage of any 
current, but was kept in a brine solution as a dummy. 
It was forcibly broken with a heavy hammer and cold 
chisel, about 20 blows being necessary. 


O DIFFERENT ELECTRICAL CONDITIONS. 
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THE PROPOSED CHANGE TO ELECTRIC TRACTION AT 
THE CHICAGO TERMINAL OF THE ILLINOIS 
CENTRAL R. R. 

One phase of the smoke abatement movement 
in Chicago is a demand for the consideration 
of the use of electric power on all the railway 
lines within the city. A comprehensive report 
on this matter has been made to the mayor 
recently by a special committee composed of 
the following members: Milton J. Foreman, 

Chairman of the Council Committee on Local 

Transportation; Dr. William A. Evans, Com- 

missioner of Health; Paul P. Bird, Smoke In- 

spector; Gilbert E. Ryder, Smoke Inspection De- 
partment, and Herbert H. Evans, Mechanical 

Engineer. 

The harm of smoke is presented by Dr. Evans, 
in regard both to economics and to public 
health. Mr. Bird discusses the prevention of 
smoke in Chicago, and divides the smoke pro- 
ducing elements into three classes: (1) sta- 
tionary power plants of all kinds; (2) locomo- 
tives; (3) tugs and steamers. He shows, also, 

‘he difficulties in running locomotives without 

making smoke (especially at terminals), owing 

o conditions affecting the construttion and 

operation of the engines. Mr. Ryder estimates 

that the railways burn 15% of all the coal con- 
sumed within the city limits and produce less 
than 10% of the total volume of smoke. But 
he states further that if the noise, dirt and 
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that road, but because of the local condition 
which make smoke particularly objectionable in 
the district through which the road passes. This 
railway is thus one of the most serious features 
in the problem, and it was believed that if 
electrification could be shown to be feasible in 
the case of this one road, it might be assumed 
as feasible for the others. The Illinois Central 
Ry. is one of the two lines having the heaviest 
suburban traffic. It is peculiarly situated in 
that it traverses a thickly-settled and high-class 
residential district and a park and boulevard 
system. The smoke and cinders (and especially 
the latter) constitute a very decided nuisance 
to the residents and the general public, both 
indoors and outdoors. They also cause injury 
to trees and plants in the parks and boulevards. 
The noise of the engines is another objectionable 
feature. 

Owing to the frequent station stops and the 
consequent frequency of starting and accelerat- 
ing the suburban trains, the locomotives used 
tn this service have necessarily a sharp exhaust. 
This, together with the short tubes of the small 
engines, results in a heavy discharge of cinders 
from the smokestack even when the engine is 
not making smoke. While the ordinary smoke 
can be reduced to some extent by careful firing, 
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FIG. 7. FICTITIOUS OHMIC RESISTANCE ON CONSTANT POTENTIAL TEST. 
(Also Specimen No. 12 Under Reverse Current Test.) 


cinders made by locomotives (both in the round- 


houses and on the road) are taken into consider- 


ation, from the standpoint of a public nuisance, 
the locomotives stand at the head of the list. 
The general railway situation in Chicago is out- 
‘ined as follows: 


There are at present 26 railways running trains into 
Chicago terminals. In addition there are belt, transfer, 
terminal, and industrial lines which have some or all 
of their trackage within the city. These run no passen- 
ger trains, but occupy themselves principally in trans- 
ferring freight. The Chicago passenger terminals are 
six in number and are grouped around two sides of the 
business district. From one to six railways use each 
terminal. In general, the terminal is owned by one 
tailway or by a terminal association, and the other 
roads use the terminal trackage to outlying portions of 
the clty where they enter upon their own lines. 

All trains finish or originate their runs in Chicago; 
no passenger train passes through the city. The same 
Is true of freight. At present a large portion of the 
‘hrough freight is brought into Chicago and transferred 
Within the city. There is a large clearing yard south- 
vest of the city, but it is not In general use. Bringing 
ul this through freight into the city adds materially to 
the smoke nuisance. If it could be transferred through 
à system of clearing yards outside the city limits, a 
reduced expense for handling would be afforded the rall- 
Ways, a certain amount of congestion of terminal facili- 
ties would be avoided, generally about a day would be 
taved on through shipments in passing through Chicago, 
and the city would be cleaner. In the past there have 
teen movements to provide a system of outside clearing 
yards, but progress has not been made, owing to the 
reluctance of certain roads to go into the scheme. We 
vould suggest that the city offer whatever aid it con- 
sistently can in getting the railway companies to adopt 
1 system of this kind. This would help the smoke 
fituation and also obviate the autumnal freight con- 
testion in Chicago. 


The discussion of the use of electric traction 
ls concentrated upon the Illinois Central Ry., 
not on account of any special feeling against 


o 


the conditions of operation in suburban service 
are not conducive to smokeless firing, and it 
appears to be impracticable to reduce the dis- 
charge of cinders as long as this traffic is hand- 
led by the present class of locomotives. Ex- 
periments are to be made with coke and oil 
fuel in this service. In addition to the suburban 
trains, however, there are the switching engines 
and the engines of heavy main line passenger 
and freight trains. These discharge more or 
less smoke and cinders, especially when stopped 
at stations or switches. 

There are five classes of traffic to be con- 
sidered if the electrification of the entire ter- 
‘minal system is undertaken: (1) suburban 
trains; (2) main line passenger trains using the 
terminal system; (3) main line freight trains 
to and from the principal freight yards; (4) 
freight yard switching and transfer service; (5) 
main line trains of four other railways using this 
terminal system. i 

(1) Suburban Trains.—The average week-day 
suburban traffic comprises 260 trains, of which 
144 are express trains. The longest run is to 
Flossmoor, 24 miles. The express trains aver- 
age about six miles between stops; their average 
speed is 34 mi. perhr., but it is estimated that this 
could be increased to 45 mi. per hr. by electric 
traction. The local trains average about one 
mile between stops; their average speed is from 
12 to 20 mi. per hr. but could be increased to 
about 14 or 25 mi. per hr. with electric traction. 
The suburban traffic does not use the main-line 
terminal station, but passes on the outside, there 
being a suburban station near the north end of 
the former for convenience of transfer. 

(2) Main Line Passenger Trains.—There are 
78 trains daily in and out of the passenger ter- 
minal station at 12th St., and 42 of these are 
trains of other railways, as noted below. Most 


of these trains make stops at three or four 
suburban stations in order to accommodate the 
residence district. 

(3) Main Line Freight Trains.—There are 
about 37 trains daily in and out of the freight 
yards at 16th St. and north of 12th St. These 
include nine trains of two of the foreign rail- 
ways using this terminal. 

(4) Yard Switching and Transfer Service.— 
Within the city limits the Illinois Central Ry. 
has three main yards at which inbound trains 
are broken up and outbound trains made up 
ready for the road engines. In this work and 
in the classification of the cars there is, of 
course, constant movement of the switching en- 
gines. In this class of service, with continual 
Starting and stopping, efficient combustion and 
smoke prevention (without special fuel or ap- 
paratus) is out of the question. In addition te 
this, the engines have to distribute and cullect 
cars between the main yards and the local 
yards and spurs of numerous industries along 
the line. They also have to transfer cars be- 
tween the yards of the Illinois Central Ry. and 
those of the numerous other railways entering 
Chicago. 

(5) Foreign Main-Line Trains.—The terminal 
lines and passenger station of the Illinois Cen- 
tral Ry. are used by four other lines. Three o“ 
these use their own engines, but it would bc 
necessary for these to arrange to have their 
trains hauled by the electric locomotives of the 
Illinois Central Ry. terminal system. This 
would involve the provision of facilities at (or 
beyond) the city limits for changing from steam 
to electric locomotives. The railways in ques- 
tion are as follows: 

(A) Chicago, Cincinnati & Louisville Ry. (4 
passenger trains daily). This road uses the 
Illinois Central Ry. tracks to Riverdale, 17.22 
miles (just outside the city limits). (B) Cleve- 
land, Cincinnati, Chicago & St. Louis Ry. (8 
passenger trains daily). This road uses the 
Illinois Central Ry. as far as Kankakee, 56 
miles, and for this distance its trains are handled 
by the locomotives of the latter line. (C) Michi- 
gan Central Ry. (20 passenger trains and four 
freight trains daily). This road uses the Illinois 
Central Ry. as far as Kensington, 14% miles, 
its own line extending thence four miles before 
reaching the city limits. (D) Wisconsin Central 
Ry. (10 passenger and five freight trains daily). 
This road runs over the Illinois Central Ry. as 
far as Harlem (14 miles); this is well beyond 
the city limits. 

To deal with the suburban traffic alone would 
be practicable and comparatively easy, as there 
are numerous precedents for the handling of 
traffic of this kind by electricity. For this ser- 
vice motor cars would be used, the trains being 
operated on the multiple-unit system. The 
present project, however, calls for the use of 
heavy electric traction exclusively for all the 
Classes of service noted above. This would 
necessitate the use of powerful electric locomo- 
tives. The main-line service would not greatly 
complicate matters. The yard switching and 
transfer work, however, would be a serious 
complication, and is without precedent on any- 
thing but a very small scale. In all existing 
cases, the freight yard work is done by steam 
locomotives, and the electric locomotives do lit- 
tle more than haul the trains between division 
points. For freight yard work, the third-rail 
system would be dangerous and even overhead 
equipment would be complicated at yard en- 
trances and in large classifications yards. While 
the problem can undoubtedly be solved, yet the 
fact of its being a new problem will call for very 
careful investigation as to the most suitable 
methods for efficiently and economically per- 
forming the service under unprecedented con- 
ditions. 

As to the question of operating switching 
movements by electric locomotives, the report 
states as follows: ö 

It is just in switching that we think electric traction 
would show the greatest saving over steam traction. 
The load is very uneven: electric traction is more 
adjustable than steam traction. The steam locomotive 
is idle much of the time, and carries full steam all of 
such time. Here electricity saves. The steam locomotive 
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docs not run with equal efficiency in both directions; the 
electric locomotive does. The steam locomotive runs 
farther in making a switch. The crew is larger than 
for an electric locomotive, and when the engine is idle 
the crew is idle. 

With the electric locomotive, cars can be spotted more 
accurately and in much less time. There is no such 
thing as getting on center. The upkeep is less, round- 
house charges are less, cost of cleaning is less. It can 
work longer hours. There is no loss going for coal or 
water, or other dead runs. Control is better. Accelera- 
tion is both more rapid and more economical. The cost 
of a switching mile is in excess of that of a straight- 
away mile and the coefficient of inefficiency of switch- 
ing service is exceedingly high. Much of the waste is in 
switching and the returns from these economies should 
be productive in proportion to the importance of the 
service. 

We have suggested that a special type of switching 
locomotive be provided for the service. For through 
hauling of heavy trains, the electric locomotives used for 
the passenger trains will of course be available. The 
adoption of electrical hauling for such service would 
give them an opportunity of returning a greater mileage 
per day and would probably lead to an easier care of 
rolling-stock demands and a lessened dead mileage. 
Should electrification be adopted, it is probable that for 
several years provision will have to be made for a few 
smokeless locomotives to make side trips; for instance, 
with stock trains to the stock yards. These may be 
anthracite or coke burning engines. Prudence would 
demand that the work and wreck trains be hauled by 
steam locomotives. The incoming and outgoing steam 
locomotives for attachment to trains at the end of the 
electrification could be utilized as stand-by locomotives 
for this service. 

The report in question suggests that the elec- 
triication should be carried to the end of the 
electric zone; that is, all trackage between South 
Water St. and Flossmoor (25 miles) should be 
equipped for electric traction. The double-track 
branch from 67th St. to South Chicago, and the 
single-track branch to Blue Island should be 
included. It should be extended also on the 
Freeport Division as far as the junction of the 
Wisconsin Central Ry. at Harlem. The Michigan 
Central Ry. line from the junction at Kensington 
to the city limits should be equipped for elec- 
trice traction. It is suggested that this road 
might establish electric traction as far as Ham- 
mond, and that it might pay to adopt this sys- 
tem for the heavy industrial zone east of that 
point. 

The report suggests a combination of the 
third-rail and overhead wire systems, the lat- 
tcr being in part supplementary to the former. 
The third-rail is proposed for all running lines, 
for the greater part of the freight yards at the 
terminal, and for the greater part of the tracks 
in the vicinity of the 12th St. station. Overhead 
equipment is -proposed where the tracks are in 
public streets (as on North Water St. and in 
South Chicago); and also for team tracks, sid- 
ings, roundhouse connections and three small 
yards. For points where intricate track layouts 
make it impossible to instal the third-rail, pro- 
vision is made for special overhead work. 


For important points a good steel overhead construc- 
tion with a bar conductor would have to be provided, but 
for lightly used tracks a section of trolley wire carried 
overhead would suffice to get trains onto a section of 
third rail, should they stall. Between electrical effi- 
ciency and economy of construction at most points de- 
manding special overhead construction the choice should 


be the latter. 

In estimating the probable cost of electrifica- 
tion no provision has been made for a power 
station, since it is assumed that power can be 
purchased locally from power-supply companies 
for et. per KW.-hr., or less. If this cannot 
be done, the railway could put in a 12,000-KW. 
plant which would supply current at that figure, 
according to the report. It is assumed that the 
power would be purchased and delivered to a 
distributing station at 26th St., whence it would 
be carried to substations at Randolph St., 67th 
St.. Kensington, Harvey and a point about four 
miles out on the Freeport division. 

A detailed estimate of the cost of electric 
equipment for operating the entire terminal is 
given in the report. This is summarized in the 
accompanying table, and amounts to $3,356,931. 
The saving in maintenance of steam locomo- 
tives, repairs and renewals of passenger Cars, 
water supply, coal and ash handling, and fire- 
mens’ labor (60 men) is estimated at $442,467. 
Deducting from this the maintenance of electric 
plant, transmission and trolley lines, electric 


locomotives and car equipment, etc., the net 
saving is estimated at $264,097. This would be 
7.87% on the estimated total investment of $3,- 
356.931. It is stated that this does not include 
any estimate on the probable earning power of 
the electrification. 

In regard to the estimate of cost, 
states as follows: 


The estlmated cost of $3,356,931 (not including a power 
house) represents the lowest probable cost of a sufficient 
installation. It could probably be reduced by certain 
economies, such as the employment of wooden poles in- 
stead of steel towers for the transmission line, or in 
the insulation of the third rail, but such cheapening 
would not be wise. 

On the other hand, such cost could be considerably 
increased. With a free hand and only the needs of the 
future in prospect it might even be trebled. What pro- 
vision for the future would be made would be a matter 
for decision by the controlling officials of the railway 
and purely a matter of policy. We have contented our- 
selves with allowing for an equipment sufficient only 
for the present. To offset the carrying charges thereon, 
we have taken into consideration only the savings to be 
effected in electrically handling the present traffic, with 
no allowance for the gains from electrification. 

The provision of the cheapest satisfactory equipment 
for a new enterprise has secmed to us to be in line with 
American railway policy. Contrary to European prac- 
tice, the policy in America in railway building or ex- 
tension has been to provide the cheapest construction, 
which would still be satisfactory, until the work b gins 
to carry itself; then to provide for the future.* Wisdom 
would demand a close consideration of future demands 
in the installation of a terminal electrification; but the 
giving heed to future demands would also require a look- 
ing to the future for a part of the profits. As its 
simplest consideration, we have preferred to chose an 
equipment sufficient only to the demands of the present 
and to look for the returns only from the savings to be 
immediately expected. : 

There will certainly be additional traffic, there will 
be lessened upkeep of buildings and structures, there 
will be savings from switching and dead movement, not 
included in the above; there will be greater mileage 
co pacity. the good will of the public, and a number of 
gains not easily computed. 

ESTIMATES OF THE COST OF ELECTRIFICATION 


OF THE CHICAGO TERMINAL SYSTEM OF THE 
ILLINOIS CENTRAL RY. 


170.7 miles of third-rail system; including 

supports, accessories, track bonding, instal- 
E lation, ete. 
357.8 milis of single track trolley system with 

bracket construction (including track bond- 

ing); at B2, 800) 2034 6 ces ireset bbe een ohare 165,336 
47.9 miles of double track trolley system with 

span construction (including track bond- 


the report 


ing); at $3,330 on iced ee wh 255,360 
5,682 ft. in warehouses, at 40 cts.......... ` 2,373 
Overhead oorrrkknknknknk „65 
Car equipments for 90 cars (maximum number 

in use at busicst hour, 7h) ũ:ʒꝛꝛ: cc ceecee 450,000 
Electric locomotives, 35 at $30,000........... 1,050,000 
Distributing station ...... 0... ccc eee eee eee 120, 
Cae ae (12,000-KW. equipment at $40 per 
Transmission IlIi’ᷓii h 190,203 
Changes in signals, 30 miles at 51. 000 sa 30, 
Changes in station platforms ............... 20, 

C /// a pie o $3,806,931 
Credit 30 steam locomotives for use on other 
parts of the line, at $15,000 (no credit al- 

lowed for the old suburban locomotives).... 450,000 

Total cost of electrification ......... . . . . $3,356,931 
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THE ASSOCIATION OF GERMAN PORTLAND CEMENT 
MANUPACTURERS; SUMMARY OF PROCEEDINGS 
FOR 1908—NEW GERMAN CEMENT SPECIFICA- 
TION. 

By ROBERT W. LESLEY?{ and E. W. LAZELL.§ 


The Association of German Portland Cement Manufac- 
turers originated in 1865, when the German Association 
for the Manufacture of Bricks, Clay Goods, Lime and 
Cement” was founded by a small number of interested 
parties. Out of this general association, which is still in 
existence, the German cement association grew. During 
the meetings of the first named body the difficulty of 
testing of materials came about. A committee to have 
charge of testing matters was formed and in January, 
1877, about twenty German Portland cement manufac- 
turers met at the call of Doctor Dolbrueck, of Stettin, and 
formed the “Association of German Cement Manufac- 
turers.” 

The proceedings of that body for the past 30 years are 
familiar history to all having to do with the cement in- 

*This applies only to lines of light immediate traffic. 
Where a railway is built to handle an existing heavy 
traffic it Is wise economy to build a line sufficiently sub- 
stantial to carry this traffic (and a probable future 
increase) with a minimum expenditure for maintenance, 
renewals and reconstruction.—Editor Engineering News. 

+Portion of paper read before the Association of Ameri- 
can Portland Cement Manufacturers, Dec. 9, 1908. 

tPresident, American Portland Cement Co. of New Jer- 
sey, Pennsylvania Bldg., Philadelphia, Pa. 

§Philadelphia, Pa. 


dustry. Its cooperatien with the various branches of the 
German government, its affiliation with the different eu- 
gineering and architectural bodies having to do with 
cement, form part of the records of the history of our 
industry in central Europe. It was that body that had. 
practically, the first to do with the making of cement 
specifications and which was also most instrumental in 
defining what was unadulterated Portland cement. Its work 
in establishing this definition, which formed a very im- 
portant part of the deliberations of the association, and 
its pledge to the public that its members should only 


make cement containing not more than 3% of foreign ` 


mattcr for the purpose of regulating set, is well known to 
all of you. From year to year the deliberations of th: 
German association have been marked by the greatest 
seriousness and devotion to the best interests of Port- 
land cement. Its leaders—such men as Dolbrueck, Shu- 
man and Dyckerhoff—have been large contributors to the 
literature of our industry. In the investigation of the 
effect of the addition of slag to cement; in the investiga- 
tion of puzzolan mortars; in the examination of the be- 
havior of cement in salt water, the German association 
has been to the forefront. 

The report dealing with the laboratory of the associa- 
tion, which is one of the principal laboratories in Europe 
for the handling of cement and kindred materials, was 
one of the features of the 1908 meeting. The report shows 
that during the year 1907 samples were procured in the 
open market representing the produgt of each factory 
in the German cement association. These were tested in 
the laboratory and embraced altogether 91 cements. They 
were tested for (1) the physical tests according to the 
standard method and required by the standard specifica- 
tions, and (2) a chemical analysis of each cement. The 
following figures show data for 1:3 mortars at 28 days 
for the past four years: 


1904 1905 1906 1907 
Tensile strength.. 3053 lbs. 307 lbs. 363 lbs. 338 Ibs. 
Compression 
strength ....... 3,514 lbs. 3,460 Ibs. 3,567 Ibs. 3,283 lbs. 
Fineness on the 
900 mesh si ve. 1.36 1.95 1.76 1.62 
Loss on ignition.. 2.60 2.66 2.58 2.87 


All cements were volume constant in air and water. 
The number of cements which failed to pass the ac- 
celerated test for soundness was about the same as ia 
1906. The physical tests may be said to show generally 
that the loss on ignition developed a slight gain over 
the previous years, while the fineness on the 900 mesh 
sieve has practically not changed, and the same may be 
said as to that on the 5,000 mesh sieve. 

From these facts the indications are that there has not 
been much difference in the production of Portland 
c ments. It will also be noted that the physical tests 
and tensile and compression strengths show very little 
change during the past four years. 

The effect, of course, of the laboratory procuring in the 
open market samples of the product manufactured by 
cach factory and submitting them to physical tests ac- 
cording to the standard method and specification, is to 
keep up the standard of German Portland cement. These 
reports are made public at the meetings of the assocla- 
tion, though the individual brands are not mentioncd. 
This method has a considerable moral effect upon the up- 
holding of German standards. 

The chemical tests for the years 1904 to 1907, inclusive, 
so far as the principal ingredients are concerned, are as 
follows: 

—1907.— 


Maxi- Mini- — Average value 
mum. mum. 1907 1906 1905 1% 


Insoluble in hydrochloric 

acilll d EET Race 8.15 0.37 1.75 1.22 .... . 
Silica 24sesse Gora devas 24.04 17.23 20.56 21.27 22.39 2.4 
Alumina .....-sceeeees 9.08 2.96 7.37 7.25 7.83 7.74 
Iron oxide 4.62 1.23 3.24 3.07 2.51 2.66 
Eine. ses 67.00 57. 72 62. 74 63.31 63.09 63.16 
Magne sta 3.57 0.51 1.63 1.56 1.68 1.51 
Sulphuric anhydride... 8.30 0.88 1 82 1.71 1.76 1.78 


Attention is here called to the variations in the above 
chemical tests. 


STANDARD SAND.—In connection with the work of 
testing, the laboratory is also charged with the furnish- 
ing of the standard sand, which is supplied in sealed 
packages of varying sizes to all those having to do with 
the testing of cement. As illustrating the importance of 
this branch of the laboratory’s work, since May, 1007. 
36 tests were made of the standard sand from Freien- 
walde, which serve for purposcs of control, and during 
the same period the laboratory sold no less than 1,619 
sacks of the same sand between that date and the end of 
the year 1907. 

The German standard sand is obtained from a tertiary 
quartz bed of the brown coal formation in the vicinity 
of Freienwalde. The nearly white sand is washed in a 
washing machine and artificially dried. The dry sand is 
sieved by means of a suspended sieve. The coarse sand 
is first removed by one sieve and the fine by another. The 
output of each day is controlled by tests for the size of 
grains and purity in the Royal Testing Material Station, 
Gross-Lichterfelde. 

For determining the size of grains, sieves of sheet brass 
are used .25 mm. (.0008-in.) thick, having circular open- 
ings 1.350 and .775 mm. diameter (.053-in. and . Ox, in.) 


l 


| 


After the controlling tests the sand that is slav-ard | 


| 
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is packed in sacks and each sack is closed with a seal 
of the Royal Testing Material Station. 


SCIENTIFIC INVESTIGATIONS. 


1. The laboratory participated in the work of the com- 
mittee for the revision of the Standard Specifications. 

2. The comparative strength tests, begun in 1906 with 
cement from all the members, were carried on: 


(a) By hardening under water. 
(b) By hardening in air. 
(c) By hardening by exposure to the weather. 
(d) By combined hardening (7 days in water, 
mainder in air). 
In all cases the tests included 28-day, 90-day and 
360-day tests. 


3. The laboratory also participated in the work of Com- 
mittee No. 42, of the International Society for Testing 
Materials, in reference to “Uniform Testing of Hydraulic 
Materials by Means of Prisms, and the Preparation of 
Normal Sand.” À 

4. A series of investigations were made covering the 
transverse, tensile and compression strength of prismatic 
bars according to the method of Feret and Schule. 

5. The tests begun in 1906 for the control of the set- 
ting time of the members’ cement at regular intervals of 
time were carried on (after 3, 6, 9 and 12 months’ 
storage). 

6. Comparative tests for the preparation of neat ce- 
ment test pieces were carried on by means of: 

(a) Placing in the mold by hand. 
(b) Placing in mold by the hammer apparatus. 

7. Tests were undertaken concerning the durability 
of cement by storage, with ten fresh cements: 


re- 


(a) In the condition as received. 
(b) By the addition of sufficient gypsum to give a 
sulphuric anhydride content of 22%. 


The cement being stored as follows: 
(a) In air-tight tin boxes. 
(b) In sacks. 
These were tested after 28, 90, 180 and 360 days 
storage. 

(S) Two cements from Bologne were tested as given 
under No. 7. 

9 At the request of the committee various foreign ce- 
ments have ben investigated. 

10. Comparative tests were arranged to determine the 
loss on ignition of: 

(a) Portland cement. 
(b) Iron Portland cement. 
(c) Natural cement. 

11. Tests were arranged with Portland cement, iron 
Portland cement and natural cement to learn in what 
manner the time and method of heating affected the spe- 
cific gravity. 

Investigations were carried out by the laboratory with 
87 different cements to determine the effect of storage 
upon setting time. The setting time was determined as 
received after storing 3, 6, 9 and 12 months. The results 
show that no definite conclusions can be drawn. Cements 
which gave a quick or medium setting time as received, 
were generally slowed by storage, while several of the 
slow-setting cements were quickened. 

The series of investigations were also undertaken to 
d-termine the loss on ignition and the specific gravity 
of Portland cement, iron Portland cement and natural 
cement. 

The loss on ignition of Portland cement differs ma- 
terlallx from other cement. Portland cement gave the 
full loss in about 3 minutes heating by the Bunsen 
burner. Natural cement required about 20 minutes heat- 
ing, and while the slag cements show in the first 3 
minutes a loss, but on longer heating a gain in weight. 


The behavior, therefore, of cements by heating serves to 


distinguish the character of the cement. 


NEW STANDARD SPECIFICATIONS.—The report of 
the laboratory on Standard Specifications for Testing 
Portland Cement was presented. These are the modified 
specifications referred to above, and in connection with 
which the tests mentioned were conducted. The new 
definitions are extremely interesting and are very well 
stated. They differ from the American Standard Specifi- 
cations in the sense that they embrace under a single 
head Methods of Manipulation and Standard Specifica- 
tions; and, further, that in each section there is given 
(1) the specification itself and (2) right below it, full 
explanations under the title of “Essential Principles and 
Explanations.” In this way the reader, or the tester, 
has before him on a single page the actual requirement 
of the specification and the reasons for its adoption, and 
the methods for its use. 

The definition of Portland cement is given as follows: 


Portland cement is a hydraulic cementing material with 
not less than 1.7 parts by weight of lime to 1 part by 
weight of soluble silica alumina iron oxide, prepared by 
fine grinding and intimate mixing of the raw materials, 
then burning at least to sintering and again fine grinding. 

To this cement shall not be added more than 3% of other 
material for particular purposes. 

The maximum magnesia content shall not exceed 4% 
and the sulphuric anhydride shall not exceed 244%. 


It will be noted in this connection that the sulphuric 
anhydride has been raised from 2 to 214%. 

Under the head of Packing and Weight, the following 
is the specification, and as the ‘‘Essential Principles and 
Explanations,” together with the obligation of the asso- 


ciation, are of considerable interest they are also given 
below: 


Portland cement is packed in sacks and barrels. The 
packages must carry besides the gross weight, the term 
Portland Cement’’ and the name of the manufacturer, 
clearly printed thereon. 

Loss by sifting out and variations from the standard 
weight to the amount of 2% are allowable. 


ESSENTIAL PRINCIPLES AND EXPLANATIONS. 


As various weights are in use in sacks as well as bar- 
rels, it is absolutely necessary to give the gross weight. 
By the term Portland cement, the purchaser shall be 
assured that the material is in accordance with the defi- 
nition given above.* 
SETTING. 


The initial set of normal Portland cement shall not take 
place in less than one hour after gaging. For particular 
purposes a quicker setting Portland cement can be pre- 
pared, such cement, however, shall be so marked on the 
package. 


ESSENTIAL PRINCIPLES AND EXPLANATIONS. 


The initial set of normal Portland cement should re- 
quire at least one hour, because the beginning of the 
setting is important; on the contrary, if a definite interval 
of time is required for the hard set it is of less value in 
the use of Portland cement, if the process of hardening is 
completed in a shorter or longer time. Possibly specifi- 
cations concerning the setting time should, therefore, not 
be limited too closely. 


CONSTANCY OF VOLUME. 


Portland cement must be volume constant. It shall 
be recognized as decisive proof of this that when a part 
of neat cement, prepared on a glass plate and protected 
from drying out, placed under water after 24 hours, 
shows no sign of curvature or cracking on the edge after 
a long time. 


FINENESS OF GRINDING. 


Portland cement shall be ground so fine that it leaves 
a residue of not more than 5% on a sieve of 900 meshes 
per sq. cm., the width of the mesh of the sieve being 
.22 mm. (corresponding approximately to a sieve having 
76 meshes per linear inch, width of the mesh being 


.OOS7-in.). 
STRENGTH TESTS. 


The binding strength of Portland cement shall be de- 
termined by testing a mixture of cement and sand. Tests 
shall be made for the compression and tensile strength 
according to uniform methods, by means of test pieces 
prepared the same way and of the same area and with the 
same apparatus. 

The compression tests are to be made on cubes of 50 
sq. cm. (7.75 sq ins.) surface and the tensile tests on test 
pieces having a least section of 5 sq. cm. (.775-sq. in.) 


COMPRESSION AND TENSILE STRENGTH. 


Slow-setting Portland cement shall show at least 160 
kg. per sq. cm. (2,275 lbs. per sq. in.) compressive 
strength when tested with 3 parts by weight of standard 
sand and 1 part by weight of Portland cement after 28 
days hardening (1 day in air, 27 days in water). The 
tensile strength shall be at least 16 kg. per sq. cm. (227 
lbs. per sq. in.) 

The strength of quick setting Portland cement is gen- 
erally less at 28 days than that given before. On this ac- 
count the strength specified should be regulated by the 
setting time. 

The compression strength must be at least 200 kg. per 
sq. cm. (2,844 lbs. per sq. in.) by testing after one day 
in moist air, 6 days in water and 21 days in air of a 
temperature of from 15 to 30° C. (59 to 86° F.), the ten- 
sile strength shall be at least 20 kg. per sq. cm. (284 
lbs. per sq. in.). 

Compression tests may be made at an earlier time after 
one day in moist air and 6 days in water when the com- 
pressive strength shall be at least 120 kg. per sq. cm. 
(1,760 lbs. per sq. in.). 


REPORT OF THE STATUS OF MIXED CEMENTS. 


Following the presentation and discusion of the specifi- 
cations a most important discussion took place on the 
“Status of Slag Admixtures.’’ The principal speaker was 
Dr. Rudolph Dyckerhoff, who went very fully into the 
subject of the addition of ground slag to Portland ce- 
ment, a material which in Germany is sold under the 
title of “Iron Portland Cement,” which title the German 
Cement Association strenuously objects to. In connection 
with this, Dr. Dyckerhoff submitted a number of com- 
parative tables of iron Portland cements, and Portland 
cements manufactured in the regular way, and concluded 
by arguing strongly against the designation of iron Port- 
land cement for materials of the character described, 
namely, mixtures of pulverized slag and Portland cement. 


*The Association of German Portland Cement Manufac- 
turers obligates and controls its members to maintain the 
standard conditions given above and the therein re- 
quired properties for Portland cement. 

This obligation reads: 

“The members of this association are permitted to bring 
into the market under the term ‘Portland Cement’ only 
such material as is prepared from an intimate mixture 
of lime and clay materials as essential ingredients, burn- 
ing to sintering and subsequent grinding to the finest of 
flour. They obligate themselves not to recognize as 
Portland cement any material which is prepared other- 
wise than above stated, or which during or after the 
burning has been mixed with foreign bodies, and to 
look upon the sale of other material under the name of 
Portland cement as deceiving the purchaser. These re- 
quirements are not to forbid the addition of not more than 
8% of other material to the Portland cement for the pur- 
pose of regulating the setting time. 

“The members of the association further obligate them- 
selves to furnish Portland cement which will in all re- 
spects meet the requirements of the Prussian Minister 
of Public Works. 

“When a consumer requires cement for a particular 
purpose, coarser ground than the requirements, or col- 
ored. its preparation is allowable. 

“If a member of the association offends the above given 
obligation he shall be expelled from the association. His 
expulsion is made known publicly. 

“The manufactured product of each member of the 
association is tested yearly in the laboratory of the asso- 
ciation at Karlshorst. near Berlin: and the results are 
given out at the general meeting of the association,” 


* 


A NEW PRECISE MEASUREMENT METHOD WITH SPE- 
CIAL LINE CLINOMETERS AND TAPE STRETCHERS. 


By EDWARD H. HOLDEN.* 

The relation of traverse work to triangulation 
is a most important one and one often misunder- 
stood. The idea that traverse work connecting 
triangulation can be of an indifferent quality, 
because the triangulation is precise, is an erron- 
eous one. It is absolutely essential that the 
traverse work shall be systematically uniform, 
if the determinations of the traverse stations are 
to have a true and consistent relation to the 
triangulation. So that the only safe procedure 
in this class of work is to employ the most ac- 
curate method whereby the error will be mini- 
mized and will approach equal magnitude and 
equal sign. 

In the Borough of the Bronx, New York City, 
the primary traverses, those connecting the 
triangulation stations, are made as accurately 
as possible, and nothing has been spared to se- 
cure this accuracy. Certain mechanical devices 
have suggested themselves to take the place of 
stakes, the driving of stakes being an expensive 
and a disadvantageous method and, at times, 


Fig. 1. View of the Line-Clinometer. 


(Built by Keuffel & Esser from designs of Edward H. 
Holden.) 


prohibitive. Portable tripods have generally 
been substituted for stakes, necessitating simul- 
taneous leveling and a field force of from eight 
to ten men. By separating this force into two 
parties, namely, the transit party for the obser- 
vation of angles and the chaining party for the 
measurement of lines, decided advantages are 
derived. The transit party consists of three men 
and the chaining party consists of five men, with 
a chief of party over all. 

This separation of work suggested the applica- 
tion of a telescope to the portable tripod whereby 
the alinement and gradient of the tape lengths 
could be given, and the transit, level and rod 
eliminated from the chaining party. Following 
this suggestion a method of measurement has 
been devised which makes use of several novel 
instruments and which has proved very success- 
ful. 

TAPES. 

The steel tapes used have a cross-section of 
Ain. by 1/50-in., generally 150 ft. long, and 
have only three graduated marks, at the front, 
rear and middle points, respectively. The tape 
is supported at each end, and in case of the 150- 
ft. tape at the middle. Thermometers are at- 
tached to the tape at each end, the metal back 
of the thermometer being in contact with the 
tape. The tape extends about 8 ft. beyond the 
end graduations and terminates in loops which 
are put over the hooks of the tape stretchers. 


*Asst. Engineer in Charge of Surveys and Monument- 
ing, Borough of Th nx, New ole’ 
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The tension applied is 15 kilograms (about 33 
lbs.). The determination of tape lengths is made 
by direct contact, no plumb bobs being used. 
Invar tapes, made of an alloy of nickel and 
steel are also used. They have a coefficient of 
expansion extremely small, being one-thirtieth 
that of steel. They have a cross-section of 4 
of an in. by 1/50-in., and are used in the same 
manner as steel tapes. (For invar tapes see 
U. S. Coast & Geodetic Survey Report for 1907, 
Appendix No. 4, Eng. News, Dec. 5, 1907, p. 612.) 


LINE-CLINOMETER. 

This instrument (Fig. 1), invented by the 
writer and manufactured by Keuffel & 
Esser, is a portable tripod with a plung- 
ing level giving alinement and grade. at 
consists of a level (wye form) which ro- 
tates vertically around horizontal arms forming 
yart of the level bar, an arc and vernier measur- 
ing the vertical angle. The connecting piece be- 
tween the level bar and the leveling head is 
U-shaped, with the “U” resting on one side, 
thereby permitting the tape to come directly in 
alinement at an index post set in the lower part 
of the “U.” The index post carries at its side 
an eccentric cylinder (not visible in half-tone) 
which forms the support for the tape, the ec- 
centricity allowing varying thickness of tape to 
have the upper surface at the same level with 
the index mark. The U-shaped piece rests on 
a sliding head which, by a slow motion screw, 
moves forward and backward in the direction 
of the line. Below this is the ordinary leveling 
head with a shifting center. The tripod is an 
extension one with telescopic legs. Where great- 
est precision is desired, a transit placed off at 
one side, on a right-angle, sets the tripod ver- 
tically over the point in the ground. A plumb- 
bob is suspended from the instrument as in a 
transit, for use in setting up in line, and can 
be used in setting the instrument over the sta- 
tion, and also determining the cut-off. A scale 
reading by vernier to 0.0001 ft. measures the 
sliding motion. When the scale is set at zero, 
the index mark is at the center of the instru- 
ment, directly over the plumb-bob. The scale 
reads backwards and forwards from zero. 

The advantages of the instrument are: 

1. Separation of the lineal from the angular 
measurements, resulting in economy of time. 
The old method has the disadvantage that when 
the angles were being measured the chaining 
varty was idle, and vice versa. 

2. Reduction of the field force from eight to 
five men. 

3. Ease of adjustments of the level versus those 
of the transit for vertical angles and collima- 
tion. 

4. Check on the gradients, the vertical angle 
being observed by each instrument. 

5. The observers, being responsible for the 
work, are most qualified to do the instrumental 
work and do so at no expense of time. 

6. Elimination of the errors of plumb-bobs. 

7. Avoidance of time and expense of driving 
stakes. 

8. Availability where stakes are prohibited, 
e. g., parks, pavements, etc., etc. 


TAPE STRETCHERS. 

The front stretcher (Fig. 3) consists of an up- 
right (a twin bar of iron) hinging sideways at 
its lower end on a foot base and terminating at 
the top in a handle. On this upright, traveling 
up and down, is a block which supports the 
spring balance. The tension is applied by a 
half-wheel, centered in the block and working 
by a lever attached to its diameter. A strap 
connects the wheel motion to a rod which carries 
the spring balance. By means of the vertical 
motion of the block, the balance and front end 
of the tape is raised or lowered, while the hinge 
motion of the upright gives lateral motion for 
alinement. The rear stretcher is similar to the 
front stretcher, in that it has no spring balance. 
A clamp on the foot-base regulates the friction 
necessary for the upright to be self-supporting. 

The advantages of the stretchers are: 

1. Ease of manipulation. 

2. Absolute control, the tension being main- 
tained constant for a longer time than with 
other forms. 


3. With the tension released it is self-sup- 
porting, allowing the operator to quickly ward 
off an approaching interference, thus protecting 
the tape from injury. These stretchers can be 
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FIG. 2. 


No. 1 in line and on grade of the two telescopes. 
Observer No. 2 brings, by the slow motion 
screw, the mark of the index post in contact 
with front graduation of the tape. As he ap- 


ACCURATE LINE MEASUREMENT USING THE SPECIAL LINE-CLINOMETERS AND 


TAPE STRETCHERS DEVISED BY E. H. HOLDEN. 


used in standardizing tapes and hold to a ten- 
thousandth of a foot. 
FIELD PROCEDURE. 

The measuring or chaining party consists of 
two observers, two tape stretchers and one re- 
corder, who attends to the middle support. 

Suppose the line A-B is to be measured. One 
of the line-clinometers, which we will call No. 
1, is set over the point A; the telescope is 
sighted to B and clamped horizontally; the rear 
stretcher is placed back of A and the rear 
graduation of the tape is brought to coincide 
with the index mark of instrument. The front 
stretcher is placed ahead with proper tension 


Fig. 3. Tape Stretcher. 
applied and the front graduation of tape is 


brought in line by instrument No. 1. Instru- 
ment No. 2 is brought up to the front gradu- 
ation; the tripod is made firm and, by the shift- 
ing center, the index mark is brought approxi- 
mately in contact with the front graduation of 
tape; in the meantime, the center support 
(which is a staff 1 in. square with a sliding 
target and having a wire nail projecting for 
the tape support) is being placed by instrument 


-of the work becomes known. 


proaches this, he calls “ready,” and when the 
rear calls “right,” he makes the contact and 
calls “right.” Observer No. 1 has been watch- 
ing his contact and instantly responds if the 
tape is steady; if not, he calls “steady,” and 
the signals are repeated. Upon simultaneous 
signals of “right,” each observer reads the 
thermometer and then the vertical angle. The 
tape is then carried forward, the rear holding 
at instrument No. 2, instrument No. 1 going 
forward. The telescope of No. 2 is taken out 
of the wyes and reversed, end for end, and 
sighted toward B. If not found on it, the slight 
movement to bring it on will not affect the po- 
sition of the index mark. Instrument No. 2 
gives the alinement for the second tape length 
and the operation is repeated for the whole 
line. Fig. 2 shows the party at work. In this 
view the tape has been shortened so that the 
whole operation could be shown clearly in one 
photograph. 

Errors of line measurement are those due to 
(1) temperature, (2) tension, (3) grade and (4) 
those due to contact or mechanical errors. By 
confining these to certain limits, the accuracy 
With the use of 
invar tapes, the errors of temperature have 
been reduced from being the largest factor to 
one of the smallest. 

The following table of error factors will illus- 


` trate: 
INVAR TAPES. 
Maximum average 
Classification error per 150-ft. Error 

of errors. tape length. per mile. 
Tender sture * 0026 ft. 
%öö§öÜ—dꝛ ꝛ˙²˙ ²Qü ͤkK 8 1 oz. .0042 ft. 
CCC 20 ins. 0175 ft 
Mechanical 6546554 428.0 0068 0.0002 ft 0070 ft. 
„„ 0 0313 ft. 

STEEL TAPES. 
% ̃ aa Taree a F. .0682 ft. 
C ² AAA 1 oz. .0042 ft. 
BIOS 23456 ͤͤͤͤ ⁵ Aa 20 ins. .0175 ft. 
F ² A 0.0002 ft. 0070 ft. 
«Rll ,] ; W ARO 0909 ft. 


These tables give a fair idea of the compara- 
tive values of the errors as applied to the fore- 
going field practice. The error of standardizing 
the tape lengths has not been introduced, as 
that is independent of the field errors and gives 
no values to the different field methods. The 
limits of error given are liberal. With invar 
tapes and this measuring outfit, there is no 
reason why measurements should not be made 
with an error less than %-in. per mile. Many 
precise measurements with steel tapes have 
been made in the Borough of the Bronx with 
errors less than 0.06 ft. per mile; many are far 
below that. 

With invar tapes it is expected to come within 


an error of 0.01 ft. per mile. 
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If any of our readers have been misled by re- 
cent sensational newspaper headlines concerning 
the Gatun dam at Panama, we commend to their 
attention the two articles in this issue by a well- 
known engineer, Mr. C. M. Saville, M. Am. Soc. 

C. E., relative to this dum. 

Space unfortunately prevents the publication 
of Mr. Saville’s complete report. We believe 
the portion we publish, however, will be suffi- 
cient to convince any engineer who Knows any- 
thing about the principles of earth dam con- 
struction that the structure at Gatun is as 
sound and safe as any engineering work could 
possibly be. Indeed, the criticism of the design 
made to us personally by one well-known engi- 
neer expert in earth dam construction is that 
the dam is so absolutely safe that at least half 
its width is wholly useless. It is undoubtedly 
the case that the long toe of the dam on the 
seaward side is a concession to the fears and 
the ignorance of some of the engineers origi- 
nally connected with’the work who were better 
posted on bridge and railway work than on dam 
construction. 

We believe we speak advisedly in saying that 
not one of the published criticisms of the Gatun 
dam which have appeared in the newspapers of 
late have brought forward a single technical 
fact or argument worth the attention of the en- 
gineering profession. It is not difficult, either, to 
find the inspiration for most of these widely pub- 
lished statements. One of the most pretentious 
of these prophets of evil, for example, is a 
French engineer -who had his own pet plan for 
building the canal. He wanted to transform the 
Culebra cut into a lake and excavate it by 
dredging under water with Lobnitz chisels instead 
of in the dry. He submitted his fantastic plan 
to the International Board of Consulting Engi- 
heers, which was, of course, compelled to turn 
it down; and of course the French engineer has 
lost no opportunity to criticize Panama methods 
since. There are other critics of Panama who 
have likewise had pet plans for carrying out the 
work which have not been adopted, and who 
have spared no pains since in criticizing the 
work which ig being done there, 


We believe that if right standards of profes- 
sional ethics prevailed, such practices would 
meet with general condemnation among engi- 
neers. In a paper at the Mechanical Engineer's 
meeting this month on the relations of the engi- 
neer to the public, the idea was put forward 
that it is the duty of the engineering profession 
to see that the public is properly informed on 
public questions in which engineering is involved. 

It may be too much to hope for this advanced 
position at present; but it is surely the duty of 
engineers to refrain from circulating misinfor- 
mation and misleading the public on engineering 
questions. 

Of course it 
whose schemes are turned down by a concern, 
to seek revenge by public criticisms; but any 
man aspiring to the title of engineer ought to 
be above such practises. Particularly is this 
the case where an engineer acquires reputation, 
so that his name carries weight with the public. 
Such an engineer ought to be particularly care- 
ful in his public utterances not to mislead the 
public in any way. 

ape ae ea a 

And if an individual engineer should be care- 
ful of his public utterances, much more should 
an engineering society. It is idle to say that 
the common disclaimer of responsibility for 
statements made in papers and discussions be- 
fore the society really absolves it from respon- 
sibility. Actually the society is just as respon- 
sible for its publications and for the good or 
harm they may do as is the editor of a journal. 

A remarkable illustration of what may result 
from carelessness as to obligations of this sort is 
a paper widely circulated last week by the 
American Institute of Mining Engineers. The 
paper advocates a change to a sea-level canal 
at Panama and advocates it on the ground that 
the author of the paper has invented some ex- 
cavating machinery which he believes would so 
revolutionize the work at Panama that a sea- 
level canal could be dug inside of two years! 

It is a standing rule with reputable engineering 
journals of good standing not to print descrip- 
tions of new inventions until they are actually 
built or tested. In this paper, however, published 
under the auspices of a national engineering so- 
ciety, seven different new machines and methods 
of excavation are described, not one of which has 
ever been built or even reduced to working draw- 
ings! Itis along road from the first crude ideas of 
the inventor to actual practical use in engineering 
work. Would a mining company, after spend- 
ing millions in the development of a huge ore 
deposit by shafts and tunnels under advice of 
the best engineers, suddenly abandon the whole 
and adopt stripping merely because an inventor 
brought them some sketches of a new type of 
steam shovel? It would be vastly absurd for the 
United States to change the type of canal at 
Panama because of some undeveloped inventions 
in excavating machinery. 

If the American Institute of Mining Engineers 
values its reputation as a serious professional 
society, it ought to promptly withdraw the pa- 
per referred to and undo, so far as possible, the 
harm it has done in misleading the public. 

— 11. 

It is not at all difficult, as we have shown 
above, to account for the alarmist reports con- 
cerning the Panama plans and work. Besides 
the interviews given out by the disgruntled ones, 
whose ideas did not prevail, we have the un- 
doubted fact that the newspapers give large 
space to every scare story from Panama and 
practically ignore statements of responsible en- 
gineers giving the real truth. The settling of 
the waste rock dumped in the mud in the old 
French canal channel along the south toe of 
the dam has been magnified into a disaster of 
ominous portent to the whole work. Stories 
concerning it have been published in ten thou- 
sand newspapers, while hardly one has pub- 
lished the real truth—that the settlement of the 
rock was expected to occur and saved the need- 
less expense of dredging out the layer of soft 
mud before dumping the rock. 

Of course the Administration has to recognize 
the effect of such stories upon the popular mind; 


is not uncommon for inventors, 


tives. 


and it has been decided to send down to Panama, 
with President-elect Taft, a party of well-known 
engineers who will inspect the entire work and 
advise the Government whether the present 
plans and methods being pursued are sound and 
safe in every particular. 


—ͤ ͤ—＋———ů— 


The application of electric traction to the 
suburban service and the entire terminal sys- 
tem of the Illinois Central Ry. at Chicago, is 
now being pressed upon the railway company 
by the city. This is due largely to the special 
inconveniences and annoyances caused by smoke 
and cinders in the residence district through 
Which the line passes. The matter is now under 
investigation both by the city and the railway. 
The general conditions of the problem and the 
solution as suggested by the city are presented 
in another column. The question of electric 
traction for the Chicago suburban service of 
the IIlinois Central Ry. was investigated very 
thoroughly in 1801 by Mr. John F. Wallace, M. 
Am. Soc. C. E., then Chief Engineer of that 
railway. He described this investigation and its 
results in a paper presented to the American So- 
ciety of Civil Engineers (Transactions, Am. Soc., 
C. E., June, 1897; Vol. XXXVII.). It was con- 
cluded that while it might be practicable to 
operate this service by electricity it would not 
be economical. The matter was considered again 
by the railway company in 1896, but with the 
same result. Since then it has been brought up 
at various times by outside parties, usually in 
connection with the smoke nuisance, but always 
without practical result. During 1908, the mat- 
ter was agitated actively by local organizations 
and by the city authorities, with such force that 
the railway company has undertaken to inves- 
tigate the question of introducing electric trac- 
tion for its entire terminal system. 

At the time of Mr. Wallace's investigation, 
electric traction had been applied mainly to 
Street railway service, and its application to 
general railway work was in its infancy. In 
fact, the investigation was based largely upon 
the comparison of a frequent service of small 
train units operated by electricity and the or- 
dinary service of larger train units operated by 
steam locomotives. Since then, there has been 
a remarkable development in the use of electric 
traction for heavy suburban traffic and for hand- 
ling enormously heavy trains. This puts the 
matter in a very different position from that in 
which it stood in 1891 or 1896. The present pro- 
position for the Illinois Central Ry. includes the 
Operation of the regular suburban train units 
by electric power (employing motor cars), and 
also the operation of all main line trains and 
switching service by means of electric locomo- 
The handling of switching service in large 
freight yards by electricity has not been in- 
volved in the electrification works hitherto car- 
ried out by steam railways. 


— . — ů— 


A revolutionary change is now going on in 
the methods of transportation between the dif- 
ferent boroughs of New York City. Until the 
completion of the Brooklyn Bridge in 1884, all 
traffic across the East River, between New York 
and Brooklyn was carried on by the ferries. 
While the opening of the Brooklyn Bridge made 
some inroads upon the ferry traflic, its competi- 
tion was partially offset by the rapid increase 
in travel between the two cities and by the 
crowded conditions of travel on the bridge. 

The recent completion of the Williamsburg 
Bridge and the opening of the Rapid Transit 
subway tunnel at the Battery, however, have 
altered conditions, and the East River ferries, 
which were once extremely profitable, have been 
rapidly running down until they no longer pay 
expenses. The companies which operate them, 
therefore, have been making arrangements to 
go out of business, and on Dec. 14 five of the 
ferry lines finally abandoned operation. This 
caused great inconvenience to the merchants and 
manufacturers doing business near the water 
fronts in both New York and Brooklyn. In or- 
der to send trucks from these districts across 
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the river by one of the bridges, a long journey 
must be made back to the bridge approach on 
either side and then a continuous up grade must 
be climbed to a height of 135 ft. above the water. 

Of course, the ferry companies cannot be com- 
pelled by any process of law to continue to carry 
on an unprofitable business. It has been pro- 
posed that the city take over and operate the 
ferries, but it is difficult to see why the tax- 
payers should be assessed to carry on an un- 
profitable transportation business. Undoubtedly 
the rates charged on the ferries ought to be 
made large enough to pay the cost of operation, 
but the difficulty here encountered is that the 
increase in rates drives away some of the traffic 
and necessitates a still further increase in rates 
to meet expenses. Probably the best solution 
will be to reduce very considerably the number 
of ferry lines. By concentrating the traffic at 
a few points, and running boats at less frequent 
intervals, enough business can probably be 
obtained to make the ferries pay their expenses. 
An incidental advantage of such a change will 
be the releasing of much valuable water front 
now occupied by the ferries and much needed 
for other purposes. 

On the North River likewise, the opening of 
the Hudson Companies tunnels is likely to make 
radical changes in ferry transportation condi- 
tions. The tunnels now in operation have greatly 
reduced the travel on the Lackawanna Railroad's 
23d St. ferry. However, all the wagon traffic over 
the North River must still be carried by the fer- 
ries as the tunnels only provide for passenger 
traffic. 

— — — 


A paper on the floods of the Mississippi Delta 
appears in the November issue of the Proceed- 
ings” of the American Society of Civil Engineers, 
written by Col. William D. Pickett, who is, by 
the way, the oldest living member of the so- 
ciety. Col. Pickett’s paper refers especially to 
the influence of the runoff from the headwaters 
of the Missouri River, upon floods in the 
lower Mississippi. He urges that with a larger 
use for irrigation of the streams in the Far 
West, together with forestation of the elevated 
plateaus in the Rockies, considerable diminution 
would result in the floods flowing down the 
Missouri. 

Col. Pickett is doubtless right as to the effect 
of such measures upon the floods in the Missouri; 
but, as was pointed out in the valuable series 
of papers contributed by the late Maj. William 
Starling to the columns of Engineering News: a 
dozen years ago, extremely high floods in the 
Lower Mississippi are frequently produced by 
the outflow from the tributaries coming from the 
east, regardless of conditions in the Missouri. 

One point of special interest in Col. Pickett's 
paper relates to the influence of forests upon 
stream flow. Col. Chittenden, in his much- dis- 
cussed paper in our issue of Oct. 29 last, said, 
referring to the influence of forests upon snow- 
fall: 

While, therefore, it is constantly asserted that our 
mountain forests are necessary for the supply of water 
for irrigation, the exact reverse is the case, and the 


supply would be more copious and more uniform if the 
forests were not there. 


As those of our readers who carefully studied 
Col. Chittenden’s paper will recall, this state- 
ment was based on the theory that the forests 
prevented the accumulation of the snow in drifts, 
and hence that the snow took a longer time to 
melt where it fell in the open. 

In contrast with this very surprising state- 
ment by Col. Chittenden, the following quota- 
tion from Col. Pickett’s paper is of special in- 
terest. Prefacing it, we may remark that Col. 
Pickett lived for 20 years on the Upper Grey 
Bull River in Wyoming, at an elevation of nearly 
7,000 ft., and was thus able to personally ob- 
serve the conditions of snowfall and snow melt- 
ing: 

By April 1, the snows in the timber on the high 
mountain plateaus have usually settled to a depth of 
from 4 to 5 ft. On account of the low temperatures 
peculiar to an altitude of 8,000 or 9,000 ft., the snow 
does not usually commence melting in the open tracts 
until about May 1. It melts so rapidly, however, that 
by June 10 the grass is in such an advanced stage that 
cattle from the ranches below are taken, at about that 


date, to these upper mountain plateaus to be kept there 
until the November snows. 
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In the forests contiguous to these open spaces, the 
snow does not usually disappear until the beginning of 
August. 

This, in a nutshell, tells the value of forests in con- 
serving the snows of winter. In other words, forests 
of average density and at the average altitude of their 
habitat, 8,000 to 9,000 ft., will preserve the snows of 
winter from melting two months longer than open areas 
exposed to the direct rays of the run. 


Col. Pickett presents many other facts from 
personal observation, in his paper, in support of 
the statement above quoted; but that statement 
contains the meat of the proposition, and will be 
seen to be an exact contradiction of Col. Chit- 
tenden’s theory. 

A little thought as to the conditions which ob- 
tain at high altitudes will make clear the rea- 
sons why Col. Pickett’s statement is what would 
naturally be expected to occur. At the high 
altitudes which are under discussion, the pre- 
vailing temperatures are low until the season 
is far advanced, and the snow which is pro- 
tected by the shade of evergreen forests is, there- 
fore, preserved until late in the summer—as was 
indeed admitted by Col. Chittenden. But the 
melting of snow by the sun’s heat in the forest 
produces always a steady flow in the streams, 
and never a flood. The action takes place only 
during the middle of the day; the temperature 
drops nearly or quite to the freezing point after 
sundown, or even before, to remain there until 
late the next morning. 

It would seem perhaps unnecessary to refer to 
this matter again, but the importance of the 
forests to the irrigation interests of the Far 
West is so great that no statement by a high 
scientific authority to the effect that they are 
injurious instead of beneficial should be allowed 
to go uncontroverted. 

— 


The paper on the Kern River hydro-electric 
power plant, printed in this issue, is one of the 
most valuable professional contributions that has 
appeared in our volume now nearing completion. 
We call special attention to it because it fur- 
nishes an excellent illustration of how a de- 
scriptive article on an engineering work ought 
to be written. As we have several times pointed 
out in these columns, there is much printed mat- 
ter masquerading as technical literature, which 
is of very little practical usefulness to anything 
or anybody. It is one thing to describe a piece of 
engineering work and tell merely what was done 
and it is quite another to write of the same work 
and tell what special problems were encountered 
by the engineers and what methods were adopted 
for their solution. One sort of article—the write- 
up sort, as it is commonly called—is merely ad- 
vertising masquerading under the appearance of 
technical literature. The other sort of article 
has as its main object contribution to the com- 
mon fund of recorded professional knowledge. 

In the design of hydraulic power plants in this 
country, the engineers in charge have very fre- 
quently left to the manufacturers all respon- 
sibility in connection with the design of the tur- 
bines, and not a few of the plants thus built 
have encountered serious difficulties in operation. 

The fact has come to be realized now that in 
a hydro-electric plant the whole apparatus— 
penstock, turbines and generators—is actually 
one machine and ought to be designed as a unit 
with due consideration of the influence of one 
part upon another in order to secure the best 
results. 

So far as we recall, such work as Mr. Finkle 
describes in the design of turbine buckets has 
nowhere before been put on record. 


— — — —— 


CONCRETE AS A CONDUCTOR OF ELECTRICITY. 


In view of the general but vague apprehension 
that has been felt by many engineers as to the 
integrity of buried concrete-steel work since the 
publication of the experiments of Mr. A. A. 
Knudson,* it seems of interest to call attention 
to the corroborative experiments of Mr. U. J. 
Nicholas, described in another part of this issue. 
It must be remarked, however, that the experi- 
ments noted neither greatly extend our knowl- 
edge nor allow a much more definite explanation 


*Transactions of the American Institute of Electrical 
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of the phenomena than we were able to make in 
our comments on the work of Mr. Knudson.” 
No more can be done than to compare the little 
that is known with the many things on which we 
need light, in the hope that some investigators 
may be led to study some of the questions given. 
Here seems a good field for college laboratory 
and field experimentation. 

One fact stands out prominent and seems well 
established. Concrete is not an insulator of 
electricity (speaking of insulators from the prac- 
tical side rather than from the pure physics 
which recognizes no complete insulator) and it 
conducts electrolytically rather than as a metal. 

From studies made on concrete, in connection 
with apparatus for the protection. of electrical 
circuits against lightning, it seems to have been 
settled that the conductivity, as affected by age 
or temperature, depends on that amount of the 
originally placed water remaining at the time of 
experiment. It is believed that the part of this 
moisture affecting conductivity, exists in a 
solution of the cement silicates which acts as 
an electrolyte diffused through the solid then 
serving as a mechanical carrier or holder. It 
seems to have been established that in a series 
of mortars there is a progressive resistance with 
increasing amounts of sand used. This leads to 
the view that the sand acts as an insulator 
diffused through the mortar. These studies in 
connection with lghtning-protection apparatus 
were on unsubmerged concrete, and Mr. Nicholas’ 
article shows how those characteristics are 
changed by submersion and a consequent in- 
crease of the moisture carried, in one form or 
another. 

It has not been shown, so far as we know, 
whether the disintegration of unsubmerged con- 
crete and the corrosion of imbedded iron is simi- 
lar to that under water as in the tests of Mr. 
Knudson and Mr. Nicholas. That would be in- 
teresting data if it were forthcoming. We would 
like to emphasize here the statements made in 
our issue of March 21, 1907, of the great de- 
Sirability of investigating certain questions in 
connection with this disintegration. These are: 
(1) the influence of varying the character of the 
concrete; (2) the effects of surface treatment to 
produce impervious concrete; (3) the influence 
of surface coatings of tar or bitumens; (4) the 
nature of the observed disintegration; (5) the 
action of independent concrete and reinforced- 
concrete barriers across the path of ground cur- 
rents. To these it seems desirable to add; (6) 
the effect on the electrical properties of concrete, 
of adding alumn or other electrolytes for the 
purpose of increasing strength or impermeability. 

In the work reported to date, two independent 
effects of the passage of electric current have 
been shown. In the first place the concrete 
softens, and perhaps otherwise disintegrates, by 
the passage of appreciable currents into or out 
of its mass. In the second place if the current 
passes from imbedded iron or steel into concrete 
the metal is dissolved and rust is disseminated 
through the concrete. 

The first of these effects has not been shown 
to be a purely electrical phenomena. It may be 
an indirect thermal action of the current. It 
may be a chemical attack of released vapors and 
gases. Apparently the data obtained, when 
viewed in the light of our limited knowledge of 
the chemistry and physics of hydraulic elements, 
allows no positive explanations or assured state- 
ments. The call needs to be made stronger and 
to be spread wider for more study and experi- 
ment in this most important field. 

We find, on studying these experiments of Mr. 
Nicholas that with 0.1 amp. flowing there was 
approximately 20 sq. ins. of steel in contact with 
moist concrete. This is an average current den- 
sity of about 0.7 amp. per sq. ft. Such a current 
density surely is unsafe but in any modern struc- 
ture, with great masses of iron imbedded in 
greater masses of concrete, the presence of any 
such large currents should be recognized by other 
effects about the structure. The danger lies in 
not needing any such average density as 0.7 
amp. per sq. ft. to work damage. With all the 
chances in favor of concentrating the current 
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flow it seems unwise to state that any figure of 
average current density is permissible. Where 
any evidence is found of the passage of currents 
in buried concrete-steel structures every attempt 
should be made to remove possible electrical con- 
tacts of the imbedded steel work and where prac- 
tical to undertake the insulation of the concrete 
masses from ground water. 

The case of modern steel-framed buildings 
comes to mind. How great is the actual danger 
of impairing the foundations? Assume that the 
steel frame rests on and is in metallic contact 
with a steel grillage imbedded in a huge con- 
crete slab. The building towers upward for 25 
or 50 stories, say, with its steel frame hidden be- 
tween a stone exterior and a plaster Interior. 
The possibilities of electrical contact to the 
frame are commonly confined to the gas, water 
and electric service mains. The gas and water 
systems may be collectors of small currents from 
a territory of positive potential or they may be 
distributors of smaller or greater currents 
through an area of negative potential. These 
areas of positive and negative potential between 
the earth and pipe systems are known to exist 
as a result of the spread of ground-return elec- 
tric-railway systems. The imaginary steel- 
framed building may be placed in one or the 
other of these areas and then a chance contact 
of the pipe system may throw small currents 
into the frame and through the concrete founda- 
tions. The probabilities are small but the pos- 
sibilities are great. The absolute prevention of 
trouble, though obvious, is difficult—insulate all 
piping from the frame. 

The chance of currents from electric service 
mains is still more remote and is practically con- 
fined to an accident which might throw a con- 
siderable current into the frame and founda- 
tion. We may safely assume that a large enough 
current or of sufficient duration to cause trouble 
in the foundations would create some disturb- 
ance at the power-supply station which would 
be traced out quickly. 

How the foundations will be affected, by vir- 
tue of being partial barriers in the paths of cur- 
rents that may be flowing in the ground, cannot 
certainly be stated in the absence of actual data. 
Comparing the very large volume of earth, that 
may serve as a path for ground currents, with 
the relatively small isolated mass of the con- 
crete, it seems improbable that the foundations 
would carry appreciable currents. The indirect 
thermal effects of such current would probably 
not be manifest. Any chemical action would 
probably be unimportant and slow in manifesting 
itself. The actual danger is negligible, so far 
as present Knowledge allows us to judge of it. 

There is still one more remote source of 
danger, the possibilities of which may be men- 
tioned. In some of the largest cities where an 
elevated steel structure carries electric trains, 
a few buildings have passenger bridges direct to 
this structure. The elevated steel work gen- 
erally acts as a return circuit for the train cur- 
rent which is liable to seek a short cut from the 
structure to the power-house, via the earth. 
Should the bridges between the buildings and the 
elevated structure have been allowed to furnish 
contact between the two steel works, then the 
foundation of the building may be said to be in 
danger. We have not examined any of these 
bridges with this in mind, but the possibility of 
chance contact needs to be remembered. 

Taken all in all, the danger to isolated build- 
ings does not seem to be alarming. Some studies 
of the electrical conditions of foundations of steel 
buildings would, however, be profitable and 
might furnish interesting reading. 


LETTERS TO THE EDITOR. 


Coatemporanceas Tests to Determine Time of Concrete 
Form Removal. 


Sir: We note in your issue of Dec. 3, p. 617, an edi- 
torial on the relation of temperature to the removal of 
concrete forms. It has always appeared to us that a 
simple and practical test of the materials of which a 
structure is built, subjected to the same conditions as 
the structure, was far better than any data which might 
be secured from tests made with other materials and 


under different conditions. That is to say, experiments 
as to the time required for concrete to set at different 
temperatures would by no means afford as safe a basis 
for stripping forms as an actual crushing test of cubes 
made from the same materials and at the same time as 
the structure, and allowed to set under the same condi- 
tions. We suggested this method in our 1908 handbook 
on p. 177 under the heading of “Hints for Specification 
Writers,” and we there made a number of suggestions 
along this line, which we believe may be of interest to 
some of your readers. We feel very strongly that a 
proper system of tests would prevent such accidents as 
your article refers to. 
Very truly yours, 
Ransome Concrete Machinery Co. 
Dunellen, N. J., Dec. 5, 1908. 


[Where conditions are favorable for the test- 
ing of such blocks as are mentioned by our cor- 
respondent there is no doubt that such testing 
is eminently desirable, but it must be remem- 
bered that testing machines capable of crushing 
a 12-in. cube are not often available near con- 
Struction work, and the cost and trouble of 
sending the test pieces to the nearest machine 
would be prohibitive in most cases. Tension 
tests are more conveniently made, but the re- 
lation between the mortar briquette in tension 
and stone concrete in compression is not as 
direct as might be desired. Temporary com- 
pression testing devices might be rigged up on 
the job. if the work were extensive enough to 
warrant it, but such devices are troublesome and 
costly to operate and hardly very accurate. The 
general tests which we suggested as desirable 
would cover the work where contemporaneous 
testing is impossible.—Ed.] 

rene 


The Corps of Engineers and the President’s Message. 


Sir: After reading the first editorial in your issue of 
Dec. 3 on the Gatun Dam scares, one wonders how such 
misinformation as you have noted originates, and in 
what way the instigator exp-cts to derive credit or benefit. 
However, it is very easy for some small insignificant 
statement, starting as far away as Panama, to assume 
considerable size by time it reaches New York. 

But after reading in the daily press of Dec. 9, the fol- 
lowing head lines: “New Methods for the Water-Ways.’’— 
Roosevelt Says Plans That Have So Signally Failed 
Should Be Abandoned for New Ones.’’—‘“‘Action Wanted 
At Once. — Engineers Can't Take Broad View’—Perma- 
nent Commission Should Have Charge of River Matters“: 
one ceases to wonder, for here is one case right at home 
wherein the editors in all probability misconstrued the 
real meaning of the President. Even if we grant that the 
editor himself has been able to read between the lines, 
and has placed the blame up above the Engineer Corps 
(which in reality is where most of it belongs), there is 
very little doubt but that the general reader will take 
the matter as a whole at its face value, and assume that 
if we will only kick out the “narrow-minded Engineers” 
—who, by the way, have given the best years of their 
life to the study of these problems, and put in their 
stead others, having no greater experience nor ability 
(for they could not be found), we will soon see ocean- 
going vessels plying all of the so-called navigable streams 
in the United States. 

There is no doubt but that the President means to 
handle the subject in a broad way, as was evidenced some 
time ago when he appointed the Inland Waterways Com- 
mission; but after a careful reading of that part of his 
recent message which deals with this feature of the case, 
the writer must admit that parts of the same are un- 
fair, and will surely bring about an unjust and unde- 
served impeachment of the many works of the Engineer 
Corps, a very large proportion of which have been highly 
beneficial, and in which the country received full value 
for the money expended. 

With a general knowledge of all sides of the question, 
it is hard to understand why a body of engineers, created 
by Congress, subjected to the rules and regulations of 
Congress, and executing the work as directed and lo- 
cated by Congress, should be censured when they are 
only responsible for an honest and economical execution 
of the works assigned to them, in so far as they control. 

The admirable record of this body of Government Offi- 
cers as regards integrity and honest performance of duty 
needs no defense. It is probably true that Government 
work, as a rule, costs a little more than that done under 
private management; but this is almost invariably due 
to restrictions placed by Congress upon the manner of 
handling the work, the Officer being hemmed about with 
rules and regulations that will not permit of the most 
economical execution in this progressive day. 

These remarks refer to the silt-bearing streams having 
a large variation in gage height, which is about the only 
class of work, of the many handled by the Engineer 
Corps, with which the writer is familfar. There is no 
other class of work wherein there is such a large ele- 
ment of uncertainty as regards the results that may be 


expected under given conditions, because of the many va- 
riable factors to be constantly dealt with. 

When this work was started, about 30 years ago, there 
was very little if any precedent, and it was quite natural 
that mistakes would be made, and that the plans would 
have to be changed as knowledge was gained. It is a 
matter of record, however, that in a very large number 
of instances the failure of the work placed was directly 
due to the failure of Congress to appropriate funds for 
the maintenance of the works which it had deemed of 
sufficient importance to authorize; and this in spite of 
the repeated reports from the Officers in charge that 
without the repairs the works could not be maintained. 

In citing the improvement of the Ohio as an instance 
“of the utter waste caused by the methods which have 
hitherto obtained for the so-called improvement of navi- 
gation,” by calling attention to the fact that it was 
found necessary to change plans first submitted in 1824, 
the impression is conveyed that works constructed under 
them were not in every way suited to the shipping then 
plying, or would later be expected to ply, on the Ohio 
River. In fact, the change was not in the plan, but 
mainly in the sizes of the different works to be built 
under that plan, in order to accommodate the larger 
boats now plying that stream. The responsibility for 
the delay in the execution of the work, so far as appar- 
ent, lies entirely with Congress in failing to furnish the 
necessary funds. It is a safe prediction that the dam 
and lock plan will have to be carried out on this river 
before it will be navigable at all seasons of the year, 
even if the lands around the head waters are reforested. 

It is true that the Corps of Engineers is hemmed about 
with traditions, many of which it would be best to 
abandon, and it is also true that they make mistakes 
like anybody else, the latest one being that of the Chief 
of Engineers in proposing a plan for increasing the 
number of Engineer Officers by selections from West 
Point graduates now in the army at large who have 
had very little if any engineering training; instead of 
selecting from the large body of well trained and thor- 
oughly competent Civilian Engineers now in the employ 
of the Engineer Corps; men who have spent their entire 
professional careers in this service, and are really in 
most cases the power behind the throne that supplies 
the information contained in the several reports sub- 
mitted by the officers in charge. This is no reflection 
upon these officers, but a natural consequence of the 
plan pursued in changing the stations of these Officers 
about once every three years. You stated very truly in 
the editorial in your issue of Nov. 26, 1908, “that Gen. 
Marshall has missed a great opportunity.” There is 
hardly a doubt but that there will be a very large 
increase, within a few years, in the amount of river 
improvement work to be handled, and that the neces- 
sary additions to the Engineer Corps will be made from 
the only men trained in this work, viz., the U. S. Assist- 
ant Engineers. : 

Does not this “Broad View,” which the writer believes 
should be called the ‘‘Popular Magazine View,’’ owe 
its origin, in a great measure, to the educational cam- 
Paign instituted several years ago, by the Rivers and 
Harbors Congress, and carried on under the very able 
and efficient leadership of Congressman Joseph B. Rams- 
dell, president of the Congress, who, together with his 
associates, is accomplishing a very important and 
necessary work preliminary to the general improvement 
of our inland waterways. 

Is it not time now to change the ruling or admonition 
made some three years ago by the President-elect, then 
Secretary of War, which effected the exclusion from the 
Rivers and Harbors Congress of the members of the 
Engineer Corps and their Assistants engaged in river 
and harbor work, and make it obligatory that at least 
one or more should attend from each district. These 
men are needed as a safety-valve, now that the matter 
has gotten to the stage where it is necessary to know 
what amount of money can be economically and profit- 
ably expended; they are needed to impress upon all 
concerned that the question of making the silt-bearing 
streams of the Mississippi valley permanently navigable 
is a stupendous undertaking and will require many 
years and enormous sums of money to accomplish, be- 
sides a large amount annually for maintenance and 
repairs. There is now much danger of over-confidence, 
and danger of implanting the belief that a few years 
of large appropriations will give us the desired nav- 
igability, then failure of accomplishment will bring 
about reaction which will soon be reflected in Congress, 
funds will not be supplied, and we will have, as we have 
to-day, a number of incompleted works and no money 
to maintain them; and the engineers will be accused 
of incapacity. 

The Secretary of War very truly stated, as quoted by 
the President, that: “The chief defect in the methods 
hitherto pursued lies in the absence of executive author- 
ity for originating comprehensive plans covering the 
country or natural divisions thereof.” But can we 
charge all of this against the Engineer Corps? 
Have they not submitted plan after plan without 
getting the funds to carry them out? Is it not 
the undisputed evidence of the able Chairman of the 
Rivers and Harbors Committee (and there is no one 


720 


ENGINEERING NEWS. 


Vol. 60. No. 26. 


who has a more comprehensive understanding of the 
entire situation) that worthy objects presented represent 
sums of money several times as great as he and his 
associates can find means to authorize? 

Let Congress give a legal standing to the Inland 
Waterways Commission already appointed by the Presi- 
dent, and provide the necessary funds for its success- 
ful operation, even if it cannot pass a River and Har- 
bor bill at this session. This, in the opinion of the 
writer, will be a great step forward; and we can soon 
have a comprehensive plan to follow. Then we must 
have sufficient funds, to complete the entire plan, avail- 
able at such a rate as will permit of the most econom- 
ical execution of the plan. And let the progress of the 
work not depend upon annual appropriations. We have 
not yet gotten away from the danger that the political 
whims of the leaders in control may have greater weight 
than the actual needs of the work, in determining as 
to whether or not appropriations should be continued. 
It has not been so many years ago but that we can all 
remcmber, when the River and Harbor bill was the 
subject of much deserved criticism: and the chief local 
excuse for an appropriation was that it was the means 
of placing money in circulation. 

Again referring to the Ohio River, and considering the 
facts, it is very hard to understand and harmonize all 
of the mistakes that are charged up against the Engi- 
neer Corps. The mest incomprehensible one being: that 
their methods, which are termed short-sighted, vacil- 
lating and futile, are accompanied by increasing floods: 
and by decreasing water-born commerce; when it is a 
fact that the great bulk of the commerce in this river 
comes out on the flood stages. 

There are doubtless many engineers not prominent in 
the Engineer Corps, who are inclined to believe that 
there is not sufficient accurate data available to show 
that the forests have any appreciable effect upon the 
flood stages of the rivers; but who are willing and glad 
to get any information based upon facts and not upon 
theory and belief, which bears upon this subject. On 
this account, the Engineer Officers who have recently 
appeared in print deserve the hearty thanks of their 
brother engineers for presenting any facts they may 
have, whether they run counter to popular belief or not. 
l Chas. H. Miller. 

423 Southern Trust Building, Little Rock, Ark., Dec. 
12, 1908. 
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Some Useful Hints to Engineers Applying for Positions. 


Sir: Some letters were recently published in Engineer- 
ing News about engineers in charge of work not reply- 
ing to letters written them by applicants for positions, 
even when the latter enclosed stamps. 

Some time since the writer was named in the engineer- 
ing papers as “Chief Engineer” of a projected line. He 
was, as a matter of fact, only the locating engineer. He 
received about fifty letters of application, and a study of 
these gave him some light as to why such letters are 
often not answered. I tried to answer every one, but 
it made inroads on my spare time, and crippled my 
reading. 

I may say that the line, if constructed, would have had 
necd of three resident engineers in charge of 20 miles of 
line each, six instrument men at $75 each, working under 
the above, and the usual rodmen, axemen, etc. The fol- 
lowing are some of the letters received: 

A. Starts his letter with the statement that he will not 
leave his present position unless he can secure “At least 
$250 per month and expenses,” and then gives his educa- 
tion and experience as ‘‘Two years of the C. E. course 
at the University, 3 mos. as chainman, 7 mos. as 
rodman, 8 mos. as transitman, 4 mos. as Chief Engineer, 
1 mo. as resident engineer and 3 mos. as ‘Engineer in 
charge of construction, salary $175 per mo. and ex- 
penses.’’’ He was in New Mexico when he wrote. 

B. Asks a position as resident engineer at a salary not 
less than 8150 and expenses, and gives his education and 
experience as-‘‘Graduated from University, six 
mos. as transitman in Indiana, 5 mos. on a railroad in 
North Carolina, and 6 mos. on a railroad in California,” 
from which state he wrote. 

C. Gives no detail of his education. Reports five 
months as rodman on construction, four months as in- 
strumentman on location and seven months as resident 
engineer on construction. It was known to me that the 
road he was on used this title for the position ordinarily 
called instrumentman. He will not accept less than $150 
per month. 

D. This man is in Florida, and the fare to the place 
where the work is located would be about $30. He asks 
a place as rodman which pays about $50 per month. 

I answered all of these letters by working at them Sun- 
day afternoon after a forenoon spent on the map and 
profile. Perhaps I made enemies of all. I told “A” that 
we could not use him. I told “B” that it would not pay 
him to come to Arkansas for as short a job as ours prom- 
ised to be. I also added that he would create a better 
impression if he were to omit his North Carolina ex- 
perience, as the record as he gave it ralsed a presump- 
tion that the man was possibly running away from a 
record. I wrote “C” a conscientious letter, explained to 


him the disadvantage he would be under in dealing with 
the shrewd engineer and foreman of the contractor, and 
advised him to accept a position as instrumentman for 
a year or two under an experienced engincer. “D” I 
advised to apply for work closer to his location, and 
named several possible places. 

If applicants would put themselves in the place of the 
employer, and try to look at their letter as he must, con- 
siderable postage might be saved. Where an employer 
does not know the applicant, a statement of the work he 
has done should be of such detail as to enable the reader 
to see what it was. If you have been on short jobs, state 
why. Often a record looks bad, being a succession of 
short jobs, six months or so, when a fuller explanation 
might show the applicant to have been with the same 
superior through several pieces of work. A man on a 
short job, made so by its nature, as a piece of location or 
construction which was completed in from four to six 
morrths, and who is soon employed again by the same 
engineer on another job makes a record which may be 
superior to that of a man staying long in one place. 
His employer had a chance to get rid of him without a 
discharge, but sought and re-employed him. 

Again, heavy rock work may not be a test of a man’s 
ability on construction. The problems of location are 
vastly different in a mountainous and rolling region. The 
writer had been on location about Lake Superior with a 
2% grade and 10° curve limit for two scasons. He was 
sent to eastern Nebraska where he was to use an 0.8 
grade and 2° curve maximum. It was noon before he 
thought it necessary to plat up his profile In the easy 
country. When done it showed him in a 30-ft. cut out 
On comparatively level prairie. He had to go back to 
his starting point and work over again. But construction 
shows less difference. There is more at stake in cross- 
sectioning a rock cut than a dirt bank. Nevertheless the 
dirt bank may bring slides which give the engineer much 
worry. 

Again, the term of service Is not all. 
the employer is given, it may tell much. 


If the name of 
I know men 


whose discharge of a subordinate is a higher endorsement 


than any letter they could give. But care should be 
taken not to speak ill of a former employer. 

It is not necessary to explain your failures. We have 
all made them and have each of us been discharged 
Don’t mention your failures at all. Don't misrepresent, 
but don’t tell of your weaknesses. If you do, the pros- 
pective employer is apt to think them greater than you 
represent. 

Finally, it is best to apply for work reasonably close 
to where you are, unless you have special reasons for 
wishing to get into the country where the proposed 


work is. 
Assistant Engineer. 


Nov. 7, 1908. 

{Our correspondent’s suggestions can be read 
With profit by those who write letters applying 
for positions and also by those who write ad- 
vertisements offering their services. The man 
who writes an advertisement—or anything else 
for that matter—ought to put himself in the 
place of the reader of the ad. and try and see 
just what he will want to know. 

And this applies as much to the writers of 
“Situations Open” advertisements as “Situ- 
ations Wanted.” In the first place, it is very 
much to be preferred when a concern advertises 
for a man that they advertise under their own 
name. We appreciate that there are often ob- 
jections to this; but on the other hand a con- 
cern so advertising, if it is reputable and re- 
sponsible, and the place it wishes to fill is an 
attractive one, will have more answers, and 
from a higher class of men, than will be re— 
ceived if the advertisement is inserted anony- 
mously. 

It is sometimes objected that an advertisement 
under a correct name will bring a multitude 
of personal applications, but where this is ob- 
jectionable, this can be met by requiring ap- 
plicants to reply by letter only. 

Some of our readers have gone so far as to 
request that we refuse to insert ‘Situations 
Open” cards unless the real name of the ad- 
vertiser is stated; but so long as human nature 
and prejudice continue as at present, such a 
move, we conceive, would be against the in- 
terests of our readers. We do urge, however, 
where those desiring engineers advertise anony- 
mously, that they make their wants as definite 
as possible. Not only the kind of engineering 
work should be made clear but the location, 
the probable duration of the work and the 
probable salary offered, should all be specified 
as nearly as may be. It is common (and proper) 
to ask applicants to state their age; but if the 
advertiser wants a man under 30, or over 40 


for example, a statement of that fact would 
tend to limit the number of those who write 
needlessly in answer to the advertisement. 

If a company advertising for engineers will 
make it very clear just what they desire and 
what they do not desire, they will not only 
save many men from wasting time in writing 
answers but will save their own time in replying 
to applicants of this class.—Ed.] 
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Forests, Snowfail and Stream Flow ia the Mountaias of 
Wyoming. 

Sir: The paper of Colonel Chittenden, appearing in 
the ‘‘Proceedings Am. Soc. C. B.” for September of this 
year has brought forth some interesting reviews and 
discussions which I have followed in the publications 
of the Society and in the leading engineering journals. 
I am confident that all who are familiar with conditions 
in the mountain regions of the West, where our forests 
are largely found, will agree with Colonel Chittenden 
in his conclusions. It is possible that there are locali- 
ties in the East where forests may have such an influ- 
ence on stream flow as has been attributed to them by 
popular rather than scientific authoritzes. 

Several of those who have taken part in this discussion 
refer to the days of their childhood, when forests were 
found on every hand, when streams furnished a steady 
flow and when floods were not common. They do not 
give us any data by which we may arrive at a knowl- 
edge as to when their childhood observations were made, 
how much cultivation has occurred since the forests dis- 
appeared, and what kind of vegetable growth has taken 
the place of the forests. Neither have we any infor- 
mation from them relative to the rainfall during the 
years covered by their observations, the character of 
the drainage area, kind of soil, slope, etc. Without 
this information it is difficult to understand how those 
who read are to ascertain whether or not conclusions 
are based on fact or fancy. 

The officers of the U. S. Weather Bureau have for 
many years studied precipitation problems. I have been 
unable to find, in any of the reports of that depart- 
ment, anything that would lead one to believe that 
forests have any appreciable effect on rainfall. Until 
this important branch of the Government Service shows 
us that there is some relation between forests and 
precipitation, the man with scientific attainments will 
not be in haste to conclude that forests are a great fac- 
tor in influencing rain and snow fall. 

It has been my lot to spend many months in the moun- 
tains of the West. The great problem here is not to 
prevent floods, because these are always of but local 
importance and of no great consequence, but to obtain 
the largest volume of water possible during the season 
when it is most needed for the irrigation of crops. The 
streams of the East are utilized for navigation and 
power, as well as to furnish water for domestic purposes. 
The problems that confront the people of the humid 
districts of the country are therefore different from 
those with which we have to deal, because our needs 
and purposes are different. 

It is not my intention to enter into a discussion of 
this subject in detail. My convictions have been estab- 
lished by observation and measurement covering a period 
of over twenty years. If any engineer has any doubt 
as to the truth of Colonel Chittenden’s conclusions, in 
so far as the timbered area of our mountains are con- 
cerned, I shall take great pleasure in conducting him 
into any of our numerous ranges next spring before the 
snows begin to melt. This is what he will find: The 
timbered areas will be covered with a blanket of snow. 
The bleak mountain tops above timber line will appear 
to be covered with the same blanket. As we ascend 
the mountains, however, it will be found that the snow 
on the high rocky slopes lies in depths varying from a 
few inches to thirty feet and over. By carrying a ther- 
mometer it will be found that it is warmer on the tree- 
less slopes than it is in the forests while the sun is 
shining directly upon them. It will be found that when 
the sun is obscured it is warmer under and among the 
trees. When the weather begins to grow warmer it 
will be noticed that the snow lying thinly on the ex- 
posed, treeless areas first disappears. The great drifts 
surrounding these areas of light snow fall above timber 
line, show but little tendency to change. The snows in 
the forests being distributed in a uniform depth, grad- 
ually settle, absorbing such water as may melt and the 
surface freezing each night. As the season grows later, 
the great drifts above the forests begin to settle gradu- 
ally and the streams are largely supplied from areas 
where the rnowfall has been from one to three feet in 
depth, and where melting is not delayed by the shade of 
the trees. As the season advances, and some time be- 
tween the first of May and the middle of June, depend- 
ing on the lateness of the spring, the snow in the for- 
ested areas begins to melt and as this lies to a prac- 
tically uniform depth, the entire timbered area furnishes 
water to a stream and its tributaries at the same time, 
and owing to the saturated condition of the snow it 
disappears within a few days. What floods we have, 
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regularly each year, come from the forested areas. 
These do more damage to irrigation works by carrying 
timber which lodges in dams and headgates than is done 
by the effect of high water alone. 

When we consider the character of the timber grown 
on the mountains of the intermountain region and 
estimate the volume of water that is necessary for the 
production of this timber, it then becomes an economic 
question whether or not our farmers can ultimately 
afford to permit the growth of trees to the injury of the 
total available water supply. Before many years all the 
waters of our streams will be stored and held until 
the irrigation season begins. When this condition arises 
our agricultural growth will be hampered unless all 
of the water that can be obtained for this higher use 
can be made available. Since every irrigator plants 
trees, this transition will tend to increase rather than 
to diminish the forest area and the available timber 
supply. 

By the first of July the snow has disappeared from 
the forested areas and the water supply thereafter is de- 
rived from occasional rains and the great snow banks 
in the mountains above timber line. It is possible to 
find here and there a small quantity of snow in the 
forests of our mountains after July 1. For twenty 
years the writer has been searching for snow in the 
forests during August, the month when water is most 
needed for irrigation. Thus far he has failed. 

It is fortunate that this important subject is receiving 
some intelligent study and that we are finally obtaining 
discussions which deal with facts rather than with boy- 
hood dreams and theories which are unsupported by 
experiment or scientific observation. The forcstry work 
of the government should not be affected in any way 
by the solution of the problems which now confront 
us in this investigation. If the forest service rightly 
has a place under the national Government, this place 
is assured, because its value to the public must depend 
upon the protection it affords to forests and to the 
timber supply. It is not necessary for this one depart- 
ment to attempt to perform everything and particularly 
to make claims which would lead one to believe that 
trees do not belong to the vegetable kingdom, in that 
they conserve more water than they need in their growth 
and development. 

Sincerely yours, 
Clarence T. Johnston, 
State Engineer. 
Cheyenne, Wyoming, Nov. 30, 1908. 


[Our correspondent’s letter was received after 
the editorial note on page 718, giving the quo- 
tation from Col. Pickett’s paper was in type. 
Col. Pickett, it will be noted, declares that the 
forest shade delays the melting of the snow. 

It is of great interest to compare the statements 
in the above letter with those of Col. Pickett. 
Both Col. Pickett and Mr. Johnston refer to ob- 
servations in the highlands of Wyoming and 
the two draw diametrically opposite conclusions 
from these observations. The statements of the 
two observers are not far apart; but Col. Pickett 
apparently refers to a more northern locality 
where lower temperatures prevailed. It is note= 
worthy that Mr Johnston admits that the snow 
lies longer in the forest than in adjacent open 
spaces. Whether he thinks the accumulation in 
great drifts would delay the melting still more, 
if the forest were entirely removed, is not quite 
clear. 

Mr. Johnston's main objection to the forest 
seems to be that it will absorb some part of the 
total annual rainfall and decrease the total run- 
off. There is a possibility that this objection 
may be well grounded; but surely we ought to 
have nothing short of absolute certainty in place 
of mere possibility before sanctioning any move- 
ment to remove the forests from about the 
sources of the rivers in the arid West. If these 
forests were to be removed and it were then 
found that a mistake had been made, the dam- 
age done might be irreparable. 

While the weight of evidence indicates 
that, in most localities, the existence of a forest 
does not increase the total rainfall, there are 


places where it seems well established that a 
heavy rainfall is largely influenced by the for- 


est. One such case is quoted by Mr. J. Francis 


L. Baron, M. Am. Soc. C. E., in the discussion 
We quote from 


on Col. Chittenden’s paper. 
“Proc. Am. Soc. C. E.,” for November, 1908, p. 
1305, as follows: 


The writer must take exception to what he considers 


too sweeping a generalization of the statement that 
“there is really very little, theoretically, to support the 


claim that forests insure precipitation.” It is undoubt- 


edly true that when warm, moisture-laden air strikes 


a cold air current, the moisture will be precipitated in 
the form of rain. Forests are sometimes warm and 
sometimes cold. In northern latitudes forests are warm 
in winter and cool in summer; in the tropics, they are 
always cooler than the open, where the sun’s rays are 
unimpeded. Take, for instance, the thick forests that 
clothe the eastern slopes of Nicaragua. For many 
months in the year, the warm trade-winds that have 
passed over the Caribbean Sea blow day after day from 
the coast over these forests, and the precipitation is 
phenomenal. 

There may be, as the author says, “very little to sup- 
port the claim, theoretically’; but, practically, it is 
abundantly proven throughout the whole of that rela- 
tively narrow isthmus known as Central America, from 
Guatemala to Panama, as the writer has frequently 
observed. This phenomenon is particularly noticeable in 
Nicaragua, and the influence of the forest is there par- 
ticularly observable, because that country is, in general, 
low, so that the excessive rainfall on the eastern side, 
amounting to 365 ins. per year at Greytown, cannot be 
attributed to mountains. On the western side of that 
Republic, the precipitation is only about 45 ins., and 
the forests are very different, being more open, and 
there are many large areas of cultivated lands and un- 
wooded plains. All the moisture held by the eastern 
trade-winds is dropped when they pass over the dense 
and cool forest jungles that cover the entirg eastern 
water-shed. 

The author falls into another error of generalization, 
due, probably, to the fact that his observations have 
been confined to the limited area of the central and 
western United States. He states that ‘‘precipitation is 
nearly always greater upon the hills than upon the 
neighboring lowlands.” This statement is quite true in 
British Columbia, where the observed rainfall in the 
Fraser River Valley is about 60 ins., while less than 
ten miles away, at Lake Coquitlam among the moun- 


tains, but in the same water-shed, the precipitation is 
130 ins. On the Central American Isthmus, however, 
the reverse is true. While the precipitation at Grey- 


town is 365 ins., and at Bluefields, about 290 ins., at 
Tegucigalpa, Honduras, at an elevation of 3,000 ft. 
above the sea, it is about 90 ins., and at Suina, Nica- 
ragua, about 260 miles from the sea, it is about 100 ins. 


Before we permit the forests to be removed 
from high mountain slopes of the Far West, we 
ought to be very sure that their presence there 
has no influence in increasing the precipitation 
from the clouds.—Ed.] 

— . 


Notes and Queries. 


Mr. B. E. Clark, of the Guanajuato Power & Electric 
Co., Colorado Springs, Colo., sends in the appended 
problem for the consideration of our readers. He states 
that his solution involves a fourth degree equation. 

Communications should be sent to Mr. Clark and not 
to this office. 


s AA 


Given the rectangle FEDH 48 x 61% ins. Produce FH 
24 ins. to N. Produce HD towards A. What must be the 
length of DA so that, if A and E are connected, a per- 
pendicular from N upon AE will intersect at 28% ins. 
from A towards E, that is at B? 
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THE FIRST NATIONAL FOREST east of the Missis- 
sippi River has been created in Florida by a proclama- 
tion recently issued by President Roosevelt. It is located 
in Marion County and will be known as the Ocala Na- 
tional Forest. This reserve has an area of 201,480 acres, 
and covers a plateau between the St. Johns and Ochla- 
waha rivers. It has a maximum elevation of not over 
150 ft. The area shows growths of pine, bald cypress, 
tupelo gum, water oak, ash, elm and other hard woods. 
It is thought that it is well adapted to a dense stand of 
sand pine. The soil is of little value for agricultural 
purposes. 

The Dakota National Forest has also been created by 
presidential proclamation. This forest is located in Bill- 
ings County, North Dakota, and has an area of 14,080 
acres, located in the Bad Lands region. The creation of 
this forest reserve is deemed important, as it will make 
possible experimental forest planting in ‘‘the least for- 
ested State in the Union, having only 1% of tree growth.” 


RICHARD H. SOULE. 


It is with great regret that we record the death 
of Richard H. Soule, M. Am. Soc. M. E., for 
many years a well-known figure among railway 
engineers in the field of rolling-stock work. Mr. 
Soule’s health failed some five years ago, and he 
was obliged to retire from active business. His 
death occurred at his residence in Brookline, 
Mass., where he has resided for the past few 
years, on Sunday, Dec. 13. 

Mr. Soule was born in Boston, Mass., on Dec. 
4, 1849. He entered railway work in 1875, in 
the Mechanical Engineer’s office of the Penn- 
Sylvania R. R. at Altoona. Soule 


Here Mr. 


° ° 1 


formed one of a group of bright and active young 
men who received there a thorough practical 
training in the mechanical engineering problems 
connected with railway rolling-stock, and whose 
work in future years, in high official positions 
with the different railways of the country, has 
been of untold value in bringing about advance- 
ment. Mr. Soule remained with the Pennsyl- 
vania System for eight years. Beginning as a 
draftsman, he was quickly promoted to the test 
department, and four years after his first start 
he was made superintendent of motive power on 
the Northern Central Ry. In 1881 he was trans- 
ferred to the same position on the Philadelphia 
& Erie Division, and in the following year he 
held the same position with the Pittsburg, Cin- 
cinnati & St. Louis Ry. In 1883, when the un- 
fortunate West Shore Railway enterprise was 
carried through, its managers engaged the best 
talent available in the country for their man- 
aging officers, and Mr. Soule was appointed 
superintendent of motive power. He remained 
there until the absorption of the West Shore 
line by the New York Central in 1887, and then 
was appointed general manager of the Erie 
System, then known as the New York, Lake Erie 
& Western R. R. After a year in this position 
he was appointed general agent of the Union 
Switch & Signal Co., and was engaged until 
1891 in the introduction of modern interlocking 
and lock-signaling plants. From 1891 to 1897 
he was superintendent of motive power on the 
Norfolk & Western R. R., and did much to put 
the rolling-stock of the system—which was at 
that time coming into prominence as an import- 
ant coal-carrying road—onto a thoroughly sound 
and progressive basis. For the two years fol- 
lowing, Mr. Soule was engaged with the Baldwin 
Locomotive Works, spending nearly a year 
traveling in foreign countries and a year and a 
half in charge of the company’s Chicago office. 
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In 1900 Mr. Soule opened an office in New York 
City as a consulting mechanical engineer and 
practised until he was attacked with a serious 
kidney trouble in 1904. A surgical operation 
was successful in prolonging his life, but his 
health compelled his retirement from active 
business. 

Mr. Soule was one of the most prominent and 
valued members of the American Railway Mas- 
ter Car Builders’ and Master Mechanics’ Asso- 
ciations, and his work in connection with these 
associations was exceedingly valuable. It may 
be mentioned here that he was the author of a 
report on the standards of the former associa- 
tion, which led to a revolutionary change in the 
association’s practice and to the placing of the 
standards on a much higher basis. He was also 
a member of the American Society of Mechanical 
Engineers, and served as one of the managers 
of the association from 1898 to 1901. 

Mr. Soule was a man of most attractive per- 
sonal qualities, and won the respect and esteem 
of his associates wherever he went. There are 
many engineers scattered through the country 
who can testify to the help given them in early 
life by Mr. Soule. 

The funeral services were held at All Saints’ 
Church, Brookline, Mass., on Dec. 16, and the 
interment was at Mt. Auburn Cemetery. 


— — — 


A REPORT ON THE FOUNDATIONS AND CONSTRUCTION 
OF THE GATUN DAM. 


In view of the vast amount of discussion that 
has taken place concerning the design of the 
Gatun dam on the Panama Canal, the engineers 
of the work have given extraordinary care to 
the investigation of all problems connected with 
the structure. These investigations have been 
conducted by Mr. C. M. Saville, M. Am. Soc. C. E. 
Appendix E of the recently issued report of the 
Canal Commission contains Mr. Saville’s report 
in full. 

The two chief questions which have been in- 
vestigated are the character of the foundation 
material underneath the dam and the sta- 
bility and water-tightness of the dam itself. 
In connection with the latter part: of these 


investigations, a section of a dam was con- 
structed one-twelfth the size of the Gatun 
Dam at its maximum section, and ex- 
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The first work undertaken was for the purpose of lo- 
cating a sufficient quantity of material suitable for a 
dam which was to be built by the sluicing process. Ma- 
terial which seemed to be suitable for this work has been 
located down the Chagres River valley north of the 
proposed dam, and also to the south of the dam in the 
Gatuncillo River valley. Besides the above, the records 
of previous preliminary borings indicate a quantity of 
material that may be suitable in the valley of the 
Chagres also south of the dam. All these areas are 
within 114 miles of the dam in locations suitable for 
hydraulic dredging. The total quantity available is ap- 
parently not less than 20,000,000 cu. yds., based on 
excavation not lower than 50 ft. below sea level. If it 
should appear that sufficient material is not available 
in these localities, an additional amount could be ob- 
tained from the excavation in Limon Bay. 

The next work undertaken was the investigation of 
foundations for the dam and spillway. Much work on 
these lincs had previously been done, and at first it was 
intended merely to verify and interpret that which had 
gone before. As the work advanced, however, some new 
questions arose, and by ord:r of the chief engineer careful 
and systematic investigations of the valley and its rock 
bottom were undertaken. It was especially directed that 
careful search should be made to show whether there were 
any permeable connections through the alluvial deposits 
in the comparatively narrow gorges across which the 
dam will be built between the extensive swamp areas to 
the north and the broad flats of the Gatuncillo and 
Chagres to the south. Besides this, it was directed that 
the alluvial deposits in the gorges and the rocks under- 
lying them and outcropping in the hills should be care- 
fully studied to determine their ability to support the 
proposed structure and to resist the flow of water through 
them. The conclusions arrived at on these matters are: 

(1) The rocks themselves, even those portions which 
are soft and readily yield to excavation methods, are of 
sufficient strength to support any loads that may come 
on them in the proposed construction. 

(2) Some of the rocks are of open texture, and permit 
the flow of water, the readiness with which this flow is 
allowed depending mostly on the condition of the rock 
and its resistance to the disintegrating action of sur- 
face conditions. 

The principal water-bearing medium seems to be the 
joints and seams which cut through the various strata 
and allow the passage of large quantities of water. The 
occurrence of water-bearing joint planes in great part, 
and to a lesser degree the presence of a layer of disinte- 
grated conglomerate of coars2 sandstone at the southerly 
entrance of the spillway, will undoubtedly require the 
construction of a masonry cut-off wall in the hill at this 
point. This work, however, presents no serious difficulty 
and only such engineering construction as is ordinarily 
encountered in dam building. The excavation for this 
wall will be in comparatively compact rock, which will 
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waterproof and nonwaterbearing, having been made so 
by the leaching and filling from the overlying deposits. 
When exposed to any powerful washing action, however, 
the material breaks down, the clay is dissolved and 
washed out, and the resulting sample has all the charac- 
teristics of a coarse gravel or sand that might be freely 
water bearing. That this is not the case is shown by 
numerous borings and samples. The artesian flows en- 
countered in this material are probably local in their oc- 
currence and due to the action of water which takes its 
pressure from the near-by hills. This water, however, 18 
shit in by the impervious conditions of the material as 
a whole, and thus pent up it indicates a greater head 
than would be the case if it had free discharge. 

(3) The borings and excavation show no continuous 
layer of loose sand or gravel. No deposit has been en- 
countered that appears sufficiently extensive and per- 
meable to endanger the proposed structure when it is per- 
forr:ing the functions for which it is d‘signed. 

Although this is the case, on account of the compo- 
g. t: Cn of the upper layer and the fact that it does allow 
sume water to pass through it even at a very slow rate, 
it probably will be deemed advisable to drive a cut-off 
wall of sheet-piling through this material and across the 
valley. This will afford additional resistance and effec- 
tivcly prevent percolation. The above-ground conditions 
of construction can be watched and precautions taken. 
The underground conditions of foundation are determined 
only by deduction, and it is therefore the part of wis- 
dom to err, if at all, on the side of conservatism. 

The experiments with a model dam have demonstrated 
the feasibility of construction by pumping methods. The 
r.ierials selected and taken from the locality previously 
determined upon have demonstrated their suitability to 
make a stable and satisfactory structure. 

The packing and consolidation of the materials as laid 
down by the hydraulic process present so impermeable 
a structure that the resultant leakage can be considered 
negligible. The maximum rate, under conditions that 
probably never can obtain in the actual dam, was less 
than one-half gill per minute per horizontal linear foot 
of dam. If the proposed dam were similarly impervious 
and subject to similar conditions, the seepage per linear 
foot would be about two quarts in three minutes in the 
maximum section. 

The results thus far obtained are from atype of dam laid 
down by the hydraulic process and allowing the material 
deposited at the down-stream slope to grade itself from 
coarse to finz on the water slope. In this form of construc- 
tion practical conditions forbid the retention of the finer 
particles which tend to make the embankment the more 
impervious. On this account it is felt that the method 
usually employed in hydraulic-dam construction, i. e., 
depositing the matcrials on both faces and allowing them 
to flow toward the center of the dam, will be the most 
feasible in this case. This method will present a more 
stable upstream slope; it will be cheaper to build, as 
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periments were made with it. The report of 
these experiments is reprinted elsewhere in this 
issue. Below we reproduce the first portion to 
Mr. Saville’s report, in which the conclusions he 
reaches as a result of his investigations are sum- 
marized. We also reproduce a profile of the 
dam, taken along its axis and showing the re- 
sults of the latest borings into the material 
beneath it. 

It may be mentioned here that Mr. Saville's 
complete report occupies 70 pages of the Com- 
mission’s public report, and is accompanied by 
111 plates. It forms a valuable addition to the 
existing professional literature on the design 
of earth dams. 

The investigations at Gatun were begun about Dec. 1, 
1907, and their sequence and character are given below. 


excavate easily but will not require complicated bracing, 
if any at all is necessary. A comparatively impervious 
layer for the footing of the wall will be found at no ex- 
cessive depth. 

The alluvial deposits in the gorges of the Chagres 
River, across which the dam will be built, are composed 
almost wholly of a very fine sand with a large propor- 
tion of clay from the surface down for a considerable 
distance, the maximum depth at one point being about 
80 ft. Underlying this for a distance of 100 ft. or more 
is a thick deposit of blue clay containing little sand and 
some shells. Bencath this, and directly overlying the 
rock, is a deposit varying in thickness up to 20 ft., and 
containing small bowlders and angular gravels and sands 
thoroughly consolidated and cemented together with finely 
divided clays and silts. This breccia resembles some- 
what the hard pan,” a “glacial till” of the northern 
countries. It is apparently the product of the decompo- 
sition of the immediate rock surface. Of itself it is 


much more of the material pumped can be saved; and it 
will offer a much denser stop for the water, and thus 
undoubtedly reduce even the small amount of percolation 
that was obtained by the other method in the experi- 
mental dam. 

The results of the investigations and experiments un- 
dertaken at Gatun show: 

(1) That suitable material is available and near at hand 
for the construction of the Gatun dam by the hydraulic 
process. 

(2) That the foundations are suitable for such a struc- 
ture as the proposed Gatun dam if they are properly 
treated. 

(3) That it is practically possible to construct a stable 
and water-tight earth dam at Gatun of the materials 
available. 

(4) That the hydraulic method of construction, as pro- 
posed for this work, is feasible if proper conditions are 
observed. 
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EXPERIMENTAL HYDRAULIC-DREDGE-FILL DAMS AT 
GATUN, MADE FOR THE ISTHMIAN CANAL COM- 
MISSION.* 

By C. M. SAVILLE,} M. Am. Soc. C. E. 


In order thoroughly to test the materials and methods 
available for the construction of the Gatun dam, ex- 
periments were made similar to those made at Clinton, 
Mass., for the Metropolitan Water-Works. 

A large, water-tight, wooden tank was constructed hav- 
ing inside dimensions 75 ft. long, 6.08 ft. wide, and of 
height sufficient to take the proposed dam. This tank 
was set up on the bank of the Chagres River just north 
of the site sclected for the dam. The elevation of the 
bottom of the tank inside was about 11 ft. above sea 
level. 

In this tank the experimental dam was constructed en- 
tirely by hydraulic methods and exactly similar in shape 
to the proposed dam, but on a scale one-twelfth as large. 
It did not, however, seem necessary to include the whole 
of the long down-stream slope, and the tank was short- 
ened 25 ft., corresponding approximately to 300 ft. in the 
original design. This made the hydraulic fill portion 
equivalent to about 885 ft. of actual dam. The height 
of the sides of the tank on the up-stream side for a dis- 
tance of 22 ft. 8 ins. was 8 ft. 7 ins., or sufficient to al- 
low a head of 100 ins. to be placed against the water face. 
From this point it ran upward on a 3 on 1 slope till it 
reached a height of 11 ft. 7 ins., sufficient to take a 
height of material corresponding to 135 ft. in the actual 
dam. The top of the sides was then run level for 9 ft. 
3 ins. and then dropped on a 3 on 1 slope to a height of 
7 ft. 10 ins., and continued on this elevation to the end. 
The outline of this dam is shown on [our] Fig. 1, and 
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FIG. 1. 


photographs of the tank are shown by Figs. 2 and 3. 
The material was all yellow pine lumber, the uprights 
being 8 x 8 ins. and the sides 2 x 12-in. stock. These 
planks had their edges slightly beveled, and all joints 
were tightly calked with oakum. On the inside, about 
every 4 ft., rough 2 x 4-in. scantling was placed on 
sides and bottom to make stops so that water might not 
find its way between the sand and the planking. After 
this, the entire inside was coated with pitch into which 
sharp ‘sand was thrown to further improve the bond. 

At intervals of 4 ft., 1%-in. galvanized-iron pipes per- 
forated with in. holes were placed across the tank near 
the bottom, the ends being threaded and passed outside 
the tank. These pipes were covered with wire gauze, 
and later with a little fine gravel. The projecting ends 
of these pipes were held with lock nuts outside the tank, 
in order that caps and pipe might be screwed on without 
disturbing the pipe and its connection with the tank, and 
so cause leakage. 

During the experiments the tank was absolutely tight. 
On the easterly side of the tank these pipes were capped 
so that they could be used for drainage, or for flushing 
out the pipes if they became clogged with sand. On the 
west side a tee branch was screwed in, and into the 
horizontal end was screwed a nipple with a cap on the 
end. Into the vertical opening was put a wooden re- 
ducer, and into this %-in. gage glasses reaching to the 
top of the tank. These tubes were for the purpose of 
observing the slope of saturation in the material, and 
constant readings were taken of the elevation of the 
water by means of gage boards placed behind each glass. 
At the north or down-stream end of the tank was a 
portion about a foot wide partitioned off and forming an 
open space into which water could freely run from the 
sand in the dam. One-half-inch holes on 2-in. centers 

*From Appendix E., Report of the Isthmian Canal Com- 
mission for 1907-8 


Assistant Engineer on Gatun Dam Investigations, 
Isthmian Canal Commission, Ancon, Canal Zone, Panama. 
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were cut in the partition and covered with netting to hold 
back any sand. Out of the open space a pipe was run to 
a measuring tank, and, after the experiments were begun, 
constant readings were taken of the amount of water per- 
colating through the dam. The water against the face of 
the dam was kept at a constant height by overflows at 
different elevations, and a continuous flow of water main- 
tained by feeding from an auxiliary tank. For the intake 
at the water face, precautions were taken to allow the 
water to flow in at the bottom, but in such a way that 
there was no danger of washing the material. 

It was expected to build two types of dam; one with 
the material all delivered at the down-stream face and 
discharging over the up-stream slope, which would allow 
the material to grade itself from coarse to fine, the more 
impervious portions being placed on the water slope; the 
other type was that usually adopted in hydraulic-fill dams 
—that is, depositing the material on both slopes and al- 
lowing it to flow toward the center of the dam. On ac- 
count of this design, outlets were arranged at both the 
up-stream slope and in the middle of the dam. The up- 
stream overflow had two openings, each 12 x 24 ins., while 
in the center the opening was 10 x 18 ins. After comple- 
tion and during the time the water was against the dam, 
these openings were tightly wedged in place and calked 
to prevent leakage. 

In order to take care of the overflow in the second 
type, it was necessary to construct a weir box on the 
inside of the westerly wall of the dam, and sliding boards 
were used to regulate the discharge. On the up-stream 
face cleats were nailed on a 3 on 1 slope, and in these 
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TANK FOR EXPERIMENTAL HYDRAULIC -DREDGE-FILL DAM USED IN STUDIES FOR THE GATUN DAM, 


could be dropped flashboards to hold back the water and 
regulate the discharge during construction of type I. In 
order to hold the water at any desired elevation, 1-in. 
pipes were run through the south or water end and 
capped. These pipes were at distances of 10 ins. apart, 
and the water could thus be held at any elevation by un- 
capping one of these pipes. Every 18 ins. along the bot- 
tom -In. holes were drilled on each side of the tank so 
that the material in the dam could be thoroughly drained. 
These holes were closed by wooden plugs during the tests. 
An observation platform was built around the top of the 
tank, and the whole was covered by a galvanized-iron 
roof to protect from rain and winds. 

The pumping apparatus consisted of a 6 x 8-in. double, 
upright, reversible French engine which was taken from 
a crane that had been lying in the jungle for probably 
twenty years. This was belt connected to a 10% x 8%-in. 
French centrifugal pump from one of the old ladder 
dredges found at Miraflores. This pump was bushed 
down to an Sin. suction and a 6-in. discharge. This 
later was reduced to 4 ins. on entering the tank. The 
steam was furnished by two upright boilers also obtained 
from the jungle. Both of these were refitted, tested to 
175 lbs. and run at 100 lbs. steam pressure. 


The material came from an area at the end of Spillway 
Island, on the west bank of the Chagres. The area and 
location from which this was taken was chosen that it 
might be as nearly as possible representative of the ma- 
terials to be subsequently used hereafter in constructing 
the proposed dam. The surface deposit was cleared off, 
leaving only a very thin layer of yellow loam and clay 
in which were some pockets of pure sand. Under this 
was a bed of compact blue sandy clay which formed the 
bulk of the material used. It was loaded into an old 
French coal barge, and towed to the pump at the dam. 
The pump suction was a flexible rubber pipe, and could 
readily be transferred into either of the two compart- 
ments into which the barge was divided. 


After several trials, the best way to handle the material 
was found to be as follows: After the barge was moored 
in place at the pump, two 3-in. syphons primed by steam 
were placed over the side, and sufficient water continu- 
ously drawn from the river to keep the material in the 
barge in suitable condition for pumping. Four to six 
men shoveled the material into a wooden trough which 
was tilted under water to the suction pipe, and thus a 
constant supply was maintained. The discharge pipes 
were connected up with 4-in. flexible joints, and could 
be readily moved in any direction. On account, how- 
ever, of the great velocity with which the water was 
discharged, it was found necessary to first discharge 
into a trough, which would reverse the flow, sending the 
water against the end of the tank. H<re it was again re- 
versed, and by this time had lost enough velocity to al- 
low the materials held in suspension to settle into place. 
This difficulty, of course, will not be encount red in the 
actual dam, as the distance to the overflow will be so 
great. On account of delays occasioned by the non-ar- 
rival of lumber and other materials, the actual work of 
dam building did not begin until April 1 [1908]. As 
mentioned above, the material by this method graded it- 
self from the coarsest portion at the down-stream end 
to the finest at the up-stream face. This material, which 
was a fine yellow silt, was very unstable, and had the 
consistency of a thick mud carrying considerable water. 
Some difficulty was experienced in making it hold to any 
slope under the wash of the discharging water. Boards, 
grass, burlap, and wire netting were all used to hold it 
in place and protect the slope as built from th> overflow 
above. During this period the endeavor was to lese as 
little as possible of the material pumped, the theory 
b ing that the finer the material deposited, the more 
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impermeable would be the up-stream face, and the pumps 
were run two minutes with a rest interval of five min- 
utes, After several trials, this rate was found to give 
the best results, and the overflow was almost clean 
water. The velocity maintained on this tank and found 
to give the best results was about 2 ft. per sec. at the 
intake end. If at any time it appeared that a layer of 
silt wes being deposited over the down-stream portion, 
it was broken up by walking over with bare feet while 
water was discharging. For the first 25 ft. from the 
down-stream end, the material took a 1 on 50 slope, and 
for the next 5 or 6 ft, a 1 on 6 or 7 slope. All of 
this could be walked on immediately after the pumping 
stopped. The remainder of the material was a blue and 
yellow silt with very little sand and an almost flat 
slope. This settled very slowly, and when there was 
nearly 5 ft. depth in place, only 6 or 8 ins. was stable 
enough to support the weight of a man. 

Samples of the material pumped were regularly taken 
in long glass tubes, but they varied greatly, due to 
the irregularity with which the pump was obliged to be 
operated. At the inlet the average of these samples in 
one hour’s settlement was about 10% sand and about 
70% clay and silt. After 24 hours they would show 
about 50% sand and 30% clay and silt. At the outlet 
most of the time the samples showed no sand and about 
10% clay and silt after 24 hours’ settlement. Thus it 
appeared that a great proportion of the material exca- 
vated was being saved. 


On April 11 pumping was discontinued in order that 
the condition of the up-stream slope might be ascer- 
tained, as it was felt that its condition was not satis- 
factory. Samples of this portion would ooze out when 
the Urainage plugs were pulled; this would dry in the 
sun and become almost stone-like. If placed in water, 
after twelve hours the pieces would lose their shape, 
and, if shaken, would discolor the water like mud. After 
examination, it was decided that too much of the fine 
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material bad been held back and it was determined to 
remove the unstable portion. 

Previous to this, however, on April 14, a quantity of 
the material was placed in four test boxes, two being 
filled with material from near the down-stream face and 
the other two from n-ar the center of the dam. These 
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FIG. 2. 
FIGS. 2 AND 3. 


boxes were 12 ins. wide, 14 ins. high, and 48 ins. long, 
and the bottom was covered with slats on which was 
placed mosquito netting. The samples taken from near 
the toe of the slope were almost pure clay and silt with 
no sand. Those taken from near the center of the dam 
had a considerable portion of very fine sand. On April 
21 the boxes were tilted in order to give the material 
a chance to settle to a 3 on 1 slope, which it gradually 
did very slowly, although exposed top and bottom to 
the air. Cracks developed on the surface even while 
the center was wet. On June 5 the material had settled 
to about 70% of its former bulk, and had the consistency 
of freshly made cheese. Solid wood bottoms were now 
placed in the bottoms and made water-tight by pitch- 
ing. Water was then turned on and a constant head 
maintained. On June 27 no change was found in the 
slopes which, previous to turning on the water, had 
been trimmed to a true 3 on 1 slope. The surface of the 
material for about 1/16-in. was unstable and muddy, but 
the remainder was firm and solid and had a greasy 
feeling to the touch. Evidently it was stable and 
thoroughly waterproof. On Aug. 1 this same condition 
was apparent, and there seems no question but what 
the material will not dissolve under the action of water 
similar to that to which it is here exposed. 

After the samples were taken, all the up-stream ma- 
terial from the center was washed out, leaving the solid 
material in the tank, as shown by the dotted line in Fig. 
4 and marked 4/16/08.“ Similar material to that which 
had been previously used was again pumped in, starting 
on April 20. The attempt now was to retain only such 
material in the up-stream slope as was similar to that 
found in the center of the dam—clay and silt with some 
very fine sand—and it was now possible to walk over 
any portion of the dam almost immediately after pump- 
ing. Measurements were taken of the materia] in the 
dam and of that pumped from the barge, and it was 
found that about 40% of the amount pumped was actu- 
ally deposited. The velocity in the tank was about 2 ft. 
per sec. over the entire length. On May 10 this dam 
was completed. The material on the water slope was 
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now found to be in excellent condition. A layer of 
gravel 1 to 2 ins. thick was then placed on this face, 
and over this was placed a layer of crushed stone 4 ins. 
at the top and 24 ins. at the bottom. The dam was now 
allowed to drain for three days, and on June 14 water 
was admitted to the up-stream face at the rate of 1% 
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ins. per hour till it reached Elev. 18, and from there on 
it was raised at the rate of 1 in. per hour. 

Continuous readings of gages and percolation tank were 
taken from the time the water was first turned on until 
the experiments were finished. The curves on Plates 
109 to 119 [first and last, only, reproduced, as Figs. 5 
and 6] show the rate at which the slope of saturation 
rose in the dam and Fig. 7 shows the seepage during 
the test. As the water was put on before the dam was 
thoroughly drained, it is very probable that some of the 
height shown in the earlier diagrams is due to water 


. 4. Slope of Material in Experimental Hydraulic- 
Dredge-Fill Dam During Construction. 


that had not drained out, rather than to seepage water 
from the up-stream slope. All of the curves show a 
marked change near the center of the dam. Referring 
to Fig. 4 and looking at the dotted line marked 4/16, 
it will be seen that the position of this distortion cor- 
responds nearly with the slope on which the soft ma- 
terial was pumped out, as mentioned above. By study- 


ing the dotted lines on the plate and comparing with 
the next slope line taken in point of time, it appears 
probable that when the water was applied after wash- 
Ing out the soft material it first cut down the steep slope 
near the center of the dam. The fine material here was 
washed to the bottom of the tank and immediately cov- 
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FIG. 3. METHOD OF DISCHARGING MATERIAL. 
INTERIOR VIEWS OF TANK USED FOR MODEL DAM TESTS AT GATUN. 


ered with other material, until the whole slope was 
changed and upbuilding again began. The probability 
is, therefore, that along this portion the material was 
very much finer and more impervious, and the steepen- 
ing of the slope shows what effect permeability may 
have on the hydraulic grade line. The variation in the 
points shown on Fig. 7 for the rate curve is undoubtedly 
due to carelessness in reading or in time of taking read- 
ing. Except two white men, all the help was black and 
of uncertain education and reliability. The results were 
checked each day by white observers, and during the 
last week, when the rate had become constant, two white 
observers took independent readings. 

A head of 85 ins. was retained on the dam until the 
seepage had without doubt reached a constant quantity. 
In order to test the stability of the up-stream slope, the 
water in the tank was lowered 40 ins. in 52 minutes. 
The drainage of the slope was found to be perfect, and 
no tendency to slide was apparent. Ea 

In order to demonstrate that the water in the experi- 
mental dam was proportional to that which might be 
expected in a structure twelve times as large, the water 
against the dam was held for about a month at Elev. 45, 
or about one-half that previously used. Careful obser- 
vations were taken, and the results are shown in Plates 
121 to 130 [not reproduced, but see some of the curves 
on Fig. 15). As expected, these results confirmed the 
belief that the variations in discharge were directly pro- 
portional to head and area. l 

In order to construct another model dam (called II) 
in the tank, it was necessary to get rid of the present 
materials, and they were washed out by a hose stream. 
During this operation it was found that the material 
was very solidly packed. Previously to the washing 
out test pits were sunk into the dam at intervals and 
samples obtained for mechanical analyses and porosity. 
On Fig. 8 is shown a section of experimental dam, Type 
I, contoured to show the distribution of material with 
reference to its effective size. The curve of saturation 
during period of maximum discharge is shown by the 
irregularly sloping line A-B. Its section of maximum 
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declivity is plainly seen to coincide with the fine ma- 
terials left in the dam after the washing out mentioned. 
The line 4/16/08, Fig. 4, is reproduced on Fig. 8. The 
mechanical analyses of these samples are shown by 
Table I. 

The evenness of the stratification in the model dam as 
exposed by test pits was very satisfactory, and the fact 
that the sides of the pit remained vertical for a week was 
evidence of the solidity of the structure. In flushing out 
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FIGS. 5 AND 6. SATURATION LINES IN EXPERIMENTAL DAM, TYPE |, 


the material near the face it was neccssary to cut fur- 
rows along the surface and gradually widen them, other- 
wise the hose stream only bored holes in the embank- 
ment. Back of the center line the method employed was 
to undercut, and when the mass dropped, break it up 
ənd wash it out. There was question if some water 
might not have found its way along tbe side or bottom 
of the tank in spite of the 2 x 4-in. water stops. This, 
however, was settled by the character of the material at 
the stops. These latter had acted as baffles and so 
greatly reduced the velocity that the finest materials had 
banked around the stops and bere was the most imper- 
meable place of all. As had been expected from the 
character of the saturation slope, much fine material 
was found concentrated near the bottom and at the 
center of the tank. 


MODEL DAM II. 


The general method of construction of this dam, as has 
been stated, was to discharge materials on both slopes 
and allow them to grade from coarse to fine from the 
outer slopes to the center. The inlet pipe was brought 
up over the center of the dam and discharged both ways 
in a manner similar to that previously described. The 
outlet was regulated by G-in. stop planks in the weir 
box. The up-stream slope was easily regulated by 1 x 
12-in. boards placed at intervals on the slope. It was 
apparent from the start that this type of construction 
was much to be preferred so far as ease in pulang’ was 
concerned. 

The material for this dam was obtained in the same 
place and by the same methods as described for use in 
type I. Pumping began July 21, and the dam was com- 
pletely finished Aug. 10. During construction deposits of 
silt left on top of the sand by the last of the draining 
could be washed off by pumping clean water for a very 
short time. Regulating to deposit sand or clay as de- 
sired could be done by placing the discharge end above 
or below the water surface. In this way sand could be 
deposited in slopes varying from 1:33 to 1:11, while the 


TABLE I.—MECHANICAL ANALYSES OF MATERIAL 
USED IN EXPERIMENTAL HYDRAULIC-DREDGE- 
FILL DAMS AT GATUN. 
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110% of the material of less and 90% of greater diam- 
eter. {Size at 60% point divided by that at 10% point.— 
Ed.] 


finer and compact materials at the center took a slope 
of 1:15 or 1:18. The length of the pumping time varied 
as the embankment rose and the slopes narrowed in. In 
the first place, five-minute intervals were used, but at the 
last one-half-minute Intervals were necessary. During 
these times the discharge through the welr box varied 
from 0.4 to 1.1 cu. ft. per min. The actual pumping 
time for discharging the first barge load was not taken, 
but the sccond, containing o2 cu. yds., was discharged 


80 


in 236 minutes, or a cubic yard in 414 minutes, and the 
third, containing 63 cu. yds., was discharged at the rate 
of 1 cu. yd. in 5 minutes. Much better time than this 
could have becn made if it had not been necessary to 
consider the placing of the material in the tank. The 
distribution of the material is shown in Fig. 9. 

Of the first barge load, 47 cu. yds., or 81% of the 
amount contained, was deposited in the embankment. Of 
the second, 34 cu. yds., or 654%, was held, and of the 
third, 38 cu. yds., or 60% was retained. The gradual 
increase in the amount wasted is due to the narrowing 
of the dam cross-section as it approaches the top, and 
the necessity of keeping the proper grading of materials. 
It is seen, therefore, that by this method of construction 
about 70% of the material excavated was saved, against 
40% retained in the case of the former dam. The per- 
centage saved would have been larger in the case of type 
II, except that, in order to hasten the work, the embank- 


(b) No difficulty in retaining down-stream slope by 
method of central discharge in the second case, while in 
the first case it was almost impossible to hold it on ac- 
count of washing. 

(c) Relatively, the construction in the second case is 
much more impermeable, because so much greater a por- 
tion of the finely divided material is retained. 

(d) In the construction by the first method, it seems 
impracticable to retain the finely divided materials, as 


May 31, °08. 
Fig 6. 


ON MAY 18 AND 31. 


they take the consistency of cream, tending to slough off 
and slide under their own weight. These materials are 
what make for impermeability, and the more that can 
be retained without danger from sliding, the more water- 
tight the dam will be. 

Under type II form of construction, the following are 
the conditions: 

(1) An impervious dam of clay with some fine sand 
intermingled—a material which is almost impervious and 
not liable to crack and disintegrate. 

(2) The dam supported on the down-stream slope by a 
more or less impervious material. The only function of 
this portion is to support the down-stream face of the 
clay dam and prevent sliding. If any water percolates 
through the clay dam, the material supporting is so fine 
next the dam that no clay can be washed away, but, by 
the grading of the material in the backing, freer and 
more free opportunity is given for this water to run 
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ously and much of the fine material wasted, as it was 
unnecessary to be particular with the portion above water 
level. Observations for seepage and saturation have not 
yet been begun in this type of dam on account of allow- 
ing the material in the center to drain and consolidate 
by settling. A comparison of the different methods used 
in building the two types of model dam showed: 

(a) That the second method of construction was much 
the cheaper and quicker. 
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is lowered, and maximum use made of the rear portions 
to resist sliding. 

(3) The material in the dam, although impervious, may 
be unstable under water and need support, except on a 
very flat slope. Here again on the upper slope the hy- 
draulic grading comes into play. The finer material be- 
ing next the clay dam and the coarser outside, maximum 
conditions of stability exist. The angle of slope in the 
clay would be very fiat; in the sand it grows steeper 
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and steeper as it approaches the outer slope, where the 
sand is changed to gravel, and that to crushed stone. 
This latter material, which would stand on a very steep 
slope on account of its size, shape, and weight, is at an 
angle that would undoubtedly be considered safe for 
sand. The weight of the stone facing, and the graded 


materials back of it is, therefore, at its maximum for 
holding the materials behind in place, and for resisting 


Fig. 8. Type l. 


posed that shall be practically impervious. In the Gatun 
dam, on account of the methods to be employed, it wil) 
be possible to make thts impervious portion many timer 
thicker than is ordinarily deemed necessary in a puddle 
wall. In order to prevent any likelihood of such an oc- 
currence as happened at Clinton, the up-stream face of 
this puddle wall is protected by a big sand bank and on 
the water face of this is to be placed a protective coat- 
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is about 35 ft. per 100, and, with materials less carefully 
selected, the slope may be 20 ft. per 100. 

In all of these dams the slope of saturation seems 
greatly influenced by the permeability of the material 
in place on which the embankment is built. In the case 
of the Carmel dam, either the rock may have been 
slightly porous or the toe of the down-stream slope of 
such character that the water of percolation was led 
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FIGS. 8 AND 9. EFFECTIVE SIZE AND RELATIVE DISTRIBUTION OF MATERIALS AS DEPOSITED IN EXPERIMENTAL DAMS, TYPES |. AND Il. 


anv tendency in itself to slip and slide out. The fact 
that it Is saturated with water is of no account, as it is 
not Intended to be part of the impervious portion, but 
merely by its wight to support the clay dam which forms 
the water-tight portion. The difference between puddle 
core” and ‘‘puddle face” is in name only. The ‘‘puddle 
core” dam is nothing but a ‘‘puddle face” protected from 
sliding, erosion and attacks of water animals by facing 
of more resistant and solid materials. 

Ideal conditions of this form of construction are shown 
in the section of the Necaxa, Mexico, dam in Fig. 10. 

The prototype of the Gatun dam is said to be the dikes 
built at Clinton, Mass., as part of the Wachusett Reser- 
voir, and, as considerable adverse criticism has been 
made of this structure, on account of a slide, it seems 
advisable to state the facts concerning this matter. On 
April 11, 1907, a portion of the face of this dam aloughed 
off and slid into the reservoir. On Fig. 11 is shown the 
maximum section of this slide, detailed description of 
which is given in Engineering News, Vol. 57, page 464. 
The material on the water side of this embankment was 
sand, but it undoubtedly contained some soil excavated 
from the reservoir. This was deposited without the ex- 
treme care taken in the “cut-off,” where the material in 
6-In. layers was rolled well wet, and every precaution 
taken to make a water-tight and stable barrier. How 
stable it was is shown by the steepness of the slope at the 
upper end from whence the bank slid. On the water 
face of the embankment was a thick layer of gravel. 
About quarter way down this slope was a berm or shelf 
in the embankment, and on this and extending up the 
slope was placed a heavy facing of rock to protect the 
earth embankment from wave action. When the water in 
the lake had risen to about the bottom of the stone fac- 
ing, which also extended somewhat below the berm, it 
had saturated also the underlying bank. Of itself, even 
when saturated, this material was probably stable on the 
given outer slope, but In this condition it was not able 
to sustain the weight of the stone facing. The weight 
of this caused the underlying materials to squeeze out, 
and it took a natural slope, as is shown in the section. 
The affair was an unfortunate occurrence, but it was 
not a disaster. There was never, at any time, the 
slightest danger of a crevasse that would have allowed 
the water of the lake to flow out, nor would there have 
been if the lake had been full. While this condition was 
not, of course, expected, good engineering had dictated 
precautions to provide for the unexpected. While it is 
felt that the Gatun dam, if built of the section pro- 
pored, would be perfectly safe, yet it is int nded to 
take all the precautions to safeguard the structure. 

To this end, it is propos d to drive sheet piling into the 
ground underlying the proposed embankment, and carry 
them to such a depth that percolation here may be re- 
duced to a minimum. In the embankment, itself, it is 
proposed to build an impervious core wall that shall also 
be as impermeable as possible. This, it seems, can best 
be laid down by the hydraulic process. This method is 
chosen on account of the materials available, and the 
climatic and labor conditions which forbid the ordinary 
puddled core wall. The experiments thus far show that 
a core can be lajd down in water by the methods pro- 


ing of the hardest and most durable rock to be found on 
the Isthmus. (Fig. 13.) Besides this protection, a solid 
barrier of rock and stone 60 ft. thick and 300 ft. wide is 
placed against the up-stream toe, and this will resist 
any sliding tendency which may have been overlooked 
or underrated in the slopes given to the dam. 

SLOPE OF SATURATION. 

On Plate 136 [not reproduced, see Eng. News, Nov. 28, 
1901, p. 418] are shown sections of dams and slopes of 
saturation found by borings made in the earth dams of 
the Croton drainage area by the board of engineers who 
examined the plans for the construction of the earth por- 
tion of the New Croton (N. Y.) dam in 1901. The slopes 


away as rapidly as it collected. In the case of the Mid- 
dle Branch dam the material in the embankment was 
probably of sufficient porosity to allow the slope of satu- 
ration to cut the down-stream slope of the dam above 
the base line. In all other cases the materials below the 
dam probably were at least porous as those in the dam 
and allowed the water of percolation to run freely away. 
In Figs. 13 and 14 are shown lines of saturation, as indi- 
cated by borings and observations In the north and south 
diker of the Wachusett reservoir, at Clinton, Mass. The 
utility of the core wall and its action in restraining the 
flow of water, is remarkably attested by these diagrams, 
which need no other explanation. These dikes are similar 
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FIG. 10. CROSS SECTIONS OF VARIOUS DAMS BUILT BY SLUICING PROCESS. 


of saturation down-stream from the core walls are shown 
as follows: 


Feet per 100. 
Bog Brook daee n 30 to 40 
Carmel Gains s:iie. 4: 6 kb< bie wee bob Seow ; 35 
Middle Branch dan 21 
F/ͤ·f X 10.7 
Amawalk daů um 17 to 14.7 


These slopes are much steeper than those observed in 
the experimental dam at Gatun, and are undoubtedly due 
to the materials used and the methods of construction. 
The board expressed that—the slope of saturation in the 
best embankments made of materials jn the Croton Valley 


to the proposed Gatun dam, and the rate of seepage 
through them and the height and character of the sat- 
uration slope are most pertinent to this discussion. 
When a dam is first constructed, then is the period, 
under ordinary conditions, of maximum saturation slope, 
and therefore maximum discharge. If at that time the 
slope of saturation cuts the down-stream slope of the 
dam at an elevation not higher than the point where the 
down-stream slope cuts the horizontal base ine, the 
condition is one of safety. This statement is conditioned 
by the proviso that the foundation is stable. The experi- 
ments at Gatun seem to show that, as might be expected, 
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the hydraulfe grade line up-stream does not begin at the 
surface of the water when the embankment is sloping, 
but begins at a point the elevation of which is equiva- 
lent to the total head less the head lost in forcing the 
water through the face of the embankment. As the up- 
stream slope is more and more compacted by the water, 
and as an impervious coat- 


- 


case, if the area exposed had been one-half and the pres- 


sure applied one-half of that used in the first case, the 
flow would have been about one-quarter, if the slope lines 
could have been continued to the base line in each case. 
The conditions then would be comparable. To compare 
results, refer to Fig. 15. 
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to the silt and other ma- t & R 8 
terials in suspension in the 400 aL & 1 T Abo 
water, the elevation of this d AN. j 8 l 
point grows less and less, ’ BB get ae i 
the slope of saturation be- 357 _Warer Surface Apr. Ii, 1907 El 307 — 2 SA oi) * 22 
comes flatter, and the dis- LE Hole 
charge also becomes less. The 550 Sur fate = eee „ x En 350 
dam is “silting up.“ The ex- — ae ra ` : 
periments on model dam, 325’ ae ee eo 2 g Surface of Ground S À 325 
Type I (Fig. 15), show that Main Cor- Or 
this slope would have cut + | ENG. NEWS. 4 
the base line at a point about ai ' ' : ' ' , ' ' d r ' r ' r on 
wm 650 600 550 500 450 40 350 300 250 20 150 W 50 0 


100 ft. up-stream from the 
point where the down- stream 
slope would have cut the base 
line. This condition would 
have been one of safety, and the probability is that ad- 
ditional security would have accrued as time went on. 
In the propesed dam, if the foundation were absolutely 
impermeable, the saturation line in time undoubtedly 
would cut the base line at its junction with the given 
down-stream slope. To do this the slope of saturation 
must flatten and the seepage decrease proportionately. 
From the seepage investigations it appears that the 
sandy clay layer near the surface is probably not much 
different in its transmission constant than will be the 
material in the dam itself. On this account the slope of 
saturation in a dam built similar to Type I, previously 
described, undoubtedly would cut the base line at some 
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Case I.—45-in. Head. 


AC = 2.79 Pressure on AB = AC — ½ AC = 2.50 
AB = 0.58 Pressure on BC = % BC = 1.10 
CB = 2.21 Using unit areas horizontally. 

BD = AS = = 65.0 (a) Area AB = AB = 0.58 sq. ft. 
AE = 82 (b) Area BC = BC = 2.21 sq. ft. 


To reduce these to an equivalent area having a slope 
p 2.21 


ae — — 1:29. 4 
(b) is already in this condition. 
p 2.90 
(a) —— = —— = 126. 
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To reduce these to an equivalent arca having a slope 
p 3.96 


a = — = 1:14.1 
(b) is already in this condition 
p GF 4.75 
(a) — = — = —— = 1:11.8 
KG 56.0 
1 1 14.1 
(a) : (b) —— : — = —— = 1.20 
11.8 14.1 11.8 
(a) = 1.58 x 1.20 = 1.89 
(b) = 3.96 x 1.00 = 3.96 
5.85 = Equivalent area under slope 
of 1:14.1. 


Also, if the slopes had extended to “M,” as the slopes 
are equal, the discharge would vary as the areas, there- 


fore in the ratio = 0.95, or the discharge at M 


would be 0.95 x that obtained at S. 


Comparing now the above discharges and Pape 
Case I.—q = 0.97 x 1 5 arge at 8 
Slope = ==. 12 
Case II.—q = 0.95 x a aet at S, 
Slope = 1:14.1 


Discharges under the same pressuré through unit area 
vary inversely as the lengths. Thus, unit area I : unit 


1 1 14.1 1 
area II:: ——— : —, or in the ratio =e; 
29.4 14.1 29.4 2.08 


that is, the discharge per unit area of II is 2.08 times that 


of I. The areas of II and I vary as 


= 2.04. Then 


the discharge of II should be 2.04 x 2.08 = 4.24 that 
of I. The increased discharge of I may be due to two 
causes: One, the water stops on the bottom which affect 
the area in [ in greater degree than in II; and the other, 
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FIG. 12. OUTLINE OF PROPOSED GATUN DAM, MAXIMUM SECTION. 


(P—M designates probable hydraulic grade line in Gatun Dam if built by hydraulic process with material discharged on down-stream slope, similar to Type I., 


distance back from the slope of the dam. The location 
of this point will depend somewhat on the elevation of 
the ground-water table. Under this condition the dam 
would have ample security. 

The total maximum rate of seepage through the model 
dam—Type I—under a head of 85 ins. of water was at 
the rate of 117 gals. per 24 hours, or 


117 
—— = 0.00003 cu. ft. per secc. per lin. 


T.48 x 24 x 60 x 60 x 6.08 
ft. of dam. 

Under a head of 45 ins. of water, the total seepage 
was at the rate of 37 gals. in 24 hours, or 


37 R 
= 0.000009 cu. ft. per sec. per 


7.48 x 24 x 60 x 60 x 6.08 
lin. ft. of dam. 

The head in the second case is but little more than one- 
half that in the first. The areas exposed to the water 
pressure also vary in about the same proportion. The 


slope of saturation in the first case is about double that in 
From the above it appears in the second 
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The discharge per unit varies as the slope, therefore 
to reduce (a) to (b) i 


. 
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: unit area (b) : : —— : 
26 29.4 


= 1.13. 


unit area (a) 


Multiply unit area (a) x 


(a) 0.58 x 1.13 = 0.66 
(b) 2.21 x 1.00 = 2.21 


2.87 = Equiv. area under slope 1:29.4. 


Also, if the slope had extended to E, as the slopes are 
equal, the discharge would vary as the areas, therefore in 


2.79 
the ratio = 0.97, or the discharge at E would be 


0.97 x that observed at S. 
Case II.—85-in. Head. 


FP = 5.54 Pressure on FG = FP — ) FG = 4.75 
FG = 1.58 Pressure on GP = 5 GP = 1.98 
GP = 3.96 Using unit areas „ 

GK = 56.0 (a) Area GP = 3.96 sq. 

FM = 78.4 (b) Area GF = 1.58 sq. ft 
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North Dike, Station 22 + 50. Fig. 14. 
FIGS, 13 AND 14. HYDRAULIC GRADE LINES FOR DIFFERENT HEIGHTS OF WATER, NORTH AND SOUTH DIKES, 


MASSACHUSETTS. 
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to the coarse material that was washed from the rear end 
of the tank and deposited in the front end just after 
the unstable material mentioned above was washed out, 
which would also have greater effect on I than on II. 
On this account it appears that it would have been better 
to have washed out all of the material at this time and 
started afresh with construction. If this had been done 
the slope line would undoubtedly have been nearer a 
regular curve slightly concave upward, and the prob- 
ability is that the discharge in both I and II would have 
been reduced. A comparison of the outlines of the pro- 
posed dam and the model dam and reference to the slope 
of saturation shown in the model indicates that if the 
proposed dam were constructed by methods similar to 
those employed in model dam type I, but with a 3:1 
slope on the down-stream side extending to the base, the 
leakage would probably be proportional to that actually 
found in model type I. 

The Gatun dam has been estimated to be about 1% 
miles long, but this length refers to the crest line, which 
is 50 ft. above the high-water line. In the main this 
dam follows ridges of, hills in which the solid rock 
either outcrops or comes nearly to the surface. The dam 
is spoken of as being 135 ft. high and exposed to 85 ft. 
of water, but this is only in the maximum section, where 
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It crosses the valleys. Taken between the rock in the 
hillsides and excluding the masonry dam in the spillway, 
the actual length of the dam and the pressure against it 
are shown by the accompanying Table II. 

The seepage in the model dam (Type I) was at the rate 
of 0.00003 cu. ft. per sec. per lin. ft. of dam. As the 
discharge varies as the areas under similar conditions, 
in the actual dam this seepage would be at the rate of 
0.00036 cu. ft. per sec. per Nn. ft. of dam of maximum 
section. If, now, the rock ridge in the hills were just as 
permeable as the built-up dam under the entire crest line, 
the seepage would be 0.00036 x 5,100 = 1.84 cu. ft., or 
18.77 gals. per sec., and equivalent to about 5% ordinary 


about 0.36), and bearing in mind that 0.25 ft. per sec.. 
is said to be the velocity of current that will move clay, 
a figure is arrived at that seems to offer a reasonable 
factor of safety. Even if there were some coarser streaks 
that would let water through at a faster rate, there seems 
to be sufficient leeway on the side of safety. 


Cu. ft. per sec. 
Above sea level ......... 8 State eM alee 1. 
Below sea level ......... a O 2.14 
Total ...... 3 S alereiee wee 3.74 


86,400 x 3.74 = 328,200 cu. ft. per day, or about 2,500,- 
000 gals. per day. This is on the basis that the entire 


FIG. 15. SATURATION SLOPES 


IN EXPERIMENTAL DAM, WITH DIFFERENT DEPTHS OF 


WATER. 


water pails full per second. This, however, is a condi- 


tion based on a discharge if the dam were cut off at a 
point where the 3 on 1 upper slope on the down-stream 
side would intersect the base, and, under probable condi- 
tions, this would be reduced somewhat. If the rocks in 
the hills are also considered impermeable the seepage 
would probably be reduced about 25%. The total seep- 
age therefore might be about 10 gals. per sec. A safe 
estimate therefore is 12 gals., or 1.6 cu. ft. per sec. 
Below sea level the area in the gorges is about 384,000 
sq. ft. This whole area, no matter what its depth, is, of 
course, exposed only to the pressure due to 85 ft. of 
water, and the length through which the water would 
have to percolate could be not less than the length of the 
hydraulic fill portion on the natural surface, say about 
1,200 lin. ft. Neglecting now the frictional loss in forc- 
ing its way through the surface, and considering that the 
water pressure Is applied directly to a perpendicular face 
immediately under the up-stream toe, and a discharge 
through a similarly perpendicular face 1,200 ft. north 
under the down-stream toe, we have 85 ft. of water ap- 
plied to a section having an area of 384,000 sq. ft. and 
a thickness of 1,200 ft. This gives a hydraulic grade 
as = ce = ih which, it will be noted, is about the 
1 1,200 14 
same as that found for the conditions under 85 ins. head. 
Assuming that the discharge was 0.00003 cu. ft. per 
sec. per unit width, an assumption entirely on the safe 
side, the height of the unit area is 5.54 sq. ft., and there- 


00003 
= O0. 000004 


fore the discharge per square foot = 


cu. ft. per sec. On this basis the total discharge under 
the dam would be 884,000 x 0.0000054 = 2.14 cu. ft. per 
sec, for the cross section below sea level. Dividing this 
amount by the area below sea level and the porosity (say, 


TABLE II.—HEAD ON PROPOSED GATUN DAM AND 
LENGTHS OF DAM UNDER DIFFERENT HEADS. 


Pressure, Length 
Water. lbs. per exposed, 
ss 2 35 
O feet (high water, + 887) 8 8 sast ; 

10 feet „ „ „ „„. e „% „ „„ „„ „„ „„ E eceso 4.83 5,000 
20 feet (EE E EE SE S E E n %% O O E E E E E 8.46 4,800 
30 feet ess @eseeoe e O „„ eee ee e 12.99 4,600 
40 feet h „„. eesee seoce o es 17.32 4,800 
50 feet 0 e . 0 e oe 21.65 4,100 
60 feet 2 2 „ % „ „„ 66 e e e „„ ee e 25.98 2,700 
70 feet oe e 0 0 0 0 0 „ „ „ „„ 0 e 30.31 2,000 
80 feet S te BADEN S SES 84.64 1,600 
85 feet (sea levelꝰꝛꝛꝛ)ꝛjꝛ)ꝛ 9 36.81 500 


TABLE III.—AMOUNTS OF FILTRATION IN GALLONS 
PER DAY THROUGH AN AREA OF 10,000 SQ. FT. 
OF DIFFERENT MATERIALS WITH A LOSS OF 
HEAD OF 1 FT. IN 10. 


(Figures reduced to a loss of head of 1 in 14 are given 
in the last column.) 


Relative 
Material. permeability. ——Loss of head 
Soil = 1. 1:10. 1:14. 
Coarse sang 4,320 2,200,000 1,570,000 
Medium sand ..........6.. 785 400,000 285,000 
Fine sand 176 90, 64,400 
Very fine sand..... re 14 7,200 5,100 
Soil e ¶ꝙ „ 1 510 360 


valleys below sea level are porous and permeable, which 
is not the case. As the results of experiments at Clin- 
ton, Mass., Mr. F. P. Stearns* gives the accompanying 
table (III.), columns 2 and 4 being added for the pur- 
poses of this discussion : 

2,500,000 


= 35,700 gals. per 10,000 sq. ft. area in the 
700,000 ü 


actual dam. This, it will be observed, is somewhat less 


than for “fine sand” given in the table above. If, there- 
fore, the entire superstructure and foundation were com- 
posed of fine sand, there might be expected the seepage 
estimated. The projected area of the dam above sea level 
is about 316,000 sq. ft. The analyses of the materials 
pumped into experimental dam (see Table I.) show that 
the effective size of the materials there correspond to 
the designation of “fine sand.” The seepage investiga- 
tions seem to show that the materials in the foundation 
are similar to those in the experimental dam. 
Investigations of the conditions in the hills and valleys 
and in experimental dam, Type I., also giving considera- 
tion to the sheet piling to be driven across the gorges, 
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and the reduction of seepage that will probably be shown 
in experimental dam, Type II., seems to show that 2,000,- 
000 gals., or about 270,000 cu. ft. per day, is an ample 
amount to cover leakage at the Gatun dam. This amount 
is based on all the material in the foundation being as 
permeable as that found in the experimental dams. As 
shown by the analyses, the conditions give a very much 
exaggerated effective size and, therefore, discharge. 
Based on that determination, the seepage through the 
foundation would probably be not more than 5% of that 
given above. 


*Trans. Am. Soc. C. E., Vol. XLVIII., p. 270. 


A WEDGE RAIL FASTENING FOR STEEL TIES. 


The rail fastenings used in connection with 
steel ties consist as a rule of some arrangement 
of bolts and clamps, the arrangement varying 
considerably in different makes of ties. A type 
of fastening which has been used extensively for 
many years abroad consists of a steel wedge or 
key driven horizontally between the edge of the 
rail base and a lug which is formed either upon 
the tie itself or upon a separate tie-plate. There 
may be either one or two wedges to each rail; 
in the former case one side of the rail base is 
held by a lug on the tie. 

This wedge type of rail fastening has been 
adapted experimentally to the I-beam steel ties 
of the Carnegie Steel Co., which formerly have 
been fitted with bolted clamp fastenings, as de- 
scribed in our issue of Aug. 24, 1905. The new 
wedge fastening is clearly shown in the accom- 
panying cut. This represents the construction 
employed where signal circuits require the in- 
Sulation of the rails from the ties. The Union 
Ry., at Pittsburg, has 5,000 ties with these 
fastenings; on 1,000 o? these the ties are in- 
sulated from the rails, while on the others no 
insulation is used. 

It will be seen that the 100-Ib. rail rests on a 
%-in. steel tie-plate 14 x 4% ins., which is se- 
cured to the top flange of the I-beam tie by four 
rivets. Lugs are formed on this tie-plate, and 
under each lug is driven a taper key or wedge 
of such shape as to bear upon the top and edge 
of the rail base. After the wedge is driven, its 
smaller end may be bent down (as shown) to 
prevent its working loose. In foreign practice 
this end is sometimes split so that it can be 
opened or spread for the same purpose. 

The insulation consists of seven parts, all made 
of fiber: a gin. plate is placed between the tie 
and the tie-plate, two washers insulate the rivet 
heads, and four bushings (5¢-in. deep) insulate 
the bodies of the rivets. The fiber washer 
under the rivet heads is protected by a steel 
washer. Where no insulation is required, the 
tie-plate rests directly upon the tie, and the steel 
washer is omitted (together with the fiber parts). 
The rivet heads then bear directly upon the tie 
and the tie-plate. 

The riveted tie-plate required with this new 
rail fastening adds necessarily to the cost of 
manufacture, and one important feature in the 
design of steel ties is to reduce the shop work 
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WEDGE RAIL-FASTENINGS FOR 
USE WITH STEEL TIES. 


R (The Carnegie Steel Co., Pittsburg, 
Pa., Makers.) 


to a minimum. In the Haarmann steel tie (with 
tie-plate) as now used on main lines in Ger- 
many, no shop work or special attachments are 
required. The tie-plate is locked to the tie by 
a hooked lug on its under side engaging with a 
hole in the tie, and it is secured by the bolts 
and clamps which form the rail fastenings. 

The special features of the wedge fastening 
described above, as enumerated by the Carnegie 
Steel Co., are as follows: (1) it requires no bolts 
or clamps; (2) the width of gage can be varied 
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as required by wear; (3) neatness of gage can 
be obtained, even if the rail section is not exact; 
(4) greater resistance to shearing, as compared 
with bolts; (5) the fastening can be insulated; 
(6) it is impossible for derailed wheels to de- 
stroy the fastenings. 

In 1907, an accident occured on the Pennsyl- 
vania R. R. in which some steel ties were dam- 
aged by (but were not contributory to) a derail- 
ment. This was noted in our issue of March 7, 
1907, p. 264, where we reprinted the report 
of a committee of officials who after investi- 
gation exonerated the steel ties from re- 
sponsibility, but remarked that none of the 
rail fastenings then in use with such ties 
were adequate for the requirements. In this ac- 
cident, the pressure of the derailed wheels forced 
the rail outward by shearing the bolts. This 
pressure was transmitted directly to the bolt, 
and the only resistance to it was the bearing of 
the body of the bolt against the back of the 
hole in the tie. In many foreign designs of fast- 
enings, and in the fastenings for the steel trough 
ties used experimentally on the Bessemer & Lake 
Erie Ry. (Eng. News, Nov. 5, 1903), a large hole 
is used, and receives a lug on the rail clamp, 
which thus relieves the pressure on the bolt and 
distributes it over a greater area. With the 
wedge fastening there is a still greater distribu- 
tion of the pressure. 

— — e — 


STORAGE OF COAL UNDER WATER AND TESTS OF 
THE WEATHERING OF COAL. 


The storage of large quantities of coal for re- 
serve or emergency supply is a necessity at many 
large industrial plants, and it involves import- 
ant questions as to (1) the storage space and 
method of handling, (2) the possibility of fire 
due to spontaneous combustion, and (3) the 
possible loss of efficiency of the coal due to de- 
terioration by exposure and weathering. Some 
particulars of experiments with the storage of 
coal under water at naval stations, etc., were 
given in our issues of July 5 and Aug. 23, 1906. 

In the former issue mentioned above, there was 
a description of the adoption of this system at 
the new Hawthorne shops of the Western Elec- 
tric Co., at Chicago. According to information 
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bustion. It was decided, therefore, to experi- 
ment with the storage of a large quantity of 
coal under water at the Polk St. plant. This 
was carried out with very satisfactory results. 

When the large new plant at Hawthorne was 
built, it was decided to adopt the same system 
for coal storage. A large excavation or tank 
lined with concrete was built for this purpose 
within the company’s property. The construc- 
tion is shown on the accompanying cut. The 
size is 310 x 114 ft. over the footings, and 15 ft. 
deep. The interior is divided into three separate 
compartments by two solid cross walls. It is 
further subdivided by three longitudinal walls, 
but these are pierced with arches, and form 
viaducts carrying tracks for the coal cars. The 
longitudinal and cross walls thus form 12 com- 
partments, each 96 x 21 ft. in the clear. 

The side walls are battered on the inside and 
stepped on the outside, while the cross walls are 
battered on both sides. They are all anchored 
to the rock by anchor bolts, as shown. Hori- 
zontal diagonal reinforcing rods are embedded 
in the concrete at the corners of the outer walls. 
The longitudinal walls are 6 ft. wide, with 
arches of 11 ft. span, and they are reinforced by 
steel rods above the arches, as shown. Against 
each side, at the top, is a 6 x 8-in. timber, se- 
cured to the concrete with %-in. bolts. Track 
ties 7 x 9 ins., 7% ft. long, are laid across the 
wall and have their ends bolted to these tim- 
bers. The engineers for this structure were E. 
C. & R. M. Shankland, of Chicago. 

The coal may be delivered to or from cars 
standing on the three tracks crossing the stor- 
age pit or on tracks laid along each side of the 
pit. A Browning locomotive crane with grab 
bucket is used for handling the coal. This can 
unload six 40-ton cars per day, with the assist- 
ance of one trimmer in the car; and it can load 
eight 40-ton cars without the assistance of a 
trimmer. No switching is necessary in loading 
and unloading, as the cars and crane are on 
different tracks. Mr. G. A. Pinnock, Works En- 
gineer, informs us that the ground is swampy, 
and the water rarely, falls below 4 ft. from the 
top of the pit. In very dry weather, the dis- 
charge from a sump pump (which usually goes 
to a reservoir) is turned into the pit. Beyond 
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PIT FOR STORING COAL UNDER WATER AT THE HAWTHORNE (CHICAGO) PLANT OF THE 
WESTERN ELECTRIC CO. 


furnished by this company, it carefully investi- 
gated (about 1902) the question of uncertainty 
of coal supply due to strikes and other condi- 
tions beyond its control, and decided to provide 
for storage of a considerable amount of fuel. 
Experience with coal bunkers at the Clinton St. 
plant has shown very clearly that the Illinois 
coals, when stored in ordinary bins exposed to 
the air, were very liable to spontaneous com- 


this, the only provision for supplying water is 
a 12-in. cross connection with the reservoir. This 
is about 4 ft. from the bottom, and could be 
used also in draining the pit to this depth. 

The total storage capacity is about 10,000 tons, 
and this reserve is maintained for emergencies. 
No provision is made for drying the coal before 
use, as it is believed that the handling of the 
coal will result In its being dry enough for all 


practical purposes by the time it reaches the 
boilers. 

Tests of the heating values of coal which had 
been submerged for two years and of similar 
coal which had been exposed to the weather in 
stock piles for the same length of time, were 
made recently by the Fuel Engineering Co., of 
Chicago. That which had been submerged 
showed 11,937 B. T. U., and that which had been 
weathered showed 11,710 B. T. U. In both cases, 
the coal had 15.9% ash, so that the results are 
directly comparable. Tests of the heat value of 
the identical coal when fresh are not available. 
The results indicate an economy, or a reduction 
in loss of efficiency, by storing the coal under 
water. 

Tests of the effect of weathering on coal have 
been made by the Illinois State Geological Sur- 
vey in co-operation with the Engineering Ex- 
periment Station of the University of Illinois. 
The results are given in a paper by S. W. Parr 
and N. D. Hamilton published recently in the 
“Year Book” of the Survey.* Samples of 100 
Ibs. each were obtained from various districts, 
and were stored for nine months under the fol- 
lowing conditions: (1) outdoor exposure; (2) ex- 
posure to a dry atmosphere at a somewhat high 
temperature, ranging between 85° and 120° F.; 
(3) exposure at the same temperature, but coal 
drenched with water two or three times per 
week; (4) submerged in water at about 70° F. 
We give in the accompanying table some of the 
tests, the table being compiled from diagrams 
accompanying the paper. This shows very 
clearly the small amount of deterioration in the 
coals that had been submerged. The general 
statements of the experimenters, and their con- 
clusions, are as follows: 

The storing of coal is coming to be more and more 
a necessary practice in many industrial operations, and 
the question of deterioration enters as a very vital factor 
in the case. That such deterioration occurs is conceded 
by every one, but exact data as to its extent or informa- 
tion as to the conditions which retard or promote it are 
meager. Storage plants with capacities ranging from 
50,000 to 150,000 tons are becoming frequent. Each per 
cent. of deterioration in a storage heap of the smaller 
size represents a loss of the equivalent of 500 tons of 
coal. This is a serious proposition if true, and the 
present series of experiments was devised for the pur- 
pose of developing, if possible, some of the facts oon- 
nected with the matter. 

Richter, after extended experiments in 1868, formulated 
an explanation (which does not seem to be disproved by 
more recent experimenters) to the effect that the weath- 
ering of coal is due to the absorption of oxygen. A part 
of this goes to the oxidation of carbon and hydrogen in 
the coal, and part is taken into the composition of the 
coal itself. We certainly need more -definite informa- 
tion in order to formulate a final and satisfactory ex- 
planation of all the phenomena involved, but Richter’s 
theory conforms to many of the known conditions and 
indicates the close relationship between the matter of 
deterioration and spontaneous combustion. 

Conclusions.—(A) Submerged coal does not lose ap- 
preciably in heat value. 

(B) Outdoor exposure results in a loss of heating value, 


varying from 2 to 8% 
(C) Dry storage has no advantage over storage in the 
open; except with high sulphur coals, where the high 


*Illinois State Geological Survey; H. Foster Bain, Di- 
rector, Urbana, Il. 


TABLE OF HEAT UNITS (B. T. U.) IN COAL AFTER 
EXPOSURE AND WEATHERING UNDER DIFFER- 
ENT CONDITIONS. 

Conditions of exposure. 


Time of Dry, at 85° to Sprinkled, at Sub- 
exposure, Outdoor. 125° F. ° to 125° F. merged. 
months, B. T. U. B. T. U. B. T. U. T. U 
A. Nut and Slack, Fresh, 14, 400 B. T. U. 
333 14,200 14,050 14,180 14,400 
„„ 14.050 13, 14,000 14,400 
Cs easels 14,150 13,875 13,950 14,400 
9993 14,025 13,900 14,025 14,400 
B. Nut and Slack. Fresh, 14,450 B. T. U. 
888 14,375 14,150 13,900 14,400 
8883 14,310 18,975 13,600 14,350 
3 14,230 13,920 13,400 14,300 
9 13,700 14,025 13,320 14,320 
C. Lump, Broken to Nut Sizes. Fresh, 14,050 B. T.U. 
8883 14. 13,950 z 14,050 
8585 14,100 13, 900ͥ0O⸗ir 14,025 
„ 18,950 13,80 14.010 
8 18,900 13, 80·0/ 980 
D. Lump, Broken to Nut Sizes. Fresh, 14, 930 B. T. U. 
8353 14,450 14,550 . 14,930 
B 14. 130 14,300 asss 14,930 
7 14.025 14.260 14,930 
9. „ 5 „ % „6 „ 14,080 14,310 (PEREZ) 14,930 
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disintegrating effect of sulphur in the process of oxida- 
tion facilitates the escape of hydrocarbons or the oxida- 
tion of the same. 

(D) In most cases the losses in storage appear to be 
practically complete at the end of five months. From 
the seventh to the ninth month the loss is inap- 
preciable. 

(E) The results obtained in small samples are to be 
considered as an index of the changes affecting large 
masses in kind rather than in degree. But since the 
losses here shown are not beyond what seems to conform 
in a general way to the experiences of users of coal from 
large storage heaps, the results may be not without 
value as an indication of weathering effects in actual 


practice, 
— — — —— 


SCHEME OP THE BOSTON HARBOR TESTS ON THE 
EFFECT OP SEA-WATER ON CONCRETE. 


In our issue of Nov. 5, p. 503, we published a 
letter from the Aberthaw Construction Co., of 
Boston, noting the proposed tests to be made 
in Boston harbor to determine the effect of sea- 
water on various kinds of concrete. The U. S. 
Navy Department has recently given the neces- 
sary permission for the tests and the Aberthaw 
Co. has prepared a set of specifications which 
are to be followed in the experiments. These 
specifications follow: 


OBJECT.—The object of these tests is to determine what 
the action of sea water is upon concrete, both 
as regards climatic conditions and chemical action. 
The tests are to be made as nearly as possible in con- 
formity with usual commercial work in order to be 
comparable in all respects with actual work. 


HOW DONE.-—-The specimens are to be built in accord- 
ance with the requirements of the U. S. Navy Depart- 
ment and under their direct supervision, and in accord- 
ance with the following detailed specifications. 

They are to be built in molds in the sea in such 
position as may be directed and exposed for easy in- 
spection and for photographing. They shall be so 
marked as to be easily identified. and a careful record 
of the materials used and methods shall be kept for 
each specimen. 


SPECIMENS.—The piers shall be made 16 ins. square 
and 16 ft. long. in such a position that the lower two 
feet shall be permanently immersed in sea water; thus 
it is improbable that the top will ever be immersed. 

There are to be 21 piers, as follows: In the first 
series of nine specimens, a standard average composi- 
tion Portland cement shall be used throughout which 
shall pass the standard specifications of the American 
Society for Testing Materials as required by the Navy 
Department. 

No. 1 shall be made 1 part cement, 1 part sand, and 
2 parts of stone. Mixed quite dry. 

No. 2 shall be made of the same mixture as No. 1 
mixed with sufficient water to make the concrete 
plastic. r 

No. 3 same as No. 1, but mixed very wet. 

No. 4 shall approximate 1 part of cement, 2 of sand, 
4 of stone, but shall be so proportioned after mechanical 
analysis of materials that the excess of cement over 
voids of sand shall be 10%, and the excess of mortar 
over the voids of the stone shall also be 10%. It shall 
be mixed quite dry. 

No. 5, same proportions as No. 4, but mixed plastic. 

No. 6, same proportions as No. 4, but mixed very wet. 

No. 7, 1 part of cement, 3 of sand and 6 of stone. 
Mixed quite dry. 

No. 8, same as No. 7, but mixed plastic. 

No. 9, same as No. 7, but mixed quite wet. 

No. 10 shall consist of a Portland cement which is 
free from iron. One specimen shall be mixed of the 
proportions 1:1:2, quite wet. 

No. 11, same cement as No. 10, 1:3:6, wet. 

No. 12, commercial Portland cement high in alumina, 
mixed 1:1:2, wet. 

No. 13, same cement as No. 12, 1:3:6, wet. 

No. 14, of a commercial Portland cement low in 
alumina, 1:1:2, wet. 

No.15, same cement as No. 14, 1:3:6, wet. $ 

No. 16, of an jron ore cement practically free from 
alumina, 1:1:2, wet. ; 

No. 17, same cement as No. 16, 1:3:6, wet. 

No. 17, of slag cement, 1:1:2, wet. 

No. 19, same cement as No. 18, 1:3:6, wet. 

No. 20 shall consist of the same materials and propor- 
tions as given for specimen No. 7, but shall be most 
thoroughly well mixed (much better than commercial 
mixing), at the same time being quite wet. 

No. 21 shall be the same as No. 7, except mixed with 
sea water, quite wet. 

No. 22 shall be mixed of 9/39 by weight of one part of 
standard Portland cement as No. 7, 1/10 part by weight 
of hydrated lime, 3 parts sand, 6 of stone, mixed wet. 

No. 23 shall be of materials given for No. 7, but in 
addition shall contain Sylvester mortar hereinafter 
described, mixed wet. 

No. 24 shall be of materials in No. 7, and in addi- 
tion shall contain 5% by weight of the cement of finely 
pulverized clay; to be mixed wet. 

In addition, there shall be 15 cubes of 8-in. on each 
side. of 1 part standard Portland cement, 1 part sand, 
2 stone; and 15 others of the same cement, mixed 
1:3:6. One-third of these after being thoroughly set 
shall be permanently immersed in water; another third 
shall be supported at about half tide; and the rest shall 
be kept permanently dry, but exposed to the weather. 

There shall also be made briqucttes of the same ce- 
ments and proportions of mortar as above described for 
concrete of such number that they can be tested at in- 
tervals covering a period of years, some of which shall 
be kept in the laboratory, some exposed to the same 
conditions that the cubes will have; and enough bri- 
quettes shall be made of standard sand to compare the 
relative strength between standard and the materials 
actually used. 

TEST OF MATERITAIS.—AIl cement shall be thoroughly 
tested for all physical properties and shall be subjected 
to chemical analysis. The sand shall be subjected to a 
thorough mechanical and physical analysis to tell the 


relative sizes of its grains and the amount of foreign 
matter which it contains, if any. The same tests shall 
be applied to the stone. The various ingredients, such 
as sea water, hydrated lime, Sylvester mortar, and 
clay, shall be tested that the exact nature of the mate- 
rial may be Known. 


SAND.—The sand shall be of a good quality, commercial 
bank sand, clean, coarse and sharp, as free from all 
impurities and foreign matter, as can be obtained com- 
mercially. The stone shall be of trap rock which shall 
have passed a 2-in. ring and have been retained on a 
v2 -in. ring. It shall be as free from dust and dirt as 
commercially practicable. 


MIXTURES.— All materials shall be proportioned by 
volume as given above for each specimen. A cubic foot 
of cement shall contain 100 lbs. by weight. The sand 
and stone shall be measured on tbe basis that a barrel 
of cement contains 380 lbs. net and measures 3.8 cu. ft. 
Samples of the sand and stone shall be weighed so that 
the proportion by weight (as well as by volume) will be 
known. 

The amount of water to be used shall be accurately 
measured for each batch, and sball be so proportioned 
by expcriment that the dry specimens shall just fail to 
show moisture when tamped in place; the plastic speci- 
mens shall just barely begin to quake when tamped; 
and the wet specimens shall be so proportioned that the 
mortar will flow easily off the blade of a shovel and 
shall be wet enough to flow readily into place without 
being spaded or tamped. 

The Sylvester mortar shall be mixed as follows, as 
given in Gillette’s Hand Book on Cost Data, pages 389 
and following: A light colored soft soap shall be dis- 
solved in water, 114 lbs. to 15 gals. of water; 3 lbs. 
of powdered alum shall be mixed with each bag of 
cement. After all the materials of the concrete are 
thoroughly mixed dry, water containing the soap in 
solution shall be used to mix the materials wet to the 
proper consistency. 


MIXING.—AI!l materials shall be thoroughly mixed in a 
batch concrete mixer of approved type. They shall be 
fed into the machine as quickly as possible and shall 
remain for two minutes after the last ingredient is 
added. For the specimen which is to be extra thor- 
oughly well mixed, the material shall remain in the 
mixer for twelve minutes. 

If the weather be cold, all frost shall be removed 
from the sand and stone by heating before the mate- 
rials are placed in the mixer.. 


PLACING.—The concrete after mixing shall be placed in 
the form as quickly and continuously as possible, and 
after proper tamping shall not be again disturbed. In 
no case shall concrete which has been allowed to stand 
for more than % hour be used, and in no case shall a 
half hour elapse between placing two batches of con- 
crete in the same mold. 


FORMS.—They shall consist of planed and matched 
spruce lumber so that the forms may be as tight as 
possible, aud shall be so thoroughly braced as not to 
spring under the pressure of green concrete. The 
forms shall be left on for such a length of time that 
there shall be no damage to the concrete when they 
are removed. The Inspector shall be judge as to when 
it is proper to remove forms. 


REINFORCEMENT.—Columns shall be reinforced with 
embedded steel bar about %-in. square, which shall be 
bent into a U-shape and run throughout the length of 
the big specimens near two diagonally opposite corners 
and the loop shall project a sufficient distance above 
the top of columns to permit of their being easily 
hooked in case it is desired to remove them. 

A hole 3 ins. in diameter shall be cored in the upper 
eight feet of each specimen to permit of examination 
from time to time to see if water has penetrated 
through the walls of the concrete to the hole. 


PROTECTION.—After the specimens are cast, they shall 
be protected as far as possible from freezing until they 
have set for a period of at least five days, and after 
the forms have been removed they shall be thoroughly 
and substantially braced, so there shall be no danger 
of their tipping over. 

Many suggestions as to the manner of con- 
ducting these tests have been incorporated in 
the above specifications, but it is hoped by the 
projectors of the test that criticisms and recom- 
mendations of the work as now proposed will 
be freely made by engineers who are interested 
in the results. 
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RESOLUTIONS ADOPTED BY THE NATIONAL RIVERS 
AND HARBORS CONGRESS. 


The following is the full text of the resolutions 
adopted at the close of the convention of this 
association at Washington, Dec. 11: 


The National Rivers and Harbors Congress approves 
the plan urged by the President of the United States for 
the creation of a commission or department of the Na- 
tional Government that shall adopt a general scheme 
for the conservation of all the natural resources of the 
country. 

But this Congress realizes that of necessity it will be 
some time before such plan can be legislatively adopted 
and the commission or department formulate its detailed 
policy, and believing that the need of river and harbor 
improvement, that we may have adequate water trans- 
portation, is imperative, and realizing that there are now 
a number of river and harbor projects sufficiently ma- 
tured and the need for which is so pressing as to war- 
rant the Congress of the United States in immediately 
bringing about their adoption and completion, it is the 
sense of the National Rivers and Harbors Congress that: 

First: The Congress of the United States should at 
its present session authorize the issuance of bonds of the 
government to an amount of $500,000,000 to be sold from 
time to time, in such quantities as may be necessary, the 
proceeds of same to be used in the payment exclusively 
of such river and harbor work as shall be authorized 


by Congress; the provisions for the issuance of said 
bonds to be similar to those authorizing the bonds for 
the construction of the Panama Canal. 

Second: We further urge that the Congress at this 
session authorize the completion of such river and harbor 
projects heretofore entered upon as are of such a char- 
acter as to surely fit into and carry into effective use 
any larger, comprehensive and connected waterway sys- 
tem that may be subsequently adopted. 

Third: That Congress also adopt such new projects as 
are of a like character as those just mentioned. 

Fourth: We further recommend the appointment by 
the President of this organization of a committee of 
five, of which he shall be a member, to prepare a bill 
for introduction in the Congress of the United States, for 
providing for the bond issue above set forth and the 
creation of a statutory commission to study the water- 
ways of this and foreign countries and suggest to Con- 
gress in a full and detailed report a comprehensive plan 
and policy for improving our waterways. 

Fifth: We further urge that the Corps of Engineers, 
U. 8. Army, should be at least double its present size, 
utilizing in the permanent organization as far as prac- 
ticable the present U. S. Assistant Civil Engineers, and 
that the Corps of Engineers be given authority to formu- 


late and propose to Congress plans and projects for river 
and harbor improvement. 
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FIRE IN THE U. S. GEOLOGICAL SURVEY BUILD- 
ING AT WASHINGTON.—(From the Washington Corre- 
spondent of Engineering News.) What might have 
been a very serious fire took place in the Hooe 
Building, 1324 F St, N. W., Washington, oc- 
cupied by the United States Geological Survey, on the 
night of Tuesday, Dec. 16. The fire was confined to the 
fifth and sixth floors, where considerable damage was done 
and it was feared at first that many valuable recorda, 
maps and manuscripts were destroyed. A careful inven- 
tory, bowever, has been made since the fire and it has 
been found that while the damage was really great, 
amounting in all to about $30,000, still nothing was de- 
stroyed that was really irreplacable or that would take a 
long time to restore. Most of the damage was done in 
the topographic division on the fifth floor, where many 
maps and old records were destroyed, none of them, how- 
ever, of great value, ‘ 

It is a fortunate thing that last spring the head 
of the topographic division prevailed on the Director, Mr. 
George Otis Smith, to have installed five large fireproof 
safes, in which it is the custom to place all the valuable 
papers and records, including maps in the process of 
being drawn and field-notes. Had these papers been 
lying around as they were at night prior to the pur- 
chase of the safes, they would all have been burned and 
practically a whole season’s work lost. It was at first 
reported that considerable damage was done to the Con- 
servation division, but the subsequent inventory showed 
that comparatively little of importance was destroyed. 
In fact, the most serious inconvenience that will be 
suffered by the fire will be the interruption in the work 
of the divisions burned out, as it will take several weeks 
to refit the floors. 8 

It is almost entirely due to the Director, Mr. Smith. 
that the entire building with priceless records was not 
completely destroyed. He was at work by himself in 
his office on the second floor at about 8:30 Wednesday 
evening, when he heard the cry of fire raised by the 
watchman on the fifth floor. He went up immediately, 
after turning in an alarm of fire, and fought the fire him- 
self with extinguishers until the firemen came, and then 
assisted them until it was put out. The only assistants 
he had to start with were Dr. Joseph A. Holmes, chief 
of the technologic division, and his chief clerk. Had it 
not been for the prompt and efficient work of the Director 
and these gentlemen it is probable that the entire build- 
ing would have been gutted. 

This fire calls attention to the urgent need for more 
adequate and safe accommodations for the Survey. The 
present building is believed to be thoroughly fireproof in 
structure, but it contains 103,000 sq. ft. of varnished 
wooden partitions which are highly inflammable. It is 
estimated that about $4,100,000 worth of maps and records 
are contained in the buildings, many of which could not 
possibly be replaced. The Director requested an appro- 
priation from Congress at the last session of $1,500,000 to 
build a new, adequate and fireproof building for the 
Survey, but no action was taken. The rental on the 
present building is $35,000, while the interest on $1,500,- 
000 at 2% is only $30,000. It is expected that a bill for 
a new building will be presented to Congress this scs- 
sion and it is to be hoped that it may be passed and the 
valuable records of the Survey made safe from fire. 

— eee 

A HEAD-ON COLLISION of two freight trains on the 
Canadian Pacific Ry. at East Richford, Vt., Dec. 16, de- 
molished both locomotives and six cars. One man was 
killed and four others injured. 

— — — — 

A COLLISION IN THB POUCH TUNNEL between 
Limoges and Brive, France, Dec. 16 resulted in the death 
of 15 persons and the injury of 30 others. The wreckage 
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of the two trains (a freight and a passenger) caught fire 
and the rescue work was made difficult by smoke and 
heat. : 


TWO PASSENGER TRAINS on the Cleveland, Cincin- 
nati, Chicago & St. Louis Ry. collided head-on between 
Lilly and Woodruff, III., Dec. 17. Both engineers were 
injured, one fatally. The accident occurred during a 
dense fog. 

— — —— 

A POWDER MILL EXPLOSION in the glazing mill 
of the Senior Powder Co., one mile north of Morrow, 
Lebanon Co., Ohio, Dec. 18, wrecked the mill and killed 
two men. 

— . — — 

A THEATER FIRE during a performance, but without 
fatal results, occurred in New York City on the evening 
of Tuesday, Dec. 22. The Herald Square Theater, Broad- 
way and 35th St., was found to be on fire at about 11 
p. m., near the end of the performance. Audience and 
company left the building quickly, but without panic. 
The fire destroyed some offices behind the balcony, and 
damaged the balcony floor and the roof, in which it 
spread. The stage space was not aff.cted. The chief 
feature of the fire was the fact that the theater entrance 
and lobby through which the larger part of the audience 
made its exit were directly under the burning office 
rooms. 

— — — ' 


EARTHQUAKES IN MONTANA were reported during 
several days of the week, chiefly on Dec. 20 to 22. 
Virginia City and the region around Crater Lakes, an ex- 
tinct volcanic region, report the most severe effects. 

— . — 

THE COLLAPSE, DURING CONSTRUCTION, of a span 
of a bridge across the Potomac River at Williams- 
port, Md., Dec. 16, 1908, caused the death of five 
workmen and injured four others. The bridge is to be 
1,600 ft. long and consists of a numb r of steel girders 
resting on high, slender concrete piers, built without 
reinforcement. At the time of the accident the erectors 
were placing, from a traveler, on of the spans on the 
concrete piers and, either from some defect in the trav- 
eler tackle or owing to weakness of the supporting con- 
crete, the whole span dropped, carrying down with it 
into two feet of water a number of workmen and the 
traveler. In the coroner’s inquest there was testimony 
to the effect that the concret- on the pier was only about 
a week old and apparently not yet entirely hard. This 
testimony was contradicted by the engineer in charge. 
Suspicion was also cast on the swivel- ring of th. erecting 
derrick which was found fractured partly apparently 
from an old break. The jury brought in the following 
verdict: 


The accident was caused by the constructors of the 
piers being permitted by the engineer to us a grade of 
sand inferior to that provided for in the contract and ia 
authorizing or permitting the structural iron work and 
traveler to be placed upon pler No. 10 while it was yet 
too gr en to be used for that purpose. 


The accident is to be investigated further. 
— a—_— 

FOUR OF THE PENNSYLVANIA CAPITOL CONSPIR- 
ators, who were convict.d last March of defrauding the 
State, were sentenced on Dec. 18 to two years in the 
penitentiary and $500 fine each. Those sentenced are 
the former State Treasurer, the former Auditor-General, 
the former Superintendent of Public Grounds and Build- 
ings and the contractor for the furniture. 

— 

THE LAST WIRE IN THE MANHATTAN BRIDGE 
cables was strung on the afternoon of Dec. 10. The 37,- 
888 wires of the four cables have thus been placed in four 
months. The construction of the suspended foot- bridges 
used in the cable- spinning was begun on June 15, 1908 
(E. N., June 18) and the stringing of the wire for the 
permanent cables was begun early in August (E. N., Aug. 
13. 1908). The work of compressing and binding the 
cables and attaching the suspender clamps and ropes 
will consume two or three months more, but in the mean- 
time the erection of the suspended trusses will be be- 
gun by placing the sections at the towers. The Glyndon 
Contracting Co. erected the cables, for the Carbon Steel 
Co.; the wire was drawn by the J. A. Roebling’s Sons 
Co. The general contract for the superstructure is held 
by the Ryan-Parker Construction Co. The Terry & Tench 
Co. will erect the suspended structure. 

— . ——ö 

A RECORD IN RAPID- TRANSIT MOVEMENT was 
made on the elevated and subway lines of Manhattan 
borough, New Vork City, on Monday, Dec. 21. The total 
number of passengers was 1,800,000. Of this number the 
four elevated lines transported slightly under 1,000,000, 
while the subway, equivalent to two lines, moved about 
860,000. 

— pe 

TRAFFIC RECEIPTS ON THE WILLIAMSBURGH 
Bridge during the past four years increased from $50,000 
in 1904 to $153,000 in 1907. The maintenance costs have 
been less than the income in all cases. Elevated trains 
began running over the bridge in 1908, so that the re- 
ceipts for this year will probably be much larger than 
those of 1907. 


A SPEED-CONTROL BLOCK SIGNAL SYSTEM has 
been developed by the Interborough Rapid Transit Co. 
for the New York subway, and having been installed at 
the south-bound entrance of the 96th St. station for some 
months past it has proved highly successful, and has 
obtained the approval of the Public Service Commission. 
With the ordinary arrangement of signals, this station 
could pass only 28 to 30 express trains per hour in 
one direction under rush-hour conditions, i. e. the trains 
were spaced 2 min. apart, but with the ncw installation a 
rush-hour spacing of 1 min. 32 sec. has been attained 
under favorable conditions, or 39 trains per hour. 


The system consists of a succession of signals, spaced 
much more closely than the regular block signals, which 
are so interconnected that any given signal cannot go 
to clear until the expiration of a fixed number of seconds 
after the train has passed the signal next back of it. 
This means that the train must occupy a fixed period of 
time as a minimum, in passing from one signal to the 
next ahead; in other words, its speed may not be greater 
than a predetermined limit. There are five or six of these 
approach signals, spaced 100 to 200 ft. apart; they are 
tim:d for a speed of 8 mi. or less per hour at the station 
end and a somewhat greater speed at the upper end. 
Their effect is to permit a train, while waiting to enter 
the station track, to approach within a few feet of the 
crossover switch which forms the station entrance, with- 
out violating the safety condition that every red signal 
(by means of its automatic stop trip) will bring a disre- 
garding train to full stop before it could reach the train 
or switch protected. Under former conditions a waiting 
train was held far back of the station, as the stop sig- 
nal had to be a distance back equal at least to the brak- 
ing distance for full running speed. When the station 
track was cleared, the waiting train would fose a large 
fraction of a minute in moving ovir this distance, where- 
as these delays are saved under the new system, by 
permitting the waiting train to approach close to the sta- 
tion provided it moves at very slow speed. All these 
approach signals, of course, are fitted with automatic 
stops. The last signal, controlling entrance to the station 
track, is not part of the approach system, but is set by 
the interlocking machine which protects the crossover 
switch. 

Fuller details of the arrangement and mechanism of the 
signals are not yet obtainable. The present Intention 
is to apply the new syst m to the entrances of all ex- 
press stations of the entire subway, on both north and 
south-bound tracks. 

— . — — 


THE WRIGHT AEROPLANE. operated by Mr. Wilbur 
Wright at Le Mans, France, made a new record for 
duration of flight, of 1 hr. 53 min.. 59 sec. This exceeds 
the record made on Sept. 21 by 22 min., 8 sec. It will 
be remembered that about 40 minutes of the earlier flight 
were made after dark which fact reduced the record by 
that amount if considered in the competition for the 
Michelin cup. The average height attained in the fast 
flight was 24 ft. The official distance was 61.5 miles, 
but this does not include the additional length of sweeps 
and wide turns. The maximum height reached was 360 
ft., which figure is also a new record. 

Qe 


THE WALNUT LANE BRIDGE across the Wissahickon 
in Philadelphia was formally opened for travel on Dec. 
16. The ceremonies, which were in charge of a citizcns’ 
committee, comprised the transfer of the structure from 
Mr. Riddle, of Reilly and Riddle, its contractors, to Mr. 
Geo. S. Webster, Chief Engineer of the Bureau of Sur- 
veys, and from Mr. Webster to Mayor Reyburn of the 
city. The bridge, which has been described several 
times In Engineering News, contains a span of 233 ft., 
the largest concrete arch in this country at this time, 
although there has recently been completed in Canton 
Appenzell, Switzerland, a concrete arch of 209% ft. span. 

— 

A LARGE INCREASE IN IDLE FREIGHT CARS took 
place in the two weeks from Nov. 25 to Dec. 9, ac- 
cording to the latest report of the Car Efficiency Com- 
mittee of the American Railway Association. The total 
surplus on the latter date was 175,643 cars (against 
132,829 on Nov. 25), an increase of 42,814. The in- 
crease was about equally divided between the two im- 
portant classes, box cars and gondola cars. The chief 
increases are reported by the Middle Atlantic and Great 
Lakes states, as far west as the Dakotas, and the Pa- 
cific Coast states. The shortages which have prevailed 
in some sections for two months past have practically 
disappeared, the present figure of 1,679 representing a 
decrease of 7,600. On the other hand, cars in shop have 
continued to decrease, the decrease for the two weeks 
being about 10,000. Thus the aggregate change in the 
car situation is an increase of about 3, 000 in the num- 
ber of idle cars. The present total is the greatest since 
early in September. The low point was reached in the 
middle of October, when the idle cars were reduced to 
about 100,000. However, the present surplus amounts to 
only 8% of the total number of cars owned by the 
American and Canadian lines, and the sum of idle cars 
and cars in shop is probably not over 15% of the total 
stock of ears. 


A BRIDGE ACROSS THE HUDSON RIVER at New 
York City is the subject of an engineering report made 
by Boller & Hodge to the Interstate Bridge Commission, 
a joint commission of the States of New York and New 
Jersey appointed by the legislatures of these two States 
for the purpose of reporting on the practicability and 
cost of a Hudson River bridge. The consulting engineers 
found three promising sites (N. B., promising as to 
feasibility of constructing a bridge; the need for such a 
bridge, or the relative traffic value of the different sites, 
is not discussed), namely at 57th St., at 110th St., and at 
179th St., New York City. A bridge at 57th St. is pro- 
posed by the North River Bridge Co., which has a char- 
ter for a bridge at this point; it estimates the total cost, 
including right-of-way, damages, approaches, etc., at 
about $70,000,000. This plan is for a suspension struc- 
ture of unprecedented span (3,200 ft.). The consulting 
engineers for the Commission, omitting the subways and 
some other features proposed by the company, and mak- 
ing no provision for steam railway tracks, make an esti- 
mate of $30,000,000 for comparison with the costs at the 
other two sites. At 110th St., a cantilever bridge of 
1,400 ft. span could be built, costing for the bridge, 
with land damages and approaches, $15,000,000. At 179th 
St. the topography is exceptionally favorable, nnd here a 
1,400-ft. cantilever coula be built at a total cost of $10,- 
000,000. The figures of cost are therefore in the ratto 
3:1%:1 for the three sites studied. ` 

— — — — 

THE CAUSE OF THE MARIANNA MINE DIS AST ER. 
which was noted in these columns Dec. 3, 1908, was 
found by a coroner's jury to be a blown-out shot which 
ignited gas and dust. An extract from the verdict fol- 
lows: 


We, your jury, after hearing the evidence of mining 
experts, inspectors. miners and operators. find that the 
explosion in the Marianna mine. West Bethlehem Town- 
ship. Washington Co., Pa., Saturday. Nov. 28. 1908. was 
due to a blown-out shot In Blanche entry No. 3. which 
ignited the gas and dust. and that a secondary explosion 
occurred in the main dip entries almost simultaneously. 
We further find that no blame is attachable for said 
accident. 


The number of lives lost is now reported as 154. The 
evidence given before the jury brought out the fact that 
in Blanche entry No. 3 was found a shot hole 4% ft. deep 
with about 10 ins. of the face of the hole blown off and 
containing charred paper which showed that the hole 
had been shut. In spite of strict rules against the use 
of black powder, a 5-lb. can of this explosive was found 
in the mine after the accident. Evidence was also found 
that coal dust had been used for tamping in a shot hole 
in No. 5 entry, although it had been explicitly ordered 
that only clay should be used. Whether the explosion 
which wrecked this model mine” was due to the prer- 
ence of dust, gas or some other explosive material, it 
seems to show that the utmost precautions ln manage- 
ment can be rendered of no avail by the ignorance or 
recklessness of individual miners. 

— . — 

PORTLAND CEMENT PRODUCTION in the United 
States during 1908 is not expected to be greater than in 
1907, according to a statement of Mr. E. C. Eckel. the 
cement expert, before the annual meeting of the Associa- 
tion of American Portland Cement Manufacturers in 
New York City, Dec. 8. This is in accordance with the 
prediction made by Mr. Ecket and others that the cement 
industry had reached a point when it would be affected 
by the general conditions of trade. Since 18% the in- 
crease in production has been at a marvelous rate, re- 
gardless of the state of the market in other commodities 
and materials, but beginning in 1907 the curve of in- 
crease showed a marked decrease in rate. Thus, in 
rough figures, the production in 1904 was 26 millions of 
barrels; in 1905, 35 millions: tn 1906. 46 millions, in 
1907, 48 millions, which last figure will probably hold 
for the current year. A» an illustration of the falling 
off of the curve, it is interesting to refer to an cstimate 
made in these columns in Oct., 1907, which estimate, 
based entirely on the curve of the past ten years, and 
the number of new plants projected and reported, pre- 
dicted a production of 80,000,000 barrels in 1908. It was 
stated, however, that this was only a paper estimate 
and that it was hardly possible that the high rate of 
increase could continue so that such a figure would be 


reached. 
ee ee 


WATERWAYS AND PUBLIC DEBT.—"We are strongly 
inclined to the belief that tbere will be no necessity and 
no justification for incurring any national debt for pur- 
poscs of public improvement tn promoting the interests 
of commerce and industry in time of peace. The national 
credit and the strength it implies should be reserved for 
great national emergencies. The ‘compr: hensive plan’ 
should be first worked out and some reasonable estimate 
of the time and cost of executing it should be possible 
before there is any talk of bond issues. No bonds should 
be authorized until tt is demonstrated that they are neces- 
sary for some great public undertaking whose value to 
the country would justify the debt and which could not 
be otherwise carried out.’"—‘‘Journal of Commerce,” New 
York City. 

We have, as the President says. been wofully Improvi- 
dent in dealing with our natural resourc:s. ft is best 
that we now take care not to be equally Imprôvident 
with our national credit. The United States is the rich- 
est country in the world. It is the most lightly taxed of 
all the great powers. And in that fact lies not only our 
greatest national comfort but our strongest national de- 
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fense. It will be well if we do not permit ourselves to be 
carried away by the desire to do in a decade the work 
of a century and thereby involve ourselves in debt and 
resulting taxation. The digging of the Isthmian Canal 
and the systematic improvement of our waterways will, 
of course, tend to conserve and Increase the national 
wealth, but they will not bring direct revenue to the 
treasury. On the contrary, they are likely to involve 
constant taxation for maintenance. If we enter upon this 
work on a large scale, it will be far better and safer to 
raise the money by some special tax levied for the pur- 
pose than to engage upon a debt-creating career whose 
end no man can foresee. We should pay off our national 
debt—not increase it. Let us pay as we go. ‘‘Posterity”’ 
will have its own troubles.—San Francisco Chronicle.“ 


— . — 

STATISTICS OF ACCIDENTS TO WORKINGMEN in 
the United States are discussed in Bulletin No. 78 of the 
Bureau of Labor, Department of Commerce and Labor. 
It is stated that more than 30,000 workmen are killed 
in the course of a year in this country by accidents 
incident to their occupations. In connection with the 
present activity with regard to the reduction of fatalities 
in coal mines, it is of interest to compare the following 
average annual rates for the period 1897-1906: 


Fatal Accidents per 1,000 Employees. 


Anthracite miners, Pennsylvania ..........-eceee8 3.18 

Miscellaneous steel and iron workers, Pennsylvania, 4.30 

Nut and bolt workers, Pennsylvania ...... eet exten OU 

Railway employees, United States sree, 2.90 
— 


TWO NEW FOREST RESERVES were created by 
Presidential proclamation on Dec. 7. One is in Marion 
County, Florida, and will be known as the Ocala National 
Forest, and the other is in Billings County, North Da- 
kota, and is to be called the Dakota National Forest. 
The former, of an area of 201,480 acres, is specially 
notable because it is the first national forest east of the 
Mississippi River. 

— — — 


PERSONALS. 


Mr. D. G. Thomas has become Chief Engineer of the 
Denver Union Water Co., Denver, Colo. 


Mr. W. H. Newman has resigned his position as Presi- 
dent of the New York Central & Hudson River R. R. 


Mr. R. K. Hamilton, of McKeesport, Pa., has become 
Superintendent of the mines of the Oak Grove Coal Co. 
at Sutterville, Pa. 


Mr. Daniel S. Jones, Superintendent of Colorado Irri- 
gation Division No. 3, with headquarters at Montrose, 
Cal., has resigned. 


Mr. William Kent, M. Am. Soc. M. E., will become 
General Manager of the Sandusky Foundry and Machine 
Co. at Sandusky, O., on Jan. 1. 


Mr. J. S. Coffin has become Vice-President of the 
American Brake Shoe & Foundry Co. and bas resigned 
his position as Vice-President of the Galena Signal Oil 
Co. 


Mr. C. W. Bray, M. Am. Soc. M. E., President of the 
American Sheet & Tin Plate Co., has resigned. He will 
be succeeded by Mr. Eugene W. Pargny, now First Vice- 
President. 


Mr. C. G. Delo, Division Engineer of the Chicago 
Great Western Ry., has resigned to enter the service 
of the Mexican Central Ry. as an engineer of mainte- 
nance-of-way. 

Mr. Walter Fitch, M. Am. Inst. M. E., has resigned 
his position as Superintendent of the Calumet & Hecla 
Copper Mine in Michigan and will return to his former 
home in Sait Lake City. 


Mr. H. W. Sheridan, Assistant Division Engineer of 
the Southern Pacific Ry. at Sacramento, Cal., has be- 
come Superintendent of the same division, succeeding 
Mr. Dennis Burkhalter, deceased. 


Mr. William J. Davis, Superintendent of the Ike Erie 
& Western R. R. at Lafayette, Ind., has resigned to 
become General Manager of the Mississippi Valley Iron 
& Furnace Co., with headquarters in St. Louis, Mo. 


Mr. John P. Ramsey, Vice-President of the Chicago, 
Peoria & St. Louis Ry., has been elected President. Mr. 
Ramsey has been virtually the chief executive since the 
retirement of Mr. Charles E. Kimball two years ago. 


Mr. Harry W. De Graff, Assoc. M. Am. Soc. C. E., has 
been appointed Deputy State Engineer of New York. 
Mr. William B. Landreth, M. Am. Soc. C. E., has been 
appointed Special Deputy Engineer in charge of barge 
canal work. 


Mr. Frank B. Cutstall, of Fort Wayne, Ind., has been 
appointed Superintendent of the electric railways of the 
Murdock syndicate which center in South Bend, Ind. He 
succeeds Mr. S. E. Mulholland, who has become Super- 
intendent of the Murdock Gas Plant in Fort Wayne. 


Mr. John J. Hannahan has become Superintendent of 
the American Automatic Stoker Co., with office at 
Chicago, III. He was formerly Grand Master of the 
Brotherhood of Locomotive Firemen and Engineers, but 
has severed his connection with that organization upon 
taking up his new position. 


Mr. Charles M. Morse, M. Am. Soc. C. E., Engineer 


Commissioner of the Department of Public Works, Buf- 
falo, N. Y., for the past seven years has resigned to 


enter private busin«ss. He will be succeeded by Mr. 
George H. Norton, who has been Assistant Engineer in 
the Bureau of Engineering for the last 20 years. 


Maj. Jay J. Morrow, Corps of Engineers, M. Am. Soc. 
C. E., Engineer Commissioner of the District of Colum- 
bia, is to be transferred to other duties, and will be 
relieved by Maj. Spencer Cosby, Corps of Engineers, M. 
Am. Soc. C. E. It is reported that Maj. Morrow will 
be detailed to the position now held by Maj. Cosby, who 
is in charge of the District water supply. 


Mr. John E. Pillsbury, Rear Admiral, U. S. Navy, has 
been retired on account of age. He was formerly in 
charge of the Equipment Department at Charlestown 
Navy Yard, and his last position was that of Chief of the 
Bureau of Navigation at Washington, D. C. In com- 
mand of the U. S. Coast Survey Steamship, “Blake,” he 
conducted extensive investigations of the Gulf Stream in 
1884-91. 


Obituary. 


Elmer G. Eberhardt, Assoc. M. Am. Soc. M. E., Vice- 
President of the Newark Gear Cutting Co., died Nov. 21 
at Newark, N. J. He was 27 years old and graduated 
in 1904 at Cornell University with the degree of M. E. 


Thomas Musgrove Griffith, an old-time civil engineer, 
died at his home in West New Brighton, Staten Island, 
on Dec. 21. Mr. Griffith was 85 years old, and for 
nearly a score of years had been out of active profes- 
sional work. He was educated at Hobart College, and 
was engaged in railway and bridge engineering during 
his years of active life. As a boy he was brought up in 
New York City, and he had many interesting remini- 
scences of the primitive days of New York. Nearly 
twenty years ago he told one of the editors of this 
journal of his recollection as a boy of driving his fath- 
er's cow to the pasture and letting down the bars to 
turn her in on the site of the old Fifth Avenue Hotel, 
in Madison Square. 


Thomas Gray, Vice-President of Rose Polytechnic In- 
stitute and Professor of Dynamic and Electrical Engi- 
necring in that institution, dicd Dec. 19 at Terre Haute, 
Ind. Dr. Gray was born in Lochgelly, Scotland, in 1850 
and graduated in 1878 at Glasgow University. During 
the two years immediately following his graduation, he 
was an instructor in electrical engineering in the Im- 
perial College of Engineering at Tokio, Japan. From 
1881-8 he acted as an assistant to Lord Kelvin in elec- 
trical work, including that connected with the manufac- 
ture and laying of the Mackay-Bennett system of Trans- 
atlantic cables. Ile was the author of Directions for 
Seismological Observations’ in the British Admiralty 
Manual of Scientific Enquiry,” of the articles on tele- 
phones and telegraphs in the Encyclopaedla Britannica.“ 
and of the Smithsonian Physical Tables.“ He also 
wrote many papers on scientific and technical subjects 
and was engaged as an expert in electricity on the 
staff of the ‘‘Century Dictionary.” 


— . — ³B 


ENGINEERING SOCIETIES. 


COMING MEETINGS. 


AMERICAN INSTITUTE OF CHEMICAL ENGINEERS. 
Dee. 28-29. Annual meeting at Pittsburg, Pa. Secy., 
John C. Olsen, Polytechnic Institute, Brooklyn, N. Y. 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE. 

Dec. 28-Jan. 2. Annual meeting at Baltimore, Md. 
Secy., L. O. Howard, Smithsonian Institution, Wash- 
ington, D. C. 

NATIONAL ASSOCIATION OF CEMENT USERS. 

Jan. 11-16. Annual convention at Cleveland, Ohio. 
Secy., Geo. C. Wright, Harrison Bldg., Philadelphia, 
Pa. 


IOWA ENGINEERING SOCIETY. 


Jan. 13-14. Annual convention at Waterloo, Iowa. 
Secy., A. H. Ford, Iowa City, Iowa. 
MICHIGAN ENGINEERING SOCIETY. 

Jan. 12-15. Annual convention at Ann Arbor, Mich. 

Secy., Alba L. Holmes, 574 Wealthy Ave., Grand 


Rapids, Mich. 
INDIANA ENGINEERING SOCIETY. 

Jan. 14-16. Annual convention at Indianapolis, 
Secy., Charles Brossman, Union Tryst Bldg., 
anapolis, Ind. 

AMERICAN SOCIETY OF HEATING AND VENTILAT- 
ING ENGINEERS. 

Jan. 19. Annual meeting at New York City. Secy., 

W. M. Mackay, P. O. Box 1818, New York City. 
WOOD PRESERVERS'’ ASSOCIATION. 

Jan. 19. Annual meeting at Chicago, Ill. Secy., C. W. 

Berry, Union Pacific R. R., Topeka, Kan. 
AMERICAN SOCIETY OF CIVIL ENGINEERS. 

Jan. 20. Annual meeting at New York City. Secy., 

Charles W. Hunt, 220 West STth St., New York City. 
OHIO ENGINEERING SOCIETY. 

Jan. 26-28. Annual convention at Columbus, Ohio. 

Secy., Paul Hansen, Harrison Bldg., Columbus, Ohio. 


ILLINOIS SOCIETY OF ENGINEERS AND SURVEY- 
ORS 


Ind. 
Indi- 


Jan. 27-29. Annual meeting at Chicago, III. Secy., 
E. E. R. Tratman, 1636 Monadnock Block, Chicago. 
CANADIAN SOCIETY OF CIVIL ENGINEERS. 
Jan. 28. Annual meeting at Toronto, Secy., C. H. 
McLeod, 413 Dorchester St., W., Montreal, P. Q. 
NATIONAL BRICK MANUFACTURERS’ ASSOCIATION, 
Feb. 1-6. Annual convention at Rochester, N. Y. 
Secy., T. A. Randall, Indianapolis, Ind. 


NATIONAL ASSOCIATION OF CEMENT USERS.—At 
the fifth annual convention in Cleveland, O., Jan. 11-16, 
the following papers will be presented: ‘‘Cost and Value 
of Cement Roads, J. H. Chubb, Chicago, III.: Report 
of Committee on Streets, Sidewalk and Floors (present- 
ing proposed standard specifications for concrete roads), 
W. W. Schouler, Chairman, Newark, N. J.; Compara- 
tive Cost of Reinforced Concrete Buildings,“ Emile G. 
Perrot, Philadelphia, Pa.: Cost of Reinforced Concrete 
Construction as Applied to Bridges,” H. H. Quimby, 
Philadelphia, Pa., and E. P. Goodrich, New York City; 
“Decorative Concrete Stone,” F. A. Norris, Boston, 
Mass.; ‘Reinforced Concrete Residences, B. A. Howes, 
Jr., New York City; “Monolithic Concrete Wall Build- 
ings,” Robert H. Aiken, Chicago, III.: “Advantages of 
Reinforced Concrete for Railway Construction,” B. H. 
Davis, Hoboken, N. J.; “Cold Storage Warehouses of 
Reinforced Concrete Construction,” J. P. H. Perry, New 
York City; “Methods of Attaching Shafting and Machin- 
ery in Reinforced Concrete Buildings,” W. M. Bailey, 
Boston, Mass.; “Value and Cost of Steam Curing of Con- 
crete Blocks,” F. 8. Phipps, St. Joseph, Mo. More than 
75 Manufacturing companies have taken space for the 
exhibition of cement products and appliances. 

AMERICAN INSTITUTE OF ELECTRICAL ENGI- 
NEERS.—At the December meeting held at the Engineer- 
ing Societies’ Building, New York City, Dec. 11, Mr. W. 
S. Murray, Electrical Engineer of the New York, New 
Haven & Hartford R. R., presented “The Log of the New 
Haven Electrification.” This paper described the faults 
of power-house, lines and locomotives as they had devel- 
oped and had been corrected. Those who discussed the 
paper were largely of two classes. One of these, com- 
posed largely of designers of direct-current railway appa- 
ratus, could see no uscfulncss in the single-phase system 
and held that Mr. Murray's paper was evidence of this. 
The other class, and this included some interested In 
direct-current operation, acknowledged the advances that 
had been made in the development of the single-phase 
system for trunk line traffic. Dr. C. P. Steinmetz best 
expressed this view when he said that it was a fact that 
the single-phase system was actually carrying the traffic 
on the trunk line of a large railroad and that it bid fair 
to carry it all the more successfully as time progressed. 
He expected to see the alternating-current system prevail 
where heavy train units were to be handled at high 
speeds and infrequent intervals; with a direct: current 
terminal service where direct-current could be practi- 
cally generated and distributed. 


NEW ENGLAND WATER- WORKS ASSOCIATION.— 
At a meeting of the association held on the afternoon of 
Dec. 10, two papers were prescnted. The first, by Mr. 
Leonard Metcalf, M. Am. Soc. C. E., was on Wrought- 
Iron Cement-Lined Water Pipe.” This paper was some 
70 printed pages in length, and was a valuable compila- 
tion drawn from the matter on the subject already in 
print, and of material specially collected by and for Mr. 
Metcalf, all for use by him as an expert witness in the 
recent appraisal of the property of the Portland Water 
Co. and other companies supplying Portland, Me., and 
vicinity. 

In summarizing his final conclusions, Mr. Metcalf 
stated that experience in this country indicated wrought- 
iron cement-lined pipe was generally unsatisfactory for 
distributing mains and “much more satisfactorp’” for 
supply mains, qualifications being made by the author 
in each case. He also referred to the possibility 


that economical means will hereafter be developed for 
lining steel or evcn cast-iron pipe in a similar manner 
to that so successfully now employed in lining service 
pipes with ccment, which will result in a better pipe 
than any yet used. But such use of cement is likely to 
be limited to furnishing a durable coating rather than 
water-tightness and added strength to the pipe. 


Nearly all the discussion of Mr. Metcalf's paper was 
corroborative. One or two superintendents reported 
nothing but cement-lined pipe under their charge, and 
one stated that he had a small plant, with pressures 
from 70 to 100 lbs., in which the pipe was entirely sat- 
isfactory. Others could find nothing good to say for 
cement-lined pipe. 

A paper by Mr. L. L. Tribus, M. Am. Soc. C. E., de- 
scribed in some detail an attempt to introduce in this 
country the quite common British system of compensa- 
tion in kind for water rights taken in connection with 
surface water supplies. In discussing the paper, Mr. 
George A. King, Superintendent of the water-works at 
Taunton, Mass., cited a decision rendered only a few 
days ago in the case of the Town of Middleboro ys. 
Taunton, Mass. The town of Middleboro owns a water 
right from which water was diverted by the taking of 
the City of Taunton of water from Assawompsett Pond. 
Taunton raised the pond about 2 ft., storing surplus 
water, and although the quantity of water actually di- 
verted figures about 2% HP. taken away, it seemed, at 
least to the Taunton engineers, that Middleboro was ac- 
tually gaining a bencfit by the regulation, and the gaging 
showed that more water was flowing into the stream dur- 
ing the summer time since the change, than before. The 
jury (in the second jury trial) awarded over $13,000 
damages, equivalent to about $7,500 at the time of tak- 
ing, the remainder being interest. It is expected that 
the case will be appealed. 
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TROUBLES OF SINGLE-PHASE HEAVY TRACTION: 
CHANGES IN THE NEW YORK, NEW HAVEN & 
HARTFORD R. R. SYSTEM. * 


By W. S. MURRAY,{j M. Am. Inst. E. E. 


The object of this paper is to bring the actual opera- 
tion of the New Haven single-phase electrification as 
closely as possible to those who are truly interested in 
its merits and faults. The writer is not unmindful of 
the adverse construction and criticism that will be placed 
by some upon the facts he intends to present. Having 
carefully weighed this, however, he has concluded that it 
should not be permitted to stand in the way of, or mili- 
tate against, the sounder and analytical judgment of 
those intent upon a fair consideration of the facts as 
they exist. 

The first intention was to make the subject of this 
paper The Errors Made in the Electrification of the 
New Haven System,” but realizing what capital such an 
‘“‘admission’’ would make for 
those few who are inclined 
not to be fair-minded on this 
important matter, the title 
has been changed, and the 
body of the paper built upon 
a description of the faults, 
major and minor, that have 
been made, and their effect, 
by log sheet reference, upon 
operation. 

The duty assigned to the 
engineers of the New Haven 
Railroad was to provide for 
the electrical operation of 
their trains. At the early 
period of April 1, 1905, when 
we settled down to this re- 
sponsible task, the data in the 
field, upon which to base real 
conclusions, were about 5% 
in comparison with the ex- 
perience now available. If 
“Ignorance maketh the 
brave,’’ I can only say that 
l am more than thankful we 
were so ignorant at the out- 
set. I do not believe that this 
remark will need any expla- 
nation here. Could we have 
read the history of our er- 
rors, rather than have made 
them, I question whether we 
would have had the temerity 
—though I confess our con- 
victions would have been the same—to ask the president 
of the New York, New Haven & Hartford Railroad Co. 
to put up with the criticism, abuse and unfair remarks 
that have been made by those ignorant of the facts, and 
of others who, perversely, were intent upon their own 
selfish, narrow course with manifested abandonment of 
all purposes to acquaint themselves with the nature, the 
scope and the possibilities which lay easily within their 
knowledge, merely by the asking. Today I am thankful 
to say, this negative attitude is giving way to the alarm 
made manifest by undisputed facts, which demand their 
own recognition. I have no personal desire to make any 
other engineer think as I do. If he sees the facts as I 
see them, then we will vote alike. To those who may be 
interested in my conclusion in regard to the New Haven 
electrification, I can simply say that if I were in favor 
of its use three years ago, that now, standing on the 


*Parts of a paper presented before the American Insti- 
tute of Electrical Engineers, New York City, Dec. 11, 
under the title of ‘‘The Log of The New Haven Electri- 
fication.” 

+Electrical Engineer, New York, New Haven & Hart- 
ford R. R., New Haven, Conn. 


more stable ground of experience, particularly in regard 
to the department of faults, I am doubly in favor of it 
today. I shall, of course, be interested in those who 
share this opinion after reading this paper, but I shall 
be doubly interested in them if their conclusion has not, 
in the slightest degree, been influenced by my own, but 
has been formed entirely upon the contemplation of the 
faults severally cited. And let me quickly add I shall be 
equally interested in those who honestly disagree with 
this opinion. 

Unlike steam traction, where the number of links in 
the delay chain is but one, electric traction has its delay 
chain composed of three links; namely, the power-house, 
line and locomotive. A failure in anyone of these links 
may produce train delay or delays. Measured by the de- 
gree of the seriousness of their faults, these links, in 
the order of their effect on delays, may be mentioned in 
the order given. This order naturally has application to 
all forms of electrification, direct-current single-phase, 
or polyphase. 


CROSS-CATENARY SUPPORT FOR CATENARY LINE CONSTRUCTION, 


In the conception of the form of power-house, line, and 
locomotive to be used in the New Haven system, ignor- 
ance and lack of experience led those pertinently inter- 
ested in its success to believe that, while the chain of 
power generation, transmission and utilization was of a 
new character, its links, however, were made up of prin- 
ciples long recognized and reliable. They were right in 
this conclusion, except that it did not include certain 
phenomena which could not have been then anticipated, 
due to the combination of these old principles in the form 
of this new chain. For example, there was nothing par- 
ticularly disturbing about an 11,000-volt 25-cycle, three 
phase power-house, from which was to be taken most of 
the power from one of the phases generated; or of a 
800-ft., 11,000-volt, single-phase transmission line, from 
the terminals of which the same voltage was to be dis- 
tributed, east and west, along the right-of-way of a rail- 
road; or, of a locomotive with a transformer installed 
upon it to take 11,000 volts and step it down to 600 volts 
to supply 300-volt single-phase railway motors. Power 
houses of this character have been designed the world 
over, except perhaps that single-phase current in the 


amount to be utilized had not been used elsewhere. 
Transmission lines of 60,000 volts had been in constant 
use. And, except that there was a moving contact in 
connection with the current that was to go to the step- 
down transformers on the locomotives, transformers of 
many times the capacity and voltage were in universal 
use. The single-phase motor, indeed, may be said to 
have been new so far as the size required for the New 
Haven service is concerned, but tests made upon smaller 
units demonstrated beyond peradventure its tractive qual- 
ities and showed its characteristic curves to be closely 
similar to those of its prototype, the direct-current mo- 
tor. This reasoning, in close consideration of each class 
of apparatus, per se, has proved itself correct, and such 
irregularities as have existed in the initial electric serv- 
ice, which the New Haven road offered to the public, 
while deserving the condemnation which the public can 
unfailingly offer, have been due to the ramification of a 
series of faults that have developed entirely outside the 
zone of previous experience. The delays (and public 
criticisms of them) have fol- 
lowed even into this late day, 
when the electric service is 
far better than the steam 
service it has replaced. It 
has occurred to me that cer- 
tain engineers, who are un- 
believers in the single-phase 


system, may interpret this 
paper as an apology. To 
them I would say, as I do 


to the public, it is an apol- 
ogy for having delayed any 
of their appointments. To 
others, it is needless to add 
that the citation of these 
troubles is given in the hope 
that they will, as thy 
easily can, avoid them in 
the future. 

THE SERIOUS FAULTS. 

POWER-HOUSE.—The elec- 
tric power supply for the 
New Haven road is derived 
from four 11,000-volt steam- 
turbine generators, three of 
which have an electric ca- 
pacity of 3,750 KVA. single 
phase; the fourth unit con- 
sisting of a 6,000-KVA., 
three-phase generator which 
can also supply single-phase 
current to the system. 

Although the generators as 
originally designed were 
made exceptionally strong, and particular attention paid 
to their insulation, due to the necessity of grounding one 
phase, it was found that the utilization of so much 
single-phase current from a three-phase star-wound gen- 
erator produced a stray magnetic fleld completely out of 
the path of normal lamination. As a result it was im- 
possible to develop for continued operation more than 
66% of the normal rating of the generators. Overloads 
of any character produced abnormally rapid heating, 
making such operation dangerous, although the gener- 
ators were guaranteed to carry 50% overload for two 
hours, and 100% overload for two minutes in order to 
meet the sudden drafts of currents required for a sched- 
ule such as exists on the New Haven road. Indeed, at 
the very start the actual drafts of current showed that 
the generators must meet imperatively the guarantees 
as to normal and overload capacities if the electrification 
were to be successful. These, then, were the power- 
hause conditions that confronted the New Haven road on 
beginning the work of propelling alternating-current 
trains. 

After three unsuccessful attempts at complete correç- 
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tion, each, however, affording some constructive results— 
months being absorbed in the dismantling and readjusting 
of the parts of these generators—the final attempt was 
successful and the generators are today operating in the 
power-house, fulfilling the guarantees mentioned pre- 
viously. But this last mentioned fact is insignificant 
when compared with the valuable information that has 
been derived, which will permit all other generators to be 
manufactured without the fault described. 

LINE INSULATION.—The years of experience which 
we have had in the study of insulating various voltages 
led to what was considered a very conservative insulation 
in the various parts of the line. Messenger cables had to 
be insulated from the intermediate trusses and at their 
anchor-bridge termini. The copper trolley conductor was 
suspended from the messengers and had to be insulated 
at points where it entered the oil switches on the anchor 
bridges. Trolley wires had to be insulated from each 
other at section breaks. On curves, both messengers and 
trolley wires had to be strained over the center of the 
tracks through the agency of pull-off posts at the side 
of the tracks, the pull-off wire being insulated between 
tracks and the pull-off column itself. Feeder wires had 
to be insulated from their supporting cross-arms and at 
points where they pass under highway bridges. None of 
these problems in insulation had the appearance of an 
especial character and, indeed, did the roadbed provide 
traffic only for electric trains, the problem would have 
been simplicity itself. A pressure of 11,000 volts being 
the prevailing dielectric strain, the problem was to pro- 
vide sufficient insulation at all the points mentioned 
above. 

Of the effect of steam locomotive discharges upon in- 
sulators, there was no initiative by which to be guided, 
and it became necessary to decide upon the factors of 
insulation that would be required. It was thought that 
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voltage by transformers, the inductive element to coun- 
teract the surging current was practically negligible; 
under these conditions there resulted short-circuits which 
no circuit-breaker apparatus then designed could be re- 
lied upon to take care of. 

Here it is expedient to point out the very marked dif- 
ference in operating conditions between circuit-breakers 
used on a system that is grounded and one that is not. 
In either case, it is, of course, good practice to ground 
the frames of all circuit-breaker apparatus. In the case 
of the grounded system, this virtually brings one ter- 
minal of the generating system directly to the frame of 
the circuit-breaker; with the other terminal of the sys- 
tem connected to the jaws (contactors) of the breaker, it 
is readily seen that on the occasion of a heavy current 
surge, due to short-circuit, should the arc extend itself 
through the walls of the oil tank (wherein the circuit is 
broken), this would be a direct leakage to ground estab- 
lishing a short-circuit around (or in shunt) to the cir- 
cuit-breaker jaws, which action, of course, renders the 
circuit-breaker useless, and subjects it to the damaging 
effect of the arcing locally produced until interrupted by 
another circuit-breaker in series with the circuit. On 
the other hand, where the system is not grounded, even 
should the walls of a circuit-breaker be broken down, as 
explained above, there would be no electrical connection 
(unless the neutral be grounded) between the circuit- 
breaker frame and the generator, and thus no return 
path for the current. I desire to draw particular atten- 
tion to this point, for while the circuit-breakers used in 
our case open short-circuits, since the current surges 
have been practically eliminated, I believe that the lininy 
of the oil tanks should have an especially high insulation 
factor on grounded system. 

The failure of circuit-breakers, either in the power- 
house or on the line, naturally produced train delays of 
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ample provision had been made; 
Experience has proved that, in places, just double the 
amount is required. It was quickly noted that the great- 
est number of insulator failures occurred wherever the 
insulation was subject to the direct blast of the steam 
locomotive. To correct the difficulty, therefore, it was 
found necessary to double up on anchor insulators. The 
intermediate messenger insulators proved adequate and 
it was not found necessary to increase the impregnated 
stick insulation between trolley wires at curves, but wood 
stick insulators had to be added in scries with the molded 
material insulator between the pull-off wire and pull-off 
post. The original insulators on the anchor-bridge 
switches were made of molded material and for them was 
substituted porcelain. It was not necessary to change 
the feeder insulators on the catenary bridge struts. 
While very little trouble has been experienced with the 
form of insulation used for supporting the feeders under 
highway bridges, it Is anticipated that trouble will follow 
if this is not changed. The present form consists of the 
corrugated spool-type insulator, for which there will be 
substituted a regular porcelain double-petticoat insulator. 

Today, Instead of line failures being the rule, they 
have become the exception. 

CIRCUIT-BREAKERS.—The momentary energy in- 
volved in a short-circuit produced upon a line fed by 
high power, high-speed turbines is very great. Under the 
sub-title ‘‘Power-house”’ it was stated that the genera- 
tors were finally operating under their guaranteed ca- 
pacities. Internal heating, due to stray magnetic field, 
was the cause of the generators failing to meet their 
designed capacity. This heating was completely cured 
by the simple addition of a short-circuited winding sur- 
rounding the rotating member of the generator, similar 
to that used in the well-known squirrel-cage type of in- 
duction-motor rotors. It is Interesting to note here, 
however, that while the heating is entirely eliminated by 
this short-circuited winding, its effect on the occasion of 
a short-circuit is to allow more current to flow. This 
tendency, however, is controlled by a method later to be 
described. In the New Haven system, as the current 
from the power-house was fed directly to the line and 
from there to the locomotives without transformation of 


it proved otherwise. 


large or small magnitude. It was difficult to believe at 
first that these large circuit-breakers were incapable of 
taking care of the short-circuits, and some time was 
wasted in thinking this way. Therefore, we reluctantly 
but surely arrived at the conclusion that the conditions 
would have to be changed. 

The remedy was simple. Instead of feeding the main 
line with a direct transmission straight from the power- 
house bus-bars to the trolleys directly opposite the 
power-house, the current was fed into the line over 
feeders connected to it at Port Chester and Stamford. By 
the introduction of this ohmic resistance, amounting to 
not more than 2% normal drop on the system, we were 
immediately released from the disastrous effect of short- 
circuits on our circult-breaker apparatus. Instead of 
losing a8 many as half a dozen circuit-breakers in a day, 
not that many were reported out of commission for a 
month, and, of course, they were not damaged to the ex- 
tent as the others nor did they cause any serious delays. 

For the feeder resistance, above described, there has 
since been substituted impedance coils installed in the 
leads of the gencrators. These coils act as shock absorb- 
ers, protecting the generators. Later, it is to be expected 
that there will be installed a circuit-breaker across the 
terminals of these impedance coils, which, for normal 
operations, will shunt the current through them, the 
breakers opening under stress of abnormal flow of cur- 
rent and automatically closing when normal conditions 
are restorcd. 

TROLLEY WIRE.—In the month of May, 1908, it be- 
came evident to us that within at least one month from 
that date, If some change were not effected in the con- 
tact wire, that the New Haven electric service would 
cease. Daily reports were showing that the copper trol- 
ley wire was breaking at various points; and where it 
was not broken it had become so badly kinked at the 
hanger points that it was impossible to operate electric 
locomotives upon the line without serious arcing. This 
resulted in violent surging on the locomotive transform- 
ers, and, at times, on account of the extremely poor 
contact of overhead shoes on the line, in reducing the 
voltage to such a low value as to prevent a sufficient 
supply of power to enable the locomotive to perform its 
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schedule. An examination of the hard-drawn copper 
trolley wire throughout its length proved that even after 
only a few months’ operation upon it, its cross-section 
had been so materially reduced as to point to its short 
life with a continuance of operation upon it. Especially 
was this true in the vicinity of the many low highway 
bridges where the trolley wire approaches the bridge 
on a 2% gradient. This fault and dilemma were indeed 
serious. The cause of the difficulty was perfectly ap- 
parent; namely, the hard spots in the line which ex- 
isted at the hanger points. 

Many suggestions were offered. None of them, how- 
ever, offered the speedy installation that was para- 
mount. Mr. McHenry, vice-president of the railroad 
company, made the suggestion that an auxiliary wire be 
suspended from the present copper wire by clips at its 
midpoint between the hangers, and followed up the sug- 
gestion that this auxillary wire be made of steel, of the 
same cross-section as the 0000 grooved hard-drawn cop- 
per above it. It took two weeks for the manufacturer to 
draw two miles of this wire. It was installed immedi- 
ately upon its receipt on the main line between Port 
Chester and Harrison. On the night of its completed 
erection a special seven-car train with two locomotives 
was operated upon it for several hours. Previously to 
the installation of the steel wire there had been in- 
stalled a section of hard alloyed wire suspended in a 
manner similar to that of the steel. The electric train 
was operated upon them both, officials from both the 
railroad company and the contracting company being on 
hand to note their comparative merits. It was the gen- 
eral consensus of opinion that there was less sparking 
on the hard wire, and the general tendency was towards 
adopting that rather than the steel. Though admitting 
that the operation was better, the steel seemed to be of 
an entirely satisfactory commercial nature, and all pres- 
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ent finally concurred in this conclusion. It is undenj- 
ably true that hard alloyed wire would, from a purely 
operative point of view, be the better of the two, and yet 
the commercial aspect, which would naturally include 
its cost, had to be considered, particularly in reference 
to so large an immediate order as one involving 100 
miles of single-phase electric trackage. Again, it is im- 
portant to nate that the steel, besides having the advan- 
tage of being a cheaper, harder, and stiffer wire, also 
possesses a lower coefficient of expansion and higher 
elastic limit, especially valuable characteristics for the 
service desired. We found that we would be considerably 
delayed in the delivery of the steel, but an immediate 
order of 20 miles followed by another for 40 was placed, 
and as much hard alloyed wire put up as could be ob- 
tained between the date of the conclusion to use the 
auxillary wire and the final arrival of the first shipment 
of steel. The auxiliary wire construction on the main 
line, as described, prevails throughout the whole sys- 
tem, except at the approaches of and under a few very 
low highway bridges, where the contact system consists 
of two wires strung in the same horizontal plane. 

The New Haven trains have been operating now on the 
auxiliary wire for several months, and absolutely no 
kinking has been noted at the hanger points, with the 
attendant result of a smooth and almost sparkless over- 
head contact. 

LOCOMOTIVES.—There were originally purchased 35 
locomotives, which was considered an adequate number 
to take care of the New Haven passenger service. These 
locomotives, considered -per se, wcre rated on a half-unit 
basis. That is to say, the half unit was designed to 
handle about 75% of our trains, the remaining 25% to 
be handled by two units. Only a short experience in 
commercial operation revealed two important facts. The 
first one of a very encouraging nature, the second, de- 
cidedly otherwise. The first was the proof that the 
two main parts of the locomotive; namely, the trans- 
former and motors, had sufficient capacity to more than 
handle the manufacturer's guarantees. The second was 
the discovery that many of the auxillary electrical and 
mechanical parts of the locomotive equipment were not 
of equivalent capacity. The strength of the chain being 
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measured always by its weakest link, it was immediately 
seen that the locomotives would be able to handle trail- 
ing loads in excess of their guarantees if the auxiliary 
parts were made of sufficient capacity to furnish the 
necessary current for the overload conditions. It was 
Simultaneously apparent that more locomotives would be 
required to provide for an increase of train service and 
the reduction of time schedule, and an order was promptly 
placed for six additional ones; before accepting their 
design, however, a careful survey was made of all the 
component parts of the locomotives at hand, in order to 
determine the changes necessary to be incorporated in the 
six new engines. To accomplish this it was found neces- 
sary to make a number of electrical and mechanical 
changes, the nature of which is apparent in the following 
tabulation: 


MECHANICAL. 


Reservoir System. Revised. 


Stack hood removed. 
Bell Rope. Installed. 
Blowers. 

New Design installed. 

Guide on present damper rod. 

Extra guard on shutter. 
Bolster. Reinforced on truck. 
Brakes. 

New release spring. 

Cylinder leads lengthened. 

Check nut on adjuster. 
Compressor. 

Drip pans installed. 

Exhaust pipe installed. 

Air-cooled cylinder head. 
Check-valve. In whistle pipe. 


Gage. 

On oil tank. 

On steam line. 
Journal-box. Revised gibbs. 
Quill-plate. Washers installed. 
Running-board. On roof. 
Semielliptic springs. 14 leaf. 
Safety-valve. On contro] resistance. 
Safety-chain. Made heavier. 
Torque rods. Heavy installed. 
Uncoupling lever. Revised. 
Pony wheels. Installed. 


Valve. On oil line to boiler. 
ELECTRICAL. 

Ammeters. Revised. 

Battery. Charging relay installed. 

Blowers. 


Commutator slotted. 

Waste rear bearing. 

Armature laminations ground. 

Bearing raised above center. 

Motor winding revised. 
Controller. 

Bushing riveted. 

Shoe and trolley switch installed. 
Circuit-breaker. 

Fused. 

Tank bolt secured. 

New type installed. 
Compressor. 

Commutator slotted. 

Armature laminations ground. 

New governor installed. 

Bearing raised above center. 
Cut-out Boxes. New drums. 
Fuse. 

In alternating current heater circuit. 

New auxiliary fuse box (wooden.) 

Auxiliary motors separately fused. 
Grounding switch. 

Installed. 

Control revised. 

Shutter in cover. 
Heater switch. Shield installed. 
Heater bus-bar line. 

Reinsulated. 

Couplers repaired. 
Headlight. 

Adjusted properly. 

Porcelain switch installed. 
Motors. 

Brush holders reinsulated. 

New cross—connecting leads. 

Housing asbestos lined. 

Linen tape on commutator end. 

Side commutator covers perforated. 

Perforated S. I. commutator covers. 

Field clamp bolt secured. 
Motor-generator. New switch. 
Preventive coils. 


Supporting frame revised. 
Direct-current relay. 
Connection to ‘‘—S’’ switch. 
Washer installed. 
Resistance. 
Insulated. 
Capacity increased. 
Connected ahead of motor. 
Switch group. 
Revised shunts. 
Revised studs. 
Revised arc shields. 
Copper reverse switches. 
One-turn blowout coils. 
Air ports enlarged. 
Alternating current frames insulated. 
Cylinder aligning set screws. 
Reinforcing wooden strip. 
Interlocked reverse switches. 
Fitting alternating-current switches. 
Group covers perforated. 
New B. O. coil pole-piece alternating current. 
Switch. 
Block on direct-current case. 
Main switch, connection modified. 
Canopy switch handles insulated. 
Shunt remounted. 
Direct-current ammeter. 2 
Trolleys. i 
Control revised (alternating current). k 
Side bearing springs (alternating current). 
Insulate back cross- (alternating current). 


Shield for high tension lead (alternating current). 
Spring shortened (direct current). 
Insulator filled and painted. 
Temperature Indicators. 
Third-rail shoes. 
M. I. bracket. 
Pin replaced by bolt. 
Jumper installed. 
Shoe levers cut off. 

Fuse boxes. Refitted. 

Wattmeter. (Auxiliary) installed. 

The most important electrical changes made were in 
the switch-groups and brush-holders of the motors. The 
former lacked carrying capacity and the latter sufficient 
insulation. To these shortcomings were due the great- 
est number of our first train delays. The most impor- 
tant mechanical changes necessary were the reinforce- 
ment of the truck bolsters and installation of pony 
wheels. The especial reference to these electrical and 
mechanical changes must not be construed as diminish- 
ing in any way the force of necessity of the others, as 
they were all considered absolutely necessary in order to 
preserve a low cost of electrical and mechanical main- 
tenance. 

With the exception of the installation of pony trucks, 
the six new electric locomotives arrived within five 
months of the date of their order. In their design were 
included all of the changes above specified. To be noted 
here is the marked value of the spring type of arma- 
ture and field suspension begun with the New Haven 
locomotive motors, thus making flexible the entire motor 
suspension. Indications already predict that this ar- 
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FIG. 3. 


THE MINOR FAULTS. 


GENERATOR BURN-OUTS.—Previously to the rear- 
rangement of the feeders or the installation of the choke- 
coils in the power station, the short-circuits that were 
experienced on the line naturally had a deleterious ef- 
fect on the generators. The prodigious rush of current 
naturally produced severe strains in the armature wind- 
ings, strains whose mechanical intensity was made mani- 
fest by the movements of the coils. Therefore, during 
this period of violent short-circuits, frequently the gen- 
erator coils were grounded and burned out. Since the re- 
arrangement of feeders or the installation of choke-coils, 
the violent short-circuits have disappeared and with them 
the damaging effects on the generators. It has been 
found advisable, from time to time, to connect different 
generator terminals to the line. By this arrangement the 
three phases of the generators are in turn worked equally. 


DISTRIBUTION.—Although the arrangement of the line 
in its present feed and trolley connections (Fig. 1) ef- 
fects the highest economy in loss of power by transmis- 
sion it is questionable to my mind whether this econ- 
omy is worth some of the disadvantages which accrue 
from this arrangement. Until we had experienced the 
heavy current surges, due to short-circuits, it seemed 
reasonable that, should a short-circuit occur on the line, 
the two circuit-breakers which immediately fed that 
short-circuit would be the ones to respond. We were 
quite correct in this conclusion, but did not go far 
enough, as other circuit-breakers seemed to feel it their 
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rangement in combination with the pony trucks will re- 
duce materially the track and locomotive maintenance 
and repairs. To-day the reconstruction, as above de- 
scribed, has been effected on over 90% of our locomotives. 

This last and serious fault with which we had to con- 
tend completes the major difficulties that were con- 
stantly threatening the regularity of electric service. 

It seems to be the time and place, here, to draw at- 
tention to a point in design concerning the New Haven 
locomotives that has been so persistently misrepresented 
by those who seem to have been ignorant of the facts. 
The specifications upon which the locomotive units were 
purchased, as stated hereafter, were that each unit would 
handle a normal trailing load of 200 tons. The writer, 
by careful measurement of the weights of all the trains 
(trailing loads) in the New Haven service, found that they 
averaged 212 tons. It seemed good engineering that if 
75% of the service could be handled by locomotives rated 
upon a basis of 200 tons trailing load, that that would be 
the correct locomotive unit size; using two units for the 
remaining 25% of the trains. To-day, three years after 
this decision, we find that 73% of our trains can be han- 
dled with single units, 27% requiring two units. The per- 
centage is slightly different from the original, as the 
service is slightly heavier. 

Coincident with the use of the first double-unit locomo- 
tive trains there was started a rumor that the New Haven 
locomotives did not have the capacity for which they 
were designed. To dispel this idea forever, I judge the 
best argument is to refer to Table IV., wherein are 
stated the trains whose weights were in excess of trailing 
loads the locomotives were designed to carry. 

I trust that the above clears up any erroneous ideas 
concerning the capacity of the New Haven locomotives, 
and will justify the future double-unit trains entering 
and leaving the Grand Central Station. 


duty to relieve the situation and their location with 
respect to the correctly involved breakers was quite 
varied. Of course the ideal condition would be to have 
only the two breakers adjacent to the short-circuit open, 
as by this arrangement the voltage would remain on 
all trolleys except the one in which the ground ts in- 
volved. This operation can be effected, and at the time 
of this writing an effort is being made to obtain these 
results in practice. 

A less efficient method of line transmission (Fig. 2) 
than that described in the previous paragraph (using 
the same amount of copper for each case) is one in 
which each track has its own individual voltage sup- 
plied to it and is kept separate from the other trolleys. 

Contact wire.—While the auxiliary wire has given an 
excellent account of itself since having first been placed 
in operation, it is fair to believe that even a more spark- 
less operation can be obtained from an auxiliary wire 
which, instead of being attached by a rigid clip to the 
overhead copper conductor, is simply suspended from it 
by a loop, thus permitting the contact wire to rise 
slightly as the upper pressure of the pantagraph shoe 
travels along its surface. The contact wire should be 
anchored by turn-buckles to permit slacking and strain- 
ing of the wire in winter and summer seasons, respect- 
ively. 

Hard spots in line.—Irregularities in the contact wire 
may be due to two causes. First, those that exist in 
the wire as it is manufactured; secondly, those formed 
on account of hard spots. The former can be taken out; 
if not, they are usually ironed out in the course of the 
operation of the shoe on the trolley. The three prin- 
cipal sources of hard spots are derived from hangers, 
section breaks, and deflectors. 

(1) It has been shown in the foregoing how the hanger 
hard spots have been eliminated. 
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(2) The original main-line section-break consisted of 
a rectangular impregnated wood frame suspended under 
the anchor bridges. The trolley wires were carried on 
opposite sides of this rectangle lapping, of course, a 
sufficient distance in the center so as to permit a short 
period of simultaneous contact of the shoe with both 
trolleys, thus preserving continuity of current to the lo- 
comotive in passing from one section to another. It was 
found that these rectangular section breaks were prone 
to get out of shape, introducing a very rough spot in 
the line, its effect being, on the passage of the shoe, to 
draw long arcs which frequently extended themselves to 
ground. Our new section break, containing all the flex- 
ibility obtained by the auxiliary wire, has been con- 
structed by simply staggering the messenger insulators 
of each trolley 16 ins., thus permitting the anchor-bridge 
trolley wires of the same track to pass at this distance. 
Each trolley wire is dead-ended to an impregnated stick 
insulator, supportcd by the messenger of its opposite 
section. By this arrangement practically all inertia is 
taken out of the section break and a sparkless passage 
between sections is obtained. 

(3) The auxiliary wire construction has been, of course, 
applied to the deficctors, and this has greatly reduced 
the tendency to spark at these points. In order to pre- 
vent the pantagraph shoe from engaging the wrong 
trolley wire at turn-outs on diverging tracks, the mesh 
construction of the overhead frog has up to this time 
been the only solution, but this method seems unduly 
cumbersome and even a greater improvement {s antici- 
pated than that secured by the application of the auxil- 
iary wire. 

Signal wircs.—The catenary bridge struts carrying the 
cross-arms for the by-pass or fceder wires, likewise 
carry the cross-arms upon which are installed the signal 
wires. The voltage placed on these signal wires is en- 
tirely distinct from the propulsion voltage, it being 2,200 
volts and 60 cycles. The proximity of the wires of these 
two systems has been the cause of short-circuits between 
them, resulting in double failures. It would seem that 
as the signal system should be so completely s parated 
from the propulsion system, it should be installed on 
an entirely scparate pole line. If, however, right-of- 
way conditions make it absolutely necessary that the 
supporting structures of the cetenary system should sup- 
port also the signal wires, then the two circuits should 
be made as distinctive as possible, the propulsion sys- 
tem having its wires on the cross-arms on the railroad 
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DELAY DURING JULY, 


1908. 
Power Locomo- To- 
Day house Line tive tal Cause of delay 
1 ni ag 40 40 Third-rail shoe. Air hose, 
third-rail. Train-line hose. 
One motor of locomotive 
grounded. Third-rail shoes. 


2 34 34 Third-rail shocs. 
3 20 20 Chunge-over switch direct- 


current fuses, 


4 3 3 Pantagraph. 

5 os No delays. 

6 15 15 Circuit-breaker. 

T .. No delays. 

8 57 3 60 NO power direct- current 
rail. 

9 15 15 Direct current switch 
grounded. 

10 1 13 ic 13 Oil circuit-breaker. No 
power in direct-current 
rail. 

11 a T ane .. No delays. 

12 oe is 16 16 Control current from stor- 
age batteries low. 

13 en 8 ea .. No delays. 

14 ea ne 8 .. Over 300 train- minutes.“ 

15 ay 4 T2 72 Circuit-breakcr. Preventive 
coil ground. Pantagraph. 
Third-rail switch. Motor 
man failure. 

16 1 2 ga ex .. Over 300 train-minutes. 
Express left rails at 
Greenwich. 

17 12 29 41 Insulator on foreign line 
broke. Change over switch 
alternating-current coast- 
ing over gap at new 
bridge. 

18 7 7 Direct-eurrent fuses, Stop- 
ping on gap at bridge. 

19 ki 34 47 81 Line eircuit-breaker. Pan- 
tagraph. 

20 33 =a ay .. Over 300 train- minutes.“ 

21 43 15 58 Line circuit-breaker, Trans- 
former grounded on loco- 
motive. 

22 . ; 44 44 Alternating- current con- 
troller. Pantagraph. 

2 ‘ 41 41 Pantagraph. 

24 3 3 F control- 
er. 

25 ‘ i 124 124 Pantagraph. Direct-current 
fus?. Alternating-current 
controller. Change-over 
switch. Motor grounded. 

2R 825 js Por .. Over 300 train-minutes.*® 

27 a i ss .. Over 300 train- minutes.“ 

28 a ce 30 30 Pantagraph. Grounded blow- 
er. 

29 8 19 27 Circuit - breaker (line). 
Transformer-lead ground 
on Jocamotive. 

30 85 16 7 16 Cirenit-breakers. 

31 zi T 21 21 Third-rail sho:s. Alternat- 


ing-current switch. Pan- 
tagraph. 


*Due to simultaneous failure of several circuit-breakers. 


side of the struts, the signal wires being installed on 
the opposite. 


Locomotive Current Collectors.—An_ efficient pan- 
tagraph shoe has proved itself a very difficult prob- 


lem. The present cost is about 0.06 ct. per locomotive- 
mile. We have made various experiments with alumi- 
num, ‘‘phono electric’ alloy, copper and steel rigid and 


spring-supported pantagraph shoes. While this feature 
does not present a serious aspect, it is none the less a 
most interesting study. Shoe life is also seriously af- 
fected by the amount of soot deposited by the locomo- 
tives upon the overhead wire. While we have ob- 
tained mileages varying between 600 and 1,500 miles per 
shoe with various types used, other roads of lesser speed 
and not subject to the effect of locomotive stack dis- 
charges, have obtained as high as 25,000 shoe-miles. 


THE LOG OF OPERATION. 


ELECTRIC PASSENGER SERVICE.—So great was the 
demand for clectric service that in July, 1907, long be- 
fore we were ready, as the records of our operation have 
proved, the first commercial service was begun between 
New Rochelle and the Grand Central station. With all 
speed possible the electrification was pushed eastward and 
local service was cstablished from Port Chester in Au- 
gust, 1907. Local service from Stamford followed in 
October, and finally, on July 1, 1908, all through and 
local passenger trains were under electric schedule be- 
tween Stamford and the Grand Central Station. It Is, 
therefore, beginning from this date of July 1, 1908, that 
I have compiled data of our operation as taken from our 
records. We are not proud of it, but we believe that 
you now know of some of the obstacles that stood in 
the way of its immediate betterment at that time. 


COMPARISON BETWEEN STEAM AND ELECTRIC 
SERVICE.—It had been the hope of the writer to be 
able, even at this early date, to make an absolute com- 
parison between electric service and the steam service 
which it has replaced betwen Stamford and New York, 
including all passenger trains. On account of the speed 
restrictions that have been introduced on the elcctric 
service until all locomotives have been reconstructed 
with the new pony truck equipment, it is impossible to 
compare train-minute delays, for the reason that steam 
locomotives are permitted to make up time while to 
electric locomotives this privilege is denied. Later, when 
this restriction is removed, and especially after a period 
of time more extensive than that offered by the present 
comparatively short period of operation, these data can 
be presented. Particularly worthy of notation here in 
comparing steam and electric service, it is ng cessary to 
bear in mind that while the operation of the power-house 
does not differ from that of ordinary practice, there is a 
marked individuality (which initiative always brings), in 
connection with the operation of the line and locomotives. 
While every credit is due the present organization 
charged with the responsibility of line and locomotive 
operation, it cannot be forgotten that these two main 
links of the system are essentially new In their adapta- 
tion to the heavy conditions presented by the New York, 
New Haven & Hartford train service. Operation of this 
character is so far beyond the scope of previous experi- 
ence that it was absolutely impossible to foresee and 
prevent all contingencies. The methods for the preven- 
tion of failure and delay were necessarily based upon 
the results of actual, practical operation. 


[The tables appended are selected, from the 
many given by Mr. Murray, as showing the typ- 
ical delays, etc., but not allowing complete com- 
parisons.—Ed.] 


It is interesting to note that since the complete inau- 
guration of electric service, the serious fallures in the 
system have been reduced from five to one. 


ENGINE REPAIRS.—Under “faults” is described in de- 
tail the necessity of our engine reconstruction. Since 
100% service has been established, it has occurred to 
me that the shop reports concerning the daily number of 
engines which are out of service on account of repairs 
or for other reasons, would be interesting. On account 
of the reconstruction being done on the locomotives, it 
has been found necessary to give up on an average three 
electric locomotives at Stamford and three at New Haven, 
the new bogie trucks being installed on the engines at 
New Haven. Thus out of 41 locomotives we have had 
only 35 to handle the complete passenger service. This 
has resulted in requiring that the New Haven locomo- 
tives handle the service with virtually no spare engines. 
An examination of the tables under columns Inspection“ 
and ‘Repairs,’’ indicating how few have been the en- 
gines in the shop for the past three months, is an attest 
of this requirement. 


THE CAPACITY OF THE ELECTRIC LOCOMOTIVE.— 
The capacity of the electric locomotive was based upon 
their ability to handle a trailing load of 200 tons in local 
service with stops averaging those that exist between 
stations between New York and New Haven. As a mat- 
ter of fact, the station stops between Stamford and New 
York average very much greater than between New 
Haven and New York, and as very quick turns are made 
at both termini, the service may be said to be more se- 


vere under these conditions than under the guaranteed 
conditions of purchase. It is interesting to note in Table 
IV. the trailing loads, taken at random, hauled by the 
New Haven electric locomotives Oct. 23, 1908. 


RELATION TO MATTERS OTHER THAN TRACTION. 
TELEGRAPH AND TELEPHONE.—Single-phase trac- 
tion affects telegraph and telephone systems whose wires 
lie parallel with and in close proximity to the railroad. 
The corrective for this disturbance has proved to be sim- 
ple and not costly. Briefly described, it consists of com- 
pensating transformers whose secondaries are a part of 
the telegraph and telephone wires and whose primaries 
receive their voltage from pilot wires strung on the 
same cross-arms as those bearing the telegraph and tel- 
ephone wires, and thus having impressed upon them 
the same voltage, by electromagnetic induction, as the 
telegraph and telephone wires. The transformer sec- 
ondary voltage is approximately equal and opposite to 
the induced voltage on the telegraph and telephone wires 
and thus constantly compensates for it throughout all 
ranges of induction due to the single-phase wires. 

An interesting commentary on the efficacy of the 
compensating transformer is that its use obviated the 
necessity of any change in the physical location of the 
telegraph and telephone linces within the zone of induc- 
tion, and has thus been the means of removing what at 
first was rightly considered a very offensive attribute 
of the single-phase system. 


PUBLIC SAFETY.—As no fatality to the travcling 
public has happened by reason of the high-voltage wires 
since the system has been in operation, this would indi- 
cate the safety involved in its construction. On the 
other hand, the fceder or by-pass wires are not sus- 
pended by messengers, and although the 300-ft. spans 
used in this construction are not uncommon, it has been 
considered a wiser policy to reinforce all such spans 
which are above passeng.r platform stations. It may 
be of interest to state also that th2 scheme of rein- 
forcement is not to cradle or place supplementary wires 
in connection with this span, but simply use a steel 
wire with a large factor of safety reinforced by copper 
for conductivity conductor and supported from the struts 
by insulators. The resistance to ground of this con- 
struction will be far in excess of the ordinary insulator 
used in the open construction with th: steel wire con- 
nected to it in such a manner as to make impossible 
the burning of this wire in two in the case of the insu- 
lator breaking down. 


FOREIGN WIRES.—AII electrifications are subject to 
foreign wire crossings. As in th2 case of suspension 
of high-voltage wires over passenger platforms, instead 
of using supplementary catenaries or cradles, the safer 
(and incidentally the cheaper) method of crossing is to 
use at the crossing heavier (and possibly guyed) poles, 
better insulation, and larger wires than are commercially 
necessary in the other parts of the foreign transmission 


TABLE II.—DAILY LOCOMOTIVE REPORTS, AUGUST, 


1908. 
econ Experi- | Trucks In- No. 
Date | struc- mental in- spec- | Re- of Cause of repairs 
tion & test | stalled tion | pairs | trains 
1 1 1 1 141 Trucks 
2 SUN|DAY d a 
3 2 1 ne 2 135 Truck springs (1). Blower 
motors (1). 
4 2 1 1 133 
§ 1 1 1 1 134 Changing motors 
6 1 1 2 131 Changing motors 
7 1 he 2 133 Compressor grounded (1) 
Trucks and reconstruction 
8 1 1 ied oe 2 136 No 1 Main Reservoir leaking 
a and recenti uc tion 
9 ba SUN|DAY T l 
10 1 1 135 Trucks and reconstruction. 
11 1 1 1 133 Trucks and reconstruction. 
12 U 3 133 Grounded direct current relay 


U) Loose tires 1) Truck; 
and reconstruction (1), 
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Trucks and reconstruction. 
Waiting for wheels from Read- 


ome 
> 
2 
CJ 
— 
Q 
» 


Ville, 
15 1 . ‘8 1 138 Waring for wheels from Read. 
16 = SUN|DAY T 9 
17 i 1 1 2 133 Direct current shoe cables 
grounded. Waiting for 
wheels from Reats ile (1). 
18 1 8 133 | Circuit- breaker trouhle (1) Di- 
rect current shoe cables 
grounded. Waiting for 
wheels from Readville (1) 
10 1 1 133 [Waiting wheels Readville. 
20 1 1 1 133 [ Changing com pressor 
21 2 1 133 
22 2 os 80 2 137 
2 ase SUNDAY is 
24 2 1 135 Grounded motor 
28 2 2 133 Grounded motor (1). Ground- 
ed armature (1) 
26 2 9 133 Grounds. due flood. N V 
Central zone. 
27 2 8 133 | M-1 switch-group grounded. 
Grounds, due flood —-N Y 
Central zene (4) 
28 2 2 133 Groun‘s, due flood—N. Y 
Central zone 
20 oe 88 2 141 Grountied motors (2) 
30 ae SUN|DAY ae 
31 2 1 i ’ . 418 
Total 36 3 6 10 45 13502 (Total daily tre ins) 
Avg. 13 0.11 0.23! 0.390! 1 73! 138 (Average). 
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TABLE IIL.—DAILY LOCOMOTIVE REPORTS, OCTO- 


BER, 1908. 
Experi- | Trucks | In- No 
stalled 7 . 8 T 
1 2 126 
2 2 126 
3 2 129 
a SUN|DAY : 
5 2 126 
6 2 124 
7 2 124 
8 1 1 125 Sharp flanges. 
9 2 125 
10 2 129 
11 SUN|DAY “a 
12 2 125 
13 2 126 
14 2 124 
15 2 124 
16 2 124 
17 2 126 
18 SUN|DAY 8 
19 3 125 
20 2 1 124 Turning Ranges 
21 3 126 
22 3 124 
23 2 1 125 Grounded motor. 
24 2 126 
25 ae SUN|IDAY x 
26 3 3 12% 
27 4 2 124 
28 4 3 124 
29 4 2 124 
30 3 3 124 
31 3 3 : 126 
Tota! 84 60 3 [3380 (Total week-day trains.) 
Avg. 3. 2,22 0.111250 (Average) 
line. High factors of safety with economy are obtained 


following this policy. 


LIGHTNING PROTECTION.—An ideal arrangement of 
catenary construction in relation to lightning protection 
would be to have the overhead messenger system 
grounded, and from it suspended by insulators a sec- 
ondary catenary system, to which in turn would be at- 
tached the contact wires. Even in the New Haven case, 
where the overhead messenger system is not grounded, 
lightning has given but slight trouble. This is probably 
due to the very great number of grounded steel trusses 
and struts projecting above the electrified wires. Light- 
ning was the indirect cause of one of our delays, but 
played only a small part in the real cause which can 
be attributed to the surge of current occurring at the 
time lightning caused a ground. At that time the feed- 
ers had not been rearranged, nor had the impedance coils 
been installed in the power-house circuits. On the oc- 
casion of this ground, due to the lightning, we lost sev- 
eral of the anchor bridge circuit-breakers; this naturally 
tied up the distributing system, preventing the proper 
restoration of voltage to the trolley wires. The condi- 
tions are now such that the circuit-brcakers will relieve 
short-circuits due to this cause. 


GROUNDS.—Structures supporting high-voltage insu- 
lators should be grounded. Particularly is this true of 
structures foreign to the railroad company, such as 
highway bridges. This arrangement insures a prompt 
response of the circuit-breaker apparatus, and carries 
out the good practice universally applicable, that the 
material supporting the insulator be grounded. This 
principle has application in wood-car construction. Posi- 
tive grounds between Pintsch gas pipes and both car 
tracks should be made to avoid any arcs being drawn 
under the car body. On two occasions the gas in the 
Pintsch mains of New Haven cars has been set on fire 
on account of connection with electrified wires. While 
the percentage is low, being two cars in about 400,000 
during the period involved, with little damage in either 
case, and that to the cars, it is a matter not to be ig- 
nored. 

Many of our catenary bridges of both the intermediate 
and anchor type, serve to support signals. Signal men 
have been entirely free from coming in contact with the 

2 SEERE 
naaa 
TABLE IV.—TRAILING LOADS IN EXCESS OF LOCO- 

MOTIVE GUARANTEES, OCT. 23, ’08. 


Trail- Percent- 
ing age 
Train Loco train over 

Service No. No. weight. weight. 
C 21 013 339 35.6 
By WR. enone oS 55 012 320 28.0 
S 246 02 263 5.2 
F A 15 010 377 50.8 
BS: Wee casas “is 11 05-08 542 8.4 
D 56 024 313 25.2 
C cat ceawe 252 027 269 34.5 
F 215 09 241 20.5 
C 206 02 233 16.5 
n, 207 03 245 22.5 
F 181 028 818 27.2 
„ Å 017-041 747 9.6 
2 03-011 853 70.4 


' steam boiler used solely for train heating. 


high-tension wires, by the simple provision of grounded 
close mesh screens interposed between the signal plat- 
forms and the high-voltage wires. The value of two 
grounds can be rated considcrably higher than twice that 
of one. 

TELL-TALES.—tTell-tales in connection with an over- 
head system offer a peculiarly difficult problem. It is 
quite apparent that the pantagraph current collecting de- 
vice would get into either electrical or mechanical diffi- 
culties with the present form of tell-tales. We have ex- 
perimented at some length in trying to produce an elec- 
trical horn that would be automatically sounded by an 
approaching train. There is nothing particularly diffi- 
cult in getting the automatic action or in producing a 
noise. The superiority of the tell-tale over the horn, 
however, is that no matter how much noise the freight 
train is making, the tell-tale always notifies, while in 
the case of the horn should the freight train be making 
more noise than it, the notification is lost. A horn if 
used for this service should be a large on“. 

As a matter of fact, the necessity of tell-tales is a 
bit of a relic of the barbaric past. In the days of hand 
brakes, the brakeman had to walk the roofs of cars, and 
lew bridge warnings were necessary. Today the brak- 
ing is all done from the engine cab, except in yards 
where, of course, the overhead wires have their normal 
height of 22 ft. from the rails, permitting safe clear- 
ances for manual operation of the brakes. 


TRAIN LIGHTING AND HEATING.—On account of th? 
necessity of wiring for electric heating and lighting some 
2,500 coaches, it seems reasonable to retain th? present 
method and apparatus of heating and lighting the trains 
in the electric zone. To accomplish this it was only 
necessary to supply each electric locomotive with a small 
The Pintsch 
gas system has been retained intact. Later, when the 
service is sufficiently extensive, all trains will be heated 
and lighted by electricity. 

All multiple-unit cars are to be heated and lighted 
by electricity. The problems of heating and lighting 
a multiple-unit train and a locomotive train are quite 
different. In the former the current is fed into the train 
at several points, as many as there are motor cars; in 
the latter it can be taken only from the locomotive (if 
there are two locomotive units, of course, it can be sup- 
plied from both). Again, in the case of the multi- 
ple-unit cquipment, the supply of current is along pro- 
gressive points of the train-length, thereby not requir- 
ing train bus-bars of excessive copper section, while in 
the case of the locomotive train, the supply, whether 
from one or two units, will be at the head end of the 
train, thus requiring a transmission of considerable 
length. A train of 12 cars, for instance, would be be- 
twe.n 700 and 800 ft. long. Allowing 24 KW., maxi- 
mum, for heat and light per car, would require the de- 
livery of about 300 KW. apparent power. An investiga- 
tion of this department in electrification has brought 
out some interesting details, particularly in reference to 
locomotive transformer design and electric car jumpers. 

FATALITIES.—As’ has been pointed out, we have had 
several fatal accidents, due to men coming in contact- 
with electrified wires. We are none the less concerned 
that in every instance they were men employed by the 
company. Ip each instance the accident was due to care- 
Iessness or violation of instructions, and most of the 
accidents occurred during the period of construction. 
The operating period has provided a less number of 
these unfortunate events, and the records today now 
seem to indicate that the future will be free from this 
most regrettable feature. 


CROSS-CATENARY VERSUS BRIDGE-BENTS.—The 
excellent results of a year’s experience with cross-cate- 
nary construction in our Port Chester yard, where as 
many as ten tracks are spanned, is tempting encourage- 
ment for its application to main-line work. Should the 
cross-catenary be used, anchor bridges should be spaced 
at close intervals, say one per mile. The question of 
the use of cross-catenary versus the bridge-bent on 
multi-track roads, however, depends largely upon the 
right-of-way conditions. Cross-catenary struts have to 
be guyed. In many instances right-of-way limits will 
require the guy to be placed on foreign land. If the 
additional cost of the foreign land brings the catenary 
bent up to or more than the cost of the bridge-bent it 
loses its object. 


SINGLE VERSUS DOUBLE-CATENARY CONSTRUC- 
TION.—Lack of operating data led the engineers of the 
New Haven road to take no chances with the over- 
head construction, and the double catenary was consid- 
ered the safest. The adoption of single, double, and 
compound systems of catenary suspension is so intimately 
and definitely related to the number of tracks, the length 
of longitudinal spans, and the cost of transverse sup- 
porting structures and foundations, that the determining 
of the most economical type of catenary construction 
must necessarily include the consideration of these fac- 
tors, and for this reason simple standardization adapted 


to all conditions is impossible. 


SINGLE-PHASE OPERATION.—The New Haven sys- 
tem provides that the volt manufactured in and leaving 
the doors of the power-house, is the same physical volt 


that knocks at the doors of the locomotives. Thus the 
line is the single link that unites the power-house and 
the locomotives. All such adjuncts as step-down trans- 
formers, synchronous converters, storage batteries, and 
low-voltage distributing systems with their necessary 
attendant complement of help is dispensed with. The 
Cos Cob power-house has the usual number of men for 
a station of its output, and the locomotives are oper- 
ated by the electric locomotive engineer with the cus- 
tomary assistant present for emergency. This crew holds 
good for single or double-unit trains. An emergency 
repair train is the guardian of the line, attending to 
all matters pertaining to its repair and maintenance. 
Including the night and day crews of the emergency 
train, the number of men employed to maintain the dis- 
tribution system is nineteen. This covers about 100 
miles of single track, including yards. 


CONCLUSION. -The writer will not use the conven- 
tional method of summing up and making recommenda- 
tions. The paper has been written with the intent to 
lay before the members of the American Institute of 
Electrical Engineers a practical picture of the New 
Haven single-phase electrification, describing the first 
suit of clothes it wore and what it is wearing now. 
He is conscious of the innumerable little points of real 
interest that time and opportunity have not permitted 
him to insert here, but he trusts to the discussion to 
bring them out. The description of the faults and how 
they were handled will answer for the usual column 
of recommendations. In concluding, an inter-sting defi- 
nition of engineering comes to mind; namely, 

Engineering is the art of making a dollar earn the 
most interest. 

The writer has intentionally omitted the discussion of 
the operating costs of a direct-current versus an alter- 
nating-current system; but, bearing in mind the pre- 
ceding definition, it is his belief that in the electrifica- 
tion of steam roads today straight alternating-current 
traction is the agency through which that title can be 
earned. 

History sustains the undeniable truth that alternating- 
current is the preferred agent for the transfer of elec- 
tricity where either distance or capacity is involved. A 
railroad involves both. Granted, therefore, that the al- 
ternating-current traction apparatus has received the 
trade mark of practicability, what further argument 
does it need in its favor? 

This paper would indeed be incomplete did I not refer 
to the courage and pluck of our contractors, who through 
a fire of criticism and business depression pers:veringly 
stuck to their belief in the principles they were advo- 
cating. They can now have the satisfaction of viewing 
something begun and something finished; for while there 
may be many improvements to accrue to the alternating- 
current, single-phase system, the trunk-line principles 
have by them been laid and d:monstrated. 

TT OO oO — 


LECTURES ON THE VARIOUS MUNICIPAL DEPART- 
ments of Grand Rapids, Mich., are being given in that 
city under the auspices of the public library (Samuel H. 
Ranck, Librarian). The library has issued a circular 
stating the dates and the names of the lecturers, and 
giving a brief synopsis of the work of the several depart- 
ments and their expenditures in the past year. The cir- 
cular also contains a brief list of books on municipal gov- 
ernment. 


— . 2 
A SWIMMING POOL for the University of Minnesota 
is being constructed at the joint expense of the Athletic 
Board of Control and the Board of Regents. The pool 
will be located in a previously unused and dark basement 
of the armory, means having been of course taken to pro- 
vide necessary light, both natural and artificial. The 
swimming tank will be 25 x 60 ft. in plan, at the usual 
water depth, ranging from 3 ft. 7 ins. at the shallower 
end to 7 ft. T ins. at the deeper end. It will be possible, 
by closing the overflow pipes, to increase the depth 12 
ins. for aquatic contests. A feature of the tank is an 
expectorating gutter which extends nearly the full length 
of the two sides. The gutter will be semicircular in sec- 
tion, 5 ins. in diameter, and will be cut in polished lime- 
stone. It will be flush with the usual water surface and 
will be kept cleansed by the waves that dash over the 
edge. The interior walls of the swimming tank will be 
covered with white glazed tile and the floor will be cov- 
ered with white ceramic tile, The walls and bottom of the 
tank will be of 1:2:4 concrete, reinforced with % to %-in. 
steel rods. The aggregate will be graded after analysis, so 
as to produce the maximum density and impermeabil- 
ity.” In addition, the concrete will be treated with the 
addition of 2% by weight of Medusa waterproof compound. 
The tank will be monolithic, as far as possible, on the 
supposition “that the steel reinforcement will effectually 
prevent cracks from changes of temperature.’’ The water 
will be heated by steam injected into it as it flows into 
the tank. Shower-baths will be provided for use to swim- 
mers prior to entering the tank. The foregoing informa- 
tion is taken from an article by F. H. Constant, Prof-ssor 
of Structural Engineering at the University of Minnesota, 
which appears in the initial number (November, 1908) of 
“The Minnesota Engineer.” 
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REMOVAL OF MADISON AVENUE DRAWBRIDGE, NEW 
YORK CITY. 
By GEO. H. HEFELE.* 


For the construction of a new bridge over the 
Harlem River at Madison Ave., New York City, 
it was necessary to divert the street traffic over 
a temporary bridge about 700 ft. downstream. 
The plans for the temporary bridge included the 


use of the existing draw- 
span, which was to be 
moved from the old to 
the new site. It was 
proposed to lift the en- 


*tire span, with drum, 
wheels, pivot - casting, 
etc., off the old pier, 


move it integrally to the 
new site and place it on 
the pile center pier which 
had been built for the 
temporary crossing. This 
would require a new bot- 


tom tread and rack, 
which would have to 
be set on the tem- 
porary pier in advance, 
but the span would 
be ready for immediate 
operation as soon as 
it was lowered upon 
the new pier, so that 


traffic would be interrupted only during the time 
needed for the actual moving. The plan naturally 
involved floating the structure on scows from the 
old site to the new. The execution of this work, 
which was accomplished successfully (see the 
views Figs. 1-3), is described in the following: 

The structure to be moved was a pin-connected 
swing-span 300 ft. in length and 40 ft. in width, 
weighing about 640 tons. The two trusses are 
40 ft. deep c. to c. of pins at the tower, but the 
upper chord slopes downward so as to make the 
ends of draw only 7 ft. deep c. toc. The under- 
clearance was about 24 ft. above high water. The 
compression members consist of latticed chan- 
nels, with cover plates in the heavier sections, 
while the tension members are eyebars. The 
material is wrought-iron. 

Many interesting problems presented them- 
selves in preparing the structure for its journey 
downstream. A detailed survey of the entire span 
was first made, as no plan of the bridge was 
obtainable. Because the bridge had been in oper- 
ation about 25 yrs. every part of the structure 
was very carefully examined to discover any 
weakness. In spite of its long service, the 
bridge was found to be in a remarkable state of 
preservation. No indication of serious corrosion 


*Engineer for Lawler Bros. Construction Co., Con- 


tractors. 


was observed except in the cover-plates of the 
transverse loading girders, where dust and dirt, 
sifting through the flooring, had accumulated 
and retained moisture. 

After the survey was completed, the locations 
of scows and points of support during the re- 
moval were studied. It was found that by using 
two 30 x 100-ft. scows under each arm, sixteen 
panel points of the bridge could be supported. 


FIGS. 1-3. REMOVAL OF MADISON 


The stresses in the trusses for this arrangement 
(eight points of support under each truss) were 
calculated, and it was found that considerable 
reinforcement would be required to provide for 


the reversal of stresses, particularly in the ten- 
sion members (see partial stress-sheet, Fig. 4). 

Several schemes of reinforcement were con- 
sidered, but owing to the close packing of mem- 
bers at the pins it was decided that some 
method of taking the compression directly 
through the eyebars was most feasible. This 
was done by clamping full-length timbers along 
the sides of the eyebars, to stiffen them as effect- 
ively as lacing (Fig. 5). 

No effort was made to have these timbers come 
to a bearing at the ends, but blocking was in- 
serted at the foot of the timbers as a support 
to relieve the eyebars of any crossbending. The 
timbers were clamped at intervals, to bind the 
reinforced member solidly together and make it 
act as a whole in resisting buckling. Wooden 
wedges were driven between eyebars at the 
clamps to pack them solid. The timber clamps 
consisted of %-in. plate washers, one on each 
side of a set of timbers, connected by either 
two or four Lin. bolts. The clamps with two 
bolts were placed at distances apart equal to 
about one-half the calculated column length re- 
quired to make the eyebar in the direction of 
its thickness stiff enough to take the calculated 
stress. The clamps with four bolts, which car- 
ried also a bolt with washers tying the mem- 
bers together in the direction of the width of 
the bar, were spaced at intervals of about half 
the column length cor- 
responding to the width 
of the bars. 

The maximum compres- 
sion which the eyebars 
would be subjected to 
was about 7,000 lbs. per 
sq. in., in a single panel. 
This stress, however, was 
accidentally increased 
during the process of 
lifting to about 9,000 Ibs. 
per sq. in. owing to the 
accidental binding of the 
pixot casting, which was 
great enough to rupture 
five l-in. bolts. The . 
effect of this stress on 
the eyebars, which acted 
as columns of lengths 
varying from 30 to 43 
ft., was closely watched 
by the writer. Not 


AVENUE BRIDGE, HARLEM RIVER, NEW YORK 
CITY, TO ANOTHER LOCATION FOR USE AS TEMPORARY BRIDGE. 


the slightest sign of bending or displacement of 


reinforcement was observable. In fact the 
wedges at the foot of some long timbers could 
be withdrawn by hand while the bridge was 
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suspended. The wooden wedges at the clamps 
gave no indication of distress. The reinforce- 
ment in the top chord followed the same scheme 
as that of the eyebars in the web system. 

The posts that were in tension during the re- 
moval were found to be of more than ample 
section except at the pin connections to the 
bottom chord, where the posts extended but 2% 
ins. beyond the pin. The values for bearing and 
shear were within reasonable limits of safety, 
but considering the portion of post beyond the 
pin as a beam, of length equal to the diameter 
of pin and uniformly loaded, it was found that 
the fiber-stress ran as high as 37,000 lbs. per 
sq. in., which would probably result in splitting 
the post. To strengthen this weak point, part 
of the tension in the post was transferred by a 
direct connection of 4 x 4 x in. angles between 
the batten-plates of the post and the side-plates 
of the bottom chord, the latter transferring the 
tension to the pin (see detail in Fig. 6). 

The bottom chord also was found to be suf- 
ficiently strong for tension, except at the four 
adjustment joints which occur in the panels ad- 
joining the tower. These joints consisted of two 
castings, face to face, of varying thicknesses, 
which were practically cast-iron shoes, fastened 
to the chord by very light connections; they 
could not be used in tension. A tension splice 
was therefore made at these joints by riveting 
cover-plates across the flanges of the chord at 
either side of the castings, and riveting over 
them longitudinal splice-plates which cleared 
the top and bottom of the castings. 


For the support of loading girders, drum, 
wheels and pivot casting, no direct connection 
with the tower posts was feasible, as these 
merely bore on base-plates resting on the cover- 
plates of the loading girders, which were of box 
section. Therefore 18-in. 60-lb. I-beams were 
riveted to the batten-plates of adjacent posts, 
and the loading girders were suspended from 
them by means of 1 -in. bolts running to their 
underside. The loading girders in turn held up 
the drum by means of 1%-in. bolts at the points 
where their flanges crossed. The wheels were 
supported from the drum on the outside by 
means of special 34-in. bolts formed with a hook 
on the lower end to engage the spacing-ring, at 
every fourth wheel, the upper end of the bolt 
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DETAILS OF REINFORCEMENT OF EYEBAR MEMBERS, AND 
SUSPENSION ARRANGEMENT FOR TURNTABLE. 
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FIG. 5. GENERAL PLAN OF REINFORCEMENT. 


having an eye which fitted over the bolts fast- 
ening the upper tread to flanges of drum. The 
wheels were also supported inside of the drum, 
by means of timbers resting on the bottom flange 
as chords of a circle, through which ran bolts 
carrying a corresponding stick engaging the 
underside of the radial rods. 

The pivot casting was of great weight. To 
carry it, five 1-in. bolts 
were provided, support- 
ed at their upper ends 
by the floor stringers and 
at the bottom screwed 
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wer into l-in. tapped holes 
. le, in the plvot- casting. 
6 e 

de The casting was also 


firmly braced to the drum 
by four 6 x 6-in. radial 
Struts, so as to make 
the entire underbody of 
the bridge act as one 
rigid piece. Much de- 
pendence was placed on 
this to hold the bridge 
in position while raising 
and lowering. 

Particular attention was 
given to the blocking on 
the scows. The scows 
were lashed together 
side by side, in pairs, 
one in advance of the 
other to conform to the 
skew of the bridge when 
lifting. Timbers were 
spaced on the decks of 
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FIG. 4.. STRESSES IN EYEBAR MEMBERS, 


scows to distribute load, and a crib of square 
timber was then built on the scows to the re- 
quired height, no spikes or fastenings being 
used. Some of the transverse timbers of the 
crib work connected both scows. No bulkheads 
or braces were placed below decks. 

In preparing to move the bridge, the draw 
was swung around far enough to clear the ap- 
proach spans at each end. The scows were 
towed in place at low tide, two under each arm, 
and securely fastened to the fenders of the 
bridge. Men started blocking up between the 
cribs and bottom chord of bridge at the panel 
points, the steel bearing directly on the timber. 
After the blocking was completed the pivot cast- 
ing and wheels were hooked up. The bridge was 
then Hfted by the rising tide. The main pinions 
at the rack were not disconnected and they 
helped relieve the strain on the pivot casting 
caused by the current in the river acting on the 
scows. i 

In lifting, it developed that the pivot casting 
was seated much more firmly than expected, and 
the five l-in. bolts, which were to raise it, broke 
without disengaging the casting from the pier. 
They were soon replaced, and by prying the cast- 
ing was loosened enough to enable the bolts to 
lift the casting free on the next trial. Sufficient 
delay was caused by the accident to make it 
necessary to wait for the next tide. While the 
bolts were being replaced, the scows were 
pumped down to keep the bridge from lifting off. 

After the bridge was lifted high enough and 
had cleared the bottom tread by about 14 ins., 
the scows with their load were towed down- 
stream by two powerful tugs, one pulling ahead, 
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the other in the rear to retard progress if 
necessary. The passage downstream took about 
25 mins. 


When the bridge was safely located over the 
new pier, the scows were slowly settled by pumps 
from the tugboats. To center the bridge accu- 
rately, holes had been previously bored in the 
new pier to conform to the position of the bridge, 
and tapered bolts 2% ins. in diameter were 
placed in the holes to engage the bolt-holes of 
pivot casting. The bridge was gradually wormed 
into place, until the bolts on the pier entered 
the holes in the casting. The rack pinions, en- 
gaging the new rack, were also of great assist- 
ance in centering the bridge. 

No difficulty was experienced in centering the 
structure on the new pier. As soon as the 
bridge was lowered and the scows withdrawn, 
it was turned by its own power, the mesh of 
pinions and rack being practically uniform 
throughout. 

The reinforcement described required 28,009 ft. 
B. M. of timber. As very little cutting was 
necessary and there were no bolt-holes in the 
large sticks, the salvage value was nearly 100%. 

The contractor for this work was the Lawler 
Bros. Construction Co., of New York. The rein- 


forcement and scheme of operations were de- 
Signed by the writer as engineer for the 
contractor. Mr. W. J. Lawler personally super- 


intended the moving. The work was done under 
the direction of the Department of Bridges, New 
York City. 
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WOOD PRESERVATION BY THE OPEN TANK 


PROCESS. 
By ERNEST F. HARTMANN. f 


Any discussion of the subject of wood preservation or- 
dinarily begins with the causes of decay. This paper, 
however, is not concerned with the causes of decay but 
with its prevention. Rot and decay are factors which 
must be ‘aken into consideration by every engineer con- 
templating the use of timber for any construction work. 
Wood preservation aims to preserve wood against pre- 
mature decay. It goes further, however, for to-day its 
principal object is to make the short-lived and less 
durable varieties outlive the untreated long-lived specics. 

Applying the old adage that ‘‘an ounce of prevention 
is worth a pound of curc” to the subject of wood pres- 
ervation, it should be borne in mind that low forms of 
vegetation facilitate the decay of timber. Inferior 
ballast, and particularly material like sand which will 
not dry out readily, is very injurious to the life of tim- 
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Although a digression from the subject, the following 


may be of interest as an illustration of what can be accom- 


plished with timber often considered waste. Until re- 
cently mining companies used broken gangway timbers 
and other waste only for fuel. At this time the Phila- 
d.Iphia & Reading Coal & Iron Co. has installed 12 saws 
at their different colleries which cut up these broken 
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Too much stress cannot be laid upon the proper piling 
and seasoning of timber. Timber should always be 
piled so as to take advantage of all prevailing winds, 
taking into consideration, the particular climatic condi- 
tions of the respective locality so as to prevent a too- 
rapid drying and consequent checking and splitting. 

The open tank method has developed a new form of 
s:asoning which enables the 
use of comparatively green 
timber by immersion in a 
bath of oil heated above the 
boiling point of water and 
this is now becoming known 
as oil seasoning. An ex- 
planation of this will be given 


MATLA A Ao 
Manet fvapomarion | 


DAILY SUMMARY 


Peet BM TREATEO. 8 _ 


CmpPry Ceci tre 


want 
TST Se rt eee 
2 wl fay Te 
2 3 15. 
K z F 
E. I 8 | 
a 8 E 8 =| — 
* E ele = 8 u- 
Tiz, E | elec, lg a 
HAS 7 | ee tah 2 
me o y 
9 jr. * 4 ‘2 Y 1 4 r k 8K i 
AEN: 5 2 5 5 z 8.03 „5 
ETa Afla £10 (8. 2 - o 5 F T gale a | 
re alate „ 8 „ is ise) [ae] 5 fee Sees. z 
Be Pe gle oe Sie lees e geen $5 
— 1 gc 2 z C. I 2 =. r C 3 
55 5 2 8 2 ge gS es gi f 3 P % f Fee 
S 24 5 O ölz rja — «| <p z fir - E 5 28 8 7 cia 
27 2/2 5, 5 5 8 E 8 Zelg eer Siz F 315 5.4.85 5 „ 
E. 2 1 5 Si 1. Ô E 2 312 O | L111 2 T 17 SF a =: 
ad | ad — rz)? — — £ 26 ra E 8 
2 8 SSS SE SHA Srl sss E Sf] 5 ESE 
2 
oe ah = 
1 i. Ar 1 { — 4 ' 
— 4 ay ' t ay A 
sy i 1 i fap + tè tos 
8 . ' t- 3 
* 4 so + ＋ = — 4 i ®© 2 
ERT TETS tt 5] Ti gi 


Recoro of DaiLy Runs 


TREATMENT WHEN USING TWO TANKS E 


HoT COLO 
| 
ed 
5 n 
9 
| 3 è 
E 7 
8 È 
2 8 8 = 2 u 5 
5 p! 4 * 
r . & , 2 O˙ x 
9 7 7 K 5 É 2 Oi = Sele 2 = 
a = 5 Ale <6 6 2 5 ols 8 oj 
2 gis fools 2 5 31 is 2 8 2 s Beles 208 è 
‘rth u yir 5 * L ul < e 2 Ejo x — L 
Foie Say 5 208 „ f „„ Sl 0.3 „ „2 8 8 r 
S S SI SE EI? S ir 88 8 E 27 8 
8 S big 55.578 9342 Ols 2 8 8 7 2 d 3 8 TERNE 
* „„ oe i , i — | 
Ze ARRE 5 7 8.82 5 x 5 zèl 8 7 rz SE g 8170585 
EB 8 TS SF f 3] 2/8) 5 & e Bl olf aig! 2 
E O. KS cP SLR ge st Se] Elo 2.8.6] 2120] Ele elie = 
a Soltis E „ t+ —— 
a Hi] 5 FHH ssa 
dely $ * {? * * 8 
. + 4- — 4 — -e— 4 — — — is 32 =a 
— 55 RE — 
5 1 1 t t t-+t --4- S — 
FIG. 1. 


timbers into slabs of sufficient length to be used for 
roofing, and this innovation is resulting in a profit to 
the company of nearly $3,000 per month. Other coal 
companies are following this example. 

The initial step to secure longer life of timber is to 
use only such as has been properly seasoned. Air- 
seasoned timber is stronger, more durable and less sub- 
ject to checking and splitting than green timber, and 
most woods recommended for treatment are also open 
grained, and being more porous, can be air s<asoned by 
proper piling in comparatively short periods. Air dry- 
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FIG. 2. OPEN-TANK TREATMENT OF CROSS ARMS, COLUMBUS R. R. CO., COLUMBUS, GA. 


ber. Permitting decayed tics to remain on the right-of- 
way after they have been removed from the track is a 
very prolific source of decay. They should be burned to 
prevent their disseminating spores of fungus. 


*Part of a paper before the convention of the Associa- 
tion Railway Superintendents of Bridges and Buildings, 
Washington, D. C., Oct. 21 to 23. Copyrighted by E. F. 
Hartmann. Rights reserved. 

President, Carbolineum Wood Preserving Co. 
York, 351 West Broadway, New York City. 
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ing means reducing the moisture contents of the wood 
to about 20%, thus 80% of that which promotes the life 
of decay germs is removed from the wood by proper 
seasoning. The risk taken when timber is held for air- 
seasoning as well as the interest charge on the invest- 
ment is inconsiderable when compared with the saving 
represented by the increased durability and longer ser- 
vice of such timber. In Europe all timber, whether to 
be treated or not, is fully air-seasoned before use. 
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RECORD FORMS FOR THE OPEN-TANK PROCESSES OF TREATING TIMBER. 


various qualifications to be taken into consideration. Tar 
oils are .to-day more widely used as preservatives than 
any other material, because of the good results obtained 
by their use. 

It can be stated as a fact that it is the high boiling 
constituents of coal tar that remain in the wood and act 
as the pr:servative. It has been definitely ascertained 
that the lighter and more volatile oils disappear from the 
wood entirely within four years on timber fully exposed 
to the air. Similar results were obtained on poles at 
the ground line, and ties have also been examined with 
practically the same results. The only exception has 
been piling, submerged in water, and even here the high 
boiling oils were the principal factors that prevented 
decay. The amount of penetration or rather the quan- 
tity of oil injected should for these reasons be no cri- 
terion on the assumed added life of the timber. without 
considering the character of the oil used. 

The results of analyses and examinations made on tim- 
bers which had been perfectly prescrved for periods of 
from 16 to 32 years should convince every engineer of 
the necessity of definitely ascertaining the exact quality 
of the oil that is intended to be used for wood prescrv- 
ing purposes. At no time should the antiseptic require- 
ments of the preservative be overlooked. These disin- 
fecting elements should be of a nature permitting them 
to so combine with the heavy oils, that they may be 
rendered non-volatile; the two should be chemically 
united. 

When using the open-tank method where it is neces- 
sary to hold the temperature above the boiling point 
of water, it is advisable to use a preservative contain- 
ing few or none of the light oils, for when treating at 
temperatures only slightly above the boiling point of 
water, the ordinary commercial creosote will readily 
begin to volatilize. 

The best preservatives for application in a concen- 
trated form are obtained by the redistillation of tar 
oils by accurately gaged temperatures to secure that 
portion of the oil which exerts the greatest amount of 
protective action. 

While for ties the question of inflammability is of no 
concern, it becomes of considerable importance when 
the preservative is used on buildings, bridges, trestles, 
platforms, under-structures, etc., and must therefore be 
carefully considered when drawing specifications for the 
preservative oil. 

I believe that at all times it would pay to dip the 
bolts, spikes or nails in a good preservative before be- 
ing driven, and thus in a measure protect the sur- 
rounding wood against the attack of fungus. This will 
also to a large extent prevent the rusting of the spikes 
or bolts, thereby causing them to hold better in the 
wood. 

The open-tank process and the brush method of treat- 
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ment can be adapted to all preservative requirements. 
Thus timber cin be locally treated to be preserved at 
points where decay is most likely to set in. As a pro- 


cess the open-tank method has a great advantage over 
the vacuum method in its adaptability to different forms 
The penetration can be regulated with 
any other 


of treatment. 


far more certainty than by method, and 


preparing these charts it has been my endeavor to 
cover all steps necessary to secure the most accurate 
results possible, the object being primarily to give a 
basis for a form of sufficiently complete record of all 
treatments. Many of the subdivisions will undoubtedly 
be eliminated in actual practice, but they are presented 
for the purpose of enabling every engineer to arrive 


FIG. 3. OPEN PRESERVING TANKS 


thereby an excessive and unnecessarily heavy injection 
can be prevented. 

It is now well settled that the action of wood de- 
stroying agencies is mainly from the outside, and to 
this fact are ascribed the efficiency of certain preserva- 
tives which merely form a superficial coating over the 
surface of the timber. This is because such preserva- 
tives are poisonous enough toward fungi spores to pre- 
vent them from developing on timber so treated and from 
entering into the untreated interior wood. 

If, then, the timber is in proper condition to receive 
treatment, or has been sufficiently seasoned while in the 
hot oil bath, the penetration need not be very deep 
providing the preservative injectcd can prevent spores 
of fungi from obtaining any foothold and is stable 
enough to remain in the wood until the mechanical 
life of the timber is gone. 

Briefly stated, the process is as follows: As the tim- 
ber is immersed in a bath of preservative heated to a 
temperature above the boiling point of water, the air 
in the wood cells expands and the sap or moisture 
contained in the wood evaporates in proportion to the 


Fig. 4. An Early Preserving Tank, Norfolk & 
Portsmouth Traction Co., Norfolk, Va. 


duration of the hot bath and also the temperature of 
same. The timber is then plunged into cold oil, which 
causes the air remaining in the wood to contract, form- 
ing a partial vacuum. To satisfy this vacuum, the oil 
is drawn deeply into the wood.* 

From Fig. 1 a fair idea of both the full and 
empty-cell method of treatment can be obtained. In 


*[For a more extended discussion of the theory of the 
open-tank processes see a paper by Mr. H. F. Weiss in 
Engineering News, Oct. 22, 1908.—Ed.] 


OF THE BOSTON ELEVATED RY. CO. 


definitely at the cost of treatment as well as the re- 
sulting absorption. 

The form of record sheet for the empty cell treatment 
is subject to such changes as may be called for by 
conditions. At all events, only a part of this record 
sheet would be used, for the treatment would either be 
with alternate hot, cold and hot immersions and then 
would follow the summary, or it would be heating, cool- 
ing and reheating in a single tank. In this latter 
method the retreating in hot oil or reheating of the 
oil causes a diffusion of the oil through a greater area 
without the use of any additional preservative, 

The ordinary method of computing the absorption is 
to weigh the timber both before and after treatment. 
This, however, is very unfair when the theory of this 
process is borne in mind. Even room-dry timber con- 
tains 10% of water and this must be considered. 

Actual absorption is obtained better by computing the 
oil used in treating less the average evaporation for the 
same period of time, and dividing actual amount of oil 
used by the cubic feet of timber treated, but even this 
is not accurate unless the readings are taken at the 
same temperature. 

The success of treating merely in hot oil can be 
largely ascribed to the removal of the sap and water 
from the timber by this form of treatment, which, while 
not giving a heavy penetration, insures the preservative 
reaching all cracks, checks or splits already in the tim- 
ber, and again for the reason already stated, that a 
superficial treatment with a sufficiently antiseptic oil 
will prevent decay germs from developing. 

A brief reference to brush treatment should come at 
this time. It is of great value when no other method 
can be used, as for instance in treating the cut ends of 
timbers, joints, mortises, points of contact, ete. Again 
for structures already erected it is much more reasona- 
ble to apply a coating of a good preservative than a 
coating of oil paint. 

In the treating outfits which are now to be illustrated, 
steam is always used for heating the preservative un- 
less otherwise stated. 

The first open tank used by any railway company of 
which I have been able to obtain some definite record 
was that of the Columbus (Ga.) Railroad Co., which in 
1891 commenced the treatment of their ties. The oil was 
heated in a tank shown in Fig. 2 by means of a wood 
fire, old ties and waste being utilized for fuel. Cross- 
arms have also been treated in considerable quantities 
for the Columbus Power Co. The cost of such a treat- 
ing outfit is very small. It holds two ties at a time, 
which are immersed in the oil for ten minutes. They 
are then thrown upon an iron dripping plate after which 
they are piled to dry before receiving the second treat- 


ment, care being taken in the second dip that the timber 
is completely submerg d and immediately removed. 
After draining they are stacked ready for use. The 
former manager of this company advises that the com- 
plete cost of treatment per tie was 31 cts., making a 
total cost of $9.68 per M. ft. B. M. 

The Boston Elevated Railway Co. in 1897 began the 
treatment of ties and are now using the treating plant 
shown in Fig. 3. They have treated approximately 90,- 
000 ties, including tamarack, chestnut, oak and hard pine, 
7 ft. x 8 x 6 ins., and the treatment has cost them from 
15 to 17 cts. per tie, making a cost of $5.71 per M. ft. 
B. M. This tank is 18 ft. long, 4 ft. wide and 5 ft. deep, 
made of %-in. boiler plate. A 1%-in. steam coil is used. 
Bundles of 10 or 20 ties are handled by the derrick 
shown in the picture, the capacity of the plant being 
from 600 to 800 ties per day. Mr. A. L. Plimpton, their 
civil engineer writes: 

We do know that it greatly prolongs the life of the 
ties. In our reservation tracks where part of the ties 
have been treated, when it was necessary to renew the 
rail we were able to use over again the ties that had 


been treated, while those that were untreated, were not 
fit to remain. I 


Fig. 4 represents the first tank installed by the Nor- 
folk & Portsmouth Traction Co., Norfolk, Va., on which 
cross timbers were used to hold down the ties. A con- 
veyor chain arrangement has now been worked out by 
the engineers of this company. The tank, which is 30 
ft. long, 10 ft. wide and 24 ins. deep, is made of %-in. 
steel plate with 2%-in. angle-iron corners, and cost 
$300 (f. 0. b. Norfolk). The conveyor chains cost $450, 
and the capacity of a plant so arranged is 1,000 ties per 
day. By using removable rails to hold down the ties, 
this tank can be used for bridge and trestle timbers. 
The cost of treatment, including labor, steam, etc., was 
23 cis. per tie, making a total cost of $7.20 per M. ft. 
B. M. 

Fig. 5 shows a double tank equipment, for treating 
cross-arms erected by the Southern Power Co., of Char- 
lotte, N. C., under the direction of Mr. L. W. Frazer, 
Assistant Chief Engineer. The inner tank is 4 x 8 x 8 
ft., and is surrounded by a second tank 5 x 9 ft. and 4 
ft. deep, filled with water heated by a steam pipe from 
a boiler set up for other purposes. Both tanks are 
made of 3/16-in. steel plate and stiffened around top 
and bottom with 2-in. angle irons. The cross-arms are 
4% x 5% ins., 7 ft. long. They are treated for 15 min- 
utes in oil at a temperature of 65° C. and absorb from 
3 to 6 Ibs. of oil. 

For Fig. 6 I am indebted to Mr. J. W. Cartwright, 
Jr., Treasurer of the Bangor Railway & Electric Co. 
This concern has treated some 8,000 spruce cross-arms 
in this tank. The cost of the treatment, including the 
price of the galvanized-iron lined tank, 12 ft. square 
and 3 ft. deep, was 12% cts. for a 10-ft. cross-arm, or 
a cost of $7.66 per M. ft. B. M. The cross-arms are 
placed in the tank until no more will float and they are 
left ten minutes in the hot oil, after which they are 
placed on the draining table shown. 

Fig. 7 shows an open tank in use at English mines 
for treatment of mine props. Treatment lasts from 


Fig. 5. Double Open Tank, 


Southern Power Co., 
Charlotte, N. C. 


ten minutes to half an hour, the oil being heated to 
100° C. The first plant of this kind was installed in 
England in 1901. 

The Consolidated Coal Co., of Saginaw, Mich., use an 
open tank in which they have treated props and tim- 
bers for the entries and buildings during the past five 
years. As stated by their general manager: 
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The expense of retimbering under the union scale of 
wages in the mines is very large, and therefore we feel 
it is economical to treat the timber and we have treated 
on idle days with men whom we were obliged to have 
around the mines. Timbers treated have never shown 
any signs of rot so far, while untreated timber has to 
be replaced in from one to two years. 


In the tank shown in Fig. 14 the Peerless Motor Car 
Co., of Cleveland, Ohio, treated 150,000 ft. of flooring, 


Draining Table hinged 
to close lank wher 
not in Use 


trip of Wood to 
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phia & Reading Coal & Iron Co. This company being 
convinced of the value of the treatment has erected a 
complete plant similar to that of the Dela- 
ware, Lackawanna & Western R. R. at the 
Auchincloss Mines (Fig. 10). This treating plant, 
near Nanticoke, Pa., has just been placed in 
commission. The cost of this plant to the company, 
including all piping, tracks, engines, etc., was about 
$5,000. The storage tank 
has a capacity of 21,000 gals. 
and the receiving tank, the 
cover of which is barely 
shown on the left of the pic- 
ture, has a capacity of 9,000 
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BANGOR RY. & ELECTRIC CO., BANGOR, ME. 


sills and joists during the last three years, at a cost for 
treatment of $9 per 1,000 ft. B. M. This tank cost $30. 
It is 20 x 3 x 3 ft., is lined with galvanized iron and 
has 1½-in. pipes lengthwise for heating the oil. The 
Automatic Shovel Co., of Lorain, Ohio, two years ago 
built a tank at a cost of $5, in which they treated 45,000 
ft. of 2-in. plank at a cost for treatment of $9 per M. 
ft. B. M: 

Westinghouse, Church, Kerr & Co, treated by the 
open-tank method all the flooring, sills and joists used 
in the construction of the extensive buildings for the 
Railway Equipment Co., of Chicago. A portable plant 
was rigged up, the tank being 21 ft. long, so as to 
enable the treatment of the longest timbers. 

Tanks of this kind were first used in 1890 for treating 
the paving blocks laid on Trafalgar Square, London. 
The blocks for Northumberland Ave., Charing Cross 
and many other streets of the west end of London were 
treated with a similar outfit. The tank itself is 4 x 4 x 
4 ft. Blocks are 9 x 5 x 3 ins., and 1,000 of them ab- 
sorb 10 gals. of the preservative. 

Fig. 8 illustrates a block-preserving plant using hot 
and cold treatment, the blocks absorbing 27 gals. per 
M. ft. B. M. The hot tank was a square roofing-tar 
kettle, with a capacity of 200 blocks, 3 x 3 x 8 ins. 
Old ties were used as fuel to heat the oil. The city of 
Cleveland installed the treating outfit shown in Fig. 9, 
which complete with steam pipes, etc., cost $125. At 
the present time pine plank and 5-in. blocks for paving 
the Abbey St. viaduct are being treated in this tank. 
The cost is $2 per M. ft. B. M. for handling the lumber, 
and they are using 10 gals. of oil per M. ft. B. M. for 
the plank and from 12 to 15 gals. for the blocks. The 
tank is 4 x 6 x 25 ft. They use a 15-HP. boiler, the 
oil being heated to 220° F. 

Treated flooring is particularly adapted for shops, 
freight and round houses and a good deal has been laid 
by the Southern Pacific Ry., Oregon R. R. & Navigation 
Co., and other railroads in the Northwest. 

The first experimental plant was erected by the U. S. 
Forest Service in 1906, cooperating with the Philadel- 
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Working Temperature abt. 80 to 200 °F. treating. The dome on the 


cylinder is to relieve the pres- 
sure when the oil is heated 
and from this dome the vo- 
latilized oil is piped to the 
receiving tank, the oil run- 
ning from the storage tank 
to the treating tank, and 
from there to the receiving 
The daily capacity of this plant is 


tank by gravity. 
4,800 ft. B. M. 

The plant at Scranton, shown in Fig. 11, is also owned 
by the Delaware, Lackawanna & Western R. R. and is 
used for the treatment of mine ties as well as mine 
props. The method of handling the timber is here weil 
illustrated. 

In the wooden tank, shown in Fig. 12, were treated 
the flooring, sills and joists for the new No. 8 Pier of 
the Baltimore & Ohio R. R., 
at Baltimore, the timber 
receiving a 15-minute im- 
mersion in the hot oil. All 
the dock floors, sills and 
joists for the immense docks 
erected by the Northern 
Pacific Ry. Co., at Seattle, 
Wash., were treated in a 
similar manner. The Minne- 
apolis & St. Louis R. R. Co. 
treated bridge ties by the 
open-tank method using a 
steel tank 14 x 3 ft. and 2% 
ft. deep, with live steam 
pipes through the bottom of 
the tank. The ties were 
handled with timber hooks. 
The total cost of treatment 
per M. ft. B. M. was $9.81, 
including cost of tank and 
labor. 

Fig. 13 shows a tank 40 ft. 
long, 3 ft. wide and 4 ft. 
deep, with steam pipes in 
the bottom. In same, the 
Milwaukee Car Mfg. Co. is treating car sills, etc. The 
crane used is worked by compressed air. The timber is 
treated for fifteen minutes, after which it is placed on a 
draining platform. 

In 1900 the Ruemmeli-Dawley Mfg. Co., at St. Louis, 
erected a tank of wood lined with galvanized iron. Steam 
is used to heat the oil. The tank has been variously 
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FIG. 8. A SMALL AND INEXPENSIVE PAVEMENT-BLOCK PRESERVING PLANT. 


used for the treatment of timbers for the city’s water- 
works and considerable quantities of stringers, flooring, 
etc., particularly the lumber used for the construction 
of water cooling towers. At this plant a charge for 
treatment is made of $10 per M. ft. B. M. 


A treating plant for round and sheet piling 
was erected at Slidell, La., by James Stewart 
& Co., under the supervision of the U. S. En- 


gineers Office, of New Orleans, in 1897. Both tanks 
were equipped with steam coils for heating the oil and 


conveyor chains for handling the piling. At Slidell, La., 


an open tank for treating cross-arms has been operated 
for many years. This tank is 36 ft. long, 6 ft. wide 
and 18 ins. deep. Heart yellow pine arms were treated 
and these absorbed on an average 10 gals. per M. ft. 
B. M. 

Various U. S. Army Engineers have used the open- 
tank method on work mostly in the Mississippi River 
valley and on the Pacific coast. During the past four 
years a tank, 30 x 3 ft x 18 ins., fitted with a cover and 
steam pipes has been used at St. Louis by the U. S. 
Army Engineers. The superintendent of the U. S. En- 
gineer’s office, at Columbus, Ga., who has treated yellow 
pine timbers for barges and tow boats, advises that the 
cost of treatment for labor is about the same as if 
painted with ordinary paint. He gave a treatment of 
125 lbs. of preservative per M. ft. B. M., leaving the 
timber in the tank for from 20 to 40 minutes, accord- 
ing to its size. The result of the treatment was so 
satisfactory that a larger plant is being built for future 
use. * js 

The treating tank of the Denver City Tramway Co. is 
15 ft. long, 7 ft. wide and 2% ft. deep, and is made of 
3/16-in. boiler plate. The draining table is 16 ft. long. 
The oil is heated by keeping a slow fire under the tank. 


FIG. 7. A TANK FOR TREATING FLOORING, SILLS AND JOISTS. 


About 1014 gals. of oil are used per M. ft. B. M. when 
the ties are thoroughly seasoned. At this plant 5,200,- 
000 ft. B. M. of yellow pine have been treated since 
1904, at a cost of from 16 to 18 cts. per tie. The 
charge per M. ft. B. M. including all labor of tearing 
down tie pile, treating and repiling is $6.63. The labor 
is all hand work, a small crane being used to assist in 
piling the ties. The chief engineer, who furnished this 
information, estimated ten years additional life of the 
ties. Oregon poles are treated by the brush method 12 
ins. above and 12 ins. below the-ground line. 

The Utah Light & Railway Co., of Salt Lake City, 
who have used approximately 150,000 Oregon fir ties 
treated by this method during the past seven years, es- 
timate the cost of treatment to be about 28 cts. each, 
or $8.68 per M. ft. B. M. The resulting life of a treated 
tie was estimated by Mr. J. S. Wells, General Mana- 
ger of the company, as 15 years, the ties showing no 
deterioration after having been in the track for seven 
years. 

At Portland, Oregon, a company has been operating 
open tanks for the past seven years. They now have 
five treating plants in operation, one near Seattle, Wash., 
which is supplying the Stone and Webster properties in 
that vicinity. The standard form of treatment given 
Oregon fir is 100 lbs. per M. ft. B. M., equivalent to 
about 12 gals. A charge of $10 per M. ft. B. M. is 
made for the treatment. Ties have been treated in 
considerable quantities for various street railway and 
railroad properties on the Pacific coast. This, I be- 
lieve, is the first wood-preserving company employing 
open tanks for the treatment of ties, timber and paving 
blocks. 

Taking as a basis the exact cost figures given by en- 
gineers operating open tanks, the average cost of treat- 
ment per M. ft. B. M. is 58.330, thus proving that the 
simplicity of the open-tank method has considerable 
bearing on the cost of treatment. 

These several installations are cited to demonstrate 
the feasibility as well as practicability of this method of 
treatment for companies both large and small. 


— —— — — 
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THE USE OF THE MOTOR OMNIBUS IN EUROPE. 


The motor omnibus as a regular system of 
transportation has not come into such extensive 
use in this country as in Europe. In Europe 
the motor omnibus is employed in different 
classes of service, which may be grouped as 
follows: (1) city and suburban; (2) railway feed- 
ers, the cars being owned by railway companies 


Double-deck omnibuses are used only in a few 
cases. These carry from 32 to 37 passengers. 
The ordinary cars used by other companies carry 
from 10 to 32 passengers each. The use of longi- 
tudinal and transverse seats is about equal. In 
several cases, the total dimensions of the seats 
are prescribed by municipal regulations. One 


company has 150 cars, another has 60 and the 
others have from one to five each. 


The num- 


FIG. 9. BLOCK AND PLANK OUTFIT, CITY OF CLEVELAND, OHIO. 


and run to villages or summer resorts at some 
distance from the railway stations; (3) inde- 
pendent interurban lines in districts which have 
no railway communication. An interesting re- 
port on this subject was presented at the Con- 
gress of the International Union of Street Rail- 
ways and Light Railways, held at Munich in 
September. This report was prepared by Mr. 
Mauclere, Superintendent of the General Omni- 
bus Co., of Paris. It dealt mainly with the 
service on country roads, and from it we have 
prepared the information given herewith. 

This system of transportation has been in 
regular use for about four years. The principal 


Fig. 10. Auchincloss Mine. 


FIGS. 10 AND 11. 


development has been in London, where there 
are now over 1,000 motor omnibuses. In Paris 
there are 150, and in Berlin 60 cars. The Lon- 
don cars are not included in the particulars 
given below, which relate to the equipment of 
15 companies in various cities and country dis- 
tricts. 


PLANTS OF THE 


ber held in reserve varies from 20% (upward) 
of the total number. The length of run is from 
3 to 4 miles on city routes, and from 1% to 10 
miles for feeder lines, while for interurban lines 
it is from 15 to 33 miles. The mileage per car 
per day is from 60 to 90 miles, but in one case 
115 miles. 

The speeds vary from 6 to 10 mi. per hr. for 
city lines, and from 10 to 15 mi. per hr. for the 
other lines. Two city lines have grades from 
7 to 8%, and one interurban line in a mountain- 
ous district has grades of from 3% to 7%. In 
most cases the cars operate on macadamized or 
paved roads, but the roads are not always kept 


a gasoline engine in combination with an elec- 
tric generator and motor, and one company uses 
the “trackless trolley.” This last-named sys- 
tem is suggested as offering opportunities for 
lines operating in connection with electric rail- 
ways. The motors used range from 18 HP. to 
40 HP. The transmission of power to the axles 
is more frequently by means of chains than by 
gearing. Most of the companies have buildings 
where the cars are cleaned, repaired and stored; 
and most of them also maintain fuel storage. 
The cars are lighted by electricity, or by acety- 
lene or gasoline lamps. The weights and other 
particulars of some of these motor omnibuses 
are given in the accompanying table. 

The tires are a very important feature of the 
equipment. One company uses pneumatic tires, 
as its cars are very light (10 to 12 passengers). 
All the others use plain tires, which are gen- 
erally double on the wide rear wheels. Two 
companies have replaced rubber tires on the 
rear wheels with the Chary anti-skidding tires 
having rows of blocks. With these exceptions, 
however, little attention appears to be given to 
the matter of skidding (or side slip) which is so 
serious in city streets. At Berlin, an iron rim 
is placed between the two tires of each rear 
wheel in order to prevent this side slip. The 
manufacturers guarantee the pneumatic tires 
for 2,480 miles, and the plain tires for from 5,600 
to 9,400 miles. Apart from the quality of the 
material, the life depends upon the weight car- 
ried, the speed of travel, and the condition of 
the roads. Frequent stopping, starting and 
changing of speed tend to decrease the life of 
the tires. As a rule, the tires last for the 
guaranteed mileage. 

The greatest development has been in London, 
as already noted. This is due to the following 
conditions: (1) the city has the most extensive 
omnibus service in the world; (2) there is no 
restriction upon the establishment of such ser- 
vice except that it must comply with police regu- 
lations; (3) the old laws governing the use of 
mechanically operated conveyances (which im- 
posed prohibitive limitations as to weight, size 
and speed) were superseded by a more liberal 
law in 1904. This limits the weight to 5 tons 
(empty), the width over wheels to 6% ft., and 
the speed to 12 mi. per hr. The streets are clean 
and well kept, the grades are easy, the cost of 
gasoline is very low, and the cost for tires and 
their maintenance is low also. The only obstacle 
to a rapid development of the system was the 
difficulty in promptly obtaining the requisite 
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DELAWARE, LACKAWANNA & WESTERN R. R., FOR PRESERVING MINE TIMBERS. 


in good condition. In some cases, the com- 
panies pay a tax (or a proportion of the receipts) 
for the street or road maintenance expenses. 
The majority of the omnibuses are equipped 
with engines of the internal-combustion type, 
using gasoline as fuel. Twocompanies use steam 
cars of the Darracq-Serpollet type. One uses 


Fig. 11. Bellevue Mine. 
number of cars, and this explains the great va- 
riety of systems now in use in that city. In the 


spring of 1908 there were 13 companies, and the 


six largest companies had 1,017 omnibuses in 
use in the city and suburbs. Of these, 972 had 
gasoline engines, 34 had steam engines, and 11 
had electric storage batteries. 
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In Paris, the substitution of mechanical power 
for animal traction of omnibuses has been much 
less rapid, partly due to the heavier grades 
(from 7 to 8%), but largely to the higher cost of 
gasoline on account of the duty imposed. The 
cost is three times the London cost. The first 
motor omnibus line was started in 1906, and in 
June, 1908, there were seven lines operated by 
150 omnibuses (103 in service and the others in 
reserve). The city requires a certain. number 


Fig. 12. Open Tank for Treating Flooring. 
(Baltimore & Ohio R. R.) 


of trips per day, and the total daily run aggre- 
gates about 8,500 miles. For each line there are 
always two cars in reserve, to take the place 
of any that may break down or meet with acci- 
dent. With these, and with the cars under in- 
spection or repair, the number of cars in re- 
serve is about 40% of the total equipment. All 
the cars have gasoline engines of 35 to 40 HP. 
In the country districts of France there are sev- 
eral motor omnibus lines which are of great 
utility. 

In towns having street railways, a motor 
omnibus service may serve as feeders and ex- 
tensions until such time as the traffic warrants 
the expense of building tracks on these routes. 
Where there are no tramways, an omnibus ser- 
vice will be of great value when the traffic and 
receipts are sufficient to warrant its introduc- 
tion. Many railway companies (especially in 
England) have found it of advantage to operate 
a service of this kind between stations and 
neighboring towns and villages. Districts where 
railways have not been developed may be served 
by a similar service (operated independently of 
railways or connecting with the nearest stations). 
Motor omnibuses may also be used for summer 
routes and for excursions. In each of these dif- 
ferent cases, it is necessary to select the most 
suitable type of car, and to make proper allow- 
ance for maintenance and repair cost. 

For cities, cars seating 30 to 36 persons are 
recommended. Larger cars are too heavy and 
slow. These cars will require engines of 30 to 
40 HP., according to the rate and length of 
grades. For railway-feeder routes, the cars 
should carry 10 to 12 passengers. For inter- 
urban routes, they should carry 14 to 20 pass- 
engers. In both of the latter cases the cars 
should carry baggage and parcels. Cars oper- 
ating outside of cities should be able to attain a 
speed of 15% to 20 mi. an hr. on the open road, 
police regulations reducing this in towns. The 
weight should be about 5,000 to 6,500 Ibs. empty; 
the live load may be estimated at 150 lbs. per 
passenger, or 200 lbs. including baggage. A 


Operating company. Character of 
Service. 
Lanc. & Yorks. Ry. (England)....... Suburban. 
Caledonian Ry. (Scotland City and sub. 
North British Ry. (Scotland)........ Bet. two ry. stas. 
Bavarian Highland Automobile Co. 
Germanů/) )) 
N Co. (Brunswick, Germany) Suburban. 


Geneva-Annecy Auto. Co. (Switzerland) Mountain road. 


Gmund Ry. (Austria)) 


St. Blase Motor Car Co. e interurban lines 


land) 
Cologne Tramways (Germany).....-.. 
Dusseldorf Tramways (Germany).... 


Munich Tramways (Germany)......-- 
Vienna Tramways (Austria) P 


St. ry. feeder. 
St. ry. feeder. 
feed (between 


Paris Omnibus Co. (France)) City, 7 lines 
lin Tramways (Germany)) City, 2 lines 
N 4 (Belgium)....... Experimental. 


Brussels Tramways 


on mountain roads. 


2 
street railways.) 
St. ry. feeders. 
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car of this kind would have an engine of about 
20 HP. The cars should be substantially built, 
for while this may slightly increase the weight, 
it will reduce the expenses for maintenance and 
repair, and make the service more reliable. 

In many cases, persons living along the routes 
(especially in streets) will make complaint 
against the noise, smell and sometimes dirt 
from the cars. These objectionable features can 
be minimized but cannot be eliminated, as they 
are necessarily incident to mechanical traction. 
The public benefit of the service may far out- 
weigh the discomforts to individuals, and mu- 
nicipal authorities should do their part to reduce 
the objections by keeping the roads or streets in 
good condition for traffic. 

The length over all should not exceed 14.75 
ft., in order to allow freedom of movement. 
When on level ground, about 33% of the weight 
should be on the front axle and 66% on the rear 
axle. The motor should be easily accessible for 
inspection and renewal, and should be so at- 
tached to the frame as to be free from shocks 
due to rough roads. There should be an ample 
supply of circulation water, with pipe radiator 
for cooling the water. The lubrication should 
be with good oil and under pressure, so as to 
avoid trouble in cold weather. The fuel tank 
should be of sufficient capacity for an entire 
trip, as filling it at intermediate points is costly 
and dangerous. The exhaust should be dis- 
charged above the roof, so as not to be object- 
ionable to persons on the road. 

For city service, Mr. Mauclere prefers gear 
transmission to chain transmission, on account 
of the frequent stopping and starting. Wooden 


Fig. 13. 


Open Tank of the Milwaukee Car 
Manufacturing Co. 


wheels are preferred to metal wheels, as being 


Vol. 60. No. 27. 


serious in narrow or steeply crowned streets. In 
Paris, it is found to be impossible to operate 
safely in wet weather if the cars simply have 
double tires on the driving wheels, and it has 
been necessary to use special non-skidding tires. 
Various designs have been made for built-up 


Fig. 14. Wooden Tank for Treating Building 
Timbers. 


elastic wheels which in themselves will absorb 
the shocks and so permit the use of steel tires. 
It is not considered that the use of steel tires 
can be made practicable, however, on account of 
the skidding, the noise and the wear of the paving. 

A tabulated statement of various European 
lines is given at the bottom of this page. 
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PROGRESS ON THE ST. PAUL PASS TUNNEL 
through the Bitter Root Mts., between Montana and 
Idaho, the mountain crossing of the Pacific extension 
of the Chicago, Milwaukee & St. Paul Ry., has fully 
maintained its high rates. In November a new record 
for this tunnel was made in heading advance, the East 
heading b ing pushed forward 340 ft. during the month 
(previous high record 333 ft., West heading, June, 1908). 
During thé past six months, June-November, 1908, the 
work made the following averages: East heading, 289.3 
ft. per month; West heading, 281.2 ft.; both headings, 
570.5 ft.; Bench, both ends, 632.5 ft. The average pro- 
gress for the first 11 months of 1908 was 537.6 ft. per 
month. 

This tunnel has a length between portals of 8,751 ft., 
of which 7,219 ft. was penetrated by the headings and 
6,536 ft. broken out to full section by Dec. 1, 1908. It 
is timbered throughout except for 1,302 ft. at the west 
end. The section is 18 ft. 6 ins. by 25 ft. im the clear 
(inside of timber). It is driven by Winston Bros. Co., of 
Chicago; Mr. F. J. Melsaac is their Superintendent-in- 
Charge. Mr. K. C. Weedin is Engineer-in-Charge for the 
railway. The increasing speed of the work is shown by 
the following figures, comparing the work of November, 
1908, with the previous best month’s work: 
nes, a Previous record. 


nn nn .... 333 (June 08) 
/ ĩ² ˙-m-j̃ ꝛ˙²˙. ⁰ꝛ 608 628 re . 08) 
Bench, ONS GAGs iw cistrenvisness 527 415 (Aug. 08) 
( iana uaaa 855 634 (June 08 


The only figure in which the previous record was not 
exceeded, that of total heading progress, would doubtless 
also have shown a new high figure except for the fact 
that the West heading struck a seam of very wet running 


more elastic and less noisy. Side skidding is a ground, tale, which stopped work for six days (Nov. 
serious trouble, especially when the road sur- 25-30). We are indebted to the contractors for the above 
face is slippery, and its consequences may be figures. 
MOTOR OMNIBUS SERVICE IN EUROPE. 
Daily Passen- 
Length of mileage Annual gers Weight, 
trip, per car, mileage, No. of per empty, Speed, Power equipment. 
miles miles. miles. cars. car. lbs. mi. per hr. 
6.20 115 34,000 2° 34 10,050 12 Gasoline, 4 cyl. 28 HP. 
3.75 32 9,920 2 24-26 8,800 es 1 steam, 2 cyl. 40 HP; 1 gasoline, 4 cyl. 24 HP. 
10.00 96 oa 6 2 id 6,380 * Gasoline, 4 cyl. 
32.24 65 (May to Oct.) 5 11-15 4,400 10 to 13 Gasoline, 4 cyl, 24 HP. 
Sa a 65 23,560 2 25 8,360 12to13 Gasoline, 4 cyl. 18 and 24 HP. 
26.66 53 to 81 22,940 4 22 7,480 13 Steam, 30 and 40 HP. 
1.67 56 Sees 2 15-22 4,730  12to13 Trackless trolley, two 20 HP. motors. 
1.00 60 2 21 10,340 7% 1 gasoline, 32 HP.; 1 gasoline-electric, 32 HP. 
2.00 80 to 110 ‘ 2 19 12,100 9% Gasoline, 28 HP. 
sre 82 eee 4 21-22 9,020 7 Gasoline, 25 HP. 
2.5 & 3.7 95 & 71 28 6 24 10,450 Th Gasoline, 25 HP. 
3.2 to 4 90 32,500 150* 32 10,604 6%to8% Gasoline, 4 cyl. 40 HP. 
3.7 & 3.1 93 or 60* 37 12,980 8 Gasoline, 24 and 28 HP. 
rere 72 See 3 32 10,000 ss Gasoline, 40 HP. 


These three lines have double-deck cars, which type is common for English omnibus service. 


December 31, 1908. 


ERECTION PLANT FOR CONCRETE DAM AT BELLOWS 
FALLS, VT. 


In the construction of the concrete power dam 
across the Connecticut River at Bellows Falls, 
Vt., recently completed, the layout of the erect- 
ing plant is worthy of notice. This dam, 600 ft. 
long and 40 ft. high at its deepest point, was built 
of gravity section in mass concrete. It followed 
the line of an old leaky timber dam so that the 
construction of a coffer-dam was of no especial 
difficulty, but the inaccessibility of the gravel- 
pit and the end of the dam on the west side of 
the river made the details of the mixing and con- 
veying plant somewhat more of a problem. Three 
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the shore and out onto the dam, over the crest of 
which it was carried on trestles. This track was 
extended with the dam. Concrete was trans- 
ported in dump cars, such as are shown in the 
cut, which could be easily pushed on the level 
track by two men. In the cut is also shown the 
chute down which the concrete was put in place. 
In addition to the main concrete track an addi- 
tional track ran directly to the shore from the 
dam, and on this branch track the lumber, ma- 
chinery and other material were moved. 

The whole plant was placed, as far as possible, 
above the reach of probable high water. But 
the continued low water of the Connecticut 
throughout the construction made this precau- 


CONSTRUCTION OF DAM AT BELLOWS FALLS, VT. 


Plans were considered; a cableway carrier, a 
floating pontoon system and a trestle track from 
the shore. On account of the expense and the 
difficulty of transporting other material than 
concrete to the dam site, the first two were re- 
jected and the third adopted. 

Fig. 1 shows the general view of the east end 
of the dam looking up-stream toward the re- 
cently erected Bellows Falls arch bridge. On 
the west side of the river, about 50 yds. from 
the end of the bridge gravel was taken from a 
pit in an orange peel bucket which dropped it 
onto a screen at the top of bins, which in turn 
separated the pebbles from the sand. The ag- 
gregate was then carted across the river to the 
concrete mixer immediately at the east end of 
the bridge. 

In the mixing plant the construction company 
utilized the height between the highway bridge 
and their track to pass aggregate from the 
wagon to the dump car practically by gravity 
and to wash the gravel in the process. The 
gravel was dumped upon slanting platforms, 
over which a perforated pipe threw a large vol- 
ume of water in many small streams. At the 
bottom of these slopes the gravel passed over 
screens which dropped out the water and mud, 
and delivered the washed gravel into its bin. 
Valves at the bottom of the sand and gravel 
bins opened into measuring spaces and from 
these the aggregate and cement were shot into 
the mixer, and from there into one-yard cars. 
The cement sheds were located behind the mix- 
ing plant and arranged for minimum handling of 
cement. The mixer and the washing pump were 
driven by a 35-HP. motor located over the stone 
bin. Disregarding all but the cost of men em- 
ployed in operating the plant, daily cost reports 
show washing stone and concrete mixed and de- 
livered to the cars for 12 cts. per cu. yd. 

From the mixer the industrial track ran along 


tion unnecessary. Work was started Aug. 1 and 
completed Nov. 25 of the present year. 

The dam was designed by Mr. Charles T. Main, 
M. Am. Soc. M. E., of Boston, and was con- 
structed by the Aberthaw Construction Co., of 
the same city. The arrangement of the plant 
was the work of the latter. 


AN ELECTRIC POWER SHOVEL, WITH COST RECORD OF 
ITS WORK. 


Power shovels or excavators operated by elec- 
tricity have been put into successful use in sev- 
eral cases for railway and general excavation, 
gravel-pit work and placer mining at points 
where electric current is readily available. Ma- 
chines of this kind were described and illustrated 
in our issue of Jan. 17, 1907, and we have re- 
cently been furnished with the record of cost 
of work done by one of them. The work con- 
sisted in digging ballast for the Chautauqua 
Traction Co., of Jamestown, N. Y., and the 
figures of cost were given by Mr. A. N. Broad- 
head, the president of the railway, to the Vulcan 
Steam Shovel Co., of Toledo, O., which company 
built the machine. 

In general arrangement and appearance, the 
electric shovel resembles an ordinary steam 
shovel. It weighs about 40 tons, and the car 
body is 27 ft. long and 6 ft. 8 ins. wide. 
The dipper is of 1% cu. yds. capacity, 
and has a clear lift of 12 ft. with the 
bottom door open. The machine can make a 
cut 26 ft. wide at the rail level, and can dump 
the dipper on either side within a distance of 
21 ft. 6 ins. from the center of the track. It is 
equipped with three motors: a 75-HP. motor for 
hoisting the dipper, a 30-HP. motor for swing- 
ing the boom, and a 30-HP. crowding or crane 
motor for forcing the dipper against the face of 
the work. These are all of the railway type, 


745 


for variable speed (normal speed 700 r. p. m.), 
and working on 600-volt direct current. 

The record of cost for an eight-hour run is 
given in the accompanying table. In obtaining 
this record, an ammeter and voltmeter were used 
on the machine. The excavator did not work 
continually, owing to the shortage of cars, 
of course, is a normal condition, but if it had 
been possible to keep the machine at work with- 
out interruption, the cost per yd. would, of 
course, have been less. 


COST OF EXCAVATION WITH AN ELECTRIC SHOVEL 


ne 66.6 cu. yds. 
Cost per hour: 
1 Man ./ ĩ ˙ a $0.33 


iD PASE RE Bie oA toca dei et Facts a 0.25 
F 3. BER ob dis wkeK koe REE 0.30 
20,346 KW.-hrs., at eee 0.18 
Oil and waste, estimated.............. 0.04 
Total cost per Bourrrr 1.10 
Cost. for eight hours’ For, 8.80 
Excavation for eight hours. 534 cu. yds. 
CORE. / & 0 0 1.64 cts. 


The material was a mixture of gravel, sticky 
clay and sand, which was hard to dig. Never- 
theless, the cost of the work was very low. 
Among the causes given for this, the principal 
are as follows: (1) as the shovel required no 
boiler, the cost of a fireman and of hauling coal 
and water was eliminated; (2) the work of the 
shovel was intermittent, but when it was idle 
no power was being consumed as would be the 
case with a steam shovel. The builders state 
that if the shovel could have been operated to 
its maximum capacity, it would have given . 
twice the yardage at nearly the same cost. The 
men had to be paid whether they were working 
or idle, and the additional cost for power would 
not have been more than twice that given. This 
would mean 1,068 yds. at a cost of $10.24, or 
0.958-ct. per cu. yd. 


One of the principal objections urged against 
an electrically operated shovel is that in hoist- 
ing the dipper to make a cut it will frequently 
strike hard material which may stall the motor 
and cause it to be burned out. On the other 
hand, if the motor was of a size to have suffi- 
cient strength to stand such strains without 
burning out, it would be too powerful, and would 
be liable to injure or wreck the machine. In the 
machine described above, this objection is over- 
come by special means. The 75-HP. main or 
hoisting motor is provided with an automatic 
magnetic controller, and a circuit breaker which 
will throw off the current as soon as the motor 
has exerted its maximum safe power, and thus 
prevent any harm to the motor. The important 
feature, however, is the series overload relay 
with which each motor is also equipped. As 
soon as the dipper meets any obstruction in the 
shape of hard material or boulders, which would 
have a tendency to stall the motor, this over- 
load relay automatically relieves the motor of 
the excess current and prevents it from being 
overloaded or burned out. 


Another objection which has been made to the 
electric shovel is in connection with the swing- 
ing motor. When the crane or boom of any 
shovel is being swung, it acquires a momentum 
which if not checked may cause it to drift around 
too far and do considerable damage to the struc- 
tural part of the machine. On a steam shovel, 
this drifting motion is counteracted by slightly 
reversing the engines. The steam acts as a 
cushion and allows the crane to swing around 
easily for the last few feet of the swing, when 
a little more steam admitted stops it altogether: 
On the electric shovel, this momentum is taken 
care of by the solenoid brake, the clutch of 
which is thrown in by springs. When the cur- 
rent is turned on the swinging motor, it is auto- 
matically turned onto the mechanism of the 
brake also, and forms a magnet which throws 
back the springs. Thus as soon as the power is 
applied to the swinging motor, a magnet is 
formed which releases the brake, so that the 
swing of the crane is free to respond to the 
motor. As soon as the current is cut off, it of 
course cuts off the magnet. The springs are 
then free to throw on the brake, which absorbs 
the shock of the momentum, bringing the crane 
to an easy stop at any desired point, and with- 
out any reverse power being exerted by the 
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motor. The swinging motor is of 30 HP., and is 
also safeguarded with a circuit breaker, etc. 

The 30-HP. crowding or crane motor is pro- 
vided with automatic controller, circuit breaker, 
overload relay, etc., and is safeguarded in much 
the same manner as the hoisting motor. In ad- 
dition to this, however, it is provided with a 
foot brake which is operated by the craneman. 
Even should the circuit breaker be automatically 
thrown out, as the result of overloads or other 
causes, the foot brake is still capable of holding 
the dipper at any point desired. 
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METHODS EMPLOYED IN DRIVING ALPINE TUNNELS: 
THE LOETSCHBERG TUNNEL. 
By WALTON I. AIMS,* M. Am. Soc. C. E. 


Records of speed attained in driving rock tun- 
nel headings show that the progress made in 
Alpine tunnels has far exceeded the best Ameri- 
can records and it therefore becomes an import- 
ant matter to consider why so great a difference 
should exist. The best American record is now 
claimed for the Elizabeth Lake Tunnel of the 
Los Angeles Aqueduct, where 466 ft. is said to 
have been driven in a single heading during 
October, 1908.t But even this record falls far 
Short of that made at the Simplon Tunnel in 
the Alps where 685 ft. was driven in one head- 
ing during July, 1904. 

The writer has recently visited the Loetsch- 
berg Tunnel now being built between Kandersteg 
and Goppenstein, near the line of the Gemmi Pass, 
Switzerland. In this tunnel similar monthly 
progress to that made at the Simplon is now 
being accomplished, and the results of the writ- 
er’s observations are herewith appended. The 
accompanying map, Fig. 1, shows the location 
of the Loetschberg Tunnel on the line of the 
railway which is to connect Berne with the 
Simplon Tunnel route to Italy. This tunnel 
when completed will be about 8% mi. long. Near 
the North portal the tunnel passes under the 
Kander River and at this point a serious cave- 
in, extending up to the river bed, occurred last 
July. This accident occasioned the temporary 
abandonment of the work in that heading until 
plans shall have been decided upon for meeting 
this difficulty. The work, therefore, is at pres- 
ent being carried on from the South portal only 
and the observations were consequently limited 
to that one heading. 

The experience gained in driving the Simplon 
Tunnel is being used to advantage at the 
Loetschberg, with the difference, however, that 
while the Simplon was driven with rotary drills 
of foreign manufacture, the Loetschberg is be- 
ing driven with compressed air percussion drills, 
those in the South heading being of American 
make, furnished by the Ingersoll Rand Com- 
pany. 

The tunnel is designed for a double-track rail- 
way and has a cross-sectional area of about 66 
sq. yds. The bottom heading method can there- 
fore be used to advantage (see Fig. 3). 
The bottom heading is about 6 ft. 6 ins. high by 
10 ft. wide. Every 600 ft. upralses are made 
from the bottom heading and a top heading is 
started from each of these upraises. From the 
top headings the work of taking out the tunnel 
to its full section is carried on in successive 
stages of bench work, timbering being erected 
in the bottom heading during the later stages 
to prevent the shell of rock between the top 
workings and the bottom heading breaking 
through and thus blocking the track below. As 
soon as the top excavations are connected with 
the bottom heading the timbering is removed to 
be used again at another point. The sides are 
then trimmed out and the concrete lining is 
placed, largely made up of concrete blocks 
backed with concrete. 

There is but a single track in the bottom head- 
ing, about 30-in. gage, with turnouts every 600 ft. 
where the upraises occur, the bottom heading 
being widened out at these points to accommo- 
date the turnouts. Numerous chutes about 2 
ft. square are also blasted out between the bot- 

eConsulting Engineer, 45 Broadway, p. 87 Tork City. 

Engineering News, Nov. 19, 1908, 570. See also a 


compilation of tunnel driving records in Engineering 
News, April 2, 1908, p. 877. 


ing, blasting, mucking out, 


tom heading and the top workings through 
which the muck is dumped into the trains of 
cars in the bottom heading. 

By this method of working, the full-section 
excavation has no difficulty in keeping pace with 
the heading, and at the same time no delay is 
occasioned to the heading operations. The speed 
of the heading, therefore, is the speed of the 
completed tunnel, and hence it is the methods 
used at the heading upon which the main in- 
terest centers. 

The secret of the great speed in these Alpine 
tunnel headings appears to be that a very care- 
ful study has been made of the various causes 
of delay in the successive operations of drill- 


Fig. 1. Location Plan of Loetschberg Tunnel. 


and setting up the 
drills again, with the result that a radically dif- 
ferent method of mounting the drills in the head- 
ing has been employed, and also a different 
system of blasting used, from that practiced in 
America. 

In the mounting of the drills, the return to the 
old drill-carriage idea is disclosed, but in this 
instance there is no such cumbersome affair as 
the drill-carriage used in the early tunneling 
operations in this country. The drill-carriage 
at the Loetschberg simply consists of a small 
truck with a wheelbase of about 4 ft. running 
on a regular heading track. Mounted on this 
truck in the longitudinal axis of the tunnel and 
hinged to swing vertically is an JI-beam, set 
with its web vertical, and reinforced to give it 


then be run anywhere over the heading tracks, 
occupying no more room in the heading than a 
couple of muck cars. 

Before blasting, a %-in. plate of steel about 
6% ft. by 3% ft. is laid down just ahead of the 
end of the track. After the blasting is over, a 
cut is quickly made through the center of the 
muck pile down to this steel plate sufficiently 
wide to allow the arm of the drill-carriage to 
introduce the bar carrying the drills into the 
top of the heading, the drill-carriage running on 
the steel plate laid down ahead of the track. 
The shaft bar is then jacked firmly against the 
sides of the heading and drffling immediately be- 
gins on the top holes. Mucking out then con- 
tinues while the drilling is in progress. 

On account of the drills remaining on the 
drill-carriage at all times, with the air con- 
nections at the drill undisturbed, there is little 
chance for the dirt and grit to get into the 
working parts of the drill and so impair its effi- 
ciency. The drills are of large size, having a 
piston diameter of 35 ins. (designated in the 
catalog of the manufacturer as “F-94’’). 


There are from 12 to 14 holes drilled in each 
round for taking out the heading. These holes 
have a depth of 4 ft. and are 2 ins. in diameter 
at the bottom. They are arranged in four ver- 
tical rows, the two center rows corresponding to 
our center cut and the two outer rows to the 
side round. The two center rows, however, are 
not pointed to form a V as is the custom in 
America, but are run in more nearly perpen- 
dicular to the face. 

The rock so far encountered varies from gran- 
ite to gneiss and is hard drilling. The com- 
pressed air for the drills is furnished by two 
electrically-driven Ingersoll-Rand compressors of 
the cross-compound two-stage type, giving a 
pressure of from 90 to 100 Ibs. per sq. in. at the 
drills. 

As soon as the round is all drilled, the drill- 
carriage bearing the four drills is run back tə 
the last turnout and blasting begins. Blasting 
at the Loetschberg Tunnel is done by the fuse- 
and-cap method of exploding the charge. Ali of 
the holes are loaded and the fuses of all of them 
are ignited at the same time. But by a careful 
regulation of the length of these fuses a series 
of minor explosions is produced, so arranged that 
all of the center holes are exploded before the 
Side holes. 

More powder must necessarily be used in firing 
in this manner, but the advantages gained are 
as follows: less time is consumed in blasting; 
the rock is broken up more uniformly; and the 
effect of the blasting is less severe on the track 
than when the system of electrical firing is em- 
ployed. There is one drawback to this method 


FIG. 2. DRILL CARRIAGE USED IN HEADING OF LOETSCHBERG TUNNEL. 


lateral stiffness. On the forward end of the 
I-beam there is mounted what in America would 
be called a shaft bar, set transversely and 
pivoted to swing horizontally. On the opposite 
end of the I-beam is a counterweight. Four 
drills are mounted on the shaft bar, the com- 
pressed-air connections from these drills run- 
ning back to one hose connection at the rear of 
the truck. 

The accompanying sketch Fig. 2 illustrates 
the main features of the drill-carriage. When 
not in use the shaft bar is swung so that it lies 
directly over the I-beam and the carriage can 


of firing by fuse-and-cap, viz., the danger aris- 
ing from missed holes. An attempt is made to 
minimize this danger by employing two fuses in 
all holes except those at the bottom, where three 
fuses are introduced. 

It would seem that an electrically fired time 
exploder would fill a long-felt want, but while 
several attempts have been made to manufacture 
such an exploder, nothing of the kind has as yet 
been devised that has proved to be a practical 
success. 

The work at the Loetschberg is carried on in 
three 8-hr. shifts, and each shift is expected to 
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drill two rounds and to shoot twice, making 
about 7 ft. per shift, or 21 ft. per day. A 
liberal bonus is paid to the men for all speed 
made above a certain rate. The workmen are 
Italians, nearly all from the Northern provinces. 
The following table gives the approximate time 
for the various operations in the heading: 


THE DESIGN OF THE LOCK GATES AND OF AN EMER- 
GENCY DAM FOR THE PANAMA CANAL. 


In the recently issued report of the Isthmian 
Canal Commission, some particulars of the 
progress in the design of the great lock gates 
are given, and also information regarding the 
design of the emergency dam. 


eo a „ 89 mins. It will be remembered that in the discussions 
Removing drill- carriage from the heading. 20 * which have taken place concerning the relative 
Loading and firing the holes 30 * N E 

Clearing out the Smoke .......ccc cee cece ecee 20 * merits of the lock and the sea-level types of 


Making cut through center of muck pile for 
Eärriasee Hes 


Ventilation is provided by means of a large 
fan, capable of running either as an exhauster 
Or as a blower. From this fan a spiral-riveted 
pipe 2 ft. in diameter runs through the bottom 
heading. 

The tunnel is lighted with acetylene lamps car- 
ried by the miners. Each man is required to 
buy his own lamp and to keep it in good work- 
ing order. The light is brilliant and is always 
at the point where it is wanted; and there are 
no delays such as those arising from broken or 
disarranged wires where electric lighting is em- 
ployed. 

The difference between the methods used at 
the Loetschberg Tunnel and those employed at 


Upraises at Intervals 
„of about 600 ft 


Bottom Heading 


canal, great stress has been laid by the opponents 
of the lock canal on the possibility of the upper 
lock gates being broken by collision with a ves- 
sel and the lake being emptied through them. It 
will be recalled that this contingency has been 
met by the provision of guard gates, so that a 
vessel will have to break down two pairs of gates 
in succession before a clear passage can be 
opened for the water. It has been deemed wise, 
nevertheless, to make still further provision, so 
that in the remote event of an accident of this 
sort occurring, an emergency dam could be 
placed to stop the escape of water through the 
locks. The design of this emergency dam has 
been in charge of Mr. David Molitor, M. Am. Soc. 
C. E. Both the lock gates and the emergency 
dam are under the special charge of Lieut.-Col. 
H. F. Hodges, Corps of Engineers, and we re- 
print below Appendix F. of the Commission’s re- 
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FIG. 3. 


home are striking and interesting; and it would 
seem that by judicious changes in the present 
established American methods of driving rock 
tunnels, improvements and new ideas would en- 
able us to equal and even to exceed the records 
made in Alpine tunneling. 
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A METHOD OF DETERMINING THE MOISTURE in 
producer gas is described in a paper read before the 
West of Scotland Iron and Steel Institute by Mr. J. 
MacFarlane. The principal advantage claimed is in 
rapidity, it bcing possible to make a reliable determina- 
tion within five minutes. The instruments used are de- 
scribed as follows: 


The apparatus consists of a 6-in. x 1-!In. test tube, fitted 
with a one-hole cork through which a thermometer is 
placed; and a gas-sampling tube. The gas-sampling tube 
is made of %-in. diameter wrought-iron pipe and is fitted 
with a flange 12 ins. from one end, a stop-cock for regu- 
lating the flow of gas, and a tee piece. A cylindrical 
sheet-iron shield 4 ins. long x 1% ins. diameter is 
screwed into either of the openings of the tee piece ac- 
cording to the position of the gas-sampling hole. If the 
latter is vertical (as the eye-hole of a producer) the shield 
is screwed on the end opening, and, if horizontal, into the 
side opening. 

To make a test, the other end of the sampling tube is 
inserted in the sampling hole in the main or producer, and 
a current of gas allowed to pass freely through, till the 
tube is thoroughly heated (to prevent condensation of 
water). This usually takes two to three minutes. A little 
cold water is placed in the test tube, the outside dried, 
the thermometer replaced, and the tube is placed within 
the metal shield. Water deposits on the surface of the 
tube. The tube is frequently taken out and dried, and the 
temperature noted when water ceases to be deposited. 
The mean of several determinations is taken and a hygro- 
metric table is consulted, when the moisture content 
of the gas (either grammes per cubic meter, partial pres- 
sure, or per cent. by volume) may be obtained. A sample 
of the gas may simultaneously be taken at the other 
opening in the tee tube by means of an ordinary gas- 
sampling pipette. Should the temperature of the gas in 
the main be low, it may be necessary to heat the iron 
tube, to prevent deposition of water, and to heat the 
water in the test tube up to the dew point. With a little 
practice, an intelligent workman can read to an ac- 
curacy of 1° C., and this is usually all that is required. 


It is not possible to get as accurate results by this 
“dew-point’’ method as by the longer methods. A table 
of comparative results of simultaneous determinations by 
this and by the calcium chloride method shows dif- 
ferences of from 0.04% to 0.82% by volume of aqueous 
vapor content. In this table the total per cent. of aqueous 
vapor ranges from about 314% to 12%. 
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Section . 
SKETCHES SHOWING METHOD OF ATTACK AND SEQUENCE OF OPERATIONS, SOUTH HEADING OF LOETSCHBERG TUNNEL. 


cent report relative to the design of these lock 
gates and the dam. 
LOCK GATES. 


The preparation of the dgsign for the gates for the 
different locks on the canal is under the direct charge 
of Mr. Henry Goldmark, designing engineer. Prior to 
July 1, 1907, the work accomplished consisted mainly 
in a detailed preliminary design of the rolling gate 
for the 100-ft. lock. A general lay out was also made 
of a mitering gate for the 100-ft. lock. 

Beginning in June, 1907, the design of the mitering 
gates (for a lock of the same width) was taken up in 
detail. The theory of the stresses in the web plates 
was studied, and formulae were also obtained for cal- 
culating the required flange sections by a direct method 
instead of the usual method by trial. 

The anchorages, including the steel castings in the top 
of the walls, were designed in detail, and a general 
lay-out made for the La Boca locks. In connection with 
the designs of the anchorage, preliminary sketches and 
weight computations were made for all gates on the 
canal. The most important details were then taken up 
in succession, viz., the hollow quoin, the quoin and miter 
posts, the sill, the connection of gate to anchorage, the 
internal structure of leaf, and the question of air cham- 
bers. 

In each case many alternative designs were fully 
studied. Those that proved undesirable were discarded 
and the best types developed to obtain thoroughly sat- 
isfactory details. 

In view of the proposed change in the width of the 
locks comparative estimates were made of mitering as 
well as rolling gates for widths of 100, 110, and 120 ft. 
An extended comparative study was made of cylindri- 
cal and straight-backed gates for 100, 110, and 120-ft. 
locks, with two different angles of sill. 

An investigation was also made of the effect of the 
vertical stiffness in mitering lock gates on distribution 
of the stresscs. A general theory was developed and 
applied to the gates for the canal. 

The studies of typical details have been revised and 
extended: it is believed that all essential parts have 
been satisfactorily covered. 

At present the status of the work may be given as 
follows: 

The general arrangement of gate leaf and masonry 
recesses for the 110-ff. locks have been worked out. An 
economical vertical spacing, involving only three differ- 


ent panel heights for all gates on the canal, has been 
determined, and the resultant loadings on all these 
horizontals calculated. The actual cross sections of these 
girders have also been practically ascertained. The 
same may be said regarding the sheathing plates and 
their intercostals. 

The typical details of the hollow quoins, quoln and 
miter posts, and their internal bracings, as well as tha 
bearing pieces and adjustments, the anchorage castings, 
the pintle, pintle castings, etc., have been drawn out 
in detail. These details are believed to be satisfactory 
solutions of the problems involved in each case. Some 
of them are in pencil only and all must be redrawn with 
the rivet and bolt spacing arranged for use in the sev- 
eral gate sizes. 

The work remaining to be done to complete the plans 
of the mitcring gates is approximately the following: 
Dimensions of cross sections in girders, sheathing plates, 
intercostals, etc., to be checked; lengths of cover plates, 
etc., accurately determined, and all details modified to 
correspond to individual cases. 

It should be noted that the upper parts of all the 
gates for 35 to 40 ft. will be identical; that there will 
be little if any difference in the pintle castings, sills, 
or anchors. Hence many of the drawings will be simply 
outlined, the details being drawn but once. 

As noted above, a detailed study for a rolling gate 
designed to withstand water pressure was worked out. 
In addition to this a variety of other forms of gate 
have been studied, which appeared to possess certain 
advantages as barrier gates to be used at the down- 
stream end of the summit level lock. 

The results of these studies seem to show that a skele- 
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Cross Section. 


ton rolling gate not adapted to resist water pressure 
will be the best form for use in this place. 


EMERGENCY DAM. 

Mr. David Molitor, designing engineer, has been in 
immediate charge of the design for the movable dam and 
has prepared the plan outlined below. The study was 
undertaken about June 1, 1907, at first in a general way, 
in order to determine the type best suited for the pur- 
pose and the peculiar climatic conditions prevalent on 
the Isthmus. 

Any structure which would be continually under water 
was deemed unsuitable on the grounds of inaccessibil- 
ity for painting and making repairs; also because rapid 
deterioration was certain to take place. Attention was 
therefore directed at once to the bridge type of dam. 

An investigation of the hydraulic conditions of flow 
through the canal following the destruction of a lock 
gate has shown that the velocity of the current at the 
upper approach to the Gatun lock flight would be about 
23.5 ft. per second with water at a depth of about 
50 ft. With this condition as a basis, a structure is 
being designed which promises to be suitable. 

The design has progressed to a state where all gen- 
eral features are definite; a few details will require 
some further study, and numerous general and detail 
drawings remain to be made, though much of the work 
has been finally completed, and everything has been 
planned as shown on the drawing herewith. 

There are two vertical trusses forming a counter- 
weighted swing bridge on which are hung a horizontal 
truss, six pairs of wicket girders, and six sets of gates. 
The horizontal truss is fastened to one side of the down- 
stream vertical truss and the wicket frames are attached 
to the upstream chord of the horizontal truss at panel 
points. The bottom ends of the girders are hung from 
the upstream overhang of the swing span. This affords 
a most suitable system for manlpulating the lowering, 
which is to be done from a central power to be located 
on the counterweight. 

In operating, the current is checked by successively 
lowering the first set of gates across the canal and then 
proceeding to the second set and so on, thus gradually 
converting the dynamic energy into static head. Ac- 
cording to this plan, the greatest difficulty {n the way 
of wicket dams is obviated by obstructing the flow from 
the bottom of the canal upward instead of by vertical 
wickets, which latter method reduces the final opening . 
to a vertical slot with water pouring through under 
maximum head. 
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Eight sheets of drawings are completed, showing the 
design of the wicket girders, the gates and the horizon- 
tal truss system, including all details connected with 
these elements. 

The sway and lateral system is all sketched, but not 
finally dimensioned for all panels of the structure. 

The vertical trusses are planned and their preliminary 
details worked out, but as the weights of all other parts 
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A METHOD FOR DETERMINING THE NUMBER OF DUST 
PARTICLES IN AlR.“ 
By C-E. A. WINSLOW. 


In many branches of sanitary work, notably the study 
of factory conditions, measurement of dust suspended in 
the air is of great importance. The actual number of 
dust particles present is probably quite as significant as 
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Section B-B. 


GENERAL DESIGN OF 110-FT. EMERGENCY DAM CARRIED BY SWING BRIDGE. PROPOSED 
FOR USE AT THE GATUN LOCKS OF THE ISTHMIAN CANAL. 


Designed by David Molitor, M. Am Soc. C. E. 


of the structure must be accurately known before com- 
puting the final stresses in the vertical trusses, these 
latter must necessarily be designed last. 

Attention is invited to the novel style of truss system 
here employed for the first time in this country. It 
affords the combined advantages of short panels, short 
members, and rigidity, and enables carrying all stresses 
due to maneuvering of wickets, in one plane. 


the total weight of suspended matter. With dust of a 
given nature, it seems probable that damage to the lungs 
increases in proportion to the number of particles which 
lacerate their surfaces. Curiously enough, however, the 
enumeration of dust particles has not found place in most 
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A paper read before the 1908 meeting of the American 
Public Health Association, Winnipeg, Manitoba. 
Massachusetts Institute of Technology, Boston, Mass. 


studies of ventilation problems. In some recent work 
carried out at the Sanitary Research Laboratory of the 
Institute of Technology, a method has been devised for 
this purpose. 

The method consists in drawing a measured volume of 
air through a filter of granulated sugar, dissolving the 
sugar, and suspending the contained dust in a known 
volume of distilled water, and counting the dust par- 
ticles present under the microscope. The sugar may be 
ordinary granulated sugar, the grains of which vary be- 
tween 0.25 and 1 mm. in diameter. The layer of sugar 
should be 2 cm. deep, and may be held in place in a 
glass tube of 1 to 2 cm. bore, by a perforated stopper 
and a square of bolting cloth. The air sample should be 
collected rather rapidly; and this may be done by the 
use of a suction cylinder of metal, with a closely fitting 
piston. After sampling, the sugar is poured into a small 
graduate and dissolved in 5 to 10 c. c. of distilled water. 
After thorough agitation, 1 c. c. of the resulting sus- 
pension of dust in water is placed in a Sedgwick-Rafter 
counting cell, such as is used in the microscopical ex- 
amination of drinking water. This cell is 50 x 20 mm. 
in area, and 1 mm. deep. The general method used in 
enumerating the dust particles is that described by G. C. 
Whipple in the “Microscopy of Drinking Water,” for the 
study of the microscopical organisms. It involves simply 
the counting of the number of dust particles in a cer- 
tain number of representative squares, and the calcula- 
tion of the number originally present in the filtered air. 
It should be noted, however, that both the bottom of the 
liquid and its surface should be examined. Heavy dusts 
of course settle to the bottom, but lighter dusts may be 
found exclusively at the top of the counting cell. 

In my work I have filtered 600 c. c. of air and dis- 
solved the sugar in 6 c. c. of water, thus giving a con- 
centration of 100 in 1. I count 10 sq. mm. areas in the 
counting cell or 1/100 of the total number present in 1 
c. c. of the concentrate. The number of dust particles 


thus counted corresponds directly to the number of dust 


particles in 1 c. c. of the original air. 


It is of course essential that glassware and sugar 
should be clean, and it is desirable that control deter- 
minations should be made in order to avoid errors due to 
extraneous dust. I have found that 5 to 10 dust particles 
per square is an outside limit for this error with ordin- 
ary cleanliness. This corresponds to 50 to 100 dust 
particles per c. c. of air, and the method cannot prob- 
ably be relied upon below these limits. 

Even with this qualification, however, the direct enum- 
eration of dust particles offers a very delicate method for 
measuring dust in air. I have compared it with the 
method of weighing, with the following results, using 
dust swept up from the floor of the laboratory and shaken 
up in a large bottle, to give an extreme condition of 
dustiness. I found in one case that 16,000 dust particles 
per c. c. corresponded to a weight of 3 mg. In another 
case 18,000 particles per c. c. corresponded to a weight 
of 10 mg. With the dust method one can easily esti- 
mate numbers of dust particles down to 100 per c. c. 
which would correspond, in the case of the dust studied, 
with weights of 1/10 mg. or less, amounts which could 
hardly be determined accurately by the ordinary methods 
of filtering and weighing. 

An additional point in favor of the method of enumer- 
ating dust particles is the opportunity for observing the 
nature of the particles themselves. 

Their size may also be estimated if desired. The 
standard unit used in the microscopical examination of 
water (see Whipple), may be used for this purpose. It 
is not suggested that the enumeration of dust particles 
should in any way supplant the determination of the 
total weight of dust present. It is rather urged that it 
should be used in combination with the usual procedure 
for additional information. 
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EVERLASTING STAIR TREADS.—No doubt some of 
your readers who have to provide for endless streams of 
passengers would like to know where the above were to 
be got, providing the price was not prohibitive. Well. 
we think we have solved the question, and as the idea 
is not patented or protected in any way, we have pleasure 
in asking you to publish it for the benefit of the world 
at large. 

We may say that in our emery mills we had a tre- 
mendous lot of trouble in renewing stair treads, owi 
to the workmen’s boots becoming charged with powd 
emery, glass and garnet, and this wore down smooth any 
material we could find, ordinary ballast concrete became 
polished like glass, and ribbed cast fron had a short life. 
This went on for many years. until one of the masons, 
as a trial, made a concrete of ordinary Portland cement 
and 16-hole emery. About half-an-inch of this was put 
at the bottom of a mold and the rest of the stair tread 
was filled in with ordinary ballast concrete, without fron, 
according to the requirements. The treads were after- 
wards allowed to harden off, exposed to the air and 
weather. Some of the earlier experiments have ben in 
use a very long time without showing signs of wear or 
becoming slippery. 

As the top layer of emery concrete is thin, the cost is 
not excessive, when the emery is bought in quantity. 
But we might mention that there are many kinds of 
emery, some quite unsuitable for this work, What 12 
wanted is a very hard non-friable ston . —From a letter 
in London “Engineering,” Dec. 4, by A. C. Punbulow, 
ag aa Imperial Emery Works, W.ston St., London. 


December 31, 1908. 


ENGINEERING NEWS. 


749 


ENGINEERING NEWS 


A Journal of Civil, Mechanical, 
Mining and Electrical Engineering 


Published every Thursday by 


THE ENGINEERING NEWS PUBLISHING CO. 
220 BROADWAY. NEW YORK 


BRANCH OFFICES 


CAICAGO: 1636 Monadnock Block 
WASHINGTON, D. C.: Home Life Building 
ATLANTA: Candler Building 
RTC DOLL FHH Mosse. BERLIN AND HAMBURG, GERMANY 
Z. P. MARUYA & CO., Ltd.. TOKYO, JAPAN 


GEORGE H. Frost, President 

CHARLES WHITING BAKER. Vice-President 
HakWwoop Frost, Secretary 

Francis W. FROST. Treasurer 


ALFRED E. KORNFELD, Manager 
EvWIN HUNT FROST. Ass't Manager 


CHARLES WHITING BAKER, M. N. BAKER, } p3; 
E. E. R. TEKATMAN. F. E. SCHMITT, Editors 
SUBSCRIPTIONS 
United States and Possessions, Mexico and Cuba. One 
Year, setae 
Canada, $7.00 a Year. 


Foreign Countries, Regular (Thiek Paper) Edition, One Year, 
89.00. (£1-18-0.). 45 Franes or 37 Marks, 

Foreign Countries, Thin Paper Edition (Construction News 
Supplement Omitted), $7.00. 29 Shillings, 35 Francs or 
29 Marks. Remit directly to our office. 

Pay no money to _canvassers for subscriptions. 


Remit by Post-Office or Express Money Order, Draft on New. 


York or London, or by Registered Letter. 

Notice of change of address should reach us one week in 
alvanca of removal. ‘The old as well as the new address 
should be sent. 

Sabssriptions eannot be dated to commence with past issues. 

All subseriptions commence with current issue and back 
numbers ean be supplied only by special order. 

Roeipts for Subscriptions will not be sent unless requested, 
the changing of the expiration number being considered sufti- 
ciont. The number on the address label indicates when sub- 
scription expires, the last figure indicating the year and the 
one or two preceding figures the week of that year. 52-7 means 


the 52d week or December 26. 1907. 
ADVERTISING 
“Contract: Rates furnished on application. 
For Sale": $1.59 per inch. 
“ Proposal’): $2 40 per inch. 
“Want `: See |“ Want" Pages. 


Copy for regular. or Contract,“ Advertisements should be 
received at least ten days before publication; © Por Sale’ and 


“Situations Wanted" Advertisements by Monday. and 
t Proposal” and “Situations Open” Advertisements by 
9 A. M. Wednesday. 


Entered at the New York Post-Offico as Second-Class Matter. 


— 


We referred in our issue of Dec. 17 to the ex- 
travagant statements made by some of those 
who are prominent in advocating a huge bond 
issue by the Federal Government for waterway 
improvements. A Washington dispatch, dated 
Dec. 21, quotes the recognized leader of the 
waterway boomers as follows: 


If the country is willing to spend $10,000,000 annually 
in the way of interest on bonds, the sum of $500,000,060 
a y.ar can be saved on freight rates, according to the asser- 
tion to-day of Representative Ransdell, president of the 
National Rivers and Harbors Congress. This, Mr. Rans- 
dell says, is his excuse for asking the national law- 
makers to authorize a bond issue of $500,000,000 for 
Waterways improvements. 

Certainly $500,000,000 a year is a large enough 
saving to be very attractive, but how could such 
a saving be made were the deeper waterways 
which Mr. Ransdell advocates available for use to- 
day? The only way possible would be by transfer- 
ring a part of the freight which is now carried by 
railway to water routes, where, according to Mr. 
Ransdell, it would pay a lower rate for transpor- 
tation, and consequently a saving would accrue. 
Reference to the statistics of Poor's Manual 
shows that in the last fiscal year the people of 
the United States paid a total of $1,825,000,0L0 
' to the railways for freight transportation. Sup- 
pose, for the sake of argument, that by transfer- 
ring a part of this freight to water routes it could 
be carried on the average at half the cost per 
ton mile (a supposition, which, from the engi- 
neering standpoint, is far from probable). Then, 


in order to save 5500, 000,000 a year, it would be. 


necessary to take away from the railways orer 
half of the freight which they are now carrying, 
and the railways, instead of receiving $1,825,0C0,- 
000 for freight transportation, would receive only 
825,000,000. Of course, any such reduction in 
the volume of freight traffic on the railways of 
the country would land every railway from the 
Atlantic to the Pacific in bankruptcy, provided 
the rates charged remained the same. It would 
be absolutely necessary to materially raise the 
rates charged by the railways on other freight in 
order to enable them to continue operating at 
all, to say nothing of paying anything to their 
stock and bondholders; and this raise in rates 
would compe) a transfer of even more freight to 


the water routes in order to make the.saving 
which Mr. Ransdell claims to be possible. 

It ought to be evident to every man of intelli- 
gence that in the long run the public must pay 
the whole cost of carrying on the business of its 
transportation routes, either by water or by rail. 
Duplication of facilities, where not demanded by 
the volume of traffic, results in ultimate loss to 
the country, and means an increase in rates on 
freight rather than a reduction. Of course, tem- 
porary reductions do occur when rival routes 
compete for the mastery, but any such temporary 
competition is short-lived and losses incurred in 
it must be made up later by the public. 

It may be pointed out, too, that the estimate 
of $10,000,000 interest on bonds as the sole bur- 
den resulting from an expenditure of $500,000,000 
on waterway improvements is very, very wide 
of the mark. The $10,060,000 estimate is based, 
of course, on the supposition that all these gov- 
ernment bonds could be marketed at 2%. As 
a matter of fact, however, bankers and financiers 
are agreed that the only reason why the govern- 
ment bonds now being issued can be sold at so 
low a rate of interest is the very small amount 
of such bonds available for investment, and the 
artificial market created for them as security for 
bank circulation. If the government were to put 
out a bond issue of 8500, 000, 000 it would almost 
certainly have to pay as much as 3% interest; 
nor would this be the total annual burden re- 
sulting from such a bond issue. Some annual con- 
tribution to a sinking fund ought to be made to 
pay for the bonds at maturity, if we are to keep 
our national finances on a sound basis. Besides 
this, waterways do not maintain themselves any 
more than railways do. The annual cost of main- 
tenance on $000,C00,000 worth of waterways 
would amount almost certainly to far more than 
the interest charge. A glance at the annual re- 
ports of the Chief of Engineers will show that a 
very considerable proportion of the government’s 
present expenditures on river and harbor work 
are necessary expenditures for maintenance of 
existing waterways; and the deeper our water- 
ways are made, the greater the tendency in gen- 
eral for them to fill up and require dredging. 

We call attention to Mr. Ransdell’s claims, not 
in any spirit of opposition to waterway improve- 
ments, but to illustrate the necessity that such 
work be planned under expert guidance. The 
American Republic before it borrows money or 
spends money in enormous sums on waterway 
improvements ought to have a far better and 
safer estimate of the resultant benefits from such 
work than the absurd statements which are 
quoted above. 


— . — 


Highway bridges with steel trusses and re- 
inforced-concrete floor-slab seem to be coming 
into favor. Many such bridges have been built 
in the last few years. The solid floor has 
notable advantages in permanence, rigidity and 
reduction of vibration, as compared with the 
common plank floor. To offset this, the dead 
load is considerably greater, so that some extra 
metal will be required in the trusses. But this 
is a small matter, and the type gives promise 
of much usefulness. 


Several recent accidents, however, point out 
a danger, peculiar to this type of bridge, which 
must be guarded against if the type is to prove 
satisfactory. We refer to the possibility that 
the struc'ure may be overloaded by excessive 
thickness of concrete or macadam or both. 
Within less than three months, two new bridges 
collapsed from this cause. One was not yet 
completed, the concrete work being still in 
progress; the other had been completed only a 
short time. The second of the two cases, the 
more interesting of the two, may be summarized 
briefly as follows: the plans specified a concrete 
floor 6 ins. thick, but the company’s erecting 
foreman, in the laudable desire to do a specially 
good job, put on more concrete than called for, 
making the floor at least 8 ins. thick on the 
average. Thus, when the bridge company 
turned over the bridge to the authorities, it al- 
ready had an excess of weight amounting to 20 
or 25 lbs. per sq. ft. of floor. Then came the 


town authorities with their road gang, to put 
on gravel surfacing. The design provided for 
3 ins. of gravel; the road men were lavish with 
their material, however, and put on an extra 
thickness, crowning up to about 12 ins. at the 
middle, and thus adding 40 lbs. unnecessary 
load. The total excess of dead weight then 
was 60 Ibs. per sq. ft., over half the entire pro- 
vision for live-load (100 lbs. per sq. ft.). It will 
not be surprising that when a heavy load came 
on the bridge fell down. 

To prevent the recurrence of just this state 
of affairs in another case is difficult if not im- 
possible. Still more difficult is it to make sure 
that the annually repeated road repair work 
will not result in adding quite materially to 
the load. We must remember that the cus- 
tomary 100-lb. live-load provision affords only 
a small margin for overweight; an extra layer 
of stone or gravel cuts down the live-load ca- 
pacity very quickly. 

A convenient rule to remember in exposed 
steel construction of all kinds is this: Extra 
thickness of metal increases the cost in less 
proportion, and increases the value of the struc- 
ture in greater proportion, than the ratio of in- 
crease of weight. This rule holds true very gen- 
erally, indeed with but very few exceptions. It has 
special force in the case of highway bridges, 
Where low live-load margin, high secondary 
Stresses and deficient rigidity operate to cut 
down the margin of safety against contingen- 
cies. The rule suggests one of the best of the 
several available precautions against the danger 
of overweight cited just above; to increase the 
truss sections by a liberal percentage as a re- 
serve. There need be no fear that the slightly 
greater investment will be unprofitable. 

— . — 

In a recent paper before the American Institute 
of Electrical Engineers Mr. W. S. Murray, Elec- 
trical Engineer of the New York, New Haven & 
Hartford R. R., frankly disclosed the difficulties 
Which beset that railway in trying to handle its 
trunk-line traffic by the alternating- current 
overhead-conductor system. This paper is 
reprinted nearly in full in another part of this 
issue, and our readers will notice several impor- 
tant departures from the original form of the sys- 
tem as described in Engineering News, Sept. 5, 
1907. The admissions of Mr. Murray as to the 
troubles that at one time seriously threatened 
the operation of this section of the railroad will 
be taken doubtless by the opponents of the 
Single-phase or the alternating-current idea as 
proof that the system is inherently defective. 
But while the New Haven system may be said 
to be still on trial, it must be borne in mind 
that the most serious troubles appear to have 
been successfully met. The traffic of the system 
is being handled and, if we accept the reports 
of commuters on this road, with greater com- 
fort, convenience and reliability than was the 
case with steam traction. If this satisfactory 
record is continued—and there is every reason to 
suppose it will be—the difficulties passed through 
during the period of trial may well be forgotten. 
It is interesting to note the opinion of Dr. C. P. 
Steinmetz in the discussion of Mr. Murray’s 
paper. He said frankly that for trunk-line ser- 
vice, where heavy train units must be handled 
at high speeds, over comparatively long distances, 
the single-phase traction system was proving a 


success. 
— — 2 — 


AN EFFORT TO REGAIN CONTROL OF OR AT LEAST 


DETERMINE STATE WATER RIGHTS IN NEW 
JERSEY. 

A striking example of the folly of allowing 
public-service corporations to control instead of 
being controlled by the State is afforded by New 
Jersey. Several volumes would be required to 
tell the whole of the New Jersey story. The 
merest fragment of the story is given, or per- 
haps one should say hinted at, in an abstract of 
the 1907-8 report of the State Water-Supply 
Commission of New Jersey which appears else- 
Where in this issue. The commission named 
was created a year or two ago to look after the 
interests of the State as regards the diversion 
and use of surface waters for public water sup- 
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plies. Among other things, the commission is 
charged with seeing that in the future the avail- 
able public water supplies of the State shall be 
fairly apportioned among all who are properly 
in interest, instead of monopolized to the pre- 
judice of any rightful claimant for a portion, 
and that where the water consumption in any 
community is in excess of the liberal allowance 
of 100 gals. per capita the State shall be paid 
therefor at the moderate rate of from $1 to 
$10 per 1, C00, 000 gals., the exact rate to be de- 
termined by the commission. 

All this seems simple enough, but as regards 
a considerable proportion of the population and 
available water supply of the State the commis- 
sion finds itself unable to administer the act. 
This is due to the fact that a company, or one 
might say an intricate aggregate of companies, 
virtually claims ownership of all the potable 
water afforded by the most important river in 
the State. This has come about, although of 
course the commission does not say so, because 
the water trust has controlled the State instead 
of being controlled by it. This control, in cer- 
tain of its antecedent forms, began a century or 
so ago. All who have previously attempted to 
break it have been broken instead, and it re- 
mains to be seen whether the present commis- 
Sion will fare any better. If an honest and 
earnest attempt be made, however, there is no 
apparent reason why the commission and the 
public should not at least find out what property 
rights and what measure of control in and over 
the waters of the Passaic River still remain 
vested in the commonwealth. 

From the excerpts which we have taken from 
the report of the commission it can be seen in 
part, but in small part only, how involved the 
affairs of the Passaic water trust have become, 
or have been made to appear, through the 
amalgamation of old and the creation of new 
companies and the transfer and re-transfer of 
property. All the accessories of a “trust” are 
in evidence, including an over-company, as the 
“Securities Co.” may be called. 

A curious and perplexing feature of the act 
creating the present State Water-Supply Com- 
mission may be noted. That portion of the act 
providing for collecting revenue for water used 
in excess of 100 gals. per capita is limited to 
cover only water “legally diverted.” Who, we 
ask, would ever think of limiting such revenue 
to water “legally diverted” unless with some 
ulterior motive? The commission is perplexed 
by this limitation. If it should collect revenue 
for water which has perhaps been illegally di- 
verted, without the question of legality having 
been adjudicated, might the collection of such 
revenue raise a presumption of legality against 
the State? Or, if the diversion be illegal what 
duty, if any, does that impose on the commis- 
sion? 


Such brief space as we can here give to these in- 
volved questions serves to convey only a 
faint idea of the public-service-corporation situ- 
ation now prevailing in New Jersey. Gas and 
electric lighting and street railway matters are 
in many respects even further beyond the con- 
trol of the people than are public water supply 
facilities, but there is less excuse for the neg- 
lect of public control of water supply than of 
lighting and transit facilities, because water is 
of more primary and vital importance to the 
people, and because the need of controlling it in 
the interests of the public was brought and 
kept before the public for many years, at the 
very time when the water trust was entrenching 
itself in northeastern New Jersey. 


As we stated in á lengthy review of the sub- 
ject in our issue of April 25, 1905, “the 
great struggle between the [then] would-be 
water monopolists and the people began in 
1881.’"" Shortly afterwards, a State Water Sup- 
ply Commission was formed, which was instru- 
mental in killing a scheme to divert 50,000,000 
gals. a day from the Ramapo River, before that 
Passaic tributary enters New Jersey, for the 
supply of New York City. The commission soon 
worked out the preliminaries for a joint publicly- 
owned water supply for Jersey City, Newark and 
eight other New Jersey communities, and had 


in mind the needs of other portions of the State. 


Such activities were not agreeable to the water 
promoters, who were then engaged in an am- 
bitious scheme to supply not only a large part 
of northeastern New Jersey, but also New York 
City, from the Passaic and its tributaries. The 
commission suddenly found itself without ap- 
propriations, and was finally reduced to two 
members, through failure to fill vacancies as 
they occurred. Public agitation, through the 
press and otherwise, kept these and other facts 
before the people, but the people were so 
apathetic and the promoters so aggressive and 
so powerful financially and politically that the 
private water interests finally had everything 
their own way, with the results which now con- 


front the present State Water-Supply Commis- 


sion. It will be highly interesting to see whether 
the present commission will serve the people or 
will succumb to the water trust. The outcome 
will depend largely upon the degree and character 
of the public support given to the commission. 


n —ñäͥ 


IS AN INCREASE IN RAILWAY RATES JUSTIFIABLE ? 


A number of commercial organizations have 
recently taken up cudgels in defense of the 
railways, and have adopted resolutions declar- 
ing that the railways should be let alone and 
should have a chance to earn a fair profit on 
the money invested in them. This newly- dis- 
covered friendship for the railways, however, ap- 
pears to dissolve under the acid test. As soon 
as a definite proposal is made to raise railway 
rates in a section where any of these commercial 
organizations are interested, emphatic protests 
are 2t once heard. 

Of course, this is what must naturally be ex- 
pected. Conflict between the railway and the 
shipper, as between the buyer and the seller, is 
more or less inevitable from the nature of 
things, and the state of affairs merely illus- 
trates the absolute necessity for the tribunals, 
in the shape of State and Federal railway com- 
missions, which have been established to adju- 
dicate between the two parties. 

There has been much talk of raising railway 
rates for a year and a half now, and it is stated 
that some advances have already been made. It 
is now definitely announced, however, that on 
Jan. 1 a horizontal raise of 10 to 18% is to be 
made in the rates on through transcontinental 
freight. The trade associations on the Pacific 
coast, and to some extent those in the Eastern 
commercial centers, are making a strong pro- 
test against this increase; and it is a fair ques- 
tion for consideration whether such an increase 
or any increase in rates at the present time is 
justified. 

The shippers and the railway advocates are 
entirely in agreement upon the proposition that 
the railways ought to be permitted to charge 
rates high enough to pay the cost of operation, 
including reasonable wages to labor, and, in ad- 
dition, net profits enough to pay a reasonable re- 
turn on the capital actually invested. The point 
of disagreement comes over the question what 
is the capital actually invested and what is a 
reasonable rate of return upon it. Again and 
again, in State and Federal laws, has the prin- 
ciple been stated that the railways are entitled 
to charge reasonable rates, and a reasonable rate 
is usually defined about as in the above state- 
ment. But lawmakers and courts are still in 
confusion over methods of determining what is 
the capital actually invested, and as to what rate 
upon it is to be considered a reasonable return. 

Passing even these questions, however, it is 
important to call attention at this time to the 
great influence of volume of traffic in fixing rates 
which shall be reasonable. A railway may earn 
enough to pay an excellent dividend to its stock- 
holders and invest besides a considerable amount 
in permanent improvements during seasons of 
heavy traffic, such as 1906, and yet, when charg- 
ing the same rates, it may find difficulty in pay- 
ing its operating expenses and fixed charges 
when traffic falls off, as it did in the first half 
of 1908. This is not an imaginary case but an 
actual fact. Moreover, the volume of traffic is 
already recognized as an important factor in 


fixing reasonable rates. Many short local rail- 
ways, with thin traffic, have to charge 5 to 10 
cts., or even more, per ton-mile for freight traffic 
in order to remain solvent. 

The question whether a general increase in 
railway rates is justifiable or not at the present 
time, therefore, depends a good deal upon what 
the outlook for the coming year is to be. If we 
are entering on another season of great pros- 
perity, in which the railways are to have ample 
traffic to keep their rolling stock busy, it is 
probable that present railway rates, properly 
maintained, would give them as a whole ample 
earnings to meet all requirements for operation, 
maintenance and profits. If, on the other hand, 
the railways are to continue to operate with a 
reduced volume of freight and passenger traffic, 
then many companies would be justified in rais- 
ing rates to some extent in order to give a proper 
return to the holders of bonds and stocks. As 
between these two prospects, the probabilities 
favor the former. All the foundations for a re- 
turn of prosperity appear to exist at the present 
time. While a sudden boom is improbable, and 
would indeed be undesirable, a steady increase 
in business activity during the year to come is 
prophesied by nearly all intelligent observers. 
This means increased freight shipments and in- 
creased travel, with consequent increased earn- 
ings for the railway companies. 

Suppose, however, that such a plan as is pro- 
posed for increasing the charges on transconti- 
nental traffic by 10 to 18% were generally ap- 
plied to all freight traffic throughout the coup 
try. The results would be an enormous increase 
in the net earnings of railway companies, be- 
cause an increase in the rate charged is wholly 
net profit, and is not partially offset by increased 
expenses, as is the case with the growth in 
traffic. It will be apparent also that an increase 
in gross earnings of 10% would mean a very 
much larger percentage of increase in the net 
earnings. If these net earnings were distributed 
in extra dividends or were used to pile up a 
surplus for use in stock market speculation, as 
has been done by some well known railway cor- 
porations, the inevitable result would be the in- 
jection of water into railway capital accounts 
and a stimulus to the building of parallel and 
unnecessary railway lines. If, on the other 
hand, the increased earnings consequent upon 
an increase of rates were made use of in per- 
manent improvements, the extension of signal- 
ing, the increase of double tracking, the erection 
of permanent structures and similar work, then 


there would be much to justify a reasonable in- 


crease in railway rates. 


It is true that very large expenditures must 
be made by the railways of the country during 
the next decade. Many of these expenditures, 
unfortunately, like the removal of grade cross- 
ings in cities, will give no additional revenue, 
and it will be difficult, and on many accounts 
undesirable, to provide for them by issuing ad- 
ditional capital. If the revenue from increased 
railway rates were made use of in ways like 
these, as it would undoubtedly be by many of 
the best managed companies, very much could 
be said in its defense. 


Finally, {t may be noted that, comparing the 
different sections of the country and the differ— 
ent classes of traffic, transcontinental freight 
rates seem to need revision less than rates in 
Other localities. The railways to the Pacific coast 
have fared exceedingly well during the depres- 
sion of 1908, and their outlook for large profits 
in the immediate future on the present scale of 
rates is certainly very promising. On the other 
hand, the railways in the South, for example, 
have suffered seriously during 1907-08, and it is 
probable that an increase in their rates would be 
as justifiable as an increase in any section of 
the country. It should be said, too, that so far 
as rates are based upon cost of service, it is local 
rates rather than through rates that need to be 
revised upward. More and more is it coming 
to be the case that the great expense railways 
are under in handling freight is not the actual 
haulage over the road, but the handling at ter- 
minals. It is probable that at the present time 
a considerable proportion of the local freight 
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hauled short distances is handled at an actual 
loss to the railway, or at best a very small mar- 
Bin of profit, when the interest on the actual 
Value of the investment in terminals is given full 
consideration. On the other hand, freight which 
can be made up in full trainloads and hauled 
long distances costs the railways less and less 
every year. Any increase of rates which tends 
to reduce the amount of traffic of this class, 
therefore, or divert it to water routes, is against 
the interest of the railways themselves. 


LETTERS TO THE EDITOR. 


Mr. Joho F. Stevens on the Gatun Dam Design. 


Sir: The thanks of the engineering profession of the 
United States are due to Engineering News for the edi- 
torial comments which appeared in your issue of Dec. 
24, on the recent outbreak of yellow journalism in regard 
to the Gatun dam. It is high time some recognized, 
qualified, standard authority on engineering questions 
took up the matter. 

This is merely an individual expression, which may be 
justified by the writer’s former connection with the 
work, by which he can justly be considered to be as 
well qualified to judge as to the actual conditions, as 
are some of the “eminent engineers'’ who are being so 
widely quoted. 

If there have been any lingering doubts jn the minds 
of any engineers as to the practicability of the plans 
for the Gatun dam, a study of Mr. Saville’s report should 
dispel them. The report is a masterpiece, but will be 
entirely thrown away on the class of people who are, 
for reasons entirely apart from the merits of the case, 
making these attacks. 

You are entirely correct in your suggestion that the 
long down-stream toe of the dam, as planned by the 
engineers, was a concession to prejudice. So was at least 
25 ft. in the height of the proposed dam. And the 
writer had intended, at the proper time, to have taken 
up the question of a reduction in the cross section be- 
fore actual construction had begun. It is certain, had 
private enterprise been financing the work, that a less 
massive structure would have been considered abso- 
lutely safe. 

The animus of the attack on the canal work lies deeper 
than any alleged fears as to the practicability of the 
proposed dam or locks. A recent suggestion in the news- 
paper which is at the head and front of the agitation, 
to the effect that had not the whole work better be 
dropped, and the money already spent be charged up to 
profit and loss,” is very suggestive. Once such action 
was taken, the Nicaraguan scheme would come to the 
front, backed again by all the powerful influences which 
before tried to foist it upon the American people for 
reasons not hard to understand. 

The question of the advisability of building an Inter- 
oceanic Canal has nothing whatever to do with the 
matter. The people have decided they want the canal, 
and they are ready to pay for it. The choice of its 
location has been wisely made, and the work properly 
planned. It is in competent hands, and is being ex- 
ecuted with a rapidity that surprises even its friends. 
And the thing to do is to extend to Col. Goethals and 
his assistants all the encouragement and moral help pos- 
sible, which the importance of the work demands. And 
the engineering world will have every reason to be proud 
of the result, when it is an accomplished fact. 

John F. Stevens. 

New Haven, Conn., Dec. 26, 1908. 
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A Linoleum Wearing Surface for Concrete Floors. 


Sir: I have read in Engineering News descriptions of 
many fine concrete buildings, and in every case, in offices, 
the floors have been covered with hard wood, which intro- 
duces a large amount of combustible materlal in a build- 
ing supposed to be fireproof. 

I recently built a concrete extension to my factory 
(Tucker & Vinton, contractors) and, having no external 
fire risk and the goods manufactured being non-com- 
bustible, I decided to use as little wood as possible and 
carry no insurance. 

The contractors recommended maple flooring for the 
office and I found that that material was commonly used 
elsewhere; but I would not have it. I had observed that 
good quality linoleum would wear better than wood, so 
I had the office floors troweled off smooth and decided to 
cement the linoleum directly to the cement surface. 

None of the linoleum concerns would take the contract, 
as they sald 'the moisture in the concrete will loosen 
the cement”; but I did not agree with them, so I had. 
the linoleum fitted to the different rooms and did the 
cementing with my own force. 

After carefully fitting the material to the edges of the 
room, the men would roll it back from one-half the 
space, carefully swcep the floor and scrape off any un- 
evenness. Then the cement surface was covered to a 
depth of about 1/16-in. with liquid fish glue thinned 


down slightly with hot water so that it could be worked 
with a large kalsomine brush. On many places the glue 
would be fully -in. deep and we have observed that 
there is little danger of applying too much. 

After coating the surface with glue the linoleum was 
carefully rolled back into place and for a few minutes a 
dozen laborers would walk back and forth over it to en- 
sure even contact. Then the operation would be repeated 
over the remaining half of the room. As soon as the 
covering was laid, the entire surface was covered with 
brick, sections of structural steel and other pieces of flat, 
heavy material and allowed to remain for several days. 

It was found that the glue would quickly harden at the 
seams and edges, but remaincd moist elsewhere for sev- 
eral months. Nevertheless the atmospheric pressure was 
sufficient to prevent the slightest buckling at any point, 
even und:r constant use, and to-day, after over twelve 
months’ hard service, we have an ideal floor surface. 

The floor is almost as quiet as if covered with rubber, 
yet it has the feeling of wood and the firmness of cement. 
When wiped over occasionally with linseed oil and turpen- 
tine it remains perfectly waterproof. 

The linoleum for the surface of about 4,000 sq. ft. cost 
$400 cut to fit the rooms. We used just 50 gallons of 
liquid glue at a total cost of $85. The labor amounted 
to about $95, including the carrying of the large amount 
of brick for weighting the surface. Thus the total cost 
was but 14% cts. per sq. ft., probably less than half the 
cost of the average maple floor. 

As our partitions are all of reinforced concrete 5 ins. 
thick poured in place, and the only woodwork is about 
the door openings, we consider our offices practically fire- 
proof. Even if it were possible for the linoleum to burn 
off from the cold concrete surface, its calorific value is so 
small that it would not add appreciably to a fire. 

Yours truly, S. W. Rushmore. 

Office and Works, 629 South Ave., Plainfield, N. J. 

Dec. 12, 1908. 
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The Value of Crusher Dust as Waterproofing Material 


in Concrete. 

Sir: It is often stated that concrete can not be made 
water-tight without the aid of some special waterproof- 
ing material. In this connection I desire to call atten- 
tion to a 2,000,000-gal. reinforced-concrete reservoir 
for shop water supply recently built by me for the 
Union Pacific Ry. at Ogden, Utah, in which proper se- 
lection of aggregate resulted in tight construction. 
The reservoir had the following dimensions: 100 ft. 
wide, 160 ft. long, 21 ft. deep and 20 ft. from bottom 
to edge of overflow weir. The vertical side walls were 
8-in. at the top and 18-in. at a depth of 10 ft. 6 ins., 
from which point a slope was made to the bottom 9 ft. 
6 ins. below. This slope wall was 8 ins. thick and rein- 
forced with -in. round rods, spaced 1 ft. c. to c. The 
bottom was 6 ins. thick with the same reinforcing as 
the slope walls. The excavation was made in a very 
porous clay with the exception of some along the west 
slope where a coarse gravel was encountered. Some 
trouble was caused by the caving of slope wall on ac- 
count of water seeping in. After the excavation was 
completed, 4-in. porous tile was laid 14 ins. below the 
sub-grade to dry it out before the concrete work could 
be started, these tile were run to a sump near the 
flush drain of reservoir into which the water was 
siphoned. They still remain in position and are con- 
nected with a 4-in. pipe into the flush drain, giving 
a free outlet to any seepage water that comes from the 
ground around the reservoir as well as what comes 
through the reservoir walls and floors. At the present 
time the discharge will not exceed a -In. pipe under 
a 3 ft. head. 

The concrete was made of one part cement, two parts 
ordinary sand, and. four parts of crushed stone with 
dust in same. The stone was crushed in a small jaw 
crusher to 1-in. size, and was composed of quartzite 
boulders, porphyry and flinty limestone mixed, making 
a heavy percentage of crusher dust and sand. The 
concrete was machine mixed and to a consistency that 
would almost pour. The bottom was laid in block about 
15 ft. sq., allowing a half-lap of 2 ft. The slope and 
side walls were put in with movable forms and in 20- 
in. layers running clear around reservoir. The finish- 
ing consisted of washing the walls and floor with 1:1 
mixture of crusher dust and cement with an ordinary 
broom cut off to give a stiffness to the straws. 

The water coming in this reservoir is snow and spring 
water, and is taken into an 8-in. wood pipe line 3% 
miles above reservoir in mountains at an elevation of 
6,300 ft. and carries only a trace of silting material. 
In the year this reservoir has been tn service, the sur- 
face of water has varied, as the flow and consumption 
would increase and decrease, from 4 ft. to full 20 ft. 
depth, and at this date there is not a check in the en- 
tire surface of concrete that can be noticed. The small 
flow at the present time, coming from the tile placed 
under the floor, indicates that there is no seepage from 
the reservoir. In the past 4 or 5 years I have had oc- 
casion to examine several reinforced-concrete reservoirs 
and water tanks, and these examinations have proven to 
my mind that concrete can be made water tight by using 


stone crushed from a %-in. ring size, down to and in- 
cluding the dust, if enough good clean sharp sand is 
added to fill all voids completely. Yours truly, 
A. Q. Campbell, 
Assistant Engineer Oregon Short Line Ry. 
Ogden, Utah, Dee. 11, 1908. . 
— a 


The Possible Deteriorating Effect of Included Clay on 


Concrete. 

Sir: Laboratory experiments generally show that the 
presence of clay as an aggregate for concrete up to about 
6 or 8% does not diminish the strength, especially in the 
case of lean concretes. However, there are cases in 
which it is dangerous to allow the prcsence of this fine 
material. The following is an instance: 

The gravel used for a reinforced-concrete building con- 
tained 5% of clay. The column was poured with very 
wet concrete and the latter was thoroughly churned in 
the column molds. This churning brought the fine clay 
to the surface of the liquid concrete and left a stratum 
of 1% ins. of worthless material near the top of the 
column. Fortunately, this was discovered before the re- 
mainder of the column wes poured and the defective ma- 
terial was removed. 

I have not seen any reference to this action of fine 
materials and wonder if others have noticed such action. 


Respectfully yours, 
H. 
Lafayette, Ind., Dec. 18, 1908. 


— . — 

Sir: For several years the use of clay in concrete has 
been the subject of considerable thought and experiment, 
judging from the discussions on the question that have 
appeared in the technical papers from time to time. At 
one time if the aggregate contained clay it was at least 
considered inferior, but a study of these discussions 
would lead one to believe that clay, in homeopathic 
doses at least, was a good thing for the mixture. 

In your issue of Sept. 26, 1907, p. 34, commenting edi- 
torially on an article in the same issue by Mr. Gaines of 
New York City. on the use of clay In concrete for water. 
proofing purposes, you state that “the presence of free 
pulverized clay in a concrete mixture has long been 
known to add to its strength.” In the same article you 
give a list of various tests that have been made to estab- 
lish this fact. Mr. Gaines’ experiments would also show 
that the addition of clay added to the strength and im- 
permeability of concrete. 

In all of these articles, and experiments, there does not 
seem to have been sufficient consideration given to the 
possibility of ultimate deterioration of the concrete, due 
to the adding of clay to the mixture. In the editorial 
referred to you make the following statement: 

Clay is a substance of great physical variation. Dif- 
f rent clays may possibly give different results. It is 
even possible that clays containing same constituents 
(iron oxide. for example,) might eventually give trouble 
from discoloration, or even lead to disintegration, when 
other clays give perfect satisfaction. 

In that word “disintegrate” there is. it seems to me, 
the suggestion of a possible danger that has not received 
the attention that its importance deserves, and may not 
the danger arise from the clay itself, and not from 
something which the clay contains? It has certainly 
been thoroughly demonstrated that a good Portland ce- 
ment. and a good clean aggregate, when properly com- 
bined, will make a concrete that will resist the acfions 
of the elements, but it has not been so certainly demon- 
strated what the effect of the introduction of another 
ingredient will be. 

It seems to me that our knowledge of what gives to 
concrete its property of resisting the action of the ele- 
ments is still too limited to accept as good practice the 
introduction of another ingredient without something 
more to warrant it than a few expcriments or laboratory 
tests. _ 

The permeability of concrete is undoubtedly a very ob- 
jectionable quality and makes it difficult to use it ina 
great many places, but is not this property the very one 
which gives it its power to resist the action of moisture 
and frost? To this permeability may be due the perfect 
diffusion of the water throughout the mass in such a 
way that when freezing it does not expand so as to sepa- 
rate the particles composing the concrete. Then if any 
substance is introduced that stops this diffusion, we must 
Make the concrete so perfect that there are absolutely 
no voids or cracks in which water can collect in such a 
way that it will expand when freezing, otherwise it seems 
to me disintegration is bound to take place. Anyone who 
has handled or made concrete under ordinary conditions 
knows that it Is practically impossible to make it without 
some slight pockets or openings where water will collect, 
provided the walls forming these pockets are Imperme- 
able, so that the water cannot escape. Concrete without 
voids can be made if subjected to sufficient pressure 
after being deposited, but for ordinary work this is not 
feasible. 

That some concrete will disintegrate under the action 
of the elements has been pretty thoroughly demonstrated 
in Milwaukee and vicinity. Walks laid last summer have 
shown the greatest tendency to disintegrate. Many of these 
that seemed to be all right in the fall proved to be defective 
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this spring. In general the work seems to be very much 
inferior to work done in the past, when more crushed 
stone and lake sand was used. The price of crushed 
stone of late years has caused the use of much more 
bank gravel than formerly, which, judging from the 
results obtained from the use of bank gravel in North 
Milwaukee, would, in the writer’s opinion, account for 
the contractors’ trouble. Many examples of this disin- 
tegration might be noted, but it would be only multi- 
plying instances. However, from the fact that two or 
three different Kinds of cement were used, that all of 
the concrete hardened up in good shape and showed no 
signs of deterioration until after freezing commenced, 
which was several weeks after the concrete was placed, 
and from the fact that disintegration was the greatest 
where the gravel containing the greatest amount of clay 
was used, one is certainly led to believe that clay, or 
something in clay, in sufficient amounts will cause the 
loss of frost resisting property in concrete. 

I am aware, of course, that these are not scientific 
proofs, but it seems to me that there is sufficient 
evidence given to make anyone who contemplates putting 
in concrete where it will be exposed to frost give the 
matter careful consideration before they use an aggregate 
containing much clay, and will avoid clay as much as 
possible until the question of the possible injury which 
it may do has been definitely settled. 

In conclusion I wish to say that I believe that the 
final decision of enginecrs and users of concrete, in 
reference to the propertics of concrete affected by clay, 
will be: Ist. That clay increases the impermeability ; 
ond. that it decreases its frost resisting power; 3d. that 
it decreases its strength. 

This last statement I know is not in accordance with 
the opinion now held by some engineers. Their claim 
that it adds to the strength of concrete may be true 
when it is made under certain ideal, or laboratory condi- 
tions, but under average conditions obtainable in actual 
construction work, I am convinced that the results will 
show tbis to be an erroneous conclusion. I know that 
I have obtained better concrete, both as to strength and 
wearing qualities, for the surface of floors, by washing 
the gravel. This is true for gravel with a comparatively 
small amount of clay. 

When the truth is fully known in regard to the effect 
of clay on concrete, I believe that in work requiring a 
maximum strength or wearing qualities, with a minimum 
of cement, or where the greatest resistance to the 
weather is desired, if the aggregate to be used is gravel, 
with an appreciable amount of clay in it, the specifica- 
tions will require that the gravel be washed. 

Yours respectfully, 
E. D. Coddington. 
Milwaukee Bridge and Iron Co. 

North Milwaukce, Wis., Dec. 4, 1908. 

[While agreeing with the last correspondent as 
to the possibilities of the evil effect of included 
clay on the wearing qualities of concrete, an in- 
stance of which is noted in the first of the 
two letters, we must disagree with his theory 


as to the existence or even the desirability 
of a porous mass in concrete work. Con- 
crete, made with even moderate care, is not 


a sponge-like mass through which water diffuses, 
else the back of a water-retaining wall of con- 
crete would be uniformly moist, a condition that 
rarely obtains. Rather do some line or lines of 
weakness show through which the dampness 
penctrates. Furthermore, even assuming the 
uniform distribution of moisture through 
the mass, the variation of the interior 
temperature with the distance of the mass 
from the surface creates in cold weather 
a tendency toward greater expansion into ice 
of the included moisture near the surface, with 
the consequent surface cracking so often ob- 
served. This is a progressive action toward the 
center of the mass until finally some weak spot 
is reached which affords the opportunity for a 
general breaking down of the structure. If this 
weak place does not exist, only the surface 
weathering is observed. 

We doubt if the average concrete engineer will 
accept the statement that it is practically im- 
possible to make concrete under ordinary condi- 
tions without “pockets or openings where water 
will collect, provided the walls forming these 
pockets are impermeable so that water cannot 
escape.“ If the walls are permeable we cannot 
see what there is to prevent the water running 
back into the pockets from which it escapes.— 
Ed.] 


— . mm 


United States Bonds for Waterway Improvements. 


Sir: As a delegate to the National Rivers’ and Harbors’ 
Congress held recently in Washington, the writer desires 
to answer several of the statements made in your edi- 


torial in your Dec. 21 issue, relative to the United 
States borrowing money for waterway improvements. 

In the first place, as to the responsibility of the three 
thousand delegates present. Is it not true that ours is a 
government of the people and that popular will is found 
expressed in legislative acts? Among the delegates pres- 
ent were governors of thirty states, representatives of 
all the leading cities, boards of trade, representatives of 
manufacturing, transportation and commercial interests. 
Every state and territory, including Hawaii and Alaska, 
was represented. Truly, was not such a Congress na- 
tional in its composition, and were not the delegates 
responsible spokesmen of a large proportion of our 
population? 

Few persons, unless they have taken the trouble to 
investigate the present sentiment of the country with 
respect to waterway improvements, can deny that there 
is a strong wave of popular approval sweeping over the 
country favoring such improvements; this is best shown 
by the rapid change of front of so many of our legisla- 
tors on this subject. 

The Rivers and Harbors Congress stands for a policy 
and not for the exploitation of any particular project. 
Cannot this body request Congress also to adopt some 
definite policy of comprehensive waterway improvement, 
rather than to pursue the present plan of dividing the 
“pork” in such a way that every congressman obtains 
his slice, without any regard to the merit of his pro- 
ject? The forty or fifty million dollars thus expended 
by each Congress when spread out over many waterways, 
some good, some bad and some indifferent, help no sec- 
tion. The writer can cite cases of large expenditures of 
Government money upon streams that are navigable only 
in the opinion of the’ Congressman who seeks his share 
of the spoils. This is the policy which Speaker Cannon 
advocates. Is this conservatism? Then let us take a 
radical step and remove waterway improvements from 
the field of politics. 

It is not the plan of the National Rivers’ and Harbors’ 
Congress that the total bond issue of $500,000,000 be 
made at once, but that $50,000,000, or as much of that 
amount that can be economically used during the year, 


together with the present waterways’ appropriation, be 
spent upon projects that would be adopted by the Na- 


tional Waterways Commission as part of the general 
plan of water ways’ improvements. 

Now, as to the question of issuing bonds. Has not the 
Government already committed itself to such a policy in 
the case of the Panama Canal? Can any one deny that 
the improvement of our inland waterways is of lesser 
importance to the welfare of our country than the con- 
struction of the Isthmian Canal? The present facilities 
of our railroads are totally inadequate for handling the 
volume of business. No less a person than Jas. J. Hill 
stated at a session of this Congress in December, 1907, 
that five billion dollars must be expended by the rail- 
roads for increasing their facilities to handle the traffic 
of the country, and in comparison with this amount re- 
quired to be raised by private corporations, the amount 
which is asked of Congress seems small indeed. Rail- 
road men are now beginning to realize that waterway 
improvements will help instead of injure the business 
of the railroads, serving as feeders to the transconti- 
nental trunk lines and relieving the railroads of a por- 
tion of the low class and unprofitable freight. 

The writer can see little objection from an economical 
or an ethical standpoint to borrowing money for per- 
manent improvements. Can it be denied that the cre- 
ation by the Government of the Appalachian and White 
Mountain Forest Reserves, which has been demonstrated 
to be absolutely essential to any plan of permanent river 
improvement, will not at the same time inure to the 
benefit of posterity, by the conservation of the vast tim- 
ber and other resources of these sections? 

The conservation of natural resources and waterway 
improvements are correlated subjects, as any one familiar 
with our Southern and Western rivers will know, and 
the endorsement of one movement must necessarily carry 
with it the endorsement of the other. President Roose- 
velt, in his speech before the Congress said: 


Forests and waterways cannot be separated in any suc- 
ecssful treatment of either. Forest protection and river 
development must go hand in hand. 


The writer heard President Roosevelt, President-elect 
Taft, Vice-President Fairbanks, Representative Champ 
Clark, Democratic House leader, and other prominent 
officials advocate most earnestly a bond issue to pay 
for waterway improvements. Can such men be called 
irresponsible? No one will question the astuteness and 
foresighted business judgment of Mr. Andrew Carnegie. 
This letter can be best concluded by quoting from his 
sp ech before this Congress: 

I was delighted to hear the President and the President- 
elect yesterday advocate the issuing of bonds for this 
great work and to hear Vice-President Fairbanks endorse 
thiir sentiments this morning. The policy of issuing 
bonds needs no more proof. The improvement of our 
waterways will give back to the country ten-fold the 


money expended. 
Very truly yours, 


Francis R. Weller, Assoc. M. Am. Soc. C. E. 
Hibbs Bldg., Washington, D. C., Dec. 23, 1908. 
[We are fully in accord with our correspondent 
as to the need of intelligent and expert planning 
in connection with our Federal waterway im- 


provements and the defects of present methods 
to which he alludes have been many times 
pointed out in these columns; but before making 
a change let us be sure that the change will 
be for the better. It is very risky business to 
open up a huge new conduit for tapping the 
National Treasury and provide no check valves 
to keep it from being totally drained. 

The man with a hobby, who seeks to have you 
invest a million dollars or fifty million dollars in 
an enormously profitable enterprise which he is 
promoting, may be a very estimable citizen and 
may have the greatest confidence in the success 
of his own scheme; but if you are a careful 
business man you will test thoroughly his claims 
and his reliability as an adviser, particularly if 
you have to borrow the money and mortgage 
your future in order to invest. 

Congressman Ransdell, the President of the 
Rivers and Harbors Congress, is doubtless sin- 
cere in setting forth the enormous profits which 
the United States can make by investing in 
waterways but as we have shown on our edi- 
torial page in this issue, his figures of profit are 
seen to be absurd as soon as they are critically 
examined. 

Surely the American public cannot safely be 
guided in making such huge and important in- 
vestments by the extravagant claims of pro- 
motors, who lack the technical knowledge to test 
the truth of their own statements. As has been 
well pointed out by President Roosevelt, water- 
way enterprises should be subjected to critical 
expert examination by competent engineers and 
their approval should be first obtained before 
engaging in any work. And the danger of ap- 
propriating a vast sum of money without knowing 
what it is to be spent for ought to be evident to 
every thinking man. A half-billion dollars for 
waterway improvements sounds very attractive; 
but we ought to be sure it would not turn out 
a half-billion dollar corruption fund.—Ed.] 


— —— 


Plaus for Grade Crossing Removal at Toronto, Ont. 


Sir: The Railway Commission of the Dominion of 
Canada has been hearing the argument of the City of 
Toronto for further separation of grades in that city, on 
streets now crossed by the Grand Trunk and Canadian 
Pacific Railways. A discussion of the best treatment of 
these crossings has been going on for many years and 
from time to time reports have been made by engineer- 
ing experts, some favoring track elevation and 
street elevation, 

The city is seeking an order from the Railway Commis- 
sion to compel the railways to raise their tracks along 
the water front and place them on an elevated struc- 
ture, this elevation to include not only the running tracks 
but the local freight yards, freight houses and all team 
tracks and switch connections. 

The structure proposed by the city would be nearly 
two miles in length and for more than half this distance 
16 ft. high and 118 ft. in width. It would be an earth 
fill between concrete retaining walls, with all crossing 
streets passing through the structure by subways (as the 
ground level is only about 5 ft. above high water, the 
streets cannot be depressed and secure drainage). As an 
alternative plan the railway companies propose street 
bridges over the present tracks, two to be built at once 
and others to be constructed when found to be necessary. 

The Grand Trunk and Canadian Pacific Railways lie 
side by side upon the low-filled lands along the lake 
front. These low lands are to be extended further into 
the bay several hundred feet. At present there is a 
little less than 100 acres of land between the railways and 
Lake Ontario within the length of the proposed viaduct. 
The twelve crossing streets in most instances have not 
been extended beyond the tracks to the water front. 
The present use of the crossings is comparatively light, 
excepting at two streets which form the avenues of en- 
trance and exit for the passenger steamers which do a 
very considerable business in the four or five summer 
months. 

Industrial development along the water front Is not 
great but the present inactivity may be due in some 
measure to the agitation of the grade crossing problem, as 
the character of the treatment will largely determine 
the uses to which the water front may be put. Elevating 


some 


the main passenger and freight tracks will mean also ele- 


vating the switches which would be favorable for the 
coal business but unfavorable for most of the industries 
and for traffic between lake and rail. 

The cost of the proposed viaduct is estimated by the 
engineers employed by the city to be about $3,000,000, 
but the engineers of the railways say it will cost nearer 
$6,000,000. The cost of street bridges is estimated at 
from $150,000 to $200,000 each. In neither plan was 
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any attempt made to arrive at an estimate of conse- 
duential damage and all discussion of this phase of the 
subject was omitted at the hearing and its consideration 
left to the Commission. 

The railways claim that the viaduct will cause un- 
favorable busincss changes, removal of industries, in- 
creasing difficultics of operation and will practically 
prohibit expansion of their facilities. They also urge 
the difficulty of adjusting relations between the pro- 
posed track elevation and the plans which were being 
adopted for a new union station. Tho city, on the other 
hand, claims that the railways will be bencfited by the 
elevation, providing for freer running of trains and that 
the greatest safety and convenience will be secured to 
the people in going to and from the water front. 

The hearing which closed Friday, Dec, 18, lasted two 
weeks. The case was presented by able legal counsel on 
both sides, assisted by a large number of engineers. The 
hearing was conducted without invoking the rules of 
evidence and a very free and open discussion was had, 
the chairman of the Commission stating his earnest de- 
Sire to secure full and complete information upon all 
points. Testimony regarding grade climination in many 
other cities was given, watcr front terminals at Chi- 
cago especially prescnting somewhat similar conditions. 
Mr. E. B. Guthrie, Engineer of the Buffalo Grade Cross- 
ing Commission, described the work at Buffalo and 
advocated street elevation for Toronto. 

The Toronto problem is complicated somewhat by con- 
siderations of the future, which could only be lightly 
touched upon at this hearing. The large questions of 
the separation of passenger and freight tracks and that 
of the location of the union station have an important 
bearing upon the selection of the method of grade cross- 
ing elimination. The business of Toronto is moving 
away from the water front and the city is growing rapidly 
to the northward. 

The Canadian Pacific Railway has now a line over 
which it sends its through freight, about two miles to 
the north of the present passenger terminals. It reaches 
the water front by a loop around the city which involves 
an additional movement for through passenger trains of 
four miles and overcoming about 300 ft. of elevation. 
The Grand Trunk Railway also makes a considerable 
detour from a direct line to reach the passenger station, 
and it also has considcrable grades to overcome in pass- 
ing through its Toronto terminal. 

The engineers in consultation for the city of Toronto 
were W. E. Tye, former Chief Engineer, Canadian Pacific 
Ry., and Isham Randolph, late Chief Engineer of the 
Chicago Drainage Canal. There appeared for the rall- 
ways, Chief Engincer H. G. Kelley for the Grand Trunk 
and J. G. Sullivan for the Canadian Pacific, and also 
Messrs. C. W. Buchholz of New York and George A. 
Ricker of Buffalo. 

Yours very truly, “Viaduct.” 
Toronto, Dec. 21, 1908. 
; — (ęUfũĩ—) 
Cab Signals vs. Fixed Signals for Railways. 


Sir: In your issue of Oct. 29, p. 465, you published 
the report of the Automatic Stop and Cab Signal Com- 
mittee of the Railway Signal Association, a report which 
contains gross contradictions of some facts and which 
at least obscurcly states some others. Since these facts 
are such as directly and strongly affect the question 
whether any cab signal now obtainable would, if adopted, 
render possible a material increase of safety to lives and 
property entrusted to the care of railroads, it is of the 
highest public importance that such facts should not be 
either denied or sct forth in such a manner as easily to 
mislead persons who possess fair intelligence and dis- 
ceroment but whose education and experience have pro- 
ceeded exclusively along non-signaling lines. Especially 
important is it that such statements as to signaling be 
corrected when, as in this case, they are the very faulty 
utterances of such a body as a committee of the Railway 
Signal Association. 

The Committee’s report says: ‘‘The automatic stop 
and cab signal should be considered only as adjuncts 
to a fixed signal system.” Permit me most emphatically 
to contradict this grossly incorrect statement. Let us 
turn to the proposition to which the Committee’s own 
note on this point refers and which, when correctly 
stated, shows the Committee’s assertion just quoted to 
be clearly and radically wrong. 

The Committee, in its explanatory note here, says (1) 
that there is an ‘‘impossibility of properly checking the 
work of the engineman if a cab signal or automatic stop 
is used without a fixed signal.” Before citing proof of 
the incorrectness of this part of the Committee’s ex- 
planatory note, permit me to first prove that what the 
Committee wrongly alleges to be a weakness of the cab 
signal is in fact a weakness of fixed signal systems. For 
if any given fault is present in the first of the two 
species contrasted, its presence in the second could not 
of itself be a reason for rejecting either species for the 
other. 

The following succession of signal intervals, in units 
of a mile, is taken from a drawing lying before me and 
showing the signals on part of the main line of the 
Michigan Central Railroad: 1, 112. 1%, 114, &, a little 
more than 1%, a little less than %, a little more than 


14%, and a litte less than %. Tour issue of March 7, 
1907, says that fixed block signaling for the Boston & 
Maine was then under construction or contracted for, 
covering 1,145 miles of track and that (p. 256) ‘‘the 
average approximate length of the blocks is 4,000 ft., 
but it is intended to shorten the length where traffic is 
dense, while after the suburban districts have been 
passed the blocks will be lengthened.” Another perti- 
nent fact in this connection is given by the Railroad 
Age-Gazette which, in an editorial relating to the air 
brake and appearing under date of Dec. 4, 190S, p. 
1466, refers to faster schedules, requiring speeds of 70 
and 80 miles per hour.“ One is, then, safely within 
speed limits when he says that trains frequently run at 
60 miles per hour. 

Assuming this perfectly safe speed figure, we are 
forced to conclude that, in order to observe fixed block 
signals, Michigan Central conductors and brakemen, 
while running over the main track section just men- 
tioned, would have to neglect duties reasonably devolv- 
ing upon them and be at windows (or, worse still, be 
at open vestibule doors when windows are coated with 
frost) at the following successive time intervals: 60 
seconds, 90 seconds, 75 seconds, 75 seconds, 45 seconds, a 
little more than 75 seconds, a little less than 45 seconds, 
a little more than 735 seconds, a little less than 45 sec- 
onds; while Boston & Maine conductors and brakemen 
would have to read block signals at average intervals of 
less than about 40 seconds. And the conditions just cited 
as applying to these two roads are by no means excep- 
tional, but are fairly representative of practically uni- 
versal block signal conditions. 

Why not frankly admit the plain truth, which is that, 
in such cases as those just adduced, Boston & Maine 
and Michigan Central conductors and brakemen not 
only do not observe fircd block signals now being given 
their trains while running, but cannot do so! Since the 
fireman can see a signal placed in his cab at least as 
easily as he can one in the air and towards which he is 
running at high speed, and since audible cab signals 
that obey all practical signal requirements are now ob- 
tainable, while audible fixed signals that obey such re- 
quirements do not exist, it is clear that, by the impor- 
tant criterion of checking enginemen, the cab signal 
could not rightly be considered as a mere adjunct to 
fixed signals, even if the Committee’s statement, as to 
impossibility of such checking with cab systems alone, 
were correct—which it most certainly is not. 

In one cab system mentioned below, a danger whistle 
is held mute by devices electrically connected in series 
with those that hold the visual signal in the cab at 
clear. When current in the visual-signal circuit ceases— 
either in the normal operation of the system or by rea- 
son of failure of electric source or breakage of parts— 
not only does the visual signal go to danger by gravity, 
but the whistle valve opens, also by gravity, giving an 
audible danger signal. So far as firemen are concerned, 
which system, then, affords a really practical universal 
check—the fixed system, in which the fireman must be 
at an open window and have his gaze directed up in the 
air throughout the whole run, or miss some signals; or 
the cab system, in which he always knows when an 
adverse (distant or home) signal is given his train, no 
matter where he is looking nor what duty he is perform- 
ing at the time such adverse signal is given. 

Space forbids my dealing in the way I should like with 
the second, and minor, of the two propositions that the 
Committee givcs as its basis for its incorrect statement 
as to cab systems being merely accessory. I think it 
would be exceedingly easy to show that this minor prop- 
osition offers no serious practical objection to the cab 
signal as a basic rather than a merely adjunct signaling 
system. 

One of the Committee’s classes of cab systems is that 
in which ‘‘insulated engine parts?” are used. United 
States letters patent No. 823,513, of June 19, 1906, de- 
scribe a system that can be used either for cab signal- 
ing only, for automatic slowdown-and-stop purposes 
only, or for both the signal and the speed-control pur- 
poses named. In this system a pair of the regular en- 
gine or tender wheels, if insulated, can be used to fur- 
nish communication between track and train, though, as 
is explained in the patent specification, it is not neces- 
sary to use any such wheels for this purpose. As this 
particular cab system, if installed in either way, is free 
from all the faults characterizing all of the Committee's 
other classes, and, if installed in a certain one of those 
ways, will constitute a case entirely within this one of 
the Committee’s classes, the Committee is most clearly 
wrong in asserting that this class fails to fulfill certain 
requirements which this system perfectly fulfills. On 
this point the Committee says, “These systems, it has 
been found, do not conform to essential requirements 
Nos. 1, 2, 8 and 11.’’ 

Without saying anything pro or con as to the Commit- 
tee’s statement that this class of systems fails to com- 
ply with that part of requirement No. 1 which relates to 
automatic stops, I wish to say that the cab signal de- 
scribed and claimed in this patent conforms to every- 
thing demanded of cab signals in both this requirement 
and in the explanatory note which the Committee ap- 
pends thereto. 


While the object of this communication is to deal with 
the cab signal and not with the automatic stop, I wish 
to digress from that object sufficiently to brand as 
glaringly wrong the Committee’s assertion that ‘‘these 
systems” fail to conform to the automatic stop specifica- 
tion which constitutes the Committee's requirement No. 3. 

In considering the Committee’s statement that this 
same class of cab systems docs not conform to require- 
ments Nos. 2 and 11, it should be borne in mind that 
these requirements have absolutely nothing to do with 
cab signals, but are exclusively automatic stop specifi- 
cations. Wm. H. Dammond. 

Detroit, Mich., Dec. 10, 1908. 


C 


Notes and Queries. 


Attention has been drawn to two typographical errors 
in Table II. accompanying the article “Test of Four 
35,000, 000-Gal. Centrifugal Pumping Units at Pitts- 
burg,” in our issue of Nov. 26. In the first column the 
item “Suction head, plus distance between gages (22 
ins.), ft.“ should be followed by 15.47 instead of 16.47 as 
printed. The error is evident by checking the total head 
(92.97) and the mercury column (12.05 ins. = 13.64). In 
the next to the last line the true reading should be 
Duty-ft.-Ibs. per 1,000 lbs. of steam.“ This is evident 
from the text of the article. š 


— — . a 


THE MASSACHUSETTS STATE BOARD OF HEALTH ON 
POLLUTION OF BOSTON HARBOR FROM THE MOON 
ISLAND OUTLET OF THE BOSTON SEWERAGE 
SYSTEM. 


In view of the frequent references to the effect 
of the Moon Island outlet of the Boston sewer- 
age system upon the waters of Boston Harbor, 
made at the hearing on the proposed Passaic 
Valley outlet into New York Harbor on Dec. 
9 and 10, 1908, a report on the subject recently 
made by the Massachusetts State Board of 
Health is of considerable interest. It appears 
from the annual report of the Massachusetts 
State Board of Health for 1906-07, which has 
just been issued, that the board was ordered by 
the Legislature of 1907 to report not later than 
Jan. 15, 1908, “as the best means of pre- 
venting the further pollution of Boston Harbor 
by the discharge of foul sewage at Moon Island.” 
The report made in accordance with this order 
follows: 


The sewage discharged at the Moon Island outlet is 
that which is collected by the main drainage system of 
the city of Boston. In character it is not essentially 
different from that of other cities, except for a slight 
admixture of salt water which leaks into the sewers 
located near the shores of the harbor and its estuarics, 
through tide gates and in other ways. It becomcs some- 
what decomposed in its passage through the deposit sew- 
ers, the tunnel, and especially the reservoirs at Moon 
Island, in which it is stored for several hours in order 
to admit of its discharge only in the second and third 
hours of the outgoing tide, when the currents are most 
favorable for its speedy removal and dilution with a 
large volume of sea water; but at the time of its dis- 
charge it is not noticeably more offensive than the sew- 
age of other cities and towns stored in reservoirs for 
convenience in disposal. 

The Boston main drainage works were completed and 
the outlet at Moon Island first used in 1884. The quan- 
tity of sewage discharged there gradually increased for 
many years, owing to the growth of the city and the 
extension of sewers into metropolitan areas adjacent 
thereto, chiefly in the Charles and Neponset river val- 
leys. The quantity of sewage delivered at Moon Island 
eventually became so great that the reservoir capacity 
became unequal to the storage of all the sewage for 
a sufficient length of time to allow for its discharge 
in the two most favorable hours of the outgoing tide; 
but in 1899 the capacity of the reservoirs was doubled, 
and the necessity for discharging considerable quan- 
tities of sewage at unfavorable times was removed. In 
1904 the quantity of sewage delivered at this outlet 
was greatly reduced by the completion of the high-level 
sewer and the diversion of all of the sewage of the 
Charles and Neponset river valleys into the high-level 
system, which has a separate outlet at Peddocks Island. 
In subsequent years the sewage of other considerable 
areas has been connected with the high-level system, 
and, while no satisfactory records of the quantity of 
sewage discharged at Moon Island are available, the 
quantity discharged at Peddocks Island—all of which 
has been diverted from the Moon Island outlet within 
the past three years—amounted during the year 1906 to 
33,600,000 gals. per day. It is probable that the quan- 
tity of sewage discharged at Moon Island at the present 
time is considerably less than 100,000,000 gals. per day. 

In the summer of 1905, after the quantity of sewage 
discharged at Moon Island had been reduced by the di- 
version of the sewage of the Charles and Neponset river 
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valleys into the high-level system, an investigation was 
made by this board to determine the condition of the 
water of Boston Harbor and the effect of the discharge 
of sewage therein. This investigation showed that the 
quantity of free ammonia present in the waters of the 
inner harbor—i. e., inside or west of a line drawn from 
the easterly end of East Boston to South Boston—was 
greater on the outgoing tide than anywhere in the 
region of the harbor about Moon Island, excepting in 
the narrow path taken by the sewage in passing from 
Moon Island to the sea and within 2½ miles of Moon 
Island. On the incoming tide the quantity of free am- 
monia found in the water of the inner harbor was 
greater than was found anywhere in the region about 
Moon Island, excepting immediately about the sewer 
outlet itself. 

The same is true of the results of bacterial examina- 
tion. On the outgoing tide the number of bacteria 
was higher in the inner harbor than anywhere about 
Moon Island, excepting in the immediate track of the 
sewage and within 2½ miles of the outlet. On the in- 
coming tide the number of bacteria was greater in the 
inner harbor than anywhere in the neighborhood of 
Moon Island, excepting immediately about the outlet. 

Other examinations were made to determine more 
definitely the area affected 
by the discharge of sewage 
at the Moon Island outlet, 
and samples of water were 
collected for analysis from 
numerous stations for a 
long distance about this 
outlet. The results confirm 
those of the previous in- 
vestigations, showing that the 
effect of the sewage dis- 
charged at the Moon Island 
outlet upon the harbor water 
is markedly noticeable only 
in a restricted area extend- 
ing from the outlet along 
the path taken by the sewage 
toward the sea, and that 
outside of this area, which at 
its greatest extension does 
not exceed 214 miles in length 
by % to %-mile in width, 
and then only during the out- 
going tide—the period when 
the sewage is discharged—is 
the water noticeably more 
polluted, as shown by chemi- 


cal or bacterial analysis, 
than the water in the inner 
harbor. 


An examination of the out- 
let at Moon Island in Au- 
gust, 1907, and observations 
of the discharge of sewage 
there, indicate that the works 
at that point are well 
` cared for, and the times of 
discharge strictly adhered 
to by the officer in charge of 
that work. 

While the order of the Leg- 
islature does not appear 
to have been intended to in- 
clude the main sewer outlets 
at Deer Island and at Ped- 
docks Island, the board would 
add that the sewage from those outlets—which is dis- 
charged in smaller quantities and also continuously at 
all stages of the tide, and hence in a very much smaller 
volume than at Moon Island—has a much less noticeable 
effect upon the harbor water than that discharged at 
Moon Island during the few hours immediately after it 
is discharged there. 

In view of the fact that the waters of the inner har- 
bor of Boston show more evidence of pollution than the 
waters of the outer harbor, excepting in the neighbor- 
hood of the main sewer outlets and in the immediate 
track of the sewage from Moon Island after it has 
been discharged and is on its way to sea, and in view 
of the results of observations of the board showing 
that the pollution of the inner harbor is not due to the 
discharge of sewage at Moon Island or at either of the 
other main outlets, the board sees no present necessity 
for the adoption of means for the prevention of the 
‘further pollution of the harbor by the discharge of 
sewage at Moon Island or at either of the other main 
outlets. 

— — o — — 

REINFORCED-CONCRETE TIES have been in use for 
several years on the Italian State Railways, and the rail- 
way administration is said to have placed a contract re- 
cently for 300,000 of these ties. The cost is about $1.25 
per tie, and the life is said to be three or four times 
that of the wooden ties. One tie in every thousand will 
be broken, and investigation made as to the character of 
the concrete and its bonding with the steel. The manu- 
facturers are also required to guarantee the ties for one 
year, replacing all those which fail in that time. 


A COLD BENDING MACHINE FOR 
Made by Tinius Olsen & Co., Philadelphia. 


A COLD-BEND TESTING MACHINE.* 

The special testing machine, shown in the ac- 
companying figure, is designed for the cold 
bending of iron and steel specimens as required 
by many manufacturers. With this machine, it 
is claimed that only three minutes is required 
to bend a specimen 180° around a pin. It is ex- 
pected that this saving of time over the use of 
the old tension machines, with special fittings, 
will be of advantage in mills where many tests 
of this kind are necessary. 

The machine is designed to bend specimens 
up to 1 sq. in. in cross section. The sample is 
bent around a pin of a diameter equal to its own 
thickness. Pins up to 2 ins. in diameter are 
provided, the smaller sizes being specially shaped 
to withstand the bending loads that may come 
upon them. These pins have taper shanks and 
the socket is fitted with a knockout pin to 
facilitate quick change. The bending pin may 
be placed at such distance from the center as is 
desirable. A taper liner, shown at the back of 
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the specimen, allows adjustment for the various 
sizes of specimens to be tested. The outer edge 
of the table is graduated in 5° points to allow 
the reading of any desired angle of bending. 

As marketed, the machines are equipped with 
a direct-current drive designed by the Westing- 
house Electric and Manufacturing Co. A 1.25- 
HP. motor is mounted on a rear bracket and 
drives the table through a clutch and gear 
train. The machine is intended to be operated 
by means of the clutch handle, but an automatic 
stop is provided to throw out the motor switch 
on the end of the return travel of the table, 
should the operator neglect to work the clutch 
control. The return travel of the table is ac- 
complished by reversing the motor, for which 
action a double-throw switch is provided. 

The machine is made by Tinius Olsen & Co., 
Philadelphia. 

—— aae — — 


NOTES FROM ENGINEERING SCHOOLS. 


UNIVERSITY OF MICHIGAN.—An addition 
is to be made to the new Engineering Building 
in the form of a wing, 60 ft. by 130 ft., and four 
stories high. It wiil be placed at the north end 
of the naval tank, which at present extends 


*From information furnished by the Westinghouse Com- 
panies Publishing Department, Pittsburg, Pa. 


about 50 ft. beyond the rest of the building in 
that direction, and will be connected with the 
main structure by an extension over the tank. 

A new site for the summer camp of the civil 
engineering students has been presented to the 
University by Col. and Mrs. Chas. C. Bogardus, 
of Pellston, Mich. It comprises 1,500 acres of 
land in Cheboygan County, with nearly three 
miles of shore line upon Douglas Lake. The land 
is of rolling character rising about 60 ft. above 
the lake a short distance back from a com- 
paratively low shore. 

A new reflecting telescope is to be added to the 
equipment of the observatory. It will have a 
37%-in. parabolic mirror, and the equivalent 
focal length in spectroscopic work will be 60 ft., 
placing it in this respect midway between the 
Lick and Yerkes refractors. The mirror and 
most of the working parts of the telescope, with 
the exception of the tube, are already con- 
structed. The telescope will be mounted in a 
brick tower 40 ft. in diameter with a copper- 
covered steel dome rising 68 ft. above the tower 
basement. In the basement of the two-story 
addition, 112 ft. long and 44 ft. wide, which will 
connect the new dome with the present obser- 
vatory, will be installed a complete set of 
seismographic instruments. 

—— U.s3ß—ð—ſ . — 

RAILWAY ACCIDENTS occurring Dec. 24 and 25 re- 
sulted in the death of three people and the injury of 
22 others. The water gage burst in the cab of a loco- 
motive drawing a train on the Lake Shore & Michigan 
Southern Ry. Dec. 24 and indirectly caused the death of 
a brakeman and fireman who were in the cab. The ac- 
cident occurred two miles west of La Porte, Ind. The 
men evidently feared the boiler was about to explode 
and jumped from the engine, which was running at about 
50 mi. per hr. 

A passenger train on the Lake Shore & Michigan South- 
ern Ry., southbound on the branch between Jackson, 
Mich., and Fort Wayne, Ind., was wrecked Dec. 24, 1% 
miles north of Pleasant Lake, Ind. Sixteen persons were 
injured. The accident is ascribed to a broken flange 
which caused the train to jump a switch and run in on 
the siding to a gravel pit. The locomotive buried itself 
in the gravel and several coaches were upset. 

An accident on the New York, New Haven & Hart- 
ford R. R. in the yards at Springfield, Mass., Dec. 24, 
caused the death of a brakeman and delayed traffic for 
several hours. The first section of the train leaving 
New York City at noon was to go no further than Spring- 
field and was being backed to a siding when a mistake 
in switching caused it to collide with the third section 
of the train, which was just passing through the yards. 
The third section ‘‘sidewiped’’ the rear car of the first 
section, overturning it and killing the brakeman who 
was on the rear platform. Only one car of the third 
section was involved in the collision and this one was 
but slightly damaged. 

A head-on collision took place on the Great Northern 
Ry. Dec. 25 near Elmira, Idaho, between a local pas- 
senger train and an extra freight train. One man was 
killed and four injured. 


— — — 

A RAILWAY STATION WAS WRECKED on the But- 
falo &-Susquehanna Ry., at Addison, N. Y., Dec. 24, 
A freight train of 72 cars broke away from its locomo- 
tive on a steep grade five miles from Addison. Upon 
reaching the Addison station they had attained a con- 
siderable speed and jumped the track, demolishing the 
station and the buildings of the Howell Creamery Co. 
The wreckage of the cars and creamery caught fire and 
was completely burned, together with a number of pas- 
senger coaches on a nearby siding. Only one man was 
injured. 

— . — 

AN EXPLOSION IN A COAL MINE at Lick Branch, 
Va., Dec. 29 entombed 50 miners. Reports state that 
14 of these men have been taken out of the mine but 
that four of them were dead when found. 

— . ä — 

AN ACCIDENT TO THE HOISTING CABLE in the 
240-ft. shaft of the Columbus mine, near Cobalt, Ont., 
Dec. 24, resulted in the death of three miners. The 
cable is said to have slipped from its wheel while the 
bucket was descending the shaft. 

Kc »» 

THE CAVING-IN OF A TRENCH at the blast-furnace 
plant at Ensley, Ala., Dec. 28 killed ten laborers and 
injured several others, including two foremen who were 
superintending the work. The trench was being made 
to hold a large gas flue from the blast furnaces to a new 
battery of boilers. The brick work at the end of the 
4-ft. main was broken open by the cave-in and gas 
flowed from this opening into the trench, making it dif- 


. ficult to recover the bodies. 
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ONE OF THE GREATEST CATASTROPHES since the 
dawn of history occurred in southern Italy on Dec. 28. 
An earthquake shock and tidal wave, centering about the 
harrow straits of Messina, which separates the Island of 
Sicily from the mainland, overthrew the cities of Reggio 
on the north side of the Straits and Messina on the south 
as well as numerous adjacent villages. Only vague es- 
timates are as yet possible of the total number killed, 
but reports place it as high as 100,000. Messina, the 
largest city affected, had a population of 90,000 and is 
said to be two-thirds destroyed by the earthquake, the 
tidal wave and the fire which followed the earth shock. 
The earth vibration was recorded by seismographs all 
over the globe. The Straits of Messina are especially 
subject to earth tremors and the cities of Messina and 
Reggio in 1783 lost a large part of their population in 
an earthquake. 

— Oo 

AN EXPLOSION OF POWDER at the plant of the 
American Powder Mills Co., at South Acton, Mass., Dec. 
24, wrecked the glaze mill and destroyed 10,000 Ibs. of 
powder. No lives were lost. The jar due to the ex- 
plosion is said to have been distinctly felt at a distance 
of 40 miles. 

— . —ͤ — 


THE BOARD OF ENGINEERS to accompany Presi- 
dent-elect Taft on his coming visit to the Panama Canal 
works has just been appointed by President Roosevelt. 
The members of the board will be Messrs. Arthur P. 
Davis, Chief Engineer of the U. S. Reclamation Ser- 
vice; John R. Freeman, Providence, R. I.; Allen Hazen, 
New York City; Isham Randolph, Chicago; James Dix 
Schuyler, Los Angeles, Cal., and Frederic P. Stearns, 
Boston, Mass. 

— —— — — 

AMERICAN DIESEL ENGINE CO. — The recent publi- 
cation of a notice of involuntary bankruptcy proceed- 
ings against this company has occasioned some question 
as to the effect of the engineering work of the company 
on the trouble. Col. E. D. Meier, M. Am. Soc. M. E., 
Secretary of the company, in response to an enquiry, 
stated that the embarrassment was entirely caused by 
the defects of the commercial organization and had no 
engineering significance. The engine as developed and 
improved for the American market was held to be a com- 
plete success, but the business organization had been 
found inadequate to make the building and marketing of 
the American type of Diesel engine sufficiently profitable, 
in spite of the merits of the engine. These engines it 
was said had been installed in this country in units 
aggregating 28,000 HP. capacity and in each case opera- 
tion had been found highly satisfactory. A guarantee of 
8 gals. of fuel oil per 100 HP.-hr. had been met in every 
case and usually with a margin of 10 to 25%. Several 
units are normally running on 6.2 gals. per 100 HP.-hrs., 
under commercial conditions. No trouble is experienced 
in starting the engines from compressed air stored in 
‘‘bottles’’ which are filled from the injection system. It 
is now conceded that only a second-rate operator would 
fail to start a cold engine on a single air charge and 
bring it up to full load in about one minute. This 
facility in handling the Diesel engine had caused the 
company some time since to cease publishing the old “air 
cards’ or further data on the operation of the engine 
in the starting period. The operation of Diesel engines 
on French submarines and on the tenders of the ‘‘Dread- 
nought,” it was said, opened up a field which it was 
hoped to also exploit in America. 

A reorganization is likely to be arranged at the meet- 
ing of the creditors which will be held in the near 
future. 


— 


MINE RESCUE STATIONS, to teach miners and mine 
bosses the most approved methods in mine rescue work, 
are to be established by the United States Government 
in the various coal districts of this country. These sta- 
tions, nine of which are now anticipated, are not only 
to be instruction headquarters but are also to contain 
rescue apparatus which may be immediately called into 
service in case of mine accidents in the district. There 
will be a station at the University of Illinois for the 
Middle States fields, one at Raton, N. M., at South 
McAlester, Okla., and at the University of Tennessee, at 
Knoxville. The other locations have not been decided 
upon. 

— 2 — 

AN INTERNATIONAL CONSERVATION CONFER- 
ence covering North America has been called by Presi- 
dent Roosevelt to meet in Washington on Feb. 18. For- 
mal invitations have been sent to the Governments of 
Canada and Mexico. 

ooo 


THE SOUTH DAKOTA STATE CONSERVATION COM- 
mission, appointed by the Governor last fall, has made 
a preliminary report with recommendations which are 
summarized as follows. 

1. Conservation of the soil. 

Make the wilful waste of the fertility of the soil a 
public offense with heavy penalties. 

Provide for the education of the people upon the most 
approved methods of agriculture, having in view the 
preservation of the fertility of the soil, in the public 


schools, in farmers’ institutes and through the public 
press. 

Encourage the application of dry farming methods in 
agriculture, through the experimental stations and in the 
farmers’ institutes. 

2. Conservation of the water resources. 

By strict regulation of the boring, flow and use of the 
artesian waters. 

By impounding the flood waters in draws and valleys. 

3. Preservation of our natural forests and encourage- 
ment of forestry. 

Our natural forests are chiefly within the national 
forest reserves, and are receiving the careful attention 
of the national government. Such forests as are 60 
protected should be carefully guarded by the laws of 
the state and especially should there be enforced rig- 
orous penalties for the setting of forest fires. 

Tree planting should be encouraged by every proper 
means. 

4. Preservation of the coal mines for the use of the 
people. 

Prompt action should be taken by the state and nation 
to prevent the coal measures of the state from passing 
into the hands of private monopolies, and such regu- 
lations be adopted as will preserve the great gift of 
nature for the benefit of the public. 


Mr. S. H. Lea, State Engineer, is one of the mem- 
bers of the Commission. 
— . — — 


CARBON MONOXIDE FROM A WATER HEATER is 


assigned by a coroner’s jury as the cause of another 
death in Washington, D. C. The victim in this case 
was found dead in the bath-tub with the heater in opera- 
tion in the same room. An autopsy is said to have 
proved conclusively ‘that his death was due to gas 
poisoning. 

pe — 

A NEW FREIGHT SUBWAY SYSTEM FOR NEW 
York City is proposed by Mr. D. D. McBean, who was 
one of the contractors for the subway tunnels under the 
Harlem River. Mr. McBean proposes to bulld tunnels 
and subways of a size sufficient to accommodate regular 
railway cars and bring the passenger trains of the rail- 
ways now terminating on the west side of the North 
River into a union passenger station, tn the Borough of 
Manhattan, located at the site bounded by Park Row, 
Oliver St. and Pearl St. In addition, he would build a 
system of combined railroad and roadway subways of 
sufficient size and width to provide for a roadway 22 ft. 
wide for automobile and team trucking, and in addition 
two to three railway tracks. The scheme was brought 
to the attention of the Public Service Commission op 
Dec. 11. 

— . — 

A FORESTRY COMMISSION FOR VERMONT is pro- 
vided for by a legislative bill just approved by the 
Governor of that State. There will be a commission of 
five members, including the Governor and the Director 
of the Experiment Station (Prof. Joseph L. Hills, Bur- 
lington, Vt.). The members of the commission will 
serve without pay, but the bill authorizes the employ- 
ment of a forester at a salary of not over $2,500 a year. 
The commission is authorized to accept or buy waste 
lands for forestry purposes, but the information at hand 
does not indicate what appropriation, if any, has been 
made for the purchase of such lands. 

— p 

WATER AND WATER-POWER DIVERSION is to be 
investigated by a committee of the New England Water 
Works Association, of which Mr. Leonard Metcalf, M. 
Am. Soc. C. E. (14 Beacon St., Boston, Mass.), is sec- 
retary. The committee has drawn up a blank form in- 
cluding 29 questions, which it is sending out for col- 
lecting information on the subject. 

— 

THE POSSIBILITIES OF A BRIDGE OVER THE 
Hudson River to carry the Catskill Aqueduct, now under 
construction by the Board of Water Supply, City of New 
York, have been investigated on behalf of the Board. 
Inasmuch as some of the daily papers of New York 
City made it appear that there was considerable prob- 
ability of the construction of such a bridge, it seems ad- 
visable to put on record the fact that the only thing 
seriously contemplated thus far has been the ascertain- 
ment of the feasibility and cost of such a means of 
getting the aqueduct across the river, in comparison with 
other means of crossing the stream. As was shown at 
some length in our issue of April 2, 1908, explorations 
for a tunnel crossing of the Hudson near Storm King 
Mountain were begun some time ago. Studies have also 
been made of the possibilities of crossing the river by 
means of submerged pipe lines, as well as by the tunnel 
and bridge. It has been found that at the two or three 
locations considered, the only type of bridge which 
could be built would be a suspension bridge. A single- 
span suspension bridge, with piers on such rock founda- 
tions as have thus far been found to exist for a cer- 
tainty, would have a span considerably in excess of any 
suspension bridge yet built. A bridge of more than 
one span would of course involve very considerable 
difficulties in securing pier foundations, even if authority 
to put piers in the river could be secured from the 
United States. There is still every reason to believe, 
we judge from the information at hand, that a satis- 
factory tunnel crossing can be secured at the proposed 
Storm King line, and that such a crossing would cost 
much less and be in many respects far less difficult 
than any other crossing that could be devised. 


THE FITNESS OF RAILWAY EMPLOYEES in New 
York State is being investigated by the Public Ser- 
vice Commission of the Second District. Reports made 
to the Commission indicate that a large proportion of all 
accidents on steam railways during the past year have 
been due to the failure of employees to obey operating 
rules or special orders relating to train movement. The 
nature of the investigation is brought out by the follow- 
ing order issued by the Commission: 


That each and every operating steam railway corpor- 
ation under the supervision of the Commission be re- 
quired to furnish and report to the Commission, on or 
before Feb. 1, 1909, the following papers and informa- 
tion: 

1. Five copies of all printed rules for the operation of 
the road. 

2. A statement showing for each of the following 
classes of employees engaged in the operation of its road, 
namely: Engineers, firemen, conductors, trainmen, flag- 
men, brakemen, switch tenders, gatemen at crossings, 
flagmen at crossings, towermen, telegraph operators, 
train dispatchers, or any other empluyees engaged in 
operating trains, what examination or inquiry, if any, 
is made previous to their employment in or promotion 
to such positions, as to their mental and physical ca- 
pacity, experience and general fitness for the proposed 
employment. 

3. A statement showing what steps are taken to re- 
quire of each employee a competent knowledge of the 
operating rules governing his duties and conduct as 
such employee. 

4. A statement showing what examinations or inves- 
tigations are made from time to time, either regularly 
or otherwise, to keep informed as to whether employees 
of the said classes are familiar with the rules and in- 
Structions governing their duties and conduct, and what 
measures are taken to improve the effectiveness of op- 
erating rules from time to time, and their applicability 
to disclose accident situations. 

5. What record, if any, is kept of violations of rules 
and instructions by any of the aforesaid employees. 

6 Any other information which may, in the opinion 
of the chief operating officer of each of said corporations, 
be of use to the Commission in investigating the causes 
of accidents so far as such accidents arise from neglect 
or non-observunce of rules and instructions by employ- 
ees. 


— ——— 


CHARGES FOR ELECTRIC SERVICE. — The Public 
Service Commission for the First District of New York 
has issued an order forbidding discrimination in charges 
to different customers in the same classes. This order 
is the result of an investigation into electric service in 
the metropolitan district, conducted by Commissioner 
Milo R. Maltbie during the year past, and reads as fol- 
lows: 


Section. 1. No electrical corporation shall directly or 
{ndirectly, by any special rate, rebate, drawback, or 
other device or method, charge, demand, collect or re- 
ceive from aby person or corporation a greater or less 
compensation for electricity or any service rendered or 
to be rendered, than it charges, demands, collects or re- 
ceives from any other person or corporation for doing a 
like and contemporaneous service with respect thereto 
under the same or substantially similar circumstances 
or conditions. 

Section. 2. No electrical corporation shall make or 
give any undue or unreasonable preference or advantage 
to any person or corporation, or to any locality, or to 
any particular description of service in any respect 
whatsoever; or subjcct any particular person or corporation 
or locality or any particular description of service to any 
prejudice or disadvantage in any respect whatsoever; but 
nothing in this section shall be construed as applicable 
to contracts with or service rendered to the City or State 
of New York. 

Sections 3. No electrical corporation shall charge, de- 
mand, collect or receive a greater or less or different 
compensation for supplying electricity for light, heat or 
power, or for any service rendered, than the rates and 
charges applicable to such service as specified in its 
schedules filed with the Public Service Commission and 
posted and in effect at the time; nor shall any electrical 
corporation refund or remit in any manner or by any 
device any portion of the rates or charges so specified; 
nor extend to any person or corporation any privileges 
or facilities in connection with such service, except such 
as are regularly and uniformly extended to all persons 
and corporations under the same or substantially similar 
circumstances or conditions. 

Section 4. No electrical corporation, or any officer 
or agent thereof or any person acting for or employed 
by it, shall assist any person or corporation to obtain 
electricity for light, heat or power or to obtain any ser- 
vice at less than the rates then established and in force 
in accordance with the schedules filed with the Public 
Service Commission for the First District and published 
in accordance with the order of the said Commission. 

Section 5. This order shall take effect at once and 
shall continue in force until abrogated or modified by 
the Commission. 

Section 6. Every electrical corporation hereby affected 
shall notify the Public Service Commission for the First 
District, on or before December 2, 1908, whether the 
terms of this order are accepted and will be obeyed. 


It is obviously intended that the words ‘‘for doing a 
like and contemporaneous service’’ shall allow a reason- 
able classification of consumers though restricting dis- 
crimination betwecn members of the same class. 


— ee 


A BASCULE BRIDGE of the Scherzer rolling-lift type 
has been completed recently in Burma. It crosses the 
Ngawun River and carries the Rangoon-Kyngin exten- 
sion of the Burma Railways. The bridge is 820 ft. long. 
It has four fixed truss spans and a double-leaf bascule 
220 ft. long, which gives a clear channel opening of 200 
ft. between the piers. All the spans have through 
trusses. The bridge was designed by the Scherzer Roll- 
ing-Lift Bridge Co., of Chicago, and was erected under 
the charge of its engineers. The material was manu- 
factured by Spencer & Co., of Melksham, England. 
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PERSONALS. 


Mr. E. R. Lilienthal has become President of the 
Northern Electric Ry., succeeding Henry A. Butters, de- 
ceased. 


Mr. W. C. Brown will become President of the New 
York Central & Hudson River R. R. Feb. 1, succecd- 
ing Mr. W. H. Newman, resigned. 


Mr. A. O. Van Suetendael, Assoc. M. Am. Soc. C. E., 
has been appointed Structural Engincer in the office of 
the State Architect at Albany, N. Y. 


Mr. Frederick W. Ridley has become Superintendent 
of the Calumet & Hecla Copper Mine, succeeding Mr. 
Walter Fitch, M. Am. Inst. M. E., resigned. 


Mr. John G. Walber has been appointed General Super- 
intendent of Transportation of the Baltimore & Ohio 
R. R., succeeding Mr. Arthur Hale, resigned. 


Mr. George P. Smith, Chief Engineer of the Lake Erie 
& Western R. R., has been appointed Chief Engineer of 
the Cleveland, Cincinnati, Chicago & St. Louis Ry., suc- 
ceeding Mr. William M. Duane, resigned. 


Mr. J. H. Milton, General Foreman of the Car De- 
partment of the Chicago & Alton R. R. shops at Bloom- 
ington, III., has been appointed to a similar position 
with the Chicago, Rock Island & Pacific Ry. at Shawnee, 
Okla. 


Mr. Ernest R. Bissell, Superintendent of the Ft. Wayne, 
Cincinnati & Louisville division of the Lake Erie & 
Western R. R., has been made Superintendent of the 
Western division of the main line with office in Lafay- 
ette, Ind. 


Mr. John M. G. Watt, M. Am. Soc. C. E., U. S. Assist- 
ant Engineer at Chattanooga, Tenn., who is now in 
charge of the construction of the Hales Bar lock and 
dam on the Tennessee River, has been appointed Assist- 
ant Division Engineer on the Panama Canal. 


Mr. Lincoln Bush, M. Am. Soc. C. E., whose resigna- 
tion as Chicf Engineer of the Delaware, Lackawanna & 
Western R. R. was noted in this column Dec. 17, will 
open an office as a consulting engineer on Jan. 1 in 
the Metropolitan Life Bldg., New York City. 


Mr. R. R. Jamieson, whose resignation as General 
Superintendent of the Canadian Pacific Ry. at Winnipeg, 
Man., was noted in this column Oct. 15, has been elected 
Mayor of the City of Calgary, Alta. A street railway 
is to be built by this city during the coming year. 


Mr. Frank C. Osborn, M. Am. Soc. C. E., President 
of the Osborn Engineering Co., of Cleveland, Ohio, has 
been appointed a member of the Cuyahoga County Court- 
House Commission which has charge of the construction 
of the new court-house and other county buildings. 


Mr. Foster Crowell, M. Am. Soc. C. E., Commissioner 
of Street Cleaning of New York City, has resigned. He 
will be succeeded by Mr. William H. Edwards, who was 
appointed Deputy Commissioner under Commissioner 
Craven in March, 1907, and became Acting Commissioner 
shortly afterward during Mr. Craven’s illness. 


Mr. Walter E. Spear, Assoc. M. Am. Soc. C. E., has 
been appointed Chief Engineer of the Brooklyn branch 
of the Department of Water Supply, Gas and Electricity 
of the City of New York. Mr. John E. McKay, M. Am. 
Soc. C. E., who has served for two years as Acting 
Chief Engineer of the Brooklyn branch, has been trans- 
ferred to Staten Island as Assistant Engineer. 


Mr. J. E. Woodwell, Assoc. Am. Inst. E. E., of the 
firm of L. B. Marks & J. EB. Woodwell, New York City, 
has been chosen as Consulting Engineer for the entire 
mechanical and electrical equipment of the new U. S. 
Post-Office to be erected at the Pennsylvania Terminal 
station in New York City. Prof. S. H. Woodbridge, of the 
Massachusetts Institute of Technology, will be Associate 
Consulting Engineer for the heating and ventilation of 
this building. 


Rear-Admiral John K. Barton, U. S. Navy, Chief of the 
Bureau of Steam Engineering, has been placed on the 
retired list for disability, at his own request. He was 
appointed a cadet engineer in 1871, graduated at the 
Naval Academy in 1873 and reached the rank of cap- 
tain in July, 1907. He became Chicf of the Bureau of 
Steam Engineering in June, 1908. It has been decided 
to merge this bureau with the Bureau of Construction 
and no new chief will be appointed to succeed Admiral 
Barton. 


Appointments are announced by Mr. Frank M. Wil- 
llams, recently elected State Engineer and Surveyor of 
New York, as follows: 

Mr. H. E. Breed, Assoc. M. Am. Soc. C. E., has been 
appointed Auditor in the Department of the State En- 
gineer. 

Mr. Guy V. Moulton, M. Am. Soc. C. E., Resident En- 
ginecr at Syracuse, has been appointed Division Engi- 
neer of the middle division. 

Mr. George B. Williams has been appointed Division 
Engineer of the eastern division. Mr. Williams was 
born at Durhamville, N. Y., in 1875 and graduated at 
Colgate University in 1895. He became a rodman in the 


Department of the State Engineer of New York in 1896 
and continued in this department until 1898, when he 
was employed by the U. S. Board of Engineers on Deep 
Waterways on the surveys for a ship canal from the 
Great Lakes to the Atlantic Ocean. After the comple- 
tion of this work in 1900, he returncd to the Department 
of the State Engineer as an assistant engineer. He re- 
mained in this position until 1907 when he resigned to 
take charge of surveys and construction work for the 
Syracuse Intercepting Sewer Board. 

Mr. Thomas W. Barrally, M. Am Soc. C. E., has been 
appointed Division Engineer of the western division. Mr. 
Barrally is a graduate of Union College, Schenectady, 
N. Y. In 1888 and '89, he served as a rodman in the 
Engineer Corps of the Long Island R. R. During the 
next two years he was Assistant Engineer on the con- 
struction of the White Plains, N. Y., sewerage system, 
under Mr. W. B. Landreth, and of the Port Chester, 
N. Y., sewerage system. From 1891 to 1900 he was City 
Engineer of North Tonawanda, N. Y., and a member of 
the firm of Barrally & Snow, Civil Engineers. In 1900 
he entered the scrvice of the Department of the State 
Engineer and since 1904 has been Resident Engineer of 


the barge canal in charge of residencies extending from 


Buffalo to Gasport. 

Mr. Harry W. De Graff, Assoc. M. Am. Soc. C. B., 
whose appointment as Deputy State Engineer of New York 
has been previously recorded in this column, was edu- 
cated at Hamilton Institute, New York City, and at 
Union College. He entered the Department of the State 
Engineer in 1896 as a rodman on the Erie Canal im- 
provement. From 1900 to 1901 he served as Assistant 
Engineer in charge of highway improvements. From 
this time until, in 1907, he resigned to engage in private 
practice, he was Resident Engineer in charge of Section 
No. 3 of the barge canal. 

Mr. William B. Landreth, M. Am. Soc. C. E., who has 
been appointed Special Deputy Engineer in charge of 
barge canal work, graduated in the civil engineering 
course at Union College in 1881. For several years he 
was employed on railway work in Mexico and the United 
States and was afterward in charge of sewer construc- 
tion in various cities and towns in New York and Penn- 
sylvania. He entered the Department of the State En- 
gincer of New York in 1897 and has held the position of 
Special Resident Engincer since 1903, when he had 
charge of the $101,000,000 estimate. In this position, he 
has bcen in charge of barge canal work under the Spe- 


cial Deputy Engineer and has acted as Engineer-Secre- - 


tary of the advisory board of consulting engineers. Mr. 
Landreth is now 61 years old. 


Obituary. 


George M. Laughlin, for many years President of the 
Jones & Laughlin Steel Co., died Dec. 11 at his home in 
Pittsburg, Pa. 


Josias J. Henderson, a retired civil engineer and a 
former member of the firm of Lowthorp & Henderson, 
of Trenton, N. J., died Dec. 20 at his home in Brook- 
lyn. He was born in Edinburgh, Scotland, in 1837. 


Allen F. Gill, formerly City Engineer of Spokane, 
Wash., was accidentally killed while hunting near Moses 
Lake, Wash. It is believed that his gun was discharged 
by catching on a twig while he was dragging it with him 
through the brush. 


Henry W. Caldwell, President of H. W. Caldwell & 
Son Co., of Chicago, died at Redlands, Cal., Dec. 22. 
Mr. Caldwell was born in Bath Co., Kentucky, in 1843. 
he was for several years General Superintendent of the 
Indiana State Board of Agriculture and was the in- 
ventor of the Caldwell conveyor. 


George W. West, Superintendent of Motive Power of 
the New York, Ontario & Western Ry., died Dec. 24 at 
his home in Middletown, N. Y. Mr. West was born at 
Troy, N. Y., in 1847 and was educated in the public 
schools in that city. He entered the shops of the New 
York Central & Hudson River R. R. at Schenectady in 
1865 and was afterward in the employ of the Chenango 
Valley Ry. and the West Shore R. R. From 1896 to 
1900, he was a master mechanic of the Erie R. R. and 
went from this position to that which he held up to 
the time of his death. He became a member of the New 
York Railway Club in 1889 and was President of the 
club In 1894-5. He was also a member and Past-Presi- 
dent of the Central Railway Club. 


— . — 


ENGINEERING SOCIETIES. 


COMING MEETINGS. 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE. 

Dec. 28-Jan. 2. Annual meeting at Baltimore, Md. 
Secy., L. O. Howard, Smithsonian Institution, Wash- 
ington, D. C. 

NATIONAL ASSOCIATION OF CEMENT USERS. 

Jan. 11-16. Annual convention at Cleveland, Ohlo. 
Secy., Geo. C. Wright, Harrison Bldg., Philadelphia, 
Pa. 

IOWA ENGINEERING SOCIETY. 

Jan. 13-14. Annual convention at Waterloo, 

Secy., A. H. Ford, Iowa City, Iowa. 


Iowa. 


MICHIGAN ENGINEERING SOCIETY. 

Jan. 12-15. Annual convention at Ann Arbor, Mich. 
Secy., Alba L. Holmes, 574 Wealthy Ave., Grand 
Rapids, Mich. 

INDIANA ENGINEERING SOCIETY. 

Jan. 14-16. Annual convention at Indianapolis, Ind. 
Secy., Charles Brossman, Union Trust Bldg., Indi- 
anapolis, Ind. 

AMERICAN SOCIETY OF HEATING AND VENTILAT- 
ING ENGINEERS. 

Jan. 19. Annual meeting at New York City. Secy., 

W. M. Mackay, P. O. Box 1818, New York City. 
WOOD PRESERVERS’ ASSOCIATION. 

Jan. 19. Annual meeting at Chicago, Ill. Secy., C. W. 

Berry, Union Pacific R. R., Topeka, Kan. 
AMERICAN SOCIETY OF CIVIL ENGINEERS. 

Jan. 20. Annual meeting at New York City. Secy., 

Charles W. Hunt, 220 West 57th St., New York City. 
OHIO ENGINEERING SOCIETY. 

Jan. 26-28. Annual convention at Columbus, Ohio. 

Secy., Paul Hansen, Harrison Bldg., Columbus, Ohio. 


ae SOCIETY OF ENGINEERS AND SURVEY- 


Jan. 27-29, Annual meeting at Chicago, III. Secy., 
E. E. R. Tratman, 1636 Monadnock Block, Chicago. 


CANADIAN SOCIETY OF CIVIL ENGINEERS. 
Jan. 28. Annual meeting at Toronto, Secy., C. H. 
McLeod, 413 Dorchester St., W., Montreal, P. Q. 


NATIONAL BRICK MANUFACTURERS’ ASSOCIATION. 
Feb. 1-6. Annual convention at Rochester, N. Y. 
Secy., T. A. Randall, Indianapolis, Ind. 


AMERICAN INSTITUTE OF CHEMICAL ENGINEERS. 
At the first annual meeting in Pittsburg, Pa., Dec. 
28-29, the following officers were elected: President, 
Samuel P. Sadtler; Vice-Presidents, Chas. F. McKenna, 
H. A. Hunicke, Edward S. Acheson; Secretary, John C. 


Olsen; Treasurer, Wm. A. Booth; Auditor, Richard K. 
Meade. 


ENGINEERS’ CLUB OF CINCINNATI.—At the annual 
meeting Dec. 17 at Cincinnati, Ohio, officers were elected 
as follows: President, F. M. Crocker; Vice-President, 
E. H. Berry; Secretary and Treasurer, E. A. Gast; 
Directors, J. N. Coldwell, J. A. Lilly, H. C. Innes. The 
membership of the club has increased from 80 to 160 in 
the last two years. 


AMERICAN INSTITUTE OF ELECTRICAL ENGI- 
NEERS.—The next regular meeting will be held in the 


auditorium of the Engineering Socteties Building, 33 
West 39th St., New York City, Jan. 8. Mr. Elihu 
Thompson, of the General Electric Co., West Lynn, 


Mass., will present a paper entitled ‘‘Conditions Affect- 
ing Stability in Electric Lighting Circuits.” 


ENGINEERS’ SOCIETY OF WESTERN NEW YORK.— 
At the annual meeting held Dec. 12, 1908, at the Buffalo 
Public Library, Buffalo, N. Y., the following officers 
were chosen for the ensuing year: William G. Houck, 
president; Frank V. E. Bardol, Frank N. Speyer, vice- 
presidents; Leslie J. Bennett, George C. Diehl, John G. 
Ullman, directors; Thomas J. Rogers, treasurer; Wil- 
liam A. Haven, librarian; Elwin G. Speyer, secretary. 
Several engineers were admitted to membership. 


WASHINGTON SOCIETY OF ENGINEERS.—The an- 
nual meeting was held at Washington, D. C., Dec. 15, 
and the following officers were elected for the coming 
year: President, D. S. Carll; Vice-President, W. A. Mc- 
Farland; Treasurer, J. B. Gordon; Secretary, John C. 
Hoyt; Directors, G. R. Putman, W. C. Allen, W. P. Up- 
ton, A. E. Phillips, C. 8. Kimball, C. B. Hunt. An 
illustrated lecture on “Irrigation in the Hawaiian 
Islands” was given by Mr. F. H. Newell, Director, U. S. 
Reclamation Service, who spent the past summer in 
Hawall. ‘ 


AMERICAN SOCIETY OF MECHANICAL ENGINEERS 
— The next monthly meeting will be held in the Engi- 
neering Societies Building Jan. 12. A paper by Mr. Carl 
G. Barth of Philadelphia upon “The Transmission of 
Power by Leather Belting’’ will be presented, illustrated 
by lantern slides. This paper is described as a compre- 
hensive summing up of the theory and practice of belt- 
ing and draws conclusions from the work of Lewis, Ban- 
croft, Bird and others who have made experiments upon 
the transmission of power by belts. Valuable charts 
have been prepared by the author for the solution of 
belting problems. His data have been applied to belting 
in different plants for many years, giving opportunity to 
study the problem in great detail. 


ROADMASTERS AND MAINTENANCE-OF-WAY AS- 
SOCIATION.—The following subjects have been assigned 
to committees which will prepare reports for the next 
annual convention: (1) Organization, methods and cost 
of relaying rails; (2) switch targets and safety switch 
devices; (3) comparative values of gravel and stone bal- 
last under heavy traffic; (4) cattleguards; (5) rail joint 
fastenings, including insulated joints; (6) new track de- 
vices and the preservative treatment of ties; (7) tie- 
plates. There will also be a paper on ‘Treated Tics” 
by Mr. J. M. Meade, Engineer of the Eastern Grand 
Division of the Atchison, Topeka & Santa Fe Ry. The 
next meeting will be held at Washington, D. C., in No- 
vember, 1909. The Secretary is Mr. Walter E. Emery. 
Chief Engineer of the Peoria & Pekin Union Ry., Peoria, 
III. 
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CONSTRUCTION NEWS. 


PLANS AND SPECIFICATIONS ON FILE. 


( denotes that this work is advertised in 
Enginccring News.) 


The following plans (P.) and Specifications 
(S.) are on file and may be seen at the office 
of The Engineering News Publishing Co., 
20 Broadway, New York. 


Bids See 
close. Work. Place. issue. 
1- 4 Tank and tower, Minerva, Ohio 

COD: Barge ew wie ara eee Ss wee oe Ge 12-17 
1- 5 Bridge, Fairport, a Some Seagate 12-17 
1- 6 Garbage crematory, For ocum, 

N. y FFF. cates (P. S.)12-10 
1- 9 Galleries, Wash., D. C. (Build- 

INES) sey ca ea Gwe eae bess a OSs (S.)12-17 
1- 9 Storehouse, Key West, Fla. (S.).12-24 
1-15* Dredging, Mobile. Ala. (S.)) 12-17 


1-16 Building, New York, N. V. . (S.) 12-31 
1-25* Dredging, Bridgeport, Conn. (S.) 12-24 
1-25* W.-wks., Daytona, Fla. (P. & S.) 12-31 


LIST OF CONTRACTS PENDING. 


LIGHT, HEAT AND POWER PLANTS. 
1- 4 Lighting, Hartford, Conn........11-12 


1- 4 Engines, generators, etc., Ft. 
Monroe, Va eaeonveee — 2 — . 12-10 
1- 5 Light plant, Leesburg, Fla. . 12-24 


1- 6 Franchise, Highland Park, Va... 12-24 
1- 9 Lighting fixtures, Frankfort, Ky. 12-31 


1-12 Franchise, Napa, Cal.......... .12-31 
1-19 Power plant, East Point, Ga....12-31 
BRIDGES. 


1- 1 Rebuilding bridge, Newport, Ore.12-10 
1- 1*Bridge, Handsboro, Miss..... 121 
1- 2 Bridges, Grand Island, Nb. . 12-34 


l- 4 Highway bridge, Salinas, Cal. . . 12-31 
1- 4 Bridges, Creston, IWM aa. 2-31 
l- 4 Bridge, Natchez, Miss 2-31 
l- 4 Bridge work, Sandusky, Ohfo.....12-17 
l- 4 Bridges, Livingstone, Mont......12-31 
1l- 5 Bridges, Stockton, Cal........... 12-17 
1- 5 Bridges, Albany, Moo 12-24 
1- 5 Bridge, Grenada, Miss........ ... 12-17 
1- 5 Bridge, Fairport, N. KKK ... 12-17 
1- 5 Bridge, Lawton, Okla............ 12-31 
1- 6 Bridge, Granite Falls, Minn......12-24 
1- 7 Bridge, Santa Rosa, Cal......... 12-31 
l- 8 Bridge, Salt Lake City, Utah....12-31 
1- 8 Bridges, etc., Cincinnati, Ohio. 12-17 
1- 9 Bridge, Sulphur, Okla ........... 12-24 
1-11 Bridge repairs, Minneapolis, 

Minn, @ereeewne ec eevee „ „„ „ „„ 6 „„ „66 0 . 12-17 
1-11 Bridges, Newark, Ohio „ 
1-12 Bridges, Geneva, Ned. 12-17 
1-12*Bridge, Augusta, Ga bares 12-17 
1-12 Bridge, Rensselaer, Ind..........10-29 
1-13 Bridges, York, Neb.............. 12-24 
1-15 Bridges, Beaver City, Neb....... 12-31 
1-14 Bridge, Urbana, Ill.............. 12-31 
1-15 Bridge, St. Louis, Mo............ 12-31 
1-15 Bridge, Chicago, Ill............. 12-31 
1-16 Superstructure, ete., Dayton, O..12-31 
3- 4 Bridges, Paris, Ark........... . ꝗ 12-17 

BUILDINGS. 

1- 2 Church, St. Paul, Minn.......... 12-17 
1- 2 Court-house, Boston, Mass 12-17 
1- 2 Church, Evansville, Ind......... 12- 8 
1- 2 Church, Elkhart, Ind........ ..-.12- 8 
l- 2 Automobile plant, Anderson, 

Ind. (Mfg. Pic) ð eda was os 12-24 
1- 2 School, Washington, D. C........ 12-31 
1- 4 Repairs, etc., Lisbon, Ohio 12-31 
1- 4 School, Stamford, Conn.......... 12-24 
l- 4 Post-office, Sault Ste. Marie, Mich.11-26 
1- 5*Post-office, Niles, Mich..........11-26 
1- 5 Plans, Pawhuska, Okla........... 12-24 
l- 6 Post-office, Paris, III. e.s... 12-10 
1- 6 Quarters, ete., Ft. Slocum, N. Y..12-10 
l- 5 School, Clairton, Pa............ 12-31 
1- 7 Post-office, Johnson City. Tenn...12-10 
1- 8 Dormitory, Stillwater, Okla...... 12-17 


1- 9*Post-office, Murfreesboro, Tenn. . 12-10 
1- 9 Stone work, Washington, D. C...12-24 


1- 9 Storehouse, Key West, Fla....... 12-24 
1- 9 Galleries, Wash., D. C........... 12-17 
1-11 Post-office, Gainesville, Fla......12-10 
1-12*Post-office, Warren, Ohio........ 12-17 
1-12 Quarters, Ft. Rosecrans, Cal....12-31 
1-12 Field house, Chicago, Il]l......... 12-31 
1-13 Quarters, etc., Ft. Stevens, Ore. . 12-31 
1-14 Plans, Milwaukee, Wis. ...... . ꝗ . . 12- 8 
1-14* Furnishing, Wilkesbarre, Pa. . 12-31 
1-15 Asylum, St. Louis, Mo 12-10 
1-16 Building, New York............. 12-31 
1-18*Hay-shed, Ft. Meade, S. Dak..... 12-17 
1-19 Buildings, San Jose, Cal......... 12-31 
1-20 School, Wilkinsburg, Pa....... . 12-24 


1-23 Quarters, etc., Portland, Me...... 12-24 
1-23 Post-office, Anderson, S. C..... 12-24 
1-26 Post-office, Logan, Utah ........ 12-24 
2- 1*Post-office, Fayetteville, Ark. 12-24 
2- 4*Post-office, San Antonio, Tex. 12-31 


2-10* Quarters, New London, Conn....12- 3 


WATER-WORKS. 


l- 1 Water-works, Wichita, Kan 12-31 
1- 2 Fire hydrants, Louisville, Ky....12-17 
1- 4 Tank and tower, Minerva, Ohio...12-17 
1- 4 Pump, etc., Los Angeles, Cal....12-24 


l- 4 Water line, Munhall, Pa........ 12-31 
1- 5 Water-works extension, Clinton, 

Okla ease eur es uae w Soe wees 12-31 
1- 5 Pumping plant, East Grand 


VV. ony a ee one as 12-31 
1- 7*Pressure tunnel, New York...... 12-24 
1- 8 Water-works material, Minneap- 

olis, SMUD 6 aiid ark nee ok wets ane .. 12-31 
l- 8 Pipe line, Salt Lake City, Utah. . 12-31 
1- 8*Water pipes, Providence, R. I..12-31 


FFC 12-31 
1-25*Water-works, Daytona, Fla......12-31 
2- 1 Well, Denison, lowa............. 12-31 
2-22*Pump, Winnipeg, Man........... 12- 3 

SEWERS. 
l- 1 Sewer, Elizabeth, N. J.......... 12-31 
l- 4 Sewers, Winfield, Kan........... 12-31 
1- 6 Sewer, Winchester, Ind.......... 12-31 
1- 6*Sewers, Charleston, W. Va...... 12-31 
1- 7 Sewer, Erie, Pf.... . ͥ 12-24 
l- 8 Sewers, Salt Lake City, Utah...12-31 
1- 8 Sewers, Wooster, Ohio 12-31 


1-19 Sewerage, East Point, Ga....... 12-31 
STREETS AND ROADS. 

12-31 Grading, Kansas City, Mo...... 12-31 

12-31 Road, Harrisburg, Pa............ 12-31 


l- 2 Sidewalk, Griffith, Ind...........12-10 
..... 12-17 


1- 4 Roads, Greenfield, Ind...........12-17 
1- 4 Roads, Tipton, Ind...............12-17 
1- 4 Roads, Hartford City, Ind.......12-24 . 
1- 4 Road, Williamsport, Ind.........12-24 
1l- 4 Roads, Danville, Ind............12-24 
1- 4 Road, Terre Haute, Ind.........12-24 
1- 4 Road, Columbus, Ind............ 12-24 
1- 4 Road, Rushville, Ind...... e.. e. 12-24 
l1- 4 Roads, Fowler, Ind............. 12-31 
l- 4 Road, Natchez, Miss........ „e. -12-31 
l- 4 Paving, Mount Pleasant, Mich....12-31 
1- 5 Roads, Washington, Ind......... 12-31 
1- 5 Roads, Newcastle, Ind..... ; 12-31 
1- 5 Road, Covington, Ind........ .. 12-24 
1- 5 Road, Wabash, Ind 12-17 
1- 6 Road, Madison, Ind.............. 12-17 
l- 6 Roads, Bedford, Ine. 12-31 
1- 6*Paving, etc., Charleston, W. Va.12-31 
1- 7 Road, Vicksburg, Miss.......... 12-31 
1- 7 Roads, Peru, Ind................ 12-24 
1-12 Road impvt., Rockville, Md......12-24 
1-11 Road, Bedford, Ind.............. 12-31 
1-15 Road, La Fayette, Ind.......... 12-31 
1-16 Grading, Cleveland, Ohio........ 12-31 
1-18 Road, Indianapolis, Ine 12-31 
1-18*Sidewalks, Pensacola, Fla....... 12-24 
1-22 Street impvt., Cincinnati, Ohio. . 12-31 
1-25 Road machinery, North Van- 
couver, BS. cc. cc wees ccees 12-31 
2- 1 Paving, Appleton, Wis.......... 12-24 
2- 1*Pavement, Olympia, Wash..... . . 12-24 
MISCELLANEOUS. 
1- 2 Ditch, St. Paul, Minn........... 12-17 
1- 4 Metal work, Mobile, Ala......... 12-24 
1- 4*Garbage incinerator, Ports- 
mouth, Va..... e V.. 12-24 


1- 6 Ditch, Houston, Tex. e e 1 
1- 9 Ditch, Anoka, Minn . ͥ 12-10 


1- 9 Ditch, Delphi, Ind e 12-31 
1-12 Flanging machines, Wash., D. C.12-24 
1-12 Fencing, New York, N. Y...... . 12-24 
1-15 Tile ditch, Jefferson, Iowa....... 12-24 
1-15*Cement, Portland, Ore.......... 11-26 
1-15 Cruiser, Ottawa, Ont............-12- 8 
1-15*Dredging, Mobile, Ala. Cove avrer 12-17 
1-16 Ditch, Goshen, Ind. ............12-31 
1-18 Cement, Chicago, II. . . 12-31 
1-20*Incineration plant, Boston, Mass. 12-24 
1-21 Tugboat, Detroit, Mich. ....... 12-31 
1-23*Dredging, Bridgeport, Conn......12-24 
2-13 Drydock, Hawaii ...............12-17 
FOREIGN. 
1- 3 Traveling crane, Spain ..... e... 12-31 
1- 5 Water-works, Roumania...... . . . 12-31 
1-19 Ry. supplies, South Australia. 12-31 
1-20 Railway, Roumania ............ 12-31 
1-24 Electric railway, Russia........ 12-31 
2-15 Electric railway, Algeria 12-31 
3- 1 Floating dock, Egypt .......... 12-31 
CIVIL SERVICE. 
1- 4 Assistant, Phillpp ines 12-10 
1- 6 Hull Draftsman, Wash., D. C..... 12- 3 


1- 6 Inspector of Boilers, Wash., D. C. 12-10 
1- 6 Asst. Engr., Wash., D. C........12-10 
1- 6 Draftsman, Wash., D. C........12-10 
1-13 Junior physicist, Washington, 

D. F 2 2 62 „ „ „ „ e 18 U o 
1-13 Chemist, Dover, N. J............ 12-17 
1-13 Electrician's helper, Washing- 

ton, D. Gis Goats 252 „ „46 „ 12-17 
1-13 Metallographist, 

Mass 6 % „ % %„%ĩ—§7,“. 6 „„ „ „ „ 2 62 2 6 6 6 „ „ „ -17 
1-13 Inspector’s Asst., Wash., D. C..12-31 
1-23 Gas meter Inspect., New York. . 12-31 
1-23 Draftsman, Albany, N. Y. .....12-31 
1-25 Bacteriologist, New York, N. Y..12-31 


RAILWAYS. 


(* denotes that this work 4s advertised in 
Engincering News.) 


ABBEVILLE X NORTHWESTERN.—This 
company plans to build a railroad, about 75 
miles long, from Abbeville, Ga., via Pine- 
view and Unadilla, to Fort Valley, Ga., 58 
miles; and a branch from Emerich to Mon- 
tezuma, Ga., 17 miles. The authorized cap- 
ital is $100,000. Headquarters will be at 
Abbeville, Ga. The incorporators are J. L. 
Bankston, W. A. Cherry, T. R. Moye, E. M. 
Carncs, Hal Lawson, W. H. Wilkinson, M. 
B. Cannon, J. B. Girrardeau, C. F. Chap- 
man and W. L. Harrell, all of Abbeville. 


ARIZONA.—The Shannon Copper Co. will 
build a railroad from Clifton to Metcalf, 
Ariz., to haul its ore. Estimated cost is 
$300,000. Company's headquarters are 82 
Devonshire St., Boston, Mass. H. B. Clough 
is Vice-Pres. 


CLINTON, DANVILLE & PEORIA.—In- 
corporated in Illinois to construct a line of 
road from a point on the Indiana state line 
east of Georgetown to a connection with the 
Cleveland, Cincinnati, Chicago & St. Louis 
Ry. at Fithian, IN. Capital, $200,000. The 
incorporators and directors are R. K. Ham- 
mond, J. K. Dering, W. S. Bogle, Henry 
Hafer, J. E. Hitt, Gleen W. Traer and 
Johnson E. Ford, all of Chicago. 


CRAGS & CANON RY.—Incorporated in 
Colorado to build a standard-gage incline 
railway from Crags (Rollinsville post-office), 
on the Denver, Northwestern & Pacific Ry., 
to Eldorado Springs, thence to Boulder. The 
final survey from Crags to Eldorado Springs, 
with a maximum grade of 4%, has been es- 
tablished, it is said, and the line from El- 
dorado Springs to Boulder will not exceed a 
miximum of 1%. The line starts from Crags 
Station, winding around Crags Mountain by 
way of Crags resort, down the Quartz Creek 
and South Boulder canyons to Eldorado 
Springs. Capital stock, $300,000. Incorpor- 
ators: Gcorge F. Keller, Fort Wayne, Ind.; 
L. B. Bradley, Chicago; G. A. Brink, D. C. 
Nevin and N. S. Williams, of Donver. 


ELBERTA, MOBILE & PENSACOLA.— 
This company, recently incorporated with 
$50,000 authorized capital, will build a line 
about 100 miles long from Bay Minette to 
Pensacola, Fla. The Baldwin County Colo- 
nization Co. is named as the incorporator, 
the members thereof being Henry C. Bart- 
ling, W. J. Levery and C. M. Staiger. 


HELENA, PARKIN & NORTHERN.—Con- 
tract has been given to D. S. WATROUS, of 
Parkin, Ark., to build its proposed line. The 
company, as noted on Dec. 17, recently in- 
corporated to build a line from Whitmore, 
Ark., St. Francis County, north via Parkin 
to Marked Tree, Poinsett County, about 25 
miles. The incorporators include: G. Casey, 
D. S. Watrous and E. F. Cooley, of Lan- 
sing, Mich., and T. E. Hare, of Vandale, 
Ark. 


HURON & ONTARIO.—It is announced 
that application is to be made by this com- 
pany to Parliament for an extension of time 
to commence work on the lines it has been 
authorized to build. The charters already 
granted provide for building lines as follows: 
From Port Perry, Ontario County, Ont., west 
via Uxbridge to Kincardine, on Lake Huron, 
150 miles; from Priceville, Grey County, 
Ont., north to Meaford, thence west via 
Owen Sound to Southampton, then south- 
west via Port Elgin and Tiverton to Kin- 
cardine, 95 miles; from Walkerton, Bruce 
County, south to Mildmay, thence west via 
Teeswater to Lucknow, then southwest to 
Goderich, 55 miles, with a connecting line 
from Lucknow northwest via Ripley to Kin- 
cardine, 20 miles. T. M. Sanders is Engr., 
in charge of construction and equipment, 
and H. Middlemist, of Toronto, is Consult. 
Engr. 


KEWEENAW CENTRAL.—Surveys are be- 
ing made from Mandan, Mich., to Fish Cove, 
twelve miles. J. C. Shields is Gen. Supt., 
Phoenix, Mich. 


KETTLE VALLEY.—A subsidy contract, of 
3.200 a mile, has been entered into with 
the Canadian Government for the construc- 
tion of a railway line from Carmi, B. C., to 
Penticton, about 50 miles. F. Demuth is 
Supt., Grand Forks, B. C. 


LONG ISLAND R. R.—See item under 
Buildings—Creedmoor, N. Y. 


MOUNTAIN, VALLEY & PLAINS.—Char- 
tered in Texas to build approximately 150 
miles of line in this state. Principal office 
will be at Dalhart, Tex. Capital stock, $3,- 
000.000. As noted on Sept 10, this com- 
pany was organized in New Mexico to build 
a line from Cimarron, N. Mex., through Am- 
istad and Central City to Nara Visa. The 
work of grading will begin soon. The com- 
pany is capitalized at $3,000,000, of which 
$150,000 has been subscribed. The incor- 
porators are: Jay M. Cogan, Canton, Ohio: 
Del W. Herrington, Dalhart, Tex.: Charles 
J. Bushnell, Beecham, N. Y.: C. A. Macy, 
M. Weimer, Charles Cogan, W. A. Schuler, 
J. E. Buskirk, Ben O. Boyoe, L. D. Cham- 
bers and H. S. Wanamaker, all of Amistad: 
J. S. Holland, Holland, N. Mex. The offices 
of the company will be at Amistad. Mr. 
Wanamaker is Gen. Mgr. The railroad will 
be about 500 miles long. 


QUEBEC, MONTREAL & SOUTHERN.— 
Surveys have been made for an extension 
to be built, from Ste. Philomene, Que., east 
to Quebec Bridge, 41 miles; and to Levis, 
an additional seven miles; also for a branch 
from Becaucourt to St. Lawrence River, four 
miles. F. D. Anthony is Ch. Engr., Mon- 
treal, Que. 


RUSTON, NATCHITOCHES & NORTH- 
EASTERN. Surveys are completed by this 
company and location accepted from Ruston 
to Farmersville, La., 26 miles. Construction 
will be light. Contract will not be let for 
some time. J. C. Nolan is Pres., Ruston, 
La.; J. Weston Hall is Ch. Engr. 


ST. LOUIS & ILLINOIS BELT.—Contract 
has been awarded to J. A. WARE CON- 
STRUCTION CO., 808 Houser Bldg., St. 
Louis, Mo., for building an extension of this 
road from the present end of track to Ed- 
wardsviue, III., four miles, 


ST. MAURICE VALLEY.—A subsidy con- 
tract at $4,200 a mile, has been entered into 
with the Canadian Government for the con- 
struction of this railway line from Three 
Rivers, Que., northwest to Grand Mere, 
about 28 miles. 

SAVANNAH, AUGUSTA & NORTHERN.— 
It is stated that Surveys have been made 
from Statesboro, Ga., a point about 35 miles 
northwest of Savannah, to Chattanooga, 
Tenn. Track bas been laid on the first 25 
miles from Statesboro to Garfield. Grading 
is finished from Garficld to Louisville, about 
20 miles, and right-of-way secured from 
Louisville, to Commerce, in Jackson County, 
about 100 miles. E. M. Rice is Ch. Engr., 
Statesboro. Noted on Sept. 17. Company 
was organized to build a line from Savan- 
nah, Ga., northwest to Chattanooga, Tenn., 
with an eastcrly line to Augusta, a total of 
about 425 miles. 

SHREVEPORT NORTHEASTERN. — Con- 
struction is said to be under way on this 
railroad which will extend from Shreveport, 
La., to Homer, 47 miles. Between Homer 
and Minden, 20 miles, track is completed. T. 
J. Hardeman, Minden, La., is Ch. Engr. 


WHEELING & LAKE ERIE.—We are offi- 
cially advised that company “has no new 
construction work in progress, or serious 
contemplation for the immediate future other 
than the completion of the low grade cut- 
off line between Bolivar, Ohio, and Orrville, 
Ohio, and known as the Sugar Creek & 
Northern Railroad. This work was started 
three years ago and because of the financial 
depression work was suspended. Company 
has resumed work on this line, and work is 
now in active progress, as there remains only 
a small amount of work needed to finish the 
main line. This work is being done by 
company's forces and should be completed 
in the next three or four months. Near the 
intersection of the cut-off line with the 
Cleveland-Zanesville Division of the Wheel- 
ing & Lake Erie Railroad 1% miles north- 
West from Justus, Ohio, a large interchange 
yard will be built and locomotive shops con- 
structed. It is contemplated to do this work 
with company's own forces and not to award 
any of this work by contract.” B. . 
Worthington is Receiver; H. T. Douglas, 
Jr., is Ch. Engr., Cleveland, Ohio. 


ELECTRIO RAILWAYS. 


RUTLAND, VT.—The Rutland Ry., Light 
& Power Co. may build an extension to 
aaay next year. Geo. S. Haley is Gen. 

gr. 


MONTPELIER, VT.—The Montpelier & Es- 
sex Junction Traction Co. will be incor- 
porated by F. M. Corry, L. E. Taft, W. T. 
Dewey and E. H. Deavitt, of Montpelier; A. 
L. Hewitt, of Berlin; D. E. Moody and W. 
J. Boyce, of Waterbury; E. W. Huntley, 
Duxbury, Mass.; J. W. McGargan, of Rich- 
mond; A. L. Bingham, B. J. Wright and 
J. E. Kennedy, of Williston, and Guy W. 
Bailey aud Allen Martin, of Essex Junction. 
Company proposes to build an electric road 
through Berlin, Middlesex, Moretown, Water- 
bury, Richmond, Hinesburg, Jericho, Col- 
chester and Underhill. Capital stock will be 
$30,000. 

NORWICH, CONN.—We are officially ad- 
vised that the Norwich, Colchester & Hart- 
ford Traction Co. has completed arrange- 
ments for a survey for its proposed line 
from this city to Hartford, 38 miles in 
length. Costello Lippitt is Pres., Lucius 
Brown, Secy. and Henry W. Tibbits, Treas., 
all of Norwich. 


CHESTER, PA.—The Chester, Concord- 
ville & West Chester Elec. Ry. Co. proposes 
to build an electric line 20 miles long to 
connect these places, we are officially in- 
formed. Right-of-way is partly secured. 
Capital is not yet ready. Survey has not 
becn made. Noted on Nov. 26. 


DONORA, PA.—The Donora & Eldora St. 
Ry. Co. will locate its power station and 
repair shops at Donora. As noted on Nov. 
12, contract for building this line has been 
awarded to FRANK DONATELLA, Pitts- 
burg. It will run from Donora to Eldora, 
Monongahela City, Charleroi, Monnessen, 
Webster and West Newton, Pa. about four 
miles. Capital stock, authorized and issucd, 
$150,000. Officers: B. M. Hanna, Pittsburg, 
Pa., Pres.; Wm. M. Galbraith, Frick Bldg., 
Pittsburg, Vice-Pres.; R. Hervey, Mo- 
nongahela, Pa., Secy. and Treas.; Gisli Gud- 
mundson, Empire Bidg., Pittsburg, Ch. Engr. 
Noted on Aug. 27 and Feb. 6, 1908. 


COLUMBIA, PA.—The Columbia & Manor 
St. Ry. Co. plans to begin active construc- 
tion on its line next spring. It will be 
about 17 miles long and will connect Co- 
lumbla, Washington Boro and other places 
in Lancaster County. Henry Wertz, Wash- 
ington Boro, is Pres.; H. M. H. Alderman, 
Lancaster, Pa., Vice-Pres.; E. K. Hershey, 
Lancaster, Pay, Secy. and Treas.; J. B. Me- 
Divitt, Safe Harbor, Pa., Ch. Engr. Capital 
stock, authorized, $225,000. 


230 


ALA.—We are officially 
advised that the Birmingham & Shades 
Mountain Electric Ry. Co. will build a 5- 
mile line. It is practically an extension 
southward of the South 15th St. line of the 
Birmingham Ry., Light & Power Co. Con- 
tracts will be let soon. Right-of-way is se- 
cured and surveys are made. Capital is 
about one-half subscribed. Organization of 
company is not yet completed. Ohl & Totten 
are the Eners., 103 North 20th St., Bir- 
mingham, Noted on Noy. 5. 


JACKSON, MISS.—R. V. Powers, W. Q. 
Cole and R. L. Bradley have applied to the 
City Council for a franchise, and to the 
State for a charter for the construction of a 
belt line to connect the railroads in Jack- 
son. 


GARY, IND.—The Gary, Hobart & Val- 
paraiso Traction Co. has started preliminary 
surveys and expects to begin construction 
in the spring. Jas. S. Hopkins, Chicago, is 
Pres.; Frank Y. Keator, Chicago, is Vice- 
Pres.: Blake A. Mapledoram is Gen. Mgr. 
and Ch. Engr., Valparaiso, Ind. 

The Common Council of Valparaiso has 
granted the Gary, Hobart & Valparaiso Trac- 
tion Co. a 50-year franchise to build a line 
on Main St. The company likewise has a 
50-yvcar franchise over the tracks of the Gary 
& Interurban Ry. in Gary, and a 50-year 
franchise through the streets of Hobart. 
Franchises have not yet been granted for 
the remainder of the route, a distance of 20 
miles, extending from College Hill in Val- 
paraiso to the steel works in Gary, Ind. 
Noted on Nov. 26 


VINCENNES, IND.—The Vincennes & 
Washington Transit Co. will begin construc- 
tion next spring on its proposed 19-mile 
electric interurban railway from Vincennes 
to Washington, Ind., via Monroe City and 
Wheatland. Contract for the entire con- 
struction of the road awarded to BURNS & 
CO., Chicago, III., who will purchase all 
material. Officers: J. J. Burns, Chicago, 
III., Pres.; M. A. Peoples, Tampico, III., 
Vice-Pres.; C. S. Nossette, Monroe City, 
Ind., Secy.; Clyde F. Burns, Chicago, III. 
Treas. and Ch. Engr. Headquarters, 705 
Isabella Bldg., Chicago. Noted fully on 
June 25 and June 18. 


ALLEGAN, MICH.—It is announced that 
the Trans-Michigan St. R. R. Co. has made 
arrangements for building its proposed line 
which will connect Allegan and South Haven, 
Mich., 30 miles. The power station and re- 
pair shops will be located in Allegan City. 
Several small lakes and amusement resorts 
will be reached by the line. The company 
expects to operate about 20 cars. Headquar- 
ters, Allegan City. Wm. Pyatt, 262 Michi- 


BIRMINGHAM, 


gan Ave., Chicago, is Pres.; Martin Flatow, 
1122 North Halstead St., Chicago, Vice- 
Pres.; Frank B. Kamarke, 122 Perry St., 
Chicago, Gen. Mgr. and Electrical Engr. 


Capital stock, authorized, $100,000; issued, 
$10.000. The company is said to be in the 
market for rails and ties. 


PEORIA, ILU.—A. S. Atwood, Secy. of the 
Peoria & Galesburg Ry. Co., Peoria, advises 
us that construction contracts will not be 
let until June or July, 1909. The line will 
be about 60 miles long and will extend from 
Peoria through Trivoli, Elmwood and Yates 
City to Galesburg, Ill., and from Trivoli to 
Canton, III. D. M. Mayer is Pres. and C. 
E. Dunn is Ch. Engr., Peoria. Right-of- 
way is now being obtained. Capital has 
been secured. - Noted (under Railways) on 
Dec. 3 l 


MORRIS. ILL.—Ernest Freeman, 356 Dear- 
born St., Chicago, III., Pres. and Mgr. of the 
United Electric Co., which supplies Morris 
with light and power, has applicd for a 
franchise to build an electric railway in 
Morris. A line may be built from Seneca 
to Jolict, and also a line north and south 
from Yorkville to Dwight, with branches to 
the coal field towns. 


FOND DU LAC, WIS.—The Wisconsin 
Rapid Transit Co., we are officially informed, 
has let contracts for building the proposed 
line from a connection with the Chicago & 
Milwaukee Elec. Ry. to Hartford, Fond du 
Lac, Ripon, Green Lake and Berlin, Wis., 
110 miles. Surveys are made. Right-of- 
way is partly obtained. Noted In detail on 
Nev. 5. Chas. D. Smith is Pres., and J. 
N. Gilbert is Ch. Engr., Fond du Lac. 


ALBIA, IOWA.—The Albia Interurban Ry. 
Co. has under consideration the construc- 
tion of a branch from Albia to Buxton. C. 
B. Judd is Ch. Engr. 


KANSAS CITY, KAN.— F. P. Dickson, 
Pres. of the Kansas City & Olathe Elec. Ry. 
Co., Gumbel Bldg., Kansas City, Mo., advises 
us that construction contracts probably will 
be let early next spring for the extension 
which will run from Rosedale (Kansas City), 
Kan., to Armourdale. It will be about four 
miles long. Right-of-way and capital are 
partly obtained. Survey has been run. 


LITTLE ROCK, ARK.—The Little Rock & 
Hot Springs Elec. Ry. Co. has secured neces- 
sary capital for construction of its proposed 
line, it is reported. It will be 51 miles 
long. Estimated cost is $1,500,000. Louis 
Garrett is Mgr. Construction, and Chas. J. 
Kramer is Pres., Little Rock. Bids will be 
taken in January. Noted on Nov. 19. 

The Little Rock Ry. & Elec. Co. will 
double track section of its line at cost of 
$75,000. D. A. Hegarty, Gen. Mgr. 


MISSOULA, MONT.—The City Council has 
called a special election for Jan. 5, 1909, 
when the matter of granting a 50-year street- 
car franchise to W. A. Clarke, of Butte, 
Mont., will be voted. j 


MOUNT PLEASANT, TEX.—M. C. Wolfe, 
Mgr. of the Red Mineral Springs Develop- 
ment Co., of Mount Pleasant, who is inter- 
ested in plan to build an interurban railroad 
between Red Springs, Mount Pleasant and 
Pittsburg, Tex., twelve miles, advises us 
that company has not been organized yet, but 
probably will be organized in January, when 
arrangements will be made for construction. 
Noted on Nov. 26. 


ENGINEERING NEWS. 
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GAINESVILLE, TEX.—The Gainesville 
City Council has granted a franchise to E. 
S. Alnut and C. E. Ball for a street rail- 
way four miles long, to be operated with 
gasoline motor cars. 

DEL NORTE, COLO.—The San Louis Val- 
ley Interurban Ry. Co. has been incorpor- 
ated to build an electric railway from Del 


Norte, running in an easterly direction to 
Center, also running from Monte Vista to 
Center, then to the location of the Devil’s 


Gate reservoir and from Center to Saguache. 


Headquarters, Del Norte. Capital stock, 
8 00, 000. Incorporators: John M. Moser, 
E. L. Fleshman, Adam J. Weiss, W. W. 
Adams, Leland A. Bernard, George W. Mc- 
Graw and James S. Warren. 

CLAREMORE, OKLA.—The Claremore 


Street Ry. Co. has been incorporated in Ok- 
lahoma to build an electric railway in Rog- 
ers County. Capital stock, $300,000. In- 
corporators: W. J. Perdue, C. F. Godbey, 
O. C. Wing, H. Jennings and Hiram Steph- 
ens. Company is controlled by the Perdue’s 
Sanitarium & Street Railway Co., which has 
been organized to build a street-car line 
about four miles long and a sanitarium at 
Claremore. 


NORTH YAKIMA, WASH.—The Yakima 
Valley Traction Co. proposes to build about 
25 miles of new railway next year. D. D. 
Egan, Seattle, Wash., is Gen. Mer. 


NORTH YAKIMA, WASH.—The Cle Elum- 
Roslyn Railway & Power Co. has been incor- 
porated for the purpose of building and op- 
erating an electric railway from Cle Elum 
to Roslyn. Capital stock, $100,000. Incor- 
porators: Frank S. Farquhar and W. E. 
Farquhar. Noted on Dec. 10. 


OREGON CITY, ORE.—The Clackamas 
Southern Ry. Co. has been incorporated to 
build an electric railway to connect Oregon 
City with the Molalla Valley, in Clackamas 
County, with a southern terminus at Scott’s 
Mills on Butte Creck. Right-of-way is se- 
sured, it is stated. Incorporators are F. M. 
Swift, David Loring and A. B. Clark, of 
Portland. 


BOISE, IDAHO.—The Boise Valley Ry. Co. 
probably will construct two new lines next 
year, one to extend from Meridian to Nampa 
and the other from Nampa to Caldwell. W. 
N. Donaldson is Mgr., Boise. 


LIGHT AND POWER PLANTS. 


(* denotes that this work is advertised in 
Engineering News.) 


MERIDEN, CONN.— The Meriden Gas 
Light Co. has petitioned the General Assem- 
bly for an amendment to its charter to em- 
power it to extend its mains and pipes with- 
in the towns of Southington and Cheshire. 
Charles A. Learned is Gen. Mgr. 


MASSENA, N. Y.—The St. Lawrence River 


Power Co., Massena, N. Y., has awarded 
contract to the DAYTON GLOBE IRON 
WORKS, of Dayton, Ohio, for two water 


turbine units, each set consisting of six 60- 
in. turbines, with a total capacity of 12,000 
HP. The equipment, together with the elec- 
trical generators, will be installed during the 
coming spring. T. A. Gillespie, 30 Broad St., 
New York, is Pres. 


NEW YORK, N. Y.—The following bids 
were received by Robert W. Hebberd, Comr. 
of Public Charities, on Dec. 23, for ma- 
terials and labor required for the complete 
conduiting electric wiring, and all other 
work in connection with the installation of 
a complete electric lighting and power sys- 
tem for certain of the buildings and grounds 
under the jurisdiction of the Department of 
Public Charities, City Hospital District, 
Blackwell’s Island, Boro. of Manhattan: 
Commercial Construction Co., 114 E 28th 
St., $4,855; Cowden & DeYoung, 45 East 
2d St., $5,488; Louis Weschler, 1133 Broad- 
way, $5,328. ; 

NYACK, N. Y.—Arrangements are being 
made by the Rockland Light & Power Co. 
for extensive additions and improvements to 
its plant, which will include the installation 
of a 1,000-KW. turbine with surface con- 
denser and cooling tower, switchboard, boil- 
ers, etc., and also an addition to the plant 
at Orangeburg, N. Y. J. S. Avery, of Nyack, 
is Mgr. 


NEW MARKET, N. J.—The Township 
Committee and Light Commissioners of 
Piscataway Township are reported to be con- 
sidering the question of establishing an in- 
dependent company for the purpose of furn- 
ishing electricity for the town. Under the 
contract, which goes into effect Jan. 1, the 
Public Service Corporation proposes an in- 
crease of $3 per lamp per year and shorten- 
ing the hours of service. It is proposed to 
organise a company with a capital stock of 
$100,000 and erect a plant at New Market 
Pond. It is estimated that a plan can be 
equipped for $10,000 and the distributing sys- 
tem erected for $90,000. J. Edward Clark 
and Edward Radell are interested in the 
project. The Township at present pays the 
Public Service Corporation $5,000 per year 
for the lighting service. 


FORD CITY, PA.—An electric light plant 
is to be established here, it is stated, at an 
estimated cost of $16,000 


CONNELLSVILLE, PA.—The West Penn. 
Electric Co. has decided to erect a power 
plant in Fayette County. This plant will be a 
duplicate of the one that is now in use at 
Fayette Station, and will cost about 
$1,500,000. It will have a rated capacity 
of about 22,000 HP., which is the capacity 
of the one in use at present. This present 
station has two 5,000 HP. steam turbines, 
three 2,000 HP. turbines and three engines 
of 2.000 HP. each. The site of the power 
plant has not been decided on yet, but it is 
thought that it will be built In the Southern 
part of Fayette County, near the Mononga- 
hela River, as the company has been rapidly 
extending its lines in that direction. The 
power-house will be on the power loop of 
the concern, and will supply power for the 
West Penn. Railways Co. The company is 
headed by James S. and H. A. Kuhn, of 
Pittsburg, Pa. L. H. Conklin, of this city, 
is Gen. Supt. of the company. 


YOUNGSTOWN, PA.—THE WEST PENN 
ELECTRIC CO., of Cornellsville, Pa., has 
been awarded the contract for furnishing 
electric light for the streets and public 
buildings here; arc lights on the former and 
incandescent lights in the latter. The com- 
pany will build a line into this city at once, 
and will furnish light, heat and power for 
the places of business and residences. L. 
H. Conklin is Gen. Supt. 


ERIE, PA.—The ERIE CITY ENGINE 
WORKS, of this city, has been awarded the 
contract for the erection of the new electric 
light plant at the Erie County Almshouse. 
The contract price is $6,103, and the contract 
calls for the installation of two Skinner en- 
gines and two Burke Electric Co's. gen- 
erators. The engines will be of 40 and 56 
HP., and of the high speed, automatic, 
Cirect-connected type. The generators will 
be of 25 and 35 KW. capacity respectively. 
The contract for the switchboard has also 
been awarded to the BURKE ELECTRIC 
CO. The electric light plant is to be in- 
stalled in the present power-house, space 
having been reserved when the structure 
was erected two years ago, and is to be 
completed by Feb. 1 


EMPORIA, VA.—The Greenesville Water- 
Power Co., W. Samuel Goodwin, Pres., has 
awarded contract to STAMPER BROS. & 


KAGLAND and HOLLAND & MYERS, 
Richmond, Va., for construction of dam 
across the Meherrin River in connection 


with construction of proposed water-power 
electrical plant to transmit electricity for 
lighting and power. The dam is to be built 
of granite and cement, 36 ft. high at spill- 
way and 700 ft. long and will cost about 
$150,000. A minimum of 1,400 HP. is to 
be developed, while the maximum horse- 
power will probably triple low-water develop- 
ment. About $75,000 additional will be ex- 
pended in equipment and in taking over 
local electric-light and telephone systems, 
both of which will be rebuilt. C. P. E. 
Burgwyn, Richmond, Va., is Engr.-in- 
Charge. 


BARBOURSVILLE, W. VA.—The United 
Utilities Co., it is stated, is planning to 
construct and operate a combined electric, 
water and steam-heating plant, and will 
require the following equipment: One 25 
KW 225-volt, direct-current generating unit; 
one 5vU-gal.-per-minute turbine pump (verti- 
cal preferred) direct connected to vertical 
motor; two 150 HP. boilers (vertical prefer- 
red) to operate at 125 Ib; a 3-panel switch- 
board for 220-volt generators to operate in 
parallel on six 50-amp light and power cir- 
cuits. Pipe fittings, valves, heaters, etc., 
will be required. L. L. Dowthat is Mgr. 


LEXINGTON, N. C.—Fred H. Smith, of 
Lexington, N. C., is interested in a com- 
pany for the purpose of developing water 
power and construction of hydro-electric 
plant on the Potomac River in Jefferson 
County, W. Va., for which surveys are now 
being made. It is proposed to develop 1,000 
HP. The plant will cost about $300,000. 


RIDGEWAY, S. C. The Southern Power 
Co. of Charlotte, N. C., secured options on 
40,000 acres of land on Wateree Creek with 
a view to future development of the water- 
power. 


EAST POINT, GA.—Bids are asked by the 
city until Jan. 19 for furnishing and intal- 
ling the equipment for electric-light plant. 
$15,000 of bonds have been voted; J. C. 
McKenzie is Mayor. E. H. Davis, Griffin, 
Ga., is Engr. 


SPARTA, TENN.—Walter G. Kirkpatrick, 
of Jackson, Miss., has been engaged to make 
plans and specifications for developing about 
200 HP., with dam, turbines and generator, 
on the Calfkiller River. 


FRANKFORT, KY.—The date for receiving 
bids for furnishing and installing fixtures 
in the New State Capitol at Frankfort, Ky., 
has been extended from Jan. 5 to Jan. 19. 
Plans and specifications may be seen at the 
offices of Frank M. Andrews & Co., Archs., 
Cincinnati, Ohio, and Waldorf-Astoria, New 
York, N. Y. 


WELLS, MICH.—The Escanaba Power Co. 
announces that a meeting of the Board of 
Supervisors of Delta County, at Escanaba, 
to consider the petition of the Escanaha 
Power Co., to said Board of Supervisors, 
now on file with the clerk of said Board, 
to construct across the Escanaba River in 
the Town of Wells, in Delta County, three 
dams for the purpose of accumulating, 
storing, manufacturing, conducting, using, 
seliing, furnishing and supplying water and 
water power. P. L. Utley is Pres. Escanaba 
Power Co. 


FLINT, MICH.—The Flint Land Co., Ltd., 
of Flint, may construct a power plant on 
Rifle River in Michigan. The company owns 
flowage rights on 1,500 acres of land and 
controls about 14 miles of frontage on the 


river. The property is located about 40 
miles north of Bay City and less 
than 18 miles from Saginaw Bay. 


It is claimed that by the construction of two 
dams 2,000 HP. continuously or 4,800 HP. 
for 10 hours a day can be developed. 


CHICAGO, ILL.—The Chicago Rys. Co. 
contemplates establishing sub-stations in the 
South Chicago, Grand Crossing and Roseland 
districts, it is stated. J. M. Roach, 444 
North Clark St., is Pres. and Gen. Mgr. 


MONMOUTH, ILL.—It is stated that the 
Rock Island Southern R. R. Co. will let 
contracts within GO days for a power plant 
on the Edwards River. The company will 
need two 1,500-KW. turbines and necessary 
boilers. W. W. McCullough, Monmouth, is 
Gen. Mgr. 


ALBANY, MINN.—Bids are asked by the 
Village Council until Jan. 11 for furnishing 
material and erecting a municipal electric 
lighting system under the supervision of Ed- 
mund T. Sykes, Engr., of Minneapolis, Minn. 
Electricity and acetylene gas will be consid- 
ered. A plant with sufficient output to sup- 
ply 600 16-c. p. lamps, or the equivalent, 
is wanted. Thomas Tomasek is Village Recdr. 
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TOPEKA, KAN.—The city clerk has been 
instructed to advertise for bids for the con- 
struction and equipment of a steam plant for 
the municipal light plant. An appropriation 
of $60,000 has been made for the construc- 
tion of a new plant. H. K. Goodrich, To- 
peka, is Supt. 


CHEYENNE, WYO.—The Cheyenne Light, 
Fuel & Power Co. is preparing to construct 
two gas furnaces at its West Cheyenne 
plant. C. H. Williams, Denver, Colo., is 
Gen. Mgr. 


MACON, MO.— Plans are being made for 
improvements and additions to the municipal 
electric light plant and water-works system, 
the cost of which is estimated at 318,400. 
E. S. Bennett is Supt. 


BOONEVILLE, ARK.—The Booneville 
Light & Water Co., incorporated with 550,000 
capital stock, proposes to construct and oper- 
ate a water-works system, electric light and 
power plant and telephone exchange. John 
T. Thayer is Pres.; Joseph Ellerkamp, Viee- 
Pres.; W. Earl Harrell, Secy.-Treas. 


HOOKER, OKLA.—The city has voted $29,- 
000 of bonds for construction of electric 
light plant and water-works, to be completed 
and in operation by May 1. . 


PUEBLO, COLO.—The Kansas-Colorado R. 
R. Co. has awarded the contract for the con- 
struction of its railway, including the con- 
struction of track, bridges, steel equipment, 
power stations, overhead equipment, etc., 
to A. B. HULIT, Central Block, Pueblo, 
Colo. Work has already commenced on the 
railway, which will extend from Canon City 
to Dodge City, Kan., a distance of 375 miles. 
Plans are now being prepared by Sargent & 
Lundy, Railway Exchange Bldg., Chicago, 
III., for one of the power- houses. It has 
been decided to locate one of the power sta- 
tions at Garden City, Kan. 


HOLLY, COLO.—Bids are asked until Jan. 
6 by N. F. Vidal, Town Clerk, for furnishing 
machinery for the water-works system, sep- 
arate bids being received as follows: For 
furnishing generator and switchboard; for 
deep well pump and motor, underwriter 
pump and boiler feed pumps; for 123-HP. 
automatic high-speed engine; for steam boil- 
ers, stack and heater; for installing above 
machinery, building foundations and furnish- 
ing and installing steam piping, wiring and 
placing same in operation; for furnishing 
all material and installing the same complete. 
Burns & McDonnell are Engrs., 821 Scarritt 
BIdg., Kansas City, Mo. 


WARD, COLO.—J. E. Haggard, Pres. and 
Gen. Mgr. Mount Audubon Power Co., which 
is arranging to build a hydro-electric plant 
at Ward, states that work on the plant will 
commence soon, though actual construction 
will not be attempted until spring, on ac- 
count of the weather. The plant will gen- 
erate 1,500 HP. and will be located about 1145 
miles northeast of Ward. The water will 
be conducted from the St. Vrain to reservoirs 
near Duck Lake, from which it will be car- 
ried in a 20-in. pipe with a fall of 500 ft. in 
a distance of about one mile. Mr. Hag- 
gard states the plant would be completed 
early in the fall and would supply power to 
the various mines of the district. The es- 
timated cost is $75,000. 


NAPA, CAL.—The Board of County Com- 
missioners has extended the time for receiv- 
ing bids for a franchise to construct a com- 
mission line for the distribution of electricity 
to the farming districts from Napa into Lake 
County from Nov. 11 to Jan. 12. N. W. 
Collins is County Clk. 


REDONDO, CAL.—It is reported that the 
Pacific Light & Power Co. is arranging for 
the construction of a duplicate of its power 
plant adjoining the site of the present one. 
The increasing demand for power and the 
contemplated extension of the Huntington 
lines, will require about double the present 
capacity of the plant. It is intended to 
carry the same economic system of construc- 
tion and machinery in the new building. This 
will give the plant six turbines operated in- 
dependent of each other. 


AMERICAN FORK, UTAH.—Richara R. 
Lyman, C. E., Engineering Bldg., University 
of Utah, Salt Lake City, Utah, writes us 
that he is making a survey for a power 
plant for the Utah County Light & Power 
Co., of American Fork, Utah. The total 
cost of this plant is to be over $100.00). 
In addition to the machinery that will be 
needed in this plant, a steel pipe that is 
to carry a maximum flow of 15 cu. ft. per 
second, with a maximum head of 2,100 ft., 
will be required. 


NIAGARA FALLS, ONT.—Preparations are 
being made by the Ontario Power Co. for the 
construction of a pipe line from the intake 
at the Dufferin Islands to its power-house 
below the bank at the foot of the Horseshoe 
Falls, a distance of about three-quarters of 
a mile The company contemplates increas- 
ing the output of the plant by 65,000 HP., the 
cost of which is estimated at about $S800.0u0. 
The additional pipe line is made necessary 
owing to the contract made with the Can- 
adian Hydro-Electric Commission to supply 
electricity to the Government transmission 
line. F. V. Greene is Pres. and Gen. Mer., 
Buffalo. 


BRIDGES. 


(* denotes that this work ts advertised in 
Bagineertng News.) 


LE ROY, N. Y¥.—The New York Central & 
Hudson River R. R. Co., G. W. Kittredge, 
Ch. Engr., New York, is preparing plans 
and specifications for eliminating the Staf- 
era crossing by the construction of a via- 
uct. 


MORRISVILLE, PA.—The County commis- 
sioners on Dec. 23 awarded the contract for 
constructing the new bridge over the canal 
here at Bridge St. to CARL R. CAMP, of 
Bethlehem, Pa., at $9,894. 


STANDING STONE, PA.—The Bradford 
County Commissioners have awarded the 
contract for the construction of the new 
bridge here to the YORK BRIDGE CoO., 
York, Pa., the lowest bidders of the six 
companies, at 336,899. 


Supplement—December 31, 1908. 


PORTSMOUTH, VA.—The city will erect a 
Dew bridge to take the place of the Union 
bridge which connects Fourth and Court 
Sts. Bascom Sykes is City Engr. 


ENTERPRISE, W. VA.—The Marion Gas 
Coal Co., Alexander Counter, Waynesburg, 
Pa., Agent, contemplates constructing a 
bridge across West Fork River at mouth of 
Binghamon Creek to siding contracted for 
with Baltimore & Ohio R. R. Co. 

GRIFFIN, GA.—The Central of Georgia Ry. 
Co., C. K. Lawrence, Ch. Engr., Savannah, 
Ga., contemplates the construction of a via- 
duct across the tracks on Hil St. 


NATCHEZ, MISS.—Bids will be received 
until Jan. 4 by the County Commissioners, 
Natchez, for constructing a concrete arch 
bridge at Bausley Bayou on Liberty Road. 


MEMPHIS, TENN.—The Legislative Coun- 
cil has received four bids for the construc- 
tion of the iron and concrete bridge over the 
Southern Ry. tracks on Monroe Ave., as fol- 
lows. Southern Construction Co., $12,068; 
Gardiner & Howe, $0,480; J. A. Omberg, Jr., 
£14,930; Memphis Bridge Co., $11,995, with 
an allowance of $585 for the material in the 
old bridge. J. H. Weatherford is City Engr. 


PADUCAH, KY.—The city has accepted 
the plans and specifications of L. A. Wash- 
ington, City Engr.. for the erection of a 
culvert across Bradshaw Creck and awarded 
contract, at $4,025, to GEORGE WEIKEL, 
of Paducab. 


DAYTON, OHIO.—Bids will be rec jved un- 
til Jan. 16 by T. J. Kauffman, County Audr., 
Dayton, for constructing the superstructure 
and substructure of a bridge over the Miami 
River between the Townships of Harrison 
and Mad River, substructure to consist of 
two abutments and two piers, and super- 
structure to be of steel, reinforced concrete 
or crcodone block. Bidders may submit 
their own plans with bids. 


COLUMBUS, OHIO.—The_ following bids 
were opened on Dec. 16 by the Board of Pub- 
lic Service, Henry Mactzel, Ch. Engr., for 
the superstructure of the Mount St. viaduct, 
in connection with separation of strect and 
railway grades—(a) price per Ib. for 586.000 
Ibs. of steel, (b) totals: Champion Iron Co., 
Kenton, (a) 3.06 cts.. (b) $17,952; MeClintic- 
Marshall Construction Co., Pittsburg, Pa., 
(a) 3.17 cts., (b) $18,076; Mt. Vernon Bridge 
Co., Mt. Vernon, (a) 3.24 cts., (b) $15,956; 
Cowing Engineering Co., Cleveland, (a) 3.36 
cts., (b) 519,689; Capitol Construction Co., 
Columbus, (a) 3.40 cts., (b) $19.924; George 
W. Jackson, Inc., Chicago, III., (a) 3.40 cts., 
(b) 519,924. Van Dorn Iron Works Co., 
Cleveland, (a) 3.49 cts., (b) 820,151: King 
Bridge Co., Cleveland, (a) 3.55 ets., (b) $29,- 
803; Penn Bridge Co., Beaver Falls, Pa., (a) 
3.59 cts., (b) $21,037. 


HAMMOND, IND. — The contracts for a 
bridge over the Grand Calumet River have 
been awarded by the Chicago. Indianapolis 
& Louisville Ry. Co., A. S. Kent, Division 
Engr. It will have one 108-ft. single-leaf 
bascule span of the Page type, with a 40, ft. 
plate girder approach span, and one 1087ft. 
through-truss span so designed that it can be 
converted into a bascule span when neces- 
sary. The bridge will be wider than an 
ordinary single-track bridge as it is intended 
to lay a gantletted track. Both main spans 


will rest upon a pler in the center of the 


river. All the piers will be of concrete, rest- 
ing on hard blue clay at 24 ft. below Chicago 
city datum. The channel depth established 
at this point by the U. S. Engineers is 21 
ft., and the clear width of channel (between 
the protection piles) will be 85 ft. The con- 
tractors are as follows: Substructure, the 
GREAT LAKES DREDGE & DOCK CO.. of 
Chicago; superstructure, the AMERICAN 
BRIDGE CO., of New York: erection of su- 
perstructure, the FERRO-CONSTRU?é TION 
CO., of Chicago. W. H. Hughes, of Chicago, 
is Designing Engr., and R. W. Hunt & Co., 
of Chicago, are Consulting Engrs. for the 
railway company. 


VINCENNES, IND.—The Daviess County 
Commissioners have awarded the contract to 
the VINCENNES BRIDGE CO., Vincennes, 
for the construction of 20 bridges in the 
county, at $6,000. 


CHICAGO, ILL.—Bids will be received un- 
til Jan. 15 for constructing a bridge in Sher- 
idan road and I. M. Canal. C. R. Dart is 
Bridge Engr. Estimated cost, $25,000. 


URBANA, ILL.—Bids are asked until 3 
p. m., Jan. 14, by the city for a 48-ft. high- 
way bridge on a concrete substructure. Ira 
O. Baker. Champaign, III., is Engr. 


CRESTON, TOWA.—Bids will be received 
by W. F. Craig, County Audr., Creston, 
until noon, Jan. 4, for furnishing all ma- 
terial and constructing all bridges ordered 
by the Board of Supervisors of Union County 
during the year 1909, according to plans and 
specifications on file at the auditor's office; 
also a separate bid for all structural ma- 
terial, iron and steel caps, heads, joists, 
girders, etc., together with the necessary 
bolts, rivets and rods to correspond; Oregon 
fir flooring 3 ins. thick, per 1,000 ft,; red 
cedar piling per lin. ft., steel piling. a, b, c. 
per lin. ft., steel and corrugated tubs, 24 to 
48 ins. in diameter; cement work per cu. ft. 
for foundations and bulkheads, and per lin. 
ft. for culvert, 10 ins. at bottom, 8 ins. top of 
arch, with and without reinforcement; com- 
pounded in accordance with the formula of 
the Ames Agricultural College. 


CROOKSTON, MINN.—The city has award- 
ed the contract to the MINNEAPOLIS 
BRIDGE & IRON CO., Minneapolis, Minn., 
for constructing the Sampson's Addition 
bridge, at $15,000. List of bidders noted on 
Dec. 17. J. E. Carroll is City Engr. 


MANKATO, MINN.—The City Council on 
Dec. 19 awarded the contract to the HEN- 
NEPIN BRIDGE CO., Minneapolis, Minn., 
for the construction of a second bridge 
across the Minnesota River at $23,900. 


LARKIN, KAN.—Plans are being prepared 
for the construction of a steel bridge over 
the Arkansas River, here. Estimated cost, 
$25,000. 


ENGINEERING NEWS. 
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WINFIELD, IAN. -The County Commis- 
sioners will soon let contracts for construct- 
ing the following bridges: Two steel bridges, 
180 ft. long, over Spring Creek, one in Rock- 
ford Township and one in Morton Township; 
one 180-ft. stcel bridge in Delano Township 
over Cowskin Creek. 

The old steei from the Douglas Ave. bridge 
is to be used in the construction of a new 
bridge across the Arkansas River on Law- 
rence Ave. The other bridge is to be over 
Chisholm Creek in Wichita Township. Esti- 
mated cost, about $16,000. 


BEAVER FALLS, NEB.—Bids will be re- 
ceived until Jan. 13 by Dan K. Morgan, 
County Clk., Beaver City, for constructing 
all steel bridges that may be ordered by the 
county during the year 1909. 


GRAND ISLAND, NEB.—Bids are asked 
until noon, Jan. 2, by G. H. Po.ll, County 
Cik., for the construction and erection of 
wooden and metal bridges for the county for 
the ensuing year. 


LAUREL, MONT.—Final plans have been 
completed for the erection of a bridge at 
Laurel by Yellowstone and Carbon Counties. 
Estimated cost, between $15,000 and 520,000. 


LIVINGSTON, MONT.—Bids will be re- 
ceived until Jan. 4 by the County Clerk for 
the erection of a wagon bridge over the main 
Bouldcr River, a wagon bridge over Four- 
Mile Creek and the construction of about one 
mile of road. 


ST. LOUIS, MO.—Bids are asked until Jan. 
15 by the Board of Public Improvements for 
the construction of a foot-bridge over River 
des Peres in Forest Park. 


LAWTON, OKLA.—Bids will be received 
until Jan. 5 by J. M. Haynes, County Clk., 
for constructing a steel bridge with a 100-ft. 
stcel span, 14-ft. roadway, four v4-ft. steel 
tubcs, three 14-ft., three 12-ft. and six 8-ft. 
steel piles. 


NEWKIRK, OKLA.— The Board County 
Commissioners has awarded the contract for 
constructing a steel bridge over the Arkansas 


River here to the MISSOURI VALLEY 
BRIDGE CO., of Leavenworth, Kan., at 
821.500. 


COLFAX, WASH. -The County Commis- 
sioners on Dec. 9 let the contract for the 
construction of eight wagon road bridges 
in the county to I. J. BAILEY & CO., of 
Wenatchee, Wash., at $18,751. The bridges 
are to be entirely of steel and work is to 
commenced in the spring. 


LOS ANGELES, CAL.—The contract for 
the new reinforced-concrete bridge across 
the Los Angeles River at North Main St. was 
awarded on Dec. 15 by the Board of Public 
Works to CARL LEONARDT, at $81,881. 


SANTA ROSA, CAL.—Bids will be re- 
ceived at the office of the County Clerk of 
sonoma County until noon, Jan. 7, for the 
construction of the old Main St. bridge, 
Santa Rosa, over Santa Rosa Creek at Pear- 
son St. F. L. Wright is Clk. 


REEDLEY, CAI.—Three bids were opened 
on Dec. 11 by the Supervisors for the con- 
struction of the pile bridge crossing the 


Kings River near here. The bids were: 
Mervy-Elwell Co., of Oakland, Cal., $6,100; 
T. A. Pettus, of Kerman, $4,500: PACIFIC 


CONSTRUCTION CO., 
San Francisco, Cal. 
tract). 


SALINAS, CAL.—Bids will be reccived by 
T. P. Joy, Clk. Bd. of Supervisors of the 
County of Monterey until 10 a. m., Jan. 4, 
for a combined automatic sluice gate and 
highway bridge, on Elkhorn Slough near 
Hucson’s Landing, in Pajaro road district, 
Monterey County. 


BUILDINGS. 
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16 California St., 
$5,980 (awarded con- 


LYNN, MASS. — The plans of Wheeler & 
Betton, Archs., 59 Exchange St., Lynn, have 
becn accepted for a 16-room school building 
for the city. Cost, $85,000. 


DEDHAM, MASS.—The Board of Education 
has had plans prepared by Luther Greenleaf, 
101 Tremont St., Boston, for a school to cost 
$60,000. 

ATTLEBORO, MASS.—Fontaine & Kinni- 
cutt, Archs., 45 Commercial St., Woonsocket, 
R. I., have prepared plans for alterations to 
parochial school and convent in connection 
with the Church of St. Joseph, at Attleboro. 
Rev. N. A. Messier, Pastor. Contract will be 
let about Feb. 1. 


ALBANY, N. Y.—Demers & Campaign, 
Archs., 203 Ilium Bldg.. Troy, N. Y., have 
completed plans for the County Hospital 
building and submitted same to the Board of 
Supervisors. The building is to be 220 ft. 
in length by 74 ft. in depth, three stories in 
height, of brick construction with Indiana 
limestone trimmings. It will cost approxi- 
mately $50,000. with plumbing, heating and 
ventilating apparatus. 


ALBANY, N. Y.—H. R. Jacobs, Mgr. of 
Harmanus Bleecker Hall, is having sketches 
made for a theater, to cost about $200,000. 


NEW YORK, N. Y.—Bids are asked by R. 
C. Hollyday, Ch. of Bureau of Yards and 
Docks, Washington, D. C., until 11 a. m., 
Jan. 16, for constructing an extension to the 
chemical laboratory, Building No. 34, U. S. 
Navy Yard, Brooklyn. Specifications are on 
file at the office of Engineering News, New 
York. 

Plans have been filed for a group of four 
6-story apartment houses to be built in 144th 
St., 200 ft. east of Broadway, for the Young 
Realty Co., Charles H. Wallis, Pres., 144th 
St. and Broadway. They will have a front- 
age of 87% ft. and a depth of 86.11 ft., with 
facades of brick and ornamental stone, and 
will cost $400,000. Thain & Thain, 4 East 
42d St., are Archs. 

Plans have been filed for a 6-story elevator 
apartment house to be built for the Sheer 
& Ginsberg Realty & Construction Co., 198 
Broadway, on 147th St., east of Broadway. 
It will be of brick, with limestone trim- 
mings, with a frontage of 100 ft. and a depth 
of 85 ft., and will contain 30 suites of apart- 


ments. It is to cost $125,000. W. B. Le- 
vitan, 20 West 31st St., is Arch. 

Neville & Bagge, Archs., 217 West 125th 
St., have filed plans for a 6-story brick and 
stone apartment, 99.11x115 ft., to cost $225,- 
6000. The building will be built at Broadway 
and 160th St. by the Pine Investing Co., 600 
West 146th St. 


NEW YORK, N. Y. — The Building Super- 
intendent has issued a permit for tearing 
down the 2-story stable at 47 East 52d St., 
owned by W. K. Vanderbilt. It adjoins the 
site of the 7-story dwelling house to be 
erected for him from plans by Warren & 
Wetmore, Archs., 3 East 33d St. Those plans 
were filed some months ago. The original 
project is to be modified and a larger build- 
ing erccted, which will utilize the stable site. 
According to the architects’ estimate the 
dwelling is to cost $150,000. 

Max Solomon, 105 Ellery St., Brooklyn, 
will erect a building at 147 West 22d St., 
from plans by F. C. Zoble, Arch., 114 East 
25th St. He will ‘erect a 9-story store and 
loft building, 45 x 90 ft., of brick and stone 
construction, to cost $175,000. 

Plans have been filed at the Buildings De- 
partment by Buchman & Fox, Archs., 11 
East o9th St., for a 12-story brick and stone 
loft building which Charles Kaye will erect 
at 22 West 26th St., at a cost of $225,000. 
The structure will be 50 x 88 ft. 

Cleverdon & Putzel, Archs., 41 Union Sq., 
have filed plans for a 12-story loft build- 
ing, 90 x 100 ft., to be constructed by Max 
Cohen, 19 West 18th St., at a cost of $400,- 
000. The site is at 31 West 27th St. 


NEW YORK, N. Y.—The following bids 
were received on Dec. 23 by the Trustees of 
Bellevue and Allied Hospitals for labor and 
materials required for furnishing and erect- 
ing of the equipment in the Pathological De- 
partmcnt, and main dormitory of the New 
Bellevue Hospital, situated on First Ave. 
and bounded by 26th and 27th Sts., Boro. of 
Manhattan, the City of New York: Abram- 
son & Engessor & Co., 1971 First Ave., $74,- 
927; George W. Cobb, Jr., 148 Nassau St., 
5120, 207; Thomas Cockerill & Son, 147 Co- 
lumbus Ave., $98,800. 


NIAGARA FALLS, N. Y.—Harris Lumberg, 
lessee of the International Theater, and Au- 
gustus G. Porter are having plans prepared 
tor a theater to be erected on Falls St., near 
First St., on property owned by Mr. Porter. 
lt is proposed to have the building com- 
pleted ready for opening next fall. 


POUGHKEEPSIE, N. Y.—The Amrita Club, 
William T. Ward, Pres., will build a 3-story 
brick addition to its club-house. Percival 
M. Lloyd, 39 Market St., is Arch. 


SYRACUSE, N. Y.—It is stated that Will- 
iam-Ruben aud Gabriel Mitchell will erect an 
8 or 1U-story office building with a frontage 
of 43 ft. on Warren St. and 99 ft. on Jeffer- 
son St., near the Onondaga Hotel. Plans 
have been completed. 


LE ROY, N.Y.—The Board of Education 
at a special meeting held Dec. 17 had a con- 
ference with Wilson Potter, Arch., 3 Union 
Sq. West, New York, who will prepare plans 
for a high school to cost $50,000. 

CREEDMORE (L. I.), N. Y.—The Long 
Island R. R. Co. has made application to 
the Board of Estimate for the privilege to 
run a spur from its present track at Queens 
to the grounds of the Long Island State 
Hospital at Creedmoor for the purpose of 
transporting brick, lumber, cement, steel 
beams and other materials, to be used in 
building the new Long Island State Hos- 
pital, tor which the state has appropriated 
N30, 000 for beginning the work, and which 
Will ultimately cost not less than $1,000,000. 
lhe site of the proposed group of buildings, 
work upon which is to be begun in the 
Spring, comprises 200 acres, and all lies 
within the boundary of the City of New 
York. Upon the completion or the group, 
which will consist of 25 or 30 brick stryc- 
turcs, the present Flatbush State Hospital, 
it is expected, will be removed from its loca- 
tion on Clarkson St., Brooklyn, to Creedmoor. 
The new group of buildings is designed for 
2,000 patients, and will provide for all the 
acute cases now cared for at Flatbush, and 
for a number of chronic patients. The in- 
Slitution will be under the care of Dr. 
Dewing, the present superintendent at Flat- 
bush. Among the structures to be built are 
the following: Administration building, dor- 
mitories, group for acute casts, group for 
chronic cases, nurses’ home, staff headquar- 
ters, tuberculosis pavilion, laundry, store- 
houses, barns, stables, boiler-house and other 
buildings. Franklin B. Ware, Albany, N. Y., 
is State Arch. 


NEW YORK, N. Y.—The Bridge Depart- 


ment, J. W. Stevenson, Comr., has awarded 


contract for the foundations of the proposed 
Municipal Building at the Manhattan termi- 
nal of the Brooklyn Bridge to the J. H. 
GRAY CO., Broadway and 23d St. Bids were 
received on Dec. 3 and the bidders were: 
(a) price per cu. yd. for excavation, (b) to- 
tal: P. J. Carlin Construction Co., 16 East 
23d St., (a) $34, (b) $786,000: R. E. Hen- 
ningham, 1 Madison Ave., (a) $40, (b) $854,- 
000; Arthur McMullen, Park Row Bldg., (a) 
*10, (b) $565,000; Tide Water Bldg. Co., 25 
West 26th St., (a) $22.50, (b) 
Gaffeny & Stiers, (a) $10, 
Gray Co., 
$15, (b) 
(b) $673,750; New England Construction Co., 


lumbus Ave., (a) $35, (b) $784,000. McKim, 
Mead & White, 160 Fifth Ave., are Archs. 


BUFFALO, N. Y.—A 3-sty stone and brick 
residence is to be built at Delaware Ave. 
and West Ferry St. by Thomas C. Meadows, 
Pres. Buffalo Fertilizer Co., at a cost of 
54,00. McCreary, Wood & Bradney, 607 
Mutual Life Bldg., Buffalo, are Archs. 


BRIDGETON, N. J.—The Building Com- 
mittee of the Cumberland County Board of 
Freeholders on Dec. 24 at the old Court- 
House in this city and opened bids for the 
erection of the proposed county buildings. 
Each bidder presented propositions for the 
building upon five different plans, which had 
been prepared by Watson & Huckle, |Archs., 
211 Walnut St., Philadelphia: ^ There were 
16 bidders, as follows, upon the Indiana 
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stone building that will be recommended by 
the committee: B. Ketcham & Sons, $102,- 
177; J. Meyer & Son, $112,803; James E. 
Doak & Son, $99,194; Horace B. Deal, $100,- 
567; Mark P. Weiss, $97,619; George A. 
Glenn & Co., $93,050; Edward Fay & Co., 
$104,947; Cramp & Co., $101,164; Thompson 
& Stiles, $107,858; Sax & Abbott, $113,752; 
J. E. & A. L. Pennock, $104,099: Burd P. 
Evans, $112.380; Lynch Bros., $99,400; Jo- 
seph Steelman, $106,297; H. H. Hankins, 
Bridgeton, $94,475; Walter Titus, $93,000. 
The committee will present the bids to the 
Board at the meeting Jan. 1, when the con- 
tract will be awarded. 


PHILADELPHIA, PA.—The 
Trust Co., George S. Cox, Pres., will have 
plans prepared, it is stated, for a 1-story 
bank building, to cost from $30,000 to $40,000. 

SCRANTON, PA.—C. R. Weatherhogg, 
Arch., Ft. Wayne, Ind., is preparing plans 
for a new 8500, 000 hotel in Scranton. 


PHILADELPHIA, PA.—Joseph C. Boggs 
will begin work immediately on an operation 
of 132 2-story dwcllings on the block of 
ground between Pemberton St. and Walton 
Ave., 58th and 659th Sts, which will cost 
about $300,000. 

John C. Knox, Land Title Bldg., has 
awarded to HARRY P. HAVENS a contract 
for the erection of a 4-story apartment house 
on the north side of Pine St., east of oud, 
facing Black Oak Park. It was planned by 
E. Allen Wilson, and will measure 22 x 74 ft. 

Cramp & Co., Commonwealth Bldg., have 
posted plans for the erection of a 3-story 
brick and stone 27-division school to be built 
at vJth and Race Sts. at a cost of $175,000. 
It will measure 180.4 x 88.7. A similar build- 
ing will be erected at 23d and Cambria Sts. 

Builders have been invited to estimate on 
plans for a 36-division school to be built at 
Ninth and Tasker Sts., at a cost of about 
$250,000; on a 15-division school at Second 
and Tioga Sts., and an addition to the Kelly 
School, at 28th St. and Columbia Ave. 


CLAIRTON, PA. —Bids are asked by 
Charles J. Rieger, Arch., Peoples Savings 
Bank Bldg., 307 Fourth Ave., Pittsburg, Pa., 
until 4 p. m., Jan. 3, for the erection of a 
12-room school building to be erected on lot 
situated at the corner Summit St. and Shaw 
Ave., Boro, of Clairton, Pa. Thomas J. 
Byrne is Secy. School Bd. 


PITTSBURG, PA.—Alden & Harlow, Archs., 
Farmers’ Bank Bldg., have prepared plans 
for a 10-story granite building of the Second 
National Bank, which will replace the struc- 
ture on the corner of Liberty Ave. and Ninth 
St. The first three floors of the building 
will be occupied by the bank, and the balance 
of the building will be rented for offices. 
The main entrance to the bank will be from 
Liberty Ave., and the office entrance will 
be from Ninth St. The banking room will 
open into the Ninth St. vestibule also. The 
equipment to be installed will include power 
plant, plunger elevators and freight lift. 
The present building will be razed about 
April 1 and work will be started on the new 
structure at the earliest possible date. 


WILKES-BARRE, PA.—I. M. LEACH & 
CO. have been awarded the contract for the 
erection of the Y. M. C. A. building on North 
Franklin St. It will cost about $80,000. 


*WILKES-BARRE. PA.—Bids are asked 
until 2 p. m., Jan. 14, by James M. Norris, 
*County Controller, for furnishing floor cov- 
erings, draperies and shades for the Luzerne 
County court-house. McCormack & French, 
Wilkes-Barre, are Archs. 


CORNWELLS (Maud post-office), PA.— 
Cope & Stewardson, Archs., 320 Walnut St., 
Philadelphia, have let general contract to 
STACEY, REEVES & SONS, of Philadelphia, 
for a 3-story recreation hall and dormitory 
at Cornwells, for the Sisters of the Convent 
of the Blessed Sacrament. Cost, $70,000. 


BALTIMORE, MD.—The Zell Motor Car 
Co., 1010 Morton St., which has had plans 
prepared by Edward H. Glidden, Glenn Bldg., 
Baltimore, for garage on Mt. Royal Ave., 
will erect a 3-story structure, of concrete, 
brick and steel. Cost, $50,000. 

The Wizard Amusement Co., 328 North 
Eutaw St., will erect a moving-picture thea- 
ter at 30, 32 and 34 West Lexington St. The 
lots measure 42 x 112 ft. The building will 
be fireproof; exterior of ornamental metals. 
Cost, about $75,000. 

E. D. Preston, Building Inspector, City 
Hall, has approved of working plans and 
specifications for additions to the municipal 
jail, and construction will proceed. A wing 
will be built on either end of present build- 
ing, in appearance to be three stories high, 
but interior will contain five tiers providing 
264 cells. The addition will be of fireproof 
construction, exterior of local stone. The 
cells are to be of concrete with steel rein- 
forcement. DAVID PEOPLES, 213 North 
Calvert St., Baltimore, has contract for erec- 
tion, at $148,987. Theodore W. Pietsch, 
American Bldg., Baltimore, is Arch. 

Leasehold interest in 29 lots has been sold 
by the Commonwealth Bank of Baltimore to 
Vincent M. Kearns. The lots, which adjoin, 
are on the east side of Braddish Ave., near 
North Ave. Each is 14 ft. 6 Ins. x 67 ft. 
Mr. Kearns will develop the property with 
3-story brick dwellings with marble trim- 
mings. Work on the dwellings will begin 
at once. The cost will be about $50,000. 


BALTIMORE, MD. — Arrangements are 
being made for erection of a l4-story terra 
cotta brick hotel to be built on Baltimore St., 
near Charles St. It will contain about 350 
rooms. Jerome H. Joyce, Hotel Joyce, West 
Camden St., is reported interested. 


HAGERSTOWN, MD.—The Y. M. C. A. 
contemplates erection of a $50,000 associa- 


Kensington 


tion building. Joseph C. yron is Chn. 
Bldg. Com. 
BALTIMORE, MD.—The Directors of the 


Eutaw Savings Bank have authorized im- 
provements and additions to the present bank 


building at Eutaw and Fayette Sts. The 
entire structure will be remodeled. Prop- 
erty fronting 65 ft. on Fayette St., im- 


mediately in the rear of the bank, has been 
bought and on this the addition will be 
erected. When completed this will give the 
bank space room of 65 x 135 ft. In ad- 
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dition, provision will be made in the plans 
for a lb-ft. alley both on the south and on 
the west. William M. Hayden is Pres. 


WASHINGTON, D. C.—Plans bave been 
prepared for Harry Wardman, 1333 G St., 
N. W., Washington, for A. H. Beers, 1633 
G St., N. W.. for four 3-story brick dwell- 
ings at 2112-2118 Bancroft Pl., N. W. Cost, 
5,000. 

Bids are asked until noon, Jan. 2, by the 
District Commissioners for constructing a 
12-room school building, No. 158. located on 
Hamilton Road, Square No. 5726, Garfield, 
D. C 


The U. S. Storage Co., Edward A. Macum- 
ber, Pres., 418-422 Tenth St., N. W., will ex- 
pend about $120,990 in erection of a ware- 
house at 418 and 420 Tenth St., N. W. The 
structure is to be 52 x 109 ft.; fireproof, 
cight stories high, with facade of brown- 
stone, iron and brick; columns, beams and 
flcors of reinforced concrete; steam heat, ete. 


B. Stanley Simmons, 931 F St., N. W., is 
Arch. 

ROANOKE, VA.—John Kevan Pecbles, 
Arch., Law Bldg.. Norfolk. has plans for a 


7 story bank and office building for the First 
National Bank, J. T. Meadows, Vice-Pres., 
Roanoke. Cost, $150,000. 

ATLANTA, GA.—The Capital City Club, W. 
S. Elkin, Pres., has appointed a committee 
to consider plans for erection of a $100,0U0 
club-house. 

SAVANNAH, GA. — Wallin & Young, Savan- 
nah, Archs. for the proposed Y. M. C. A. 
building, are asking bids on elevator, fire- 
escapes, Ornamental iron work and other ma- 


terials, «te. Building is 60 x 180 ft.; four 
stories and basement; brick and limestone 
exterior (erected). Cost of structure, 
$140,000, 

AMERICUS, GaA.--James Knox Taylor, 
Superv. Arch., Treasury Dept., Washington, 


D. C., received bids on Dec. 26 as follows 
for the construction of a post-office building 
at Americus, Ga.: John H. Lowe, Atlanta, 
(a., 859.875;  Wilmarth Bldg. Co., New 
„ 31.845; Algernon Blair, Montgomery, 
Ala.. SS. 800; Miles & Bradt Co., Atlanta, 
Ga. $55,000; King Lumber Co., Charlottes- 
ville, Va., $52.900; Gude & Co., Atlanta, Ga., 
751.150; George Becking, Chattanooga, 
Tenn., $51.257; Robert E. Pharrow, Atlanta, 
Ga., 855,60. Jan. 1, 1910. 

LAKE CHARLES, LA.—Bids were received 
as follows on Dee. 28 at the office of James 
Knox Taylor, Superv. Arch., Treasury Dept., 
Washington, D. C., for the construction of 
a post-office at Lake Charles, La.: Dieter 
& Wenzel, Wichita, Kan., $148,120; King 
Lumber Co., Charlottesville, Va., $114,900; 
Tom Lovell & Son, Denton, Tex., $124,707; 
Gude & Co., Atlanta, Ga., $135,600. 

NEW ORLEANS, LA.—H. T. Cottam & 
Co., 506 Tehoupitoulas St., will award con- 
tract about Feb. 25 for erection of a storage 
warehouse to occupy a city square. It will 
be a reinforeced concrete structure and will 
cost about S150,.0C0. Crosley & Henkel, New 
Orleans, are Archs, 


NASHVILLE, TIENN.—The Hermitage Ho- 
tel Co., E. A. Lindsey, Secy., Stahlman 
Bldg., has awarded contract to the SNEAD 
ARCHITECTURAL IRON WORKS, of Louis- 
ville, Ky., and to the GOULD CONSTRUC- 
TION CO., of Nashville, for steel work on 
Hermitage Hotel. The former company will 
furnish material and latter will 
construction work. The building is to be 
completed by May 15. This structure will be 
ten stories, fireproof; will contain 200 rooms. 
Estimated cost, $250,000. Carpenter & Blair, 
475 Fifth Ave., New York, N. Y., are Archs. 

NASHVILLE, TENN.—Plans have been 
prepared by Mowbray & Uinger, Archs., 
92 Liberty St., New York, for a -story bank 
and office building for the Union Bank & 
Trust Co., Nashville. Estimated cost, 
$150,000. - 

WAPAKONETA, OHIO.—It is stated that 
Marriott & Allen, Archs., Columbus, have 
completed plans for a 2-story county in- 
firmary for the Board of Commissioners of 
Auglaize County, Wapakoneta. The building 
Will cost 8.0. 

LISBON, OHIiO.—Bids are asked until Jan. 
4 by C. H. Cobourn, County Audr., for re- 
modeling and repuiring the Insane Building 
at the County infirmary. 


FORT WAYNE, IND.—Trustecs of the 
English Lutheran Church will receive bids 
as soon as plans are completed for the erce- 
tion of a $550,000 church; also for a pipe 
organ. 

INDIANAPOLIS, IND.—Plans for the City 
Wall building will be completed and ready 
to submit to the Board of Public Works some 
time after Jan. 15, and bids will be re- 
ceived some time in February, according to 
Rubush & Hunter, Archs., who have charge 
of the work. Gcorge M. Brill, 204 Dcarborn 
St., Chicago, is Superv. Engr. 

INDIANAPOLIS, IND.—Plans are being 
made by the Great Council of Red Men in 
this city for the construction of a $300,000 
temple on corner of Delaware and Vermont 
Sts. 

EVANSVILLE, IND.—Capt. Lee Howell 
has ordered plans on which bids will be 
asked for the construction of a business 
block on Broadway. 

PENNVILLE, IND.—The People's State 
Rank has ordered plans for the construction 
of a brick building on the site of the 
building recently destroyed by fire. 

The Home Union Store Co. will ask for 
bids for the erection of a business block 
us soon as insurance is adjusted. 


ALEXANDRIA, MICH.—James Knox Tay- 
lor, Superv. Arch., Treasury Dept., Wash- 
ington. D. C., received bids as follows on 
55%. 23 for the construction of a post-office 


building at Alexandria, Minn.: Earle & 
Aiton, Alexandria, Minn.. 841.258; J. W. 
Moller, St. Paul, Minu.. 843.371; Steward & 
Hager Co., Janesville, Wis., 849,500; North- 


ern Construction Co., Milwaukee, Wis., $46,- 
Ooo: P. M. Henn: ssey Construction Co., St. 
Poul, Mion, 45 C08: John Lauritzen, Fergus 
Pals. Minn, 81.67; General Construction 
Co., Milwaukee, Wis., $44,440. Time, Dec. 
15, 1900. 


undertake’ 


ALTON, ILL.—James Knox Taylor, Superv. 
Arch., Treasury Dept., Washington, D. C., 
received as follows on Dec. 29, bids for the 
construction of a post-office building at Al- 
ton, III.: Hiram Lloyd Building & Con- 
struction Co., St. Louis, Mo., $64.957; Gia- 
como Maffiola, Rockford. III., $66.270; V. 
Jobst, Peoria, III., $63,498; Charles W. Gin- 
dele, Chicago, $63,275: Globe Construction 
Co., St. Louis, $60,088; J. E. Simmons, 
Chicago, $74,546; C. L. Gray Construction 
Co., St. Louis, 863.356; M. Yeager & Son, 
Danville, III., $68,460; Paschen Bros., Chi- 
cago, $66,851; Henry Shenk Co., Erie, Pa., 
S6G,.078; J. J. Wuellner & Son, Alton, III., 
K. 159; Barnes Bros., Hamilton, Ohio, $65,- 
90; English Bros., Champaign, III., $68,730; 
F. M. Roode & Co., Tipton, Ind., $69,400; 
Northern Construction Co., Milwaukee, Wis., 


86.470: North Western Construction Co., 
Reuo, Nev., $68,749. 
CHICAGO, ILL. —Bids are asked by the 


West Chicago Park Commissioners until 4 
p. m., Jan. 12, for the construction of the 
Field House, including gymnasium, shower 
baths, public lavatories, lunch room, library 
and reading rooms, assembly hall, club 
rooms, etc., together with swimming pool, 
dressing rooms and accessories in Small 
Park No. 2, located at West 14th Pl., South 
Jefferson, Union and Barber Sts., Chicago. 
G.orge A. Mugler is Secy.: W. Carlys Zim- 
merman, Steiuway Hall, Chicago, is Arch. 


DECATUR, ILL.—Bids will be received 
about Jan. 15 by Charles J. Aschauer, Arch., 
Powers Bldg., for a 3-story stone bank, 
ofice and club room building, 100 x 150 ft., 
to be erected at Water and Main Sts., for the 
Citizens’ Safe Deposit Co., George S. Conn- 
rad, Cashier, 162 Merchant St. 


GREEN BAY, WIS.—We are officially ad- 
vised that the Board of Education will erect 
a 3-story school, to be known as the West 
Side High School, and to cost $125,000. J. 
C. Llewellyn, First National Bank Bldg., Chi- 
cago, III., is Arch. 


MADISON, WIS.—The Modern Steel Struc- 
tural Co., Waukesha, Wis., has been award- 
ed the contract, at $79,009, for furnishing 
steel for the south wing and part of the 
central portion of the new State Capitol, 
at Madison. 


KENOSHA, WIS.—T. Gaastra, Arch., 305 
Main St., is preparing plans for a 2-story 
school building, 75x192 ft., for the Board of 
Education, John E. Williams, Chn. Bldg. 
Com. 


ST. PAUL, MINN.—The State Historical 
Society, W. Upham, Secy., City, plan to con- 
struct a library building here. It will be 
three stories high and of fireproof construc- 
tion. Cost, $150,000. 

The Knights of Columbus, W. M. Stephen- 
son, Grand Knight, city, propose to con- 
struct a $100,000 3-story pressed brick and 
cut stone club house at Fifth St. and Smith 
Ave. It will have an auditorium, gymna- 
sium and swimming pool. 


ST. LOUIS, MO.—According to the St. 
Louis ‘‘Globe-Democrat,’’ Walter J. Hol- 
brook, Pres. of the Holbrook-Blackwelder 
Real Estate Trust Co., has announced that 
he had completed plans for the erection in St. 
Louis of a department store building. The 
store is to be located on Olive St., and will 
represent an outlay of over $2,000,000 for the 
building, exclusive of the ground. 


ST. LOUIS, MO.—Milligan & Wray, Archs., 
721 Olive St., have prepared plans for a 3- 
story and basement maniacal building for the 
Board of Public Improvements. z W 
O'Reilly, Pres. Cost, 565,000. 


DALLAS, TEX.—Plans have been prepared 
for erection of addition to St. George Hotel 
and for remodeling the older portion of the 
present building. The new structure will 
have four stories and basement, with founda- 
tion sufficiently strong to permit erection of 
two additional stories. Estimated cost, 
$50,000. 

TULIA, TEX.—It is reported that the 
Commissioners Court of Swisher County has 
let entire contract to MARTIN, HOLDER- 
NESS & OATS, Stamford, Tex., at $55.694, 
for the erection of a 3-story and basement 
brick and stone court- house. W. B. Hale 
is County Judge; Withers & Elliott, Stam- 
ford, are Archs. 


*SAN ANTONIO, TEX.—Bids are asked by 
James Knox Taylor, Superv. Arch., Treas- 
ury Dept., Washington, D. C., until 3 p. m., 
Feb. 4, for the construction (complete) of the 
extension to the U. S. post-office and court- 
bouse at San Antonio. 


STILLWATER, OKLA.—It is stated that 
the Oklahoma Agricultural and Mechanical 
College will expend $25,000 for construction 
of a 3-story boys’ dormitory from plans by 
W. A. Atherton, Stillwater. The contract to 
be awarded about Jan. 8 The structure will 
be 37 x 132 ft., of fireproof and mill con- 
struction. Mr. Atherton is preparing plans 
for a $60,000 woman’s building for same col- 
lege, on which bids will be received about 
March 1. 


SEATTLE, WASH.-—James Knox Taylor, 
Superv. Arch., Treasury Dept., Washington, 
D. C., has awarded contract for the con- 
struction of the Government buildings at 
the Alaska-Yukon-Pacific Exposition to be 
held in Seattle in 1009, to STREHLOW, 
FREESE & PETERSON, of Seattle, Wash., 
at $220,000. Time, May 1, 1909. 


SPOKANE, WASH.—We are officially ad- 
vised that the Spokane Trust Co. has leased 
from the Odd Fellows property at the corner 
of Main Ave. and Waverly St. for a term of 
25 years, upon which they will erect an of- 
fice building to cost about $150,000. Plans 
are being prepared. 

At a recent meeting of the Board of Health 
it was decided to let the contract, through 
the Board of Public Works, to JOHN T. 
HUETTER for building the west wing of the 
new isolation hospital. The price named 
is $24,361, and includes everything con- 
nected with construction of the wing, wiring, 
plumbing, heating, etc. The building, when 
completed, will cost $51,500. 

FORT STEVENS, ORE.—Bids are asked 
by the Constructing Quartermaster until 2 
p. m., Jan. 13, for the construction, plumb- 


Ing. heating and electric wiring and fixtures 
of one gymnasium and bowling alley and 
four double sets of N. C. O. quarters and 
wiring and fixtures of one double set of fire- 
men’s quarters at Fort Stevens. 


PORTLAND, ORE.—C. W. Fulton, U. 8. 
Senator, has introduced at Washington a Dill 
appropriating 82,500,000 for a public build- 
ing in Portland; $500,000 for a public build- 
ing in Astoria, and $100,000 for a public 
building in Oregon City. The appropriation 
for $2,500,000 is for purchasing a site and 
erecting thereon a post-office building in this 
city. It is estimated that the site can be 
bought for about $500,000 and the remainder 
of the appropriation to be used in the con- 
struction of a building. 

Announcement has been made by David C. 
Lewis, Arch., that the Lewis Estate will be- 
gin the construction of a 10-story reinforoed- 
concrete office building Immediately on the 
corner of Fourth and Oak Sts. The build- 
ing will have a frontage of 60 ft. on Fourth 
St. and 100 ft. on Oak St. The building, 
complete. will cost about $200,000 and will 
require about twelve months to erect. 


SACRAMENTO, CAL.—The contract Com- 
mittee of the Board of Supervisors has 
recommended that the Sewart Jall Co. be 
awarded the contract for the steel cell work 
in the new county jail building. The contract 
was let for three tiers. The Stewart Co.'s 
bid was $31,890 for two tiers, and $41,340 
for three tiers. The other bid considered 
by the board was that of the Pauly Jail Co. 
of $62,123 for two tiers and 581,313 for 
three. 

LOS ANGELES, CAL.—At an estimated ex- 
pense of $160,000, a new tuberculosis pa- 
vilion, a new maternity ward and an ad- 
ministration building will be added to the 
county hospital's equipment the coming year. 
Plans for the new buildings are being pre- 
parcd and have been submitted to the Super- 
visors. Dr. D. C. Barber is Supt. 


FORT ROSECRANS (San Diego post-office), 
CAL.—Bids are asked until Jan. 12 by Lieut. 
Earl McFarland, Constr. Q. M., for con- 
struction, plumbing, electric wiring and fix- 
tures, two double sets of N. C. O. quarters 
at Fort Rosecrans, 


SAN FRANCISCO, CAL.—A permit has 
been granted to the Estate of Claus Spreckels 
for construction of a 2-story and basement 
building on the north side of Market St., 226 
ft. west of Eddy St., designed for stores 
and offices. The estimated cost of the build- 
ing is $70,000. 

A building having six stories and a base- 
mcnt is to be erected at the corner of Second 
and Howard Sts. by Knickerbocker, Barker 
& Bostwick. It will be of brick, with the 
first floor laid out for store purposes, and 
the uppcr floors for wholesale tenants. The 
area of the building site is SO x SU ft. The 
owners have secured a loan of $95,000 on 
their property at the corner of Second and 
Natoma Sts., covering a lot 57 x 75 ft. The 
moncy obtained on this mortgage will be used 
to pay off a smaller loan now on the property 
and the balance will be used to construct the 
new building. 

An apartment building is to be erected by 


A. W. Wilson at the corner of Clay and 
Gough Sts. The area of the building is 80 x 
102 ft. Work on the building was begun be- 


fore the fire, and the foundation walls were 
finished. The building will be of brick, 
with cream-colored pressed brick and terra 
cotta exterior. Each of the five floors will 
be arranged for two suites of apartments, of 
eleven rooms each, with three baths, but- 
ler's pantry,. spacious rooms and reception 
halls. The finish will be in pine and oak. 
Vacuum cleaners, automatic elevators, a re- 
frigerator for every panty, steam heat and 
other modern features will be installed. C. 
A. Meussdorffcr, Humboldt Bank Bldg., is 
Arch. 

SAN JOSE, CAL.—Bids are asked until 3 
p. m., Jan. 19, by the Board of Trustees of 
the San Jose State Normal School, at the 
office of M. E. Bailey, Secy., on the Normal 


Grounds, San Jose, Cal., for construction of 
Normal school buildings. Bids will be re- 


ccived as per plans and specifications in the 
several following ways: First, complete 
Normal building, excluding power-house and 
plant; s‘cond, complete Normal building, ex- 
cept auditorium part; third, complete Normal 
building, except auditorium part, but in- 
cluding power-house and plant complete; 
fourth, power-house and plant complete. 
Scllon & Hemmings, 251 Kearny St., San 
Francisco, Cal., are Archs. 

FORT BAYARD, N. MEX.—Capt. S. P. 
Vestal, Q. M. at Fort Bayard, is about to 
call for bids for the construction of build- 
ings, the combined cost of which will ag- 
gregate about $250,000. The last Congress 
appropriated $214,000 for these improve- 
ments, and the money being now available, 
work will start at once. It is expected that 
it will take at least a year to complete the 
improvements, which contemplate the tear- 
ing down of the present officers’ row and 
substituting therefor six double sets of offi- 
cers’ quarters, each two stories ni height, 
one single set and quarters for the nurses 
ef the Government hospital, also a store- 
house for the medical department. There 
will be 20 rooms in each double set of offi- 
cers’ quarters, which will be f brick, two 
stories in height, and will have a 2-story 
front veranda for sleeping purposes. 


MONTREAL, QUE.—It is reported that J. 
A. Jacobs will erect a number of stores on 
the property at the corner of St. Catharines 
and St. Alexander Sts, which he recently 
purchased for $100,000. 


WATER SUPPLY—IRRIGATION. 


*PROVIDENCE, R. I.—Bids are asked un- 
til 11 a. m., Jan. R, by the Department of 
Public Works for furnishing the following 
sizes of ¢c.-i. water pipes: 618 tons of 2,000 
lbs. ,16 Ins. in diameter; 309 tons of 2,000 
lbs., 12 ins.; 60 tons of 2,000 Ibs., 8 ins.: 
316 tons of 2,000 lbs., 6 ins.; 10 tons of 2,000 
lbs., 4 ins. The delivery to commence on or 
before March 15, 1909, and to continue as 
rapidly as required and to be fully completed 
on or before June 1, 1909. Walter F. Slade 
is Comr. 


EARLVILLE, N. Y.—The Water Board of 
this village have voted to install a system 
of meters. 


NIAGARA FALLS, N. Y.—The City En- 
gineer is preparing plans for the construc- 
tion of an intake pipe line, 1,500 ft. into the 
river, and for a filtration plant ef 15, 000.0 
gallons daily capacity. 


PERTH AMBOY, N. J.-HARDIMAN & 
DEDRICKSEN have been awarded contracts 
by the Water Board for laying 1,500 ft. of 
G-in. water pipe on Hall Ave., Pacific Ave., 
and Sheridan St. Thomas J. Clark is Pres. 


MUNHALL, PA.—Bids are asked by H. I. 
Maclay, Secy. Boro. Council, until 5 p. m., 
Jan .4, for laying about 2,530 ft. of 6-in. 
water line in certain streets; also 1,560 ft. 
of S-in. water line in the Eighth Ave. exten- 
sion, and for furnishing and connecting 32 
fire plugs. 


PHILADELPHIA, PA.—Revised plans for 
the filter beds and buildings at Qucen Lane 
have been completed, and bids wili be asked 
early in the new year. Estimated cost, 
about $2,000,000. George R. Stearns is Dir. 
Pub. Wks. 


WARREN, PA.—W. R. LAVERY has been 
awarded the contract for constructing a fil- 
tration plant for the American Water-Works 
1 Guarantee Co., 345 Fourth Ave., Pitts- 

urg. 


WASHINGTON, D. C.—Bids were opened 
on Dec. 21 by the Commissioners, District 
of Columbia, for equipping au auxiliary 
water system and fire protection for the 
Home for the Aged and Infirm, subdivisions 
of Bellevue and Blue Plains. The contract 
has been awarded to P. H. & I. CONLON, 
of Newark, N. J., at $6,388. 

PRINCETON, W. VA.—The Princeton 
Watcr-works Co. contemplates the con- 
struction of water-works. M. J. Cook, Hin- 
ton, W. Va., is interested. 


EAST POINT, GA.—Bids are asked by the 
city until Jan. 19 for furnishing equipment 
for the construction of water-works. E. H. 
Davis, Griffin, Ga., is Engr. 


*DAYTONA, FLA.—Bids will be received 
by the Board of Public Works, City Hall, 
until 3 p. m., Jan. 25, for furnishing ma- 
terials and constructing a system of watir- 
works here. C. M. Rogers is Engr. Plans 
and specifications are on file at the office 
of Engineering News, New York. 

PALMETTO, FLA.—Bids will be received 
until Jan. 5 for a 100-ft. tower and 50,090- 
gallon tank, riser pipe, foundation, etc., 
complete. E. F. Wilson is Mayor. 

CLEARWATER, FLA.—The city has voted 
$25.000 of bonds for the construction of 
water-works, the pumps to have a capacity 
of 400 gallons per min. 

MONTGOMERY, ALA.—The citizens voted 


on Dec. 14 to issue $25,000 of bonds for 
water-works extension. Wm. Teague is 
Mayor. 


SCRANTON, MISS.—The city will lay 
about two miles of c.-i. pipe, with hydrants 
and valves, and will construct a 75.000-gal- 
lon steel tank and tower, and install hy- 
draulic ram to pump from flowing artesian 
well. Walter G. Kirkpatrick, Jackson, Miss., 
is Engr. 


MERIDIAN, MISS.—Bids were opened on 
Dec. 8 by the City Water-Works Commis- 
sion as follows: Reinforced concrete reser- 
voir: Cook Construction Co., Des Moines, 
lowa, $17,500; Piedmont Construction Co., 
Atlanta, Ga., $11,935; C. W. J. Neville, New 
Orleans, La., $12,984; Paul N. Kershner, 
Dayton, Ohio, 512,000; Dubush-Dobbs Con- 
struction Co., Meridian, $12,000; Missouri 
Valley Bridge & Iron Co., Dallas, Tex., $14,- 
490; J. A. Ormberg, Memphis, Tenn., $15,- 
900; H. M. Severance, Shreveport, La., $18,- 
522; Gallagher & Erdman, Columbia City, 
Ind., 512,362; Southern Improvement Co., 
Memphis, Tenn., 516,970; Charles R. Lewis, 


Utica, N. Y., $12,822; Constantin, Rees & 
Guerin, New Orleans, La., $14,950; West 


Construction Co., Chattanooga, Tenn., 813,“ 
723; Foulks-Forbes Co., Terre Haute, Ind., 
$12,650. For a §,000,000-gallon horizontal 
cross compound and fly-wheel pumping en- 
gine: Nordberg Mfg. Co., Milwaukee, Wis., 
two sizes, $18,800 and 522,350; Platt Iron 
Works, Dayton, Ohio, $15,500; Hardy-Tynes 
Mfg. Co., Birmingham, Ala., three sizes, 
5 16.650, $16,005 and $15,400; Fred. M. Pres- 
cott Co., Milwaukee, Wis., two sizes, $14.210 
and $16,377; Wilson-Snyder Mfg. Co., Pitts- 
burg, Pa., $17,600; Hoovens-Owens-Rensalaer 
Co., Hamilton, Ohio, four sizes, Sie e, 
$19,750, $20,750 and $20,450; Allis-Chalmers 
Co., Milwaukee, Wis., three siz:s, 516,790, 
$15,700, $17,144 and $16,050; Jeansville Iron 
Works, Hazleton, Pa., two sizes, 518,880 
and 521.956; A. M. Lockett & Co.. New Or- 
leans, La., $12,330; Wisconsin Engine Co., 
Milwaukee, Wis., two sizes, $18,300 and $17,- 
300; Canton-Hughes Pumping Co., Canton, 
Ohio, two sizes, $14,159 and $13,650. W. G 
Wetmore is City Engr. 


SPARTA, WIS.—The Water Commission is 
now investigating the question of construct- 
ing a reservoir, of about 300,000 gallons ca- 
pacity, 40 x 25 or 30 ft., of concrete or stecl. 
Nothing definite will be done until spring. 
Howard Teasdale is Pres. 


DENISON, IOWA.—Bids, including plans 
and specifications, will be received until Feb. 
1 by M. D. Wright, Chn. Water Commission, 
for boring an artesian well, 12 ins. in 
diameter, at the surface and not less than 4 
ins. at the bottom; depth, 2,000 ft. if neces- 
Bary. 


WINTERSET, IOWA.—The City Council on 
Dec. 14 awarded the contract to the DES 
MOINES BRIDGE & IRON WORKS, Des 
Molncs, Iowa, for the construction of the 
water-works system here at $54,490. Other 
bidders were: G. Joeger, Rich Hill. Mo., 
$57,300; Turner Roland Co., Des Moines, 
$56,900; T. C. Brooks & Son, Jackson, Mich., 


5 9.980; Cook Construction Co., Des Moines, 
£58,420; W. D. Lovell, Minneapolis, Minn., 
$57,840; Katz-Craig Construction Co., 


Omaha, $58,888. 

MINNEAPOLIS, MINN.—Bids will be re- 
ceived -by the city until 7.30 p. m., Jan. 8, 
for the following material for water-works 
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construction during season of 1909: C.-L 
pipe, 1,784 tons; special castings, 125 tons; 
hydrants, 100 D. S.: valves, 100 6-in., 15 8- 
in., 12 12-in., 2 24-ip. Andrew Rinker is 
City Engr. 

SPOONER, MINN.—George E. Ericson, of 
Spooner, has prepared plans for the construc- 
tion of water-works. Estimated cost, $15,- 
6000. C. II. Dodds is Village Clk. 


ST. PAUL, MINN.—The DIMMICK PIPE 
CO., Birmingham, Ala., was awarded the 
contract on Dec. 14 by the Water Board for 
the water pipe for the city the coming year 
at about $60,000. The contract calls for 
between 14 and 15 miles of pipe. 

The SOUTH PARK MACHINERY CO., St. 
Paul, received the contract for the hydrants 
for next year, at 55, 000. L. W. Rundlett is 
City Engr. 

EVELETH, MINN.—The lowest bid opened 
on Dec. 14 by the City Council for a steel 
water tank of 300,000 gallons capacity was 
submitted by the Chicago Bridge & lron Co., 
15th and Throop Sts., Chicago, III., at $12,- 
850. 

The lowest bid for the pipe line from the 
city pumping station at St. Mary's Lake to 
the site of the water tank was that of P. G. 
Pastoret, of Duluth, at 512,834. 


EAST GRAND FORKS, MINN.—Bids will 
be received by the City Council until Jan. 
5 for furnishing and installing a pumping 
plant for the municipal water-works. C. P. 
Zitinmerman is City Clk. 


WICHITA, KAN.—Bids will be recelved 
until Jan. 1 by R. N. Dorr, City Cik., for 
constructing water-works. 


WELLINGTON, KAN.—Bids are asked un- 
til Jan. 18 by the city for the erection of a 
water tank 140 ft. in height, and of a capac- 
ity of 150,000 gallons. 

GRAND FORKS, N. DAK.—The City Coun- 
cil on Dec. 15 awarded the contract to the 
ROBERTS FILTER MFG. CO., Philadelphia, 
for a mechanical filter plant, at $3,017. The 
contract for the pump house was awarded 
to the NORTHERN CONSTRUCTION & EN- 
GINEERING CO., at $0,175. J. J. Smith is 
City Engr. 

HAMILTON, MONT.—The Bitter Root Val- 
ley Irrigation Co. will dig an S5-mile ditch 
here to water 65,000 acres of land. 


MISSOULA, MONT.—CLINTON & DES- 
MARAIS have secured the contract for re- 
building the dam of the Grass Valley Ditch 
Co 


BOONVILLE, ARK.—See {tem under Light 
and Power Plants. 


CLINTON, OKLA.—Bids are asked by the 
town until 8 p. m., Jan. 5, for furnishing 
all tools, labor and material for about 40 
blocks extension to the distributing system 
of the water-works. S. J. Storm is Town 
Clk. 


HOOKER, OKLA.—See item under Light 
and Power Plants. 


HOLLY, COLO.—Bids will be received un- 
til Jan. 6 by N. F. Vidal, Town Clk. for 
furnishing machinery for the water-works, 
separate bids to be submitted as follows: 
Generator and switchboard.. deep well pump 
and motor: underwriter pump and boiler feed 
pumps; 125-HP. automatic high-speed en- 
gine; steam boilers, stack and heater, all to 
be f. o. b. cars, Holly; for erecting above 
material and constructing foundations and 
furnisbing and installing steam piping, wir- 
ing and placing same in operation; also bids 
to include all the work and machincry. 
Burns & McDonnell are Engrs., Scarritt 
Bldg., Kansas City, Mo. 


TACOMA, WASH.—The City Council on 
Dec. 16 voted $250,000 for the improvement 
and extension of the water system. More 
wells will be dug at South Tacoma and a 
pipe line will be built from Maplewood 
Springs. A. J. Whitney is Engr. W.-Wks. 


SPOKANE, WASH.—The Board of Public 
Works on Dec. 16 awarded the contract for 
a 4-mile force main to be laid from the 
pumping station to Division St., to JAMES 
C. BROAD, 2115 Dean Ave., Spokane, at 
$103,708. J. C. Ralston is City Engr. 


*GRIDLEY, CAL.—The Board of City 
Trustees on Dec. 14 received five bids for 
the construction of the steel tank and tower 
for the city water-works system. The bids 
were as follows, Minneapolis Steel & Ma- 
chinery Co., San Francisco, $4,350; Chicago 
Bridge & Iron Works, Chicago, $3,480% DIES 
MOINES BRIDGE & IRON WORKS, Des 
Moines, Iowa, $3,880 (awarded contract); 
Hugh McGuire, Marysville, Cal., $4,307; Ed- 
ward Cahill, San Francisco, $4,900. Mr. 
Cahill made a bid of $4,650 for a concrete 
tank and tower. 


SAN FRANCISCO, CAL.—Following the 
dissolution of an infunction on Dec. 18 by 
Judge Scawell, secured by the D'Olier Engi- 
neering Co., of Philadelphia, Pa., restraining 
the Board of Public Works from entering 
into a contract with the Byron Jackson Iron 
Works to furnish tbe pumps for the auxil- 
jary water system and the new fireboats, 
final action upon the disputed contract was 
taken, when the Raard awarded the contract 
to the BYRON JACKSON IRON WORKS, 
61 Fremont St., San Francisco, at $120,000. 
Noted last week. 


SALT LAKE CITY, UTAH.—Bids will be 
received until Jan. 8 by the Board Public 
Works for constructing a pipe line in the 


19th Ward irrigation district. Louis C. 
Kelsey is City Engr. 
POCATELLO, IDAHO.—The BANNOCK 


ENGINEERING CO., of Pocatello, has been 
awarded the contract for the construction 
of 17 miles of canal for the Portneuf-Marsh 
Valley Irrigation Co., to deliver water to 
the Carey act tract about 40 miles east of 
here. 


BOISE, IDAIIO.— The Owyhee Land & Ir- 
rigation Co. has been incorporated and will 
develop a Carey act project of 42,000 acres 
on the south side of the Snake River. The 
waters of Castle, Meadows and Spring Creek 
will be utilized, together with storm waters 
of Boulder Creek. Large reservoirs will be 
build on Castle Creek. The work of con- 
struction will begin at once. M. D. Polk 
is Pres.; C. S. Polk is Secy. and Treas. 


SEWERAGE. 


(° denotes that this work is advertised in 
Enginecring News.) 


LAKE PLEASANT, MASS.—The construc- 
tion of a sewerage system for the protection 
of the water supply of the Turner Falls Fire 
District is being considered. 

MONSON, MASS.—Surveys are being made 
for the construction of a sewerage system 
here. C. T. Peck is Town Clk. 


NEW LONDON, CONN.—W. H. Richards, 
Engr., has presented to the Board of Water 
and Sewer Commissioners a plan to carry a 
great part of the city’s Sewage out into 
Long Island Sound. Estimated cost, $15,000. 


HARTFORD, CONN.—The following bids 
were received by the Board of Contract and 
Supply on Dec. 25 for the construction of 


1,050 lin. ft. of sewer in Windsor St.—(a) 
1s-in. tile, (b) Jo-in. tile, (e) manholes, (d) 
house connections, (e) branch connections: 
F. B. & W. H. O'Neil, Hartford, (a) $1.41, 
(b) 81.25, (© S25, (d) $5, (e) 50 cts.; Ber- 
ardino & Silvestri, Hartford, (a) $1.47, (b) 
81.38. (c) $40, (d) $10, (e) 50 cts.; Charles 
H. Slocomb, Hartford, (a) 81.35. (b) 81.25, 
(e) S40, (d) $7.50, (e) 81: Hartford Paving 


& Construction Co., Hartford, 
$1.60, (c) 855, (d) 810, 
Ferranti, Hartford, (a) S2, (b) 81.75. (c 825. 
(d) $10, (e) $2.25; Eveline Bros., New Brit- 
ain, (a) $2.18, (b) $1.80, (© S50, (d) 812, (e) 
50 cts. The bids were referred to the City 
Engineer for computation. 


BROOKLYN, N. Y.—We are officially ad- 
vised that the EMPIRE CONTRACTING CO., 
234 Ssth St., Brooklyn, has been awarded 
contracts by the Borough for constructing 
sewers in Hinckley Place, from Coney Island 
Ave. to Stratford Road; Toth St., from Eighth 
to Eleventh Aves.; Senator St., from First 
to Second Aves.; and in Sccond Ave., from 
Tist to 73d Sts. 


NEW YORK, N. Y.—Bids were received as 
follows on Dec. 24 by Louis F. Haffen. Pres. 


(a) $1.70, (b) 
(e) $2.25; John M. 


Boro of The Bronx, for the construction of 
sewers: Antonio Mansecuolli, 168 East 205th 


St., 828,910; Wakefield Construction Co., 
S36,540; Voorhees Sullivan, $40,929; John 
B. Malatesata, 3169 Jerome Ave., 815,148; 
P. J. Duffy, 2137 Broadway, $27,706; D. W. 
Moran, 562 Burnside Ave., $33,024. 

PASSAIC, N. J.—The Sewer Committee of 
the City Council on Dec. 18 awarded the 
contract for a sanitary sewer in Highland 
Ave., between Dayton and Barbour Aves., to 
JOHN T. HARRON. There were two other 
bidders, James Maybury & Son and the De 
Vogel Contracting Co. 


ELIZABETH, N. J.—Bids are asked until 

p. m., Jan. 1, by the City Council for 
constructing a sewer in Linden Ave. The 
work includes 640 lin. ft. of 10-in. pipe 
sewer, caulked joints, 46 6-in. connection, 
four manholes, 46 ½ turns, 828 lin. ft. of 
6-in. pipe to curb. N. K. Thompson is St. 
Comr. 


CAPE MAY, N. J.—Harvey Bennett, Cape 
May, has submitted the lowest bid to the 
Council for the construction of storm sewers 
in the new Cape May tract. 


SCOTTDALE, PA.—J. B. Hogg, of Con- 
nellsville, Pa., has been instructed by the 
Council to prepare plans for sewers in case 
in the future a disposal plant is ordered to 
be put in. The entire watershed surround- 
ing Scottdale is now being surveyed. The 
sewage empties into Jacobs Crook, a sulphur 
stream, but in case it should ever clear the 
State will order sewage disposal works. 


®*CHARLESTON, W. VA.—Bids will be re- 
ceived by the Board of Affairs until Jan. 6 
for constructing sewers here. Estimated 
cost, $30.000. W. A. Hogue is City Engr. 

EAST POINT, GA.—Bids are asked until 
Jan. 19 by the city for the construction of 
about twelve miles of sewerage. Estimated 
cost, $20,000. 


CLEARWATER, FLA.—The city has voted 
$15,000 of bonds for sewer construction, sew- 
ers to be of salt-glazed terra-cotta pipe. 


MONTGOMERY, ALA.—The city has voied 
N25. 0% of bonds for extending the sanitary 
sewerage system. W. M. Teague is Mayor. 

BOGALUSA, LA.—ERWIN BROS., New 
Orleans, La., have been awarded the con- 
tract for constructing a sewer system here. 


LOUISVILLE, KY.—The contract for the 
construction of Section D of the Beargrass 
interceptor, Contract 16, was awarded on 
Dec. 18 by the Commissioners of Sewerage 
to T. J. O'CONNELL, 218 South Ann St., 
Baltimore, Md., at about $40,000. Scetion D 
is about 2,000 ft. long, and extends from 
Shelby St. and Broadway to Logan St. J. 
B. F. Breed is Ch. Engr. 


LANCASTER, OIIIO.— The State Board of 
Health has approved plans for the construc- 
tion of a new storm water sewer. 


CANTON, OHIO.—The Council on Dec. 15 
passed the ordinance providing for an issue 
of $24,800 of bonds for constructing a storm 
water sewer in Liberty St., from Saxton St. 
to Nimishillen Cre.k. J. A. Starrett is City 
Engr. 


NEY, OHIO.— Plans have been approved 
by the State Board of Health for the con- 
struction of a sewerage system here. 


COLLEGE HILL (Cincinnati post-office), 
OHIO.—J. <A. Stewart, of Cincinnati, has 
preparcd plans for the proposed sewerage 
system and sewage purification plant, for 
which the State Board of Health has ap- 
provel plans. Noted on Dec. 24. 


WOOSTER, OHI!IO.—Bids are asked by the 
Board of Public Service until noon, Jan. 8, 
for constructing sewers in Spink St., from 
Stibbs to University Sts. C. W. Van Nest 
is Clk. Bd. 


FORT WAYNE, IND.—We are officially 
advised that the contract for the construc- 
tion of a sewer in the alley east of Short 
St. has becn awarded to ANTON RIEG. Bids 
were opened by the Board of Public Works 
on Dec. 27. H. W. Becker is City Clk. 


WINCHESTER, IND.—RBids are asked by 
the City Council until noon, Jan. 6, for the 
construction of a large sewer here. 


HASTINGS, MICH.—The Common Council 
has passed a resolution for the construction 
of sewers in Green, Anover and Marshall 
Sts. James M. Patten is Clk. 


GRAND RAPIDS, MICH.—The Board of 
Public Works on Dec. 19 let the contracts 
for the sewage pumping machinery. The 
BUFFALO STEAM PUMP CO., 490 Broad- 
way, Buffalo, secured the contract for the 
pumps alone, not installed, at $27,370. The 
engines will be delivered here aud erected 
by the Board on the day labor plan or by 
some local firm. The contract for the elec- 
trical equipment was let to the WESTING- 
HOUSE ELECTRIC MFG. CO., 209 Ninth 
St., Pittsburg, Pa., at $16,209. This in- 
cludes the dynamos, their erection, wiring 
and electrical construction. 


PEORIA, ILL.—The construction of new 
sewer systems is being considered by the 
Board of Local Improvements. Two systems 
are planned, one in the extreme lower and 
one in the extreme upper end of the city. 
Under a r solution introduced on Dee. 15 
the Board and Engineering Department will 
proceed to prepare plans for a system that 
includes the territory embraced in the 
Eighth, most of the Sixth and a part of the 
500 Wards. Estimated cost, about $300,- 
000. 


ST. PAUL, MIN N.— The Board of Alder- 
men passed a resolution on Dee. 15 author- 
izing the issue of $150,000 of sewer bonds 
for the construction of main sewers here. L. 
A. Rundlett is City Engr. 


RED WING, MINN.—A. R. Rhame, City 
Engr., has prepared plans for s wer exten- 
sion in West End to include tile pipe 112 
miles long. Bids will be asked in the spring. 
Estimated cost, $50,000. Leon Meyers is Clk. 


WINFIELD, KAN.—Bids are asked until 
7.50 p. m., Jan. 4, by George W. Sloan, City 
Clk., for furnishing material and labor and 
constructing sewers in s«wer districts Nos. 
6 and 7. Charles M. Wallace is Mayor. 


WICHITA, KAN.—B. C. Wells, Engr., City 
Hall Bldgs., is preparing plans for the con- 
struction of a vitrified pipe main sewer. 
Estimated cost, 850.000. 

LEAVENWORTH. KAN.— Plans are being 
preparcd by A. Maduska, Engr., Leaven- 
worth, for the construction of sewers in 
District No. 9, to include SOO ft. of 10 and 
15-in. pipe. J. H. Kirmeyer is City Clk. 

FORT ROBINSON, NEB.—Bids for the 
construction of the sewer system and water- 
works here have been received as follows: 
Tinsway & Garrand, Sheridan, Wyo., $17,- 
3); J. J. Hanighen, Omaha, Neb., $12,538. 
9 8 a T. Arnold is Constructing Q. M., 


REDFIELD, S. NAK.—The following are 
the bids opened on Dee. 14 by the city for 
constructing 2,160 ft. of 15-in., 1,920 ft. of 
18-in. and ten manholes: James Kennedy, 
Fargo, N. Dak., $17,740; G. W. Haggart, 
Fargo, $16,987: A. I. Olding, Redfield, X18,- 
957; J. J. DUNNEGAN, Shenandoah, Iowa, 
$13,506 (awarded contract). 


HUBBARD, TEX.—The city has voted $15,- 
000 of sewer and street improvement bonds. 
W. Q. Bowman is Mayor. 

SHAWNEE, OKLA.—It is proposed to con- 
struct 6 and 8-in. vitrified pipe sewers here. 
Estimated cost, $25,000. F. D. Brown, of 
Shawnee, is Engr. 

DENVER, COLO.—The following bids were 
opened on Dec. 14 by the city for construct- 
ing storm sewers and appurtenances in and 
for South Capitol Hill Storm Sewer District 


No. 2: Gibbons & Hughes. 862,633; Denver 
& Pueblo Construction Co., 67 Railroad 
Bldg., $64,218; William Porter, 867,17: Na- 
tional Construction Co., 868.365; Gaffy & 
Keefe Construction Co., $10,512; Common- 
wealth Construction Co., $70,007. J. B. Hun- 
ter is City Engr. 

MARSHFIELD, ORE.—See item under 


Streets and Roads. 


SALT LAKE CITY, UTAH.—Bids will be 
received until 8 p. m., Jan. 8 by the Board 
of Public Works, H. G. McMillan, Chn., for 
constructing pipe sewers in Sewer Extension 
No. 219. Louis C. Kelsey is City Engr. 


TORONTO, ONT.—Plans for the construc- 
tion of the trunk sewer and sewage disposal 
plant were approved on Dec. 15 by the Pro- 
vincial Board of Health. C. H. Rust is City 
Engr. 


STREETS AND ROADS. 


(* denotes that this work is advertiscd in 
Engineering News.) 


HARTFORD, CONN.—The contract for the 
construction of 3,750 lin. ft. of gravel road, 
including two 15-in. and one 30-in. tile cul- 
verts, on the Niantic & Lyme Tpk., in the 
town of East Lyme, bids for which were re- 
ceived at the office of the State Highway 
Commissioner on Dec. 23, has been awarded 
to the BENNETT N. BEARD CO., Shelton, 
Conn., at $2.10 per lin. ft. Other bidders 
were: Donahoe Bros., Middletown, $3.97; 
Lane Construction Corporation, Meriden, 
$2.05; A. Vito, Thompson, $3.27; Anderson 
& O'Neil, Chatham, $2.25; Ahern Bros., Put- 

nam, $3.47: Grane & Redden, New London, 
82. 20; T. H. Gill Co., Winter Hill Station, 
Boston, Mass., $3.70. 


NEW YORK, N. Y.—Bids were received 
as follows on Dec. 24 by John F. Ahcarn, 
Pres. Boro. of Manhattan, for (a) furnishing 
and setting new curbstones in the parks, on 
Broadway, between Soth and 95th Sts., Bor- 
ough of Manhattan; (b) furnishing and de- 
livering 3.000 cu. yds. of mold on parks, in 
the Borough of Manhattan; (c) furnishing 
and setting new curbstones on the parks on 


Broadway, between 95th St. and 110th St., 
Borough of Manhattan: Bart Dunn, 444 
East 6Sth St., (a) $8,166, (c) $8,282: Martin 


P. Lodge, 532 West 44th St., (a) $10,984, (c) 
$11,423; Cooper & Evans, (a) $8,649, (c) $S,- 
782: D. W. Moran, (a) $11.017, (c) $11,171; 
Atlanta Constructing Co., 230 East 42d St., 
(a) $9,856, (b) $1.90 per cu, yd., (e) $9,996; 
Charles L. Doran Constructing Co., 1015 
Walton St., (b) $1.75 per cu. yd.; the New 
Jersey Co., (b) $3.60; Moran Touring Co., 
17 Battery Place, (b) 53.90; William Young; 
(b) $1.75. 


‘tract for constructing 


NEW YORK, N. Y.—Bids were opened on 
Dee. 15 by the Department of Docks and 
Ferries wor furnishing the labor and ma— 
terials and repairing asphalt pavement on 
the North and Kast Rivers, together with all 
work incidental thireto. The contract for 
Class 1 was awarded to the SICILIAN AS- 
PHALT PAVING CO., 41 Park Row, at 536, 
(hk, and for Class 2 to the UVALDE AS- 
PHALT PAVING CO., 1 Broadway, at $35,- 
720. Allen N. Spooner is Comr. 

BROOKLYN, N. Y.—Bids were received on 
Dec. 9 by Bird S. Coler, Boro, Pres., as 
fullows, fur regulating, grading and paving 
with granite on a concrete foundation the 
roadway of West Ninth St., from Hicks St. 
to Henry St., together with all work inci- 
dental thereto; McCluskey & Carroll, 510 
Lafayette St., Brooklyn, $5,151; Norton Gor- 

.. S04 Douglas St., B- oohlyn, Saye: 
. Grace, 44 Court St., Brooklyn, S 
M. F. Hickcy, Sccond AVe., Brooklyn, $5,422. 


ALBANY, N. Y.—The bids received on Dec. 


22 by Frederick Skene, State Engr. and 
Surv., for construction of good roads were: 


Road No. SOS, Norwich, Chenango County, 
one mile: B. H. Bucl, Norwich, N. Y., $17,- 
151; C. II. Flanigan, Albany, ee New- 


port Construction Co., Newport, N. S14,- 


954; Edwin D. Baker, e ag Ne Ya; 
816.2 50: Delaware Construction Co., Sidney, 
N. V., 816.260. Road No. S509, Smyrna, Che- 


nango County, one mile: 


Binghamton, 


Edwin D. Baker, 
$9,019; A. Schaupp, Albany, 
SS. 71%; Delaware Construction Co., Siducy, 
80.) 2. Contract for Road No. SOS awarded 
to NEWPORT CONSTRUCTION CO., New- 
port, N. Y., at § 11.931. and for Road No. 
Son, to ALONZO SCHAUPP, Albany, at $5,- 
1902. 

LONG ISLAND CITY (L. I.). N. Y.—Bids 
were received as follows on Dee, 23 by Law- 
rence Gresser, Pres. Boro. of Queens, for 
paving with asphalt block pavement on a 
concrete foundation the roadway of Twelfth 
Ave., from Broadway to Jamaica Ave., First 
Ward: Continental Asphalt Paving Co., 79 
Wall St., New York, $1,522; Hasting Pave- 
ment Co., 25 Broad St., New York, SS,014; 
Barber Asphalt Paving Co., 30 Church St., 
New York, 88,100. 

ATLANTIC CITY, N. J.—The Mayor on 
Dee.. 15 approved the ordinances providing 
for an issue of $10,000 bonds for paving and 
curbing. 


MECHANICSBURG, PA.—The citizens on 
Dec. 15 voted in favor of issuing 86.000 of 
bonds for street improvements. Samuel 
E. Baschore is Boro. Seey. 


WILKES-BARRE, PA.—Horn & Neff, of 
Slatington, Pa., have submitted the lowest 
bid to the State Highway Commission, Har- 
risburg, lor constructing a macadam rond 
25,5 % ft. in length, extending from Plymouth 
Borough line to Hancock Township line, at 
570,786. 


CLEAR FIELD, PA.—REED & PATTON, 
of Curwensville, Pa., have sceured the con- 
the state road from 
the Curwensville Borough line to Blooming- 
ton, and from Curwensville Boroush line 
through the borough, at about 521.783. 

HARRISBURG, PA.—Bids are asked by 


the State Highway Department until Dee. 
31 for constructing 1,095 ft. of macadam 


road. Joseph W. Hunter is State Highway 
Comr. 

BEAVER FALLS, PA.— The Council on 
Dee. 22 awarded the contract for paving 
Sixth St.. from Seventh Ave. to Ninth Ave., 
with standard block to J. G. McGUIRE & 
CO., at $4,408. 

NORFOLK, VA.—The Public Improvement 


Committee of the Councils has approved the 
resolution providing for paving Omohundro 
Ave. and extension and paving of Twelfth 
St. into Prineess Anne Ave. Estimated 
cost, 86,880. W. T. Brooke is City Engr. 

NEWPORT NEWS, VA.—The city has 
awarded the following contracts for paving 
work: J. W. DAVIS, of Newport News, for 
paving with Pecbls’ block; ALSOP & 
PIERCE, First National Bank Bldg., New- 
port News, for macadam and concrete curb 
and gutter: WASHINGTON ASPHALT 
BLOCK & TILE CO., South Capitol and R 
Sts., Washington, D. C., for block asphalt. 
Bonds for $100,000 have been issued. 


*CHARLESTON, W. VA.—Bids will be rce- 
ceived by the Board of Affairs until Jan. 
6 for grading, curbing and paving certain 
portions of streets and alleys of the city. 
Estimated cost, $210,000. W. A. Hogue is 
City Ener. 


ATLANTA, GA.—The construction of a 
boulevard from College Park to Atlanta, a 
distance of about six miles, is under con- 
sidcration by the city. 

PENSACOLA, FLA.—The only bid sub- 
mitted to L. E. Thornton, City Ener., for 
coustructing a road of Goulding cinders on 
Palafox St., from De Soto to Jordan St., is 
that of the C. H. Turner Construction Co., 
Pensacola, at $3,426. 

ANNISTON, ALA.—The city has awarded 
the contract to J. S. CONNIFF & CO., of 


Anniston, for additional sidewalk paving at 
ST cts, per sq. yd. J. D. Hunter is City 
Ener. 

MOBILE, AI A.— The Board of Public 


Works has adopted plans for street improve- 
ments, which will provide for underground 
and covered canal drainage for northern and 
middle-western parts of city, and for paving 
of Spring Hill Ave. and Broad St. with wood 
blocks. Wright Smith, Engr., Mobile, has 
been directed to prepare estimatcs. 


NATCHEZ, MISS.—Bids will be received 
until Jan. 4 by the County Commissioners, 
Natchez, for constructing a road. 


VICKSBURG, MISS.—Bids are asked by 
Warren County until Jan. 7 for constructing 
a road from the city limits at Clay St. to 
Confederate Ave. in Vicksburg National Mil- 
itary Park. J. D. Laughlin is Clk. 


CINCINNATI, OVII0O.—Rids are asked un- 
til noon, Jan. 22, by the Board of County 
Commissioners for the improvement of Fun- 
ton Ave., from Cleves Pike to Harrison Pike, 
Green Township. Fred. Dreihs is Clk. Bad. 


234 


CLEVELAND, OHIO.—Bids are asked un- 
til 11 a. m., Jan. 16, by the Board of County 
Commissioners for grading, draining and im- 
proving Center road No. 2 from Miles Ave., 
at Randall to Bedford road, Bedford Village. 
William F. Black is Clk. Bd. 


ZANESVILLE, OHIO. — Adams Bros., 
Zanesville, submitted the lowest bid on Dec. 
18 to the Board of Public Service for paving 
McIntire Ave., at $15,716. Other bidders 
were: A. G. Pugh. Columbus, 818,846, B. 
A. Patterson, Columbus, $17,473; E. A. Pat- 
terson, Columbus, $17.210; John S. Wood- 
row, Zanesville, $17,158: T. M. Lynn, Zancs- 
ville, $16.486; W. S. Gregg & Co., Zanes- 
ville, $16,105; F. E. Brown, Zanvsville, $16,- 
095: Petet & Abele, Zanesville, 815.2!“ 
Dunzweiler Bros., Zanesville, $13.918. E. H. 
Smith is City Engr. 


MUNCIE, IND.—The Board of County Com- 
missioners have awarded the contract for 
grading and graveling the Shroyer Road, 
near Selma, to A. MANOR, of Redkey, at 
$8,212. 

NEWCASTLE, IND.—Bids are asked by the 
Commissioners of Henry County until 10 a. 
m., Jan. 5, for construction of a gravel road 
in Fall Creek Township and for 214 miles 
of gravel roads in Harrison, Fall Creek and 
Jefferson Townships. W. L. Risk is County 
Audr. 

LAFAYETTE, IND.—Bids are asked by the 
Commissioners of Tippecanoe County until 
Jan. 15, for the construction of a gravel road 
on the Hne between Tippecanoe and Warren 
Counties. John P. Forseman is County Audr. 


INDIANAPOLIS, IND.—Bids are asked by 
Albert Sahm, County Audr, until 10 a. m., 
Jan. 18, for the construction of the county 
line gravel road. 

WASHINGTON, IND.—Bids are asked by 
Thomas Nugent, County Audr., until Jan. 
5, for the construction of five gravel roads. 


FOWLER, IND.—Bids are asked by the 
Commissioners of Benton County until noon, 
Jan. 4, for the construction of two gravel 
roads, 15,840 and 10,560 ft. in length. re- 
spectively. Lemuel Shipman is County 
Audr. 

BEDFORD, IND.—Bids are asked by Wal- 
ter G. Owen, County Audr., until 1 p. m., 
Jan. 11, for the construction of 13,900 ft. of 
macadamized road. 


MUNCIE, IND.—Bids will be received by 
the Commissioners of Delaware County un- 
til 10 a. m., Jan. 6, for the construction 
of two gravel roads in Center Township. 


INDIANAPOLIS, IND.—Bids were opened 
on Dec. 9 by the Board of Public Works for 
the improvement of Alabama St. with asphalt 
and Parker Ave. with asphalt and brick gut- 
ter. Estimated cost, $12.000 and $11,500. re- 
spectively. The lowest bid was that of the 
Marion County Construction Co., Indianap- 
olis. B. H. Miller is City Engr. 


MOUNT PLEASANT, MICH.—Bids will b2 
received until Jan. 4 by Augustus Borden, 
City Clk., for furnishing material and paving 
with either brick or asphalt macadam and 
constructing cement curb and gutter on por- 
tions of Main St. and Broadway. 


DES MOINES, TOWA.—The J. W. TUR- 
NER IMPROVEMENT CO. Youngerman 


Blk., Des Moines, has secured the contract 
for paving with brick about 11,438 sq. yds. 
on a portion of Second Ave., at $25,000. G. 
D. Dobson is City Engr. 


GRAND FORKS, S. DAK.—J. J. Smith, 
City Engr., has been directed to prepare 
plans and specifications for paving of por- 
tions of North Fourth, North Fifth, Third, 
South Sixth and Fifth Sts., International, 
Fourth, Reeves, Belmont and Eighth Aves. 


KANSAS CITY, MO.—Bids will be received 
until Dee. 31 by the County Clerk, Kansas 
City, for grading, macadamizing and con- 
structing necessary drains in portions of 
Levasy and Oak Grove road. Harry P. 
Koehler is County Highway Engr. 


ST. LOUIS, MO.—Contracts for paving 
various streets and avenucs here will be let 
by the Board of Public Improvements on 
Jan. 


ELDORADO, ARK.—The city will construct 
about twelve mites of concrete sidewalks. 
Bids will be asked at once. 


HOUSTON. TEX.—The contract for placing 
concrete curbing along San Jacinto St., from 
McKinney to Leeland St.. was awarded on 
Tee. 16 to McASHAN & WILLIAMS. There 
are approximately 2,800 lin. ft. of curbing 
to be placed, this including some already 
existing brick curbing, which has been de- 
clared available when the street paving be- 
gins. 


GUTHRIE, OKLA.—The City Council on 
Dee. 13 awarded to the CHICAGO ASPHALT 
& RUBBER CoO. the contract for 102.851 sq. 
yds. of asphalt paving and 98,294 sq. yds. 
of brick paving here. 


MARSHFIELD, ORE.—Municipal improve- 
ments during the coming vear will be made 
as follows: Paving, $50.000; planking 
streets, 815,000; sewers, $55,000. 


SEATTLE, WASH.—The City Council has 
passed ordinances for street improvements 
as follows: Sixth Ave. and other streets. 
brick paving, etc., $133.000; Third Ave. and 
other streets, asphalt paving, $33,000: Sixth 
Ave., West, cement walks, $5,500; Summit 
Ave. and other streets, asphalt paving, $74,- 
œX: Market St. and other streets, planking, 
$7,800; 31st Ave., South. grading, $56,000. 
R. H. Thomson is City Engr. 


SACRAMENTO, CAL.—The Board of Su- 
pervisors on Dre. 8 opened bids as follows 
for paving with asphaltum and macadam 
the Twelfth St. trestle, a distance of 14-mile: 
Clark & Henery, Stockton, Cal., 88.296 
Western Bridge & Construction Co., $10,703. 
G. N. Randle is City Engr. 


NORTH VANCOUVER, B. C.—Bids will be 
recetved until Jan. 25 by the District Coun- 
cil. North Vancouver, for road machinery as 
follaws: Compound steam 10-ton road roller 
with scarlfler attached: hand truck for fuel 
oil and tool tender for roller; water cart 
with distribution pipe and = suction hose; 
traveling van and two traction wagons of 
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4-ton capacity: portable compound toggle 
knapping motion stone breaker with screens, 
elevating and loading machinery; electric 
motors with belt and belt attachments for 
driving the stone breaker, etc.; air compres- 
sor of sufficient capacity to supply air for 
driving three pneumatic 24%-in. drills, an air 
receiver of 34-cu. ft. capacity with necessary 
connections and pipes and three 150-ft. 
lengths of armored %-in. hose suitable for 
the pressure: three Sullivan or Little Giant 
Rock 2)4-in. drills with tripods, weights and 
complete set of drills each; Murphy air ham- 
mer rock drill with complete outfit. Don- 
ald Cameron {s Dist. Engr.; Alex. Philip is 
Clk. Municipal Council. 


MANUFACTURING PLANTS. 


(* denotes that this work ta adrertiscd in 
Engineering News.) 


WOONSOCKET, R. I.—A tract of land has 
been purchased by the Woonsocket Shuttle 
Co., and a mill may be erected. The con- 
cern was incorporated recently with $100,000 
capital stock. John Johnston is Pres. and 
Treas. 

PLAINFIELD, CONN.—The Lawton Mills 
Corporation, of Plainfield, Conn., manufac- 
turers of cottons, has awarded to BENJA- 
MIN F. SMITH, of Pawtucket, R. 1., the 
contract for two buildings to be erected at 
the plant and materials will be brought at 
once to the plant preparatory to commenc- 
ing operations the first of March on the 
construction. It is proposed to have the 
weave shed 227 x 150 ft., and the addition 
to the main mill, three stories high, 182 x 
100 ft., solid mill construction, completed 
by Septemb:r. The contract for from 16 to 
23 double frame houses for employees of the 
mill, to be erected in the locality of the 
other 25 houses was awarded to HERMEDAS 
COUTOR, of Mossup, Conn. The work on 
th:se will be commenced when the other 
work is started, to be completed about the 


same time. The amount involved in the 
contracts is approximately $125,000. 
THOMPSONVILLE, CONN.—The Upson 


Martin Carpet Co. has awarded the con- 
tract for constructing a building, 50 x 150 
ft., 3 stories high, to MACY BROS. CO., of 
Waterbury, Conn. Work will be started at 
once. 


BUFFALO, N. Y.—The Auto-Car Equip- 
ment Co. has had plans prepared for a fac- 
tory building, 240 x 180 ft., one and two 
stories in height, of brick and steel with ce- 
ment floors, to be erected on Elmwood Ave. 
near the New York Central Belt Line, at an 
approximate cost of $35,000. McCreary, 
Wood & Bradney, 607 Mutual Life Bldg., 
Buffalo, are Archs. 


TROY, N. Y.—Articles of incorporation of 
the E. W. Marvin Co. have been filed with 
Thomas S. Fagan, County Clerk. The com- 
pany will manufacture shirts, collars and 
cuffs and has a capital stock of 850.000, di- 
vided {nto 500 shares. The directors are Ed- 
ward W. Marvin, Howard Williams, Willett 
Hawley and Fred Cohen, of Troy, and Doug- 
las W. Mabee, Jr., of New York. 


POTTSTOWN, PA.—J. V. Poley, C. E., 162 
Second St., Royersford, Pa., is preparing 
plans for a brass foundry, 40 x 75 ft., for 
Mitchell & Van Meter. 


GREENSBURG, PA.—The Wright Specialty 
Mfg. Co., of Greensburg, will erect a plant 
here. Charles Wright, 7 Broad st., South, 
Greensburg, is Vice-Pres. and Gen. Mer. 


WARREN, PA.—The Hammond Iron 
Works will build an addition to its plant 
soon, to consist of two buildings, 44 x 196 
and 56 x 122 ft. 


PHILADELPHIA, PA.—It is stated that 
the Miehpaul Mfg. Co. will double the ca- 
pacity of its plant soon. The present equip- 
ment is 20 knitting and 15 sewing machines. 
The capital stock is $10,000. M. Lauphel- 
mer is Pres. and Mgr. 

Work will be begun immediately on a new 
wall paper plant to be built on Snyder ave, 
hetween Water and Swanson Sts., tor Becker, 
Smith & Page. A contract for the erection 
of the buildings has been made by Ballinger 
& Perrot, Archs., 1200 Chestnut St., with 
the ROYDHOUSE-AREY CO., Delaware and 
Van Kirk Sts. The plant when completed 
will represent an outlay of about $200,000. 
The buildings will consist of a 3-story manu- 
factory, 64 x 306 ft.; a similar building, 65 
x 306 ft.: a 4-story building, 48 x 48 ft., 
and a 1-story power-house, 35 x 133 ft. All 
of the buildings will be of reinforced con- 
crete and brick. 

CHARLES W. DENNY, 1330 Arch St., has 
a contract for erecting a 3-story addition to 
the factory of the Reyburn Mfg. Co., 23d 
St. and Allegheny Ave. The contract price 
is $10,500. 


NORFOLK, VA.—The Four Co., Ltd., is 
having plans prepared by B. F. Mitchell, 
Norfolk, for a candy factory and store build- 
ing four stories high, of mill construction, 
with metal-frame windows. Cost, about 
$30,000. 


WHEELING, W. VA.—Another new furnace 
is to be added to the Riverside works of the 
National Tube Co., Frick Bldg., Pittsburg, 
Pa., in the Wheeling district. Plans have 
been prepared and it is expected authority to 
begin work will be given soon after the first 
of the year. When operating to capacity the 
Wheeling plant employs 3,500 men and the 
additional furnace will give employment to 
more. It is expected that the furnace will 
be ready for operation by next summer. The 
company also has plans for improvements at 
the other plants. 


LOWELL, N. C.—It is stated that the Peer- 
less Mfg. Co.. of this city, will add 5,000 ring 
spindles to its present equipment of about 
the same number. This company manufac- 
tures 40 to 60 yarns. driving its machinery 
by electricity, and employing 75 persons. The 
proposed extension will require an expen- 


diture of probably $100,000. 


KINGS MOUNTAIN, N. C.—The Cora Cot- 
ton Mills, Kings Mountain, N. C., probably 
will add 10.000 spindles, which would mean 
the expenditure of nearly $200,000. The com- 


pany now operates 10,560 ring spindles, etc., 
on the production of 13 to 40 warp and skein 
yarns. 


CONCORD, N. C.— The management of the 
Kerr Bleaching & Finishing Works, of Con- 
cord, N. C., has decided upon details for re- 
building the plant, which was destroyed by 
fire several months ago. Contract for erect- 
ing the new buildings has been awarded to 
R. A. BROWN & SONS, of Concord, and 
they will at once begin building. New ma- 
chinery and a portion of the old equipment 
now being rebuilt will be installed. 


LEXINGTON, N. C.—The Dacotah Cotton 
Mills, of Lexington. N. C., have been incor- 
orated with a capital stock of $150,000 and 
8 125.000 paid in by C. A. Hunt, Jr., George 
Montcastle and Joe V Moffitt. Mr. Hunt will 
contract for the erection of a building ca- 
pable of holding 10,944 spindles and accom- 
panying looms, etc., but at first will install 
only 8,208 spindles and 250 looms, the pro- 
duct to be colored cotton cloth. Both steam 
and electricity are being considered for the 
power to be used. About 150 operatives will 
be employed when the mill is in operation. 
Machinery contracts will not be considcred 
until spring. i 


LAURENS, S. C.—The Watts MiN. of Lau- 
rens, S. C., will enlarge its manufacturing 
facilities, expending probably $50,000 for the 
improvements. The management has de- 
cided upon the erection of a 250-ft. addition 
to the present building, increasing that struc- 
ture to 900 ft. It has not been fully decided 
what number of spindles, ete., will be in- 
stalled, but it will be a decided increase in 
the present equipment. The construction will 
begin at once, and other details of the en- 
lirgement probably will be stated soon. 


THOMASTON, GA.—Press reports state that 
the management of the Thomaston Cotton 
Mills has decided to build a 250-ft. addition 
to its present mill and equip it with 5.000 
spindles and 150 looms for manufacturing 
duck and sheeting. O. A. Robbins, of Char- 
lotte, N. C., has been engaged as Engr.- 
Arch. and he has let contracts for the neces- 
sary machinery. The principal machinery 
contractors are the SACO & PETTEE MA- 
CHINE SHOPS. of Newton Upper Falls, 
Mass., and the FALES & JENKS MACHINE 
CO., of Pawtucket, R. I. The improvements 
will cost about $100,000. 


ATLANTA. GA.—White Provision Co., W. 
H. White, Jr., Pres., 1 Wall St.. will es- 
tablish a packing plant and slaughter-house 
to manufacture lard, fertilizer, soap ingredi- 
ents, etc. The company will erect a sult- 
able building. plans for which have been 
prepared by D. I. Davis, Chicago, Ill. The 
building will have two stories and basement, 
16.000 ft. of floor space with cold-storage 
plant on first floor. Capacity, about 4,000 
hogs and 1,000 beeves. Cost, about $25,000. 
Noted last week. 


MANCHESTER, GA.—The Manchester Cot- 
ton Mills have been incorporated for the pur- 
nose of building a 20,00%-spindle mill at 
Manchester, Ga. Fuller E. Galaway, of La 
Grange, Ga., is interested. The company has 
engaged A. Francis Walker, Austell Bldg., 
Atlanta, Ga., as the Engr.-in-Charge, to 
furnish plans and specifications, to have the 
buildings erected, and to install the machin- 
cry. Mr. Walker probably will have the 
plans ready for bidders during January, so 
that contracts may be awarded. The com- 
pany has a capital stock of $500,000. 


BIRMINGHAM, ALA.—Ground has been 
broken by the Harbison-Walker Refractories 
Co., Farmers’ Bank Bldg., Pittsburg, for a 
plant at Birmingham, Ala., which will have 
a capacity of 40.000 brick a day. Plans for 
the plant provide for the construction of rein- 
forced-concrete buildings, which, with the 
equipment, will cost approximately $250,000. 


KNOXVILLE, TENN.—The Knoxville Pure 


Milk Co. will erect two extensions to its 
plant and install additional equipment, it is 
reported. Cost of improvements, about 
$20,000. 


NASHVILLE, TENN.—The Independent Ice 
Co. will erect a factory building, boiler and 
engine rooms, to cost $10,000. 


BELLEFONTAINE, OHIO.—The Cleveland, 
Cincinnati, Chicago & St. Louis Ry. Co. will 
enlarge the shops here after Jan. 1 and es- 
tablish at Bellefontaine a division point. The 
roundhouse will be enlarged at a cost of $10,- 
000. It is stated that the shops at Spring- 
fleld, Delaware and Sandusky will be merged 
in this city. 


LA FAYETTE, IND.—The Cain & Galle 
Co., of Chicago, propose to erect, equip and 
operate a factory in this city to manufacture 
sanitary, galvanized fron delivery baskets. 
It is reported that bids will be in order as 
soon as a site is selected. 


CICERO, IND.—The Indiana Bottle & Glass 
Co. will rebuild its large plant recently de- 
stroyed by fire. 


ST. PAUL, IND.—Ira Martin is at the head 
of a company that contemplates the con- 
struction of an elevator. 


OBLONG, ILL.—E. E. Crowden & Co., will 
rebuild the flour mill which was destroyed by 
fire recently at a total loss of $23,000. 


MILWAUKEE, WIS.—Leenhouts & Guthrie, 
Archs., 104-102 Wisconsin St., have plans 
prepared for a 3-story ice cream factory 
building for the Luick Ice Cream Co. 


CHIPPEWA FALLS, WIS.—The Chippewa 
Falls Woolen Mills Co., of this city, is 
planning to enlarge its plant to about twice 
the present size and doubling its capacity in 
the spring. The office of the company will 
be established at the mill. 


BURLINGTON, IOWA.—H. J. Goddard, 424 
Tama Block, Arch., has prepared plans and 
will receive bids for a 7-story factory build- 
ing, 100 x 115 ft., and a 5-story warehouse, 
60 x 115 ft.. for Chittenden & Eastman Co. 
Estimated cost, $70,000. 


WILLMAR, MINN.—Oman & Johnson, 
Willmar, Minn., will erect a foundry which 
will be operated in connection with their ma- 
chine shop and which will be completed the 
first of next month. Gust Erickson will 
have charge of the foundry, it is stated, and 
will become a member of the firm, the name 


bash tracks, 
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of which will be the Oman & Johnson Co. 
In addition to a general machine shop busi- 
ness, jron and brass castings will be made. 


WICHITA, KAN.—The Wichita R. R. & 
Light Co. has plans for a car barn, capable 
of housing 22 cars. The site has a frontage 
of 260 ft. and is located at Waco Ave. and 
Second St. Estimated cost, $15,000. H. E. 
Chubbuck, Ottawa, III., Gen. Mer, 


ST. LOUIS, MO.—The South Bend Ir 
Works, of South Bend, Ind., a holding one 
pany for the Oliver Chilled Plow Works, will 
erect early in the year at the corner of 
North Broadway and Warren St. an imple- 
ment house to cost about $150,000. The site 
has a frontage of 80 ft. on Broadway and 
170 on Warren St., extending east to the Wa- 
and having terminal facilities. 
The plans for the factory are being made. 
The building will be a G-story structure, fire- 
proof. Its equipment will be modern and it 
will be arranged for the display and storage 
of farm machinery. As soon as the bullding 
is completed the Oliver Chilled Plow Works 
now located at the corner of 22d and Scott 
Ave., will remove to it. 


SPRINGFIELD, MO.—The St. Louis a 
Francisco R. R. Co., J. F. Hinckley on 
Engr., St. Louis, Mo., is about to resume 
construction of its proposed shops at Spring- 
field, work on which was suspended about a 
ycar ago. Estimated cost, $1,500,000. 

VANDUSER, MO.—The Vanduser Hoop & 
Lumber Co., recently incorporated, will erect 
frame building, 135 x 235 ft., it is stated, 
of ordinary construction, at a cost of $3,000. 

he company will install hoop machinery to 


cost $10,000. Daily capacity, 50.000 hoons 
S, W. Shawan is Pres.: J. R. Joyce, Vire 
res.; 


W. R. Nowels, Secy.; D. W. Stanley, 
Treas. 


SHERMAN, TEX. — The Chicago, Rock Isl- 
and & Pacific Ry. Co. will enlarge its shops 
at Sherman, expending about $200,000. J. 
B. Berry, Chicago, is Ch. Engr. 


EL PASO, TEX.—It is stated that J. D. 
Dale and W. T. Owen, both of Dallas, Tex., 
have begun construction of a lard-manufac- 
turing plant in El Paso, to cost $20,000. 


ORANGE, TEX.—The Yellow Pine Paper 
Co. will treble the present capacity of aANT 
giving it daily output of 25 tons. Cost of 
improvements, Including new machinery and 
additional buildings, about $120,000. E. 8. 
Farwell, Consult. Engr., 309 Broadway, New 
York, will prepare plans. 

EVERETT, WASH.—The Sumner Iron 
Works, of Everett, has decided to make im- 
provements. It has been decided to add 7.009 
sq. ft. of floor space to its machine shop, 
giving it a little over 15,000 sq. ft. 

HOQUTAM, WASH.—The Hoquiam News“ 
states that James A. Karr, through J. S. 
McKee, has sold to Minneapolis men a tract 
of ground 300 x 1,050 ft. in North Hoquiam, 
to be used for site for a wood-working plant 
to be erected at cost of about $50,000. Land 
is to be cleared and ready by April 1 when 
construction will begin. All sorts of woodcn- 
ware will be manufactured. 


SUNNYVALE, CAL.—The Johnson Traction 
Engine Co. has secured a 9-acre tract adjoin- 
ing the townsite of Sunnyvale. This factory 
site fronts on Fair Oaks Ave. The Traction 
Engine Co. will build a plant here, which 
will cover about five acres. 


MISCELLANEOUS OCONTRAOTS. 


U. S. RECLAMATION SERVICE.—Items 
regarding irrigation, canal projects, etc., will 
be found under Water Supply—Irrigation 


DITCH.—Goshen, Ind.—Bids are asked by 
the Commissioners of Elkhart County until 


10 a. m., Jan. 16, for constructin it 
Jcfferson Township. A 


DITCH.—Willmar, Minn.—Bids are asked 
until Dec. 31 by John Feig, County Audr., at 
Willmar, for digging and constructing ditch 
No. 29. Estimated cost, $5,954. 


WOODEN TUG.—Detroit, Mich.—Bids will 
be received until Jan. 21 by Lieut.-Col. C. 
McD. Townsend, Corps Engrs., U. S. A. 
for building and furnishing wooden tug. 


TUGBOAT.—Detroit, Mich.—Bids are asked 
by Lieut.-Col. C. McD Townsend, Corps 
Engrs., U. S. A., until 3 p. m.. Jan. 21, for 
building and furnishing one wooden tug. 


DITCH.—Delphi, Ind.—Bids are asked until 
Jan. 9 by the Commissioners of Carroll 
County for construction of a ditch in Jeffer- 
son and Tippecanoe Townships. J. D. Zart- 
man. Supt. 


DRAINAGE.—Almeda, Tex.—Drainage Dis- 
trict No. 2, embracing land in vicinity of 
Almeda, will vote on Jan. 25 on issuance 
of $200,000 of bonds for drainage. A. E. 
Amerman is County Judge. 


SUPPLIES.— New York, N. Y. —Bids are 
asked until 3 p. m., Jan. 7, by the Depart- 
ment of Parks for furnishing various sup- 
plies, lumber, etc., for parks, Boro. Manhat- 
tan, and Prospect Park, Boro. Brooklyn. 


DREDGING.—Bayou Goula, La.—Bids will 
be received until Jan. 16 by J. W. Supple, 
Pres. Bayou Tigris Dredging Dist., for ex- 
cavating and dredging 280,000 cu. yds. of 
dirt in the Bayou Tigris Drainage District, 
near the town of Bayou Goula. 


DITCH.—Crawfordsville, Ind.—Milton L. 
Nees, County Surveyor and Drainage Comr.. 
has let the contract for the construction of 
the Martin P. Gray ditch {n Sugar Creek 
Township to S. G. MAXWELL, of Smarts- 
burg, at $8,843. The ditch is located four 
ae west of Colfax and will be 16.995 ft. 
ong. i 

CEMENT.—Chicago, Ill.—The Secretary of 
the Interior requests bids for furnishing 70,- 
000 bbis. of Portland cement for use in con- 
nection with the various irrigation pre'ects 
of the Reclamation Service. The bide will 
be opened at the office of the Reclamation 
1 8 777 Federal Bldg., Chicago, III., on 
an. ; 


PILE  „PIER.—Kingston, Ont.—Bids are 
asked until Jan. 7 by Napoleon Tessier, Seey. 
Dept. Pub. Works, Ottawa, Ont., for con- 
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struction of block and mass concrete dry 
masonry walls, renewal of old foundation 
timbers, of pile vier and widening of pile 
pier in front of Royal Military College, 
Kingston. 


LUMBER.—New York, N. Y.—Bids were re- 
ceived on Dec. 22 by Geo. Cromwell, Pres. 
Richmond Boro., New Brighton, for furnish- 
ing and delivering 45 M. ft. spruce and 20 
M. ft. ycllow pine lumber, at city stable, Co- 
lumbla St., West New Brighton. Contract 
was awarded to JAMES H. THOMPSON & 
SONS, Stapleton (S. I.), N. Y., at $1,917. 


BASEBALL PARK.—Pittsburg, Pa.—The 
NICOLA BUILDING CO., Farmers’ Bank 
Bldg., Pittsburg, has been awarded contract 
for new baseball park at Oakland for the 
Pittsburg National Baseball Club, Barney 
Dreyfus, Pres. BOOTH & FLINN, LTD., 
Pittsburg, have grading contract. Charles W. 
Leavitt, Jr., 220 Broadway, New York, is 
Design. Engr. 


DREDGING.—New London, Conn.—Bids 
were received as follows on Dec. 23 in the 
S. Engineer’s office: John P. Rander- 


son, Albany, per cu. yd., 26 cts.; T. A. 
Scott Co., New London, 35 cts.; Maritime 
Dredging Co., New York, 25 cts.; ATLAN- 


TIC DREDGING CO., 15 Whitehall St., New 
York, 13.8 cts.; T. Sanford Ross, Inc., Jer- 
sey City, 18.7 cts. 


COALING STATION.—Philadelphia, Pa.— 
The Philadelphia & Reading Ry. Co. has 
awarded to the LINK BELT ENGINEERING 
CO., Nicetown, Philadelphia, a contract for 
the ercction of a coaling station at Ninth and 
Green Sts., in connection with the elevation 
of the tracks on Ninth St., to cost approxi- 
mately $50.000. The new coaling station will 
occupy a portion of the site of the old Ninth 
and Green Sts. passenger station. 


REPAIRING DREDGE.—Savannah, Ga.— 
Bids were received by Col. Dan. C. Kingman, 
Corps Engrs., U. S. A., on Dec. 19, for re- 
pair work on the government dredge ‘‘Savan- 
nah.” The lowest bid was that of the Ken- 
sington Shipyard Co., of Philadelphia, whose 
bid was $12,077. The other bids submitted 
were: Merrill-Stevens Co., of Jacksonville, 
Fla., $12,570; Newport News Shipbuilding 
é Dry Dock Co., $12,726; the Maryland Steel 
Co., of Sparrow's Point, Md., 813.182: and 
William Kehoe & Sons, of Savannah, $14,145. 


OIL. — Roosevelt, Ariz.—The Secretary of 
the Interior has authorized the approval of 
a contract entered into by Louis C. Hill on 
behalf of the United Statcs, and the SHAT- 
TUCK & NIMMO WAREHOUSE CO., of 
Los Angeles, Cal., whereby the latter agree 
to transfer from Mesa, Ariz., to the Gov- 
ernment oil tanks at Roosevelt, Ariz., 33,000 
bbls., more or less, of crude fuel oil for use 
in connection with the Salt River irrigation 
project. The rate agreed upon for hauling 
this oll. $3.15 per bbl., will entail an aggre- 
gate expenditure of $103,950. 


*SEAWALL.—Fort Morgan, Ala.—Bids 
were received as follows by Maj. H. Jervey, 
Corps Engrs., U. S. A., Mobile, on Dec. 24, 
for construction of seawall at Fort Morgan: 
Richard M. Murphy, New Orleans, La., $267,- 
627; Charles Clarke & Co., Galveston, Tex., 
SUS4,384; Robert C. Storrie, Pensacola, Fla., 


272,181: W. C. Spotswood, Mobile, $290,- 
0290; Christie & Lowe, New Orleans, La., 
$250,440; Blackstaff Engineering Co., Phil- 


adelphia, Pa., $270,635; Charles G. Ollinger, 
Mobile, $280,750. Itemized prices will be 
given next week under Contract Prices. 


DREDGING.—Oakland, Cal.—Bids were re- 
ceived as follows on Dec. 12 by Lleut.-Col. 
John Biddle, Corps Engrs., U. S. A., San 
Francisco, for dredging in Oakland Harbor, 
Cal.—(A)Price per cu. yd.; (B) total for Sec- 
tion A (629,400 cu. vds.) and Section B (1,- 
318,700 cu. yds.): N. R. Harris, 95 Market 
St., San Francisco, (A) 29.7 cts., (B) $525,- 
126; R. A. Perry, San Francisco, (A) 30.9 
cts., (B) $546,543; Pacific Coast Dredging & 
Reclamation Co., 6 East St., San Francisco, 
(A) 31 cts., (B) $548.111; Burrell Bridge & 
Construction Co., Oakland, (A) 36.9 cts., 
(B) $652,429. 

DREDGING.— Wilmington, Cal. —- The City 
Trustees have awarded contract to the 
NORTH AMERICAN DREDGING CO., 13 
Park Row, New York, for dredging in munic- 
ipal harbor, Sections A to G. There are 
N55, 000 for the dredging, the remainder of 
the $100,000 bond issue being for bulkhead- 
ing, wharves, and for improving the ap- 
proach to the municipal wharf. The North 
American Dredging Co. bid as follows on the 
various sections: Section A, channel, 14 
cts. per cu. yd; section B, channel, 11 cts. 
per cu. yd.; section C, channel, 11 cts. per 
cu. yd.; section D, basin, 12 cts. per cu. yd.; 
section E, basin, 11 cts. per cu. yd.; section 
F, basin, 11 cts. per cu. yd.; section G, basin, 
13 cts. per cu. yd. 


FREIGHT SUBWAY.—New York, N. Y.— 
Duncan D. McBean, Waldorf-Astoria Hotel, 
New York, has submitted a plan to the Pub- 
lic Service Commission for freight subway 
system in New York to cost about $130,000,- 
6000. Plans provide for construction of pas- 
sageways by tunnels and subways to ennble 
the Central Railroad of New Jersey, Balti- 
more & Ohio R. R.. Lehigh Valley R. R., 
Philadelphia & Reading R. R., Erie R. R., 
Delaware, Lackawanna & Western R. R., 
New York, New Haven & Hartford R. R., and 
Long Island Railroad (Bushwick branch) to 
bring their passenger trains into a union 
passenger station in Manhattan located at 
the site bounded by Park Row, Oliver St., 
Cherry and Pearl Sts., or in that vicinity, 
there transferring their passengers to the 
rapid transit subway and elevated railroads 
leading to all parts of New York City; (2) to 
enable said railroads and also the Penn- 
sylvania Railroad, Lake Shore Railroad, N w 
York Central Railroad and the Harlem Rail- 
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road to deliver their freight cars in Manhat- 
tan and the Bronx there should be con- 
structed combined railroad and roadway sub- 
ways: In West St., from Liberty St to 22d 
St., thence in llth Ave. to 42d St.; in South 
St., from Whitehall St. to Gouverneur Slip; 
in West Broudway, from Vesey St. to Fifth 
Ave; in Fifth Ave., north to 23d St. and 
Broadway; in Broadway, from 23d St. north 
to 4th St. and Sixth Ave.; in Sixth Ave., 
from 34th St. north to 59th St.; in 79th St., 
from First Ave. to Lexington Ave.; in S8tth 
St., from Eighth Ave. to Broadway; in 
Seventh Ave., from 110th St. to 135th St.; 
in Willis Ave. (Bronx), from 134th St. to 
listh St. 


U. 8. POSSESSIONS AND CUBA. 


ENGINEERING SUPPLIES.—Panama.—The 
Isthmian Canal Commission has awarded 
contracts for the following engineering sup- 
plies, for which bids were opened on Dec. 
21. 20,000 bbls. Portland cement, ALPHA 
PORTLAND CEMENT CO., New York, $28,- 
150. A quantity of flat machinery steel and 
50,000 sheets of corrugated galvanized iron 
or steel roofing, to the U. S. STEEL PRO- 
DUCTS EXPORT CO., 30 Church St., New 
York, at $10,649 and $23,483, respectively. 
The bids on seven marine boilers have been 
referrcd to the Isthmus. 


LUMBER.—Panama.—Bids were received as 
follows on Dec. 28 at the Isthmian Canal 
Commission for about 1,000,000 ft. B. M. of 
lumber, ycllow pine or Douglas fir: G. Elias 
& Bros., Buffalo, N. V., 528.021: fir, $27,057; 
10 days. Arthur Gamwell, Seattle, Wash., 
fir, $53,755; 90 days. J. K. Joice, 164 Dear- 
born St., Chicago, $39,509. E. H. Lewis 
Lumber Co., Scattle, Wash., fir, $31,329. S. 
E. Naylor & Co., Gulfport, Miss., $25,869. 
Parrott & Co., 320 California St., San Fran- 
cisco, $21.280, fir. Robt. R. Sizer & Co., 
Seattle, $28,196, fir. Bay Shore Lumber Co., 
Mobile, Ala., 852,552; 830,318. D. L. Gil- 
lespie & Co., Pittsburg, 831.567; $27,768. Bids 
are on pine unless otherwise stated. 


FOREIGN CONTRACTS. 


(To insure prompt attention, letters upon 
consular business should be addressed to 
the American Consul at ———, ———— 
Such letters are opened and attended to by 
the person that may be in charge of the 
office. If addressed to the consul, person- 
ally, letters are forwarded to him, un- 
opened, should he be absent, and a delay 
thus intervenes. If, in the meantime, he 
should have gone out of office the matter 
may wholly escape attention.) 


RAILWAY.—Roumania.—Bids are asked 
until Jan. 20 by the Ministry of Public 
Works at Bucharest for the construction of a 
railway to run through the following dis- 
tricts: Buzau, Lopatari, Vintila and Voda. 
The price for this work is about $50,000. 


ELECTRIC RAILWAY.—Russia.—Bids are 
asked until Jan. 24 for an electric railway 
concession in Baku. 


WATER-WORKS. — Roumania. — Bids are 
asked until Jan. 5 at the Mairie de Giurgevo 
for a water-works system in the town of 
Giurgevo. 

ELECTRIC RAILWAY, ETC.—Algeria.— 
Bids are asked by the Municipality of Bone 
until Feb. 15 for constructing an electric 
railway and power station. 


RAILWAY SUPPLIES.—South Australia.— 
Bids are asked until 3 p. m., Jan. 19, by the 
Supply and Tender Board, Adelaide, for fur- 
nishing rails and fishplatcs. 


FLOATING DOCK.—Egypt. — Bids are 
asked by the General Manager of the Egyp- 
tion State Rys., Cairo, until March 1, for 
the construction of a floating dock. 


TRAVELING STEAM CRANE.—Spain.— 
Bids are asked until Jan. 3 at the Junta de 
Obras del Puerto, Cadiz, for supplying two 
traveling steam cranes for the Puntales 
Wharf, at Cadiz. 


DRAINAGE.—South Australia.—A plan is 
under consideration for draining over 2,600 
sq. miles in the southeast of South Aus- 
tralia. The Engineer-in-Chicf’s estimate for 
the construction of the main channel is about 
$1,500,000, of which expense the Government 
has offered to bear half. 


STATION.—Italy.—The central railway sta- 
tion at Florence is to be enlarged at an cs- 
timated cost of $4,275,000. The additions 
will consist of the erection of a central build- 
ing. with large waiting roms, offices, etc., 
and of two lateral buildings, the one on 
the right for the arrival of passenger trains 
and the other on the left for the mails, bag- 
guage, and other special services. 


RAILWAY AND HARBOR IMPROVE- 
MENTS.—Roumania.—The Council of Min- 
isters have approved the action of the Min- 
ister of Finance in contracting a Govern- 
ment loan for about $15,000,000. In his re- 
port to the Council, the Minister of Finance 
points out that a large proportion of the 
above loan will be applied in connection 
with railways, viz., for the purchase of lo- 
comotives, cars, rails, etc.; also, in connec- 
tion with the port of Constantza, for provid- 
ing motors, elevators, tugboats, dredgers, 
cranes, etc. 


PUBLIC WORKS.—Argentina.—The Direc- 
cion General de Vias de Comunicacion has 
been authorized to take the steps requisite 
for the construction of the railways from (a) 
Formosa to Embarcacion, (b) Barranqueras 
to Metan, (c) San Antonio to Nahuel Huapo, 
(d) Comodoro Rivadavia to Valle Hermoso. 
The Direccion de Obras Hidraulicas has been 
authorized to take the necessary steps for 
acquiring the flotilla for the navigation of 
the river Bermejo, and the Departamento de 
Hacienda is to place at the disposition of the 
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Departamento de Obras Publicas $1,000,000 
to defray the expenses of the forcgoing 
works, according to the “Boletin Oficial,” of 
Buenos Aires. A concession has been granted 
to the Ferrocarril Central Norte Argentino 
for the construction of a railway from Las 
Rosas to Costa Sacate, and the Ferrocarril 
Central Argentino has been authorized to con- 
struct the following lines: (a) From Sastre 
to Maria Juana; (b) From Las Rosas to 
Villa del Rosairio; (c) from Cruz via La 
Guana, Dalmacio, Velez. Salto, San Augustin 
Molino, and San Jose to Ciudad de Cordoba; 
(d) branch from Rio Tercero to the Andine 
railway between Rio Cuarto and Chucul. 
The Cio. del Ferrocarril Buenos Aires y 
Rosario has obtained a concession to con- 
struct lines from Morteros to Hersilia and 
from Galves to Larreclisa. 

A decree has been passed authorizing Abel 
J. Pagnard, Engr., to construct and work 
during a period of 60 years a commercial 
port in the mouth of the Arroyo Pareja, near 
Puerto Helgrano, Bahia Blanca. The works 
inelude the construction of docks, wharves, 
and warchouses for the loading and unload- 
ing of cargo, the installation of grain eleva- 
tors, transporters, railway lines, etc. All 
the necessary material may be imported free 
of duty. The plans prepared by Senores 
Faglioni Hermanos for the construction of a 
port at Mar del Plata and the installation of 
railway lines have been approved. The in- 
speccion General de Puentes y Caminos has 
been authorized to construct two bridges, 
one over the Arroyo Leyes and the other 
over the Arroyo Portero, on the road from 
Santa Fe to Santa Rosa. The cost is esti- 
mated at about $65,000, and the Direccion 
de Contabilidad are authorized to invite ten- 
ders for the work. 

A decree has been passed authorizing the 
execution of sanitary works and the erec- 
tion of works for water supply in various 
towns, as follows: Sanitation works in the 
town of Bahia Blanca at a cost of $600,000; 
sanitation works in the town of Tucuman at 
a cost of $1.100,000: sanitation works in the 
town of Santa Fe at a cost of $500,000; water 
supply works in the town of Villa del Ros- 
ario at a cost of $350,000; water supply 
works in the town of Dolores at a cost of 
$250,000; water supply works in the town of 
Mercedes at a cost of $225,000; sanitation 
works in the town of Corrientes at a cost of 
$17,000. 


CIVIL SERVICE EXAMINATIONS. 


INSPECTOR’S ASSISTANT.—Washington, 
D. C.—The U. S. Civil Service Commission 
announces an examination on Jan. 13 to 
secure eligibles from which to make certifi- 


cation to fill vacancies as they may occur 
in the position of Inspector’s Assistant 
(male), at 8840 a year in the Bureau of 
Avimal Industry, Dept. of Agriculture. Pro- 
motion to 81.000 a year is made after three 
years’ satisfactory service at 8840; promo- 
tion to $1,200 is made after three years’ 
satisfactory service at $1,000 and after 
passing an examination for promotion. Age 
limit, 20 to 40 years. Application Form 304. 


BACTERIOLOGIST.—New York, N. Y.— 
Applications will be received by the Muni- 
cipal Civil Service Commission, 299 Broad- 
way, until 4 p. m., Jan. 4, for the position 


of Bacterjologist (male and female). The 
examination will be held on Jan. 25, at 10 
a. m. Candidates are expected to have 
taken a course in bacterlology in some med- 
ical college of recognized standing, and also 
to have had some experience in a reputable 
bacteriological laboratory. One vacancy ex- 
ists in the Department of Health. Salary, 
$1,200 a year. Minimum age, 21 years. F. 
A. Spencer, Secy. 


DRAFTSMAN, GAS METER TESTER.— 
Albany, N. Y.—The State Civil Service 
Commission will hold examination on Jan. 


23, for position of Structural Draftsman. 
Public Service Commission, First District. 
81.200 to S1.500 a year. Candidates must 
have had two years’ practical experience in 
structural steel work. Candidates who have 
graduated from a school maintaining a 
standard satisfactory to the Commission 
will be credited with one year of the re- 
quired experience. 

An examination will be held at same time 
for position of Gas Meter Tester, Public 
Service Commissions. 575 to $90 a month. 
Candidates must be competent mechanics, 
familiar with the construction and testing 
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of gas meters. The last day for filing ap- 
Plications for these positions is Jan. 16 
Full information and application forms for 
any of the examinations may be obtained by 
postal card request to Chas. S. Fowler, Chief 
Examiner of the Commission, at Albany. 


— . — 


INDUSTRIAL NOTES. 


SHNABLE & QUINN, general contractors, 
1037 Stock Exchange Bldg., Chicago, an- 
nounce that they have acquired the plant 
and equipment of Page & Shnable, and are 
prepared to undertake the construction of 
heavy concrete work. 


THE CONCRETE STEEL CO., 29 Broad- 
way, New York City, has secured the con- 
tract for furnishing Havemeyer bars for the 
hew sewage disposal plant in Baltimore, 
Md., for which the general contractors are 
the New York Continental Jewell Filtration 
Co. There are about 1,000 tons of steel bars 
in this work, which is now in progress. 


THE FOOS GAS ENGINE CO., of Spring- 
field, Ohio, is furnishing a producer gas 
plant complete to the Standard Optical Co. 
for their new lens grinding department at 
Geneva, N. Y. The engine will be a 100- 
HP. 3-cylinder Foos vertical, from which 
power will be transmitted by rope drive. 
The producer will use Pennsylvania anthra- 
cite and is so arranged that a portion of the 
gas will be drawn off and used for anneal- 
ing furnaces. The plant will be a very com- 
plete one and will contribute materially to 
the economical operation of the factory. 


THE LYNCHBURG FOUNDRY CO., own- 
ing and operating the McWane Pipe Works, 
at Lynchburg. Va., and the Radford Pipe 
Works, at Radford, Va., has purchased 23 
acres of land at Norfolk, Va., with deep 
water frontage of 732 ft., and belt line rail- 
way connections, on which to build a modern 
pipe foundry for export and coastwise trade. 
Details of construction have not yet been 
announced. Mr. H. E. McWane, Pres. of the 
company, together with his brother, J. R. 
McWane, Vice-Pres. and Gen. Mgr. of the 
American Cast Iron Pipe Co., Birmingham, 
Ala., will sail Jan. 6 for a trip to England, 
Belgium and Germany to visit pipe foundries 
in those countries. 


THE RAYMOND CONCRETE PILE CO., 
of New York and Chicago, has been awarded 
the contract for placing Raymond concrete 
piles in the foundations of a compressor 
house that is being erected at the Erie Ba- 
sin, Brooklyn, for the John N. Robins Com- 
pany, Wm. T. Donnelly, Engr.; C. F. Bond 
Co., Gen. Contractors. Another contract 
awarded to the Raymond Company calls for 
the placing of Raymond concrete piles in the 
foundations of Public School No. 17, which 
will occupy a site extending through from 
West 46th to West 47th St., between Ninth 
and Tenth Aves., New York. C. B. J. Sny- 
der, Arch., Bd. of Education; Clarke & 
Stowe, Gen. Contractors. 


THE SANDUSKY PORTLAND CEMENT 
CO., of Sandusky, Ohio, is supplying its 
white Portland cement for use in the fol- 
lowing important contracts: For exterior 
cement stucco on Davis-Schonwasser Bldg., 
San Francisco, Cal.; in mausoleum being 
erected at Swanton; Masonic Temple Bldg., 
St. Louis, Mo.; for lining and finishing 
swimming pool at Sanford Public Bath. St. 
Louis, Mo.; in work on the Capitol Bldg., 
Santa Fe, N. Mex. It is also furnishing its 
waterproof compound in the following im- 
portant work: Presbyterian Hospital, Chi- 
cago, III.: New Washington Hotel, Seattle, 
in basement floor work; on John Jacob Astor 
estate, Rhinebeck, N. Y.; new City Insane 
Asylum, St. Louis, Mo.; in city reservoir 
construction at Oil City, Pa. 


THE RECEIVERS of the Wabash-Pitts- 
burg Terminal have awarded to the Ameri- 
can Locomotive Co. a contract for twelve 
locomotives, to cost approximately $204,000. 
Delivery will be made in 90 days. An addi- 
tional contract has been let for the building 
of a 100-ton wrecking crane, with equip- 
ment, to cost $20,000. An order for four 
locomotives, to cost about $68,000, will be 
placed in the near future for use on the 
West Side Belt railroad. Each of the en- 
gines ordered will have 45,000 lbs. tractive 
power. The weight on the cight driving 
wheels will be 205.000 Ibs.; the weight of 
the engine will be 233.000 lbs. and the total 
weight of the engine and tender, loaded, 
will be 387.000 lbs. 


TRADE PUBLICATIONS. 


PIPE COVERING.—H. W. Johns-Manville 
Co., 100 William St., New York City. 
Paper; 6% x 5% ins.; pp. 6; illustrated. 

This pamphlet contains sectional views of 
asbestos, magnesia and cellular coverings 
with explanations of the purposes for which 
each type is best sulted. 

FRICTION CLUTCHES.—The Hill Clutch 


Co., Cleveland, Ohio. Catalog G.“ Pa- 
per; 6 x 9 ins.; pp. 24; illustrated. 


This booklet contains price-lists of com- 
plete clutches and parts and tables showing 
dimensions and horse-power. In the Hill 
clutch, a cast-iron rim within the pulley rim 
is gripped by several pairs of jaws faced with 
hard wood blocks. The motion of the jaws 18 
produced by a powerful toggle action. 
OFFICE CABINET SUPPLIES.—The Globe- 

Wernicke Co., 418 Main St., Cincinnati, 


Ohio. Catalog No. 907. Paper; 6 x 9 
ins.; pp. 5$; illustrated. 


In this catalog are listed supplies for use 
in connection with filing cabinets, including 
indexes and transfer cases for flat letter files; 
folders, guides and transfer cases for vertical 
filing cabinets; and supplies for card index, 
document, check and mercantile report filing 
cabinets. 


AIR COMPRESSORS.—National Brake & 
Electric Co., Milwaukee, Wis. Publica- 
tion No. 386. Paper; 6 x 9 ins.; pp. 24; 
illustrated. 


Stationary and portable motor-driven com- 
pressors, both belted and direct connected, 
are described and illustrated in this booklet. 
These compressors are intended for industrial 
service and claimed to excel in simplicity 
of design and ready accessibility. Tables of 
dimensions and capacities are included. 


CHAIN BLOCKS AND ELECTRIC HOISTS. 
—Yale & Towne Mfg. Co., No. 9 Murray 
St., New York City. Paper; 6 x 9 ins.; 
pp. 70; illustrated. 


An introductory chapter gives a brief his- 
tory of the development of the Weston chain 
block and compares the diffenential, duplex 
and triplex blocks made by this company, 
discussing the questions governing the choice 
of type for different purposes. Trolleys, 
cranes and overhead track systems are shown 
with lists of prices. Hand power hoists are 
made up to 20-ton capacity and electric hoists 
up to 30 tons. 

SPIRAL RIVETED PIPE.—American Spiral 
Pipe Works, P. O. Box 485, Chicago, Ill. 


Catalog No. 5. Paper; 8 x 10% ins.; pp. 
78; illustrated. 


The numerous uses to which this type of 
pipe has been put are shown by photographs 
of actual installations, supplemented by fac- 
simile bluc-print maps and profiles of long 
pipe lines. There are illustrated price-lists 
of pipe and fittings and a list of companies 
using this make of pipe. Expansion joints, 
ball joints, slip joints and forged steel bolted 
joints are illustrated and described. In the 
final pages are tables relating to water flow 
and explanations of the weir dam and miners’ 
inch methods of measurement. 


TECHNICAL PAINTS.—The Arlington Man- 
ufacturing Co., Canton, Ohio. Paper; 4 x 
9 ins.; pp. 20. 


This concern is sending out a catalog of 
technical“ paints particularly intended for 
the use of engineers and architects. The 
line includes the usual standard lead and 
structural paints, primers, car and building 
paints, stains, machinery colors, varnishes 
and enamcls. In addition there are two spe- 
cialties for which much is claimed. One is 
an clastic, impervious protecting coating for 
steel work. The other is a paint that will 
adhere to galvanized surfaces. 


JUST PUBLISHED 


Vol. 60. No. 27. 


ELECTRIC POWER AND LIGHTING AP- 
PARATUS.—General Electric Co., Schen- 
ectady, N. Y. Bulletins. Paper: 8 x 10½ 
ins.; illustrated. 


Bulletin 4620 describes in 19 pages the 
pieces of apparatus used in the series, lumin- 
ous-are, rectifled-current street-lighting sys- 
tem. 

Bulletin 4631 has 18 pages on a series al- 
ternating-current, enclosed-are, sircet-light- 
ing system. 

Motor- generator sets are described in Bul- 
letin 4633. These are for converting altcr- 
naling to direct current, or the reverse, and 
for converting direct current at one voltage 
to direct current at a different voltage. Such 
machines are of 0.2 to 1,500 KW. in ca- 
pacity. Machines are also described for 
changing alternating current of one period- 
icity to alternating current of a different 
periodicity. These are commonly called ‘‘fre- 
quency changers.” 

The line of fan motors for 1909 appears in 
Bulletin 4632. This line embraces motors 
for both alternating and direct current, in 
desk, bracket, ceiling, floor- column and 
counter- column types of standard sizes. It 
lists also ventilating motors and miscellan- 
eous small power motors for alternating. and 
direct current, as well as various supply 
parts of the standard fan motors. 

In pamphlet 3715 (5% x T% ins.) is de- 
scribed mercury arc rectifiers for telephone- 
battery charging. The points of superiority 
which this outfit is claimed to have over 
tbe general motor-generator sets, rotary con- 
verters, and electrolytic rectifiers for charg- 
ing central telephone batteries, are reliability, 
freedom from line disturbances, high effi- 
ciency, low first cost, low cost of mainie- 
nance, simplicity of operation, noiseless oper- 
ation and economy of floor space. 

The booklet 3701 (6 x 31% ins.) shows the 
line of snap switches, indicating and non- 
indicating, flush switches of the rotary and 
push button type, pendent and esiling. 
switches as made by this company. 


For other Proposal Advertisements 
sec pages 47, 48, 49, 50, of Adver- 
tisements and Construction News 
page 236. 


TRAVELING CRANES. 


Grand Rapids, Mich., Dec. 28, 08. 
Office of the Board of Public. Works. 

Sealed proposals will be received at the 
Office of the Board until January 7, 1908, 
at 8:00 P. M., for furnishing, also fur- 
nishing and erecting one 3-ton, two 4-ton 
and one 6-ton hand operating traveling 
cranes for sewage pumping stations ac- 
cording to plans and specifications on file 
at the Office of the City Engineer. 

The Board reserves the right to reject 
any or all bids. 

Each bidder shall deposit with his pro- 
posal a certified check or certificate of 
deposit payable to the order of GEORGE 
C. PEIRCE, President, in the sum of 
five (5) per cent. of his proposal, to be 
forfeited to the City of Grand Rapids in 
case he shall fail to enter into contract 
in accordance with his proposal, should 
his proposal be accepted by the Board 
of Public Works. 

By order of the Board. 

WILLIAM M. GORMLEY, 
Pres. pro tem. 
SAMUEL A. FRESHNEY, 
Secy. and Gen. Mgr. 
L. W. ANDERSON, 
City Engineer. 


Road Preservation and Dust Prevention 


By WILLIAM PIERSON JUDSON, M. Am. Soc. C. E.; M. Inst. C. E., Author of “CITY ROADS AND PAVEMENTS.” 


The preservation of surface and the prevention of dust on macadamized roads form the problems now to be solved by engineers charged with the maintenance of 


the many thousands of miles of broken stone roads which have been built during the past few years. 


These are matters which are most urgent and road builders 


have been working and experim: nting to these ends with results which are for the first time compiled in book form. The book deals with 


Road Dust—its Control and Prevention; Moisture; Oil Emulsions; Oils; Coal-Tar Preparations; Tar-Spraying Machines; Tar-Macadam 
Rock Asphalt Macadam 35 Ritulithic Pavements, and gives methods, costs, results, tests, etc. 


A necessary and Timely Book for Every Engineer. 


Order Now. 


Cloth; 6x9 inches; 144 pages, 16 illustrations. 


Descriptive Circular on Request 


THE ENGINEERING NEWS BOOK DEPARTMENT 88 40 


220 Broadway, New York | 


Price, $1.50, net 
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